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vi PREFACE

a» effectively as contian/us oxygen therapy, is employed to com-
bat hypoventilation wheén indicated
Intermuttent pressure breathing is advocated as a procedure for
those chmical disorders in which it seemed to the editors and
their contributors to correct a pathophystologic state, however,
the claims made for 1t as a routme treatment for pulmonary
emphysema have not been supported by the various studies
presented 1 this volume The functional pathology of the broncht
and pulmonary parenchyma m this disease is at times reversible
by the use of procedures which may effectively restore cardio-
respiratory function and in this way result in improved exchange
of oxygen and carbon dioxide between the lungs and arteral
blood, and consequently a decrease m CO, retention. These
measures mclude oxygen inhalation, antibiotic and predmsone
therapy, restoration of diaphfagmatic respiration, breathing and
postural exercises, alleviation of bronchial obstruction, the em-
ployment of bronchodilator and expectorant drugs, enhancement
of bronchial drqnn:ige, the avordance of undue hyperventilation
as a result of improperly regulated exertion and psychosomatic
nfluences, and the employment of mechanically induced hyper-
ventilation in the treatment of respiratory acidosis, revealed by
acid shift in pH
Since the pulmonary bellows 1s restricted in diffuse obstructive
pulmonary emphysema, therapeutic measures which decrease the
ventilation as a consequence of providing more efficient gas ex-
change have been emphasized as of primary importance, i order
to relieve dyspnea, prevent alveolar overdistention and mereasing
bullous disease The fest of the volume of ventilation when the
patient breathes air as compared to 100 per cent oxygen has, in
our experience, appeared to be, mm many cases of emphysema, 2
valuable methed of evaluating the progress of the disease as well
- as the results of therapy The oxygen exercise program to improve
géneral physical fitness as well as cardiopulmonary reserve 15 an
example of a therapeutie procedure that may be tested in this
way The charactenstic response of other tests of respiratory
function are reviewed. The application of respiratory physiolog;
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to the management of vanous aspects of the disease have been
outlined by our various contrtbutors

In addition to the emphasis on the role of oxygen in pulmonary
emphysema the reader will find 2 considerable discusston of CO,
retention and its sigmificance A difference in pomt of view has
been expressed smee some mvestigators consider carbon dioxide
retention as an unmtigated evil whereas the Editors have long
been impressed by the benefits of the adaptive mechanism that
develops during controlled oxygen therapy wherehy increased
concentrations of carbon dioxide are elimmated at a lower umit
volume of breathing, this has been made clear by the spontaneous
lowering of arterial CO, tension during the course of oxygen ther-
apy and as result of the improvement 1n respiratory function
produced by imhalation of oxygen An mteresting comparison
was made of the dyspnea which takes place when mountain elimb-
ers return to sea level, their level of bicarbonate, reduced by
hyperventilation at ligh altitudes, 1s msufficient to compensate
for thewr accustomed CO, production for about a week, z e , until
their base has been restored to a higher level

ALvan L Baracu
Hynan A BICKERMAN
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2 BARACH

comparatively shght reduction i elastie recoil and unobstructed
bronehy n the atrophie, so-called senile emphysema Although
senile emphysema 1s more fully discussed by Bickerman (Chapter
4), 1 wish to emphasize that the cause of shortness of breath is
not simply related to the loss of vital capacity, the moderate
mmpairment of elasticity of the lungs, the deerease of the alvedlar
breathimng surface, or imparment of diffusion, but, as reported
by Rappaport and Mayer, 1s caused by the progressive decline
,in physieal activity In fact, the latter authors, believing that
{functional disuse is the most important factor in the pathogenesis
of emphysema, state *° . the involutional lung defect present
* both m chronic pulmonary emphysema and in senile emphysema
is the result of progreswive disuse of the organism and hence 13
functional in ats origin as well as in its nature,” Whether a de-
velopmental so-called “mvolutional lung defect” is ar is not in-
volved m the pathogenesis of chronic pulinonary and senile
emphy=ema, 1t 16 becoming steadily mote clear that decrease in
physical fitness plays a markedly important role m aggravating
the symptoms of both diveases Constant physieal training is
required to mamntam the pulmonary reserve of normal individuals
at its peak capacity Consideration will be given later to the res-
toration of respiratory function n patients with pulmonary
emphysema who perform dmly exercises during the inhalation
of oxygen, and thereby undergo a physical trmmng program not
possible for them to achieve when breathing air
Monroe, i an extensive chureal and pathologie study of indi-
viduals over 61 years of age, emphasized the disagreement he-
tween the chimeal and pathologic diagnosis m respect to pul-
monary emphysema. e stated, “Finally, an unportant eause of
breathlessness during and shortly after effort is merely physical
unfitness Tt is diffieult to guess its frequency in this group from
hosptal records, but the experience of the Geriatric Clinic and
the practice outside the hospital 13 that 1t 15 common ”* Of 129
autopsses m his study the climeal diagnosis of emphysema was
omitted from the pathologic summary or stated to be insignificant
1 110 cases or 85 per cent, however, in 11 per cent, or 14 cases,
advanced emphysema was found postmortem hut the chnieal
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4 BARACH

PATHOGENESIS OF PuLMoNARY EMprysesta

The pathogenesis of pulmonary emphysema is obscure m most
mstances It oceurs four to five times more commonly in men
than in women The wnter has abserved a nummber of cases which
{followed two to six months after an attack of atypieal pneumoni-
tis Exposure to certain dust< produces pulmonary fibtosis which
15 frequently accompanied by some degree of pulmonary emphy-
sema. Other conditions in which a high ncidence of the 1ilness 15
found nelude chrome pulmenary infection, bronchial asthma,
chest defornuties, bronchiectasis, pulmonary arteriosclerosis and
chronic hronchitis The atrophie changes, asrociated with loss of
vaseularity of the atvech and dissolution of the aiveolar walls,
may be in part canced by a prmary ischemma, an obliterative
endarteritis, or these changes m themselves may represent a
primary degenerative phenomenon with the vascular changes
sceondary

Conditions whieh produce sustained hyperinflation of the
alveol are to be considered ax predisposing causes, espeaially in

the presence of a pul Y P hyma that is impaired as a
result of infection, circulatory abnormalities or constitutional
predisposition

The mereased mtrathoracic pressure developed to overcome
resistance to the flow of ar, espeaally during rapid breathing
and cough, may result i undue stramn on alveolar walls not
supported by the opposing pressure of the thoracic cage, namely
1n the apieal regons Trapping of air in dilated alveoli leads to
therr progressive distention when premature bronehsal closure
cuts off the expiratory stream of air, especially under ewreum-
stances in which broncinal constriction 1 enhanced because of
mflammation of the mucous 'k of }
exudate 1 the bronehi, or mncreased tonus nf the bronchiolar
muscles, the latter’s effeet bemg exaggerated by diminution of
the recoiling tension of lung parenchyma which in normal indi-
widuals tend to keep the bronchn open This pathophysiclogic
nfluence 18 discussed in Chapter 9 by Daymon and Chapter 11
by Alexander.




lungs at DPerpj, eIy of ¢, duriy,
Violent 11 ratory efforts 13 pro,, bly major ctor ;, tearp
of the o}, It TMation of bullpe chargg, istic
Overmf, tion of t, lung, the ﬁnttened d 2m pujis the | e
thoray d, the last five mtercostals g Ppareny)
Sufficieny) fi ! to epand g Cost, Nder these
Circumg, Ation of the lower d th, 5 thys
‘Mpare, d veng), tion 15 then Carneq Pansion op the
Upper ¢, 5 pulteg ward gp fornarg b; Upper
five ercosgq) 1 the acee. sy, Prrat The
foree of th vpe cheg, ©Xpany,, , exp, alveol,
Nearegt ¢, the pory f vol oexert 5 g, Zing
nfly,

Ogent g5 the above reawcmng Abpears ¢, be, 1t doos j, ©Yplain

he frequent ﬁn(lmg u ation e

lung Perbaps Other factors are OPeratyy o Iwre, Such a¢ AN mnerg, sed

tendency to Tohchra) obstrucnon and Mieetion due ¢, the Stag.

Nation Seeretipgg m the dependont barty o8 the lungs In add;.
t 4 epriveq

or, of the pul hary Dareyg), 2, €quate
Ventila, nay aleq condarly subject to chy, c Pairmen,
I creyy, ZRITN Tesultap trophye changeq It sy,
0 nigyf adherey, st Msprrag, beury of 5 olar tehip
and teqy, dunng lung ing, e\plaiy ¢ Preseng, a
markedly €mphy . oy ¢ wh 1, Indq httfe
Moveq by Cither ty h, OWer ), 1 thoygy, Smulgy
Teasonyy, Seemy 3Ppheable to ) h f ear the
'Dper hajy of th che;

s Worthy that the p, chy & near the hulyy
!requcnrl ams wellp, exerved Veoly ¢, are gj., Perfuseq
With by, AWl by co, ted than n the
Yolume, the v, e Testoraty,, of Tagmatye funet, even
When of 1 ee, 1g dnpemlent the Tesultape Yentyly.
tion of hrlum, he Pense £, Mate)y f Wastes, !, 001,
tion of , areas ypo, Pitatory \chy otor,.
oy 1, ictent phase shaly, here; la relecgrrg
Ather ¢, B the 4 1 onary ation Lieboy, has



G BARACH

recently emphasized that renewed considerations should be given
to the expanded venous shunts between the right and left sides
of the heart as well as to the increased bronchial arterial circula-
tion and the anastomoses of the two arterial systems in pulmonary
emphysema The bronchopulmonary venous circulation was
found to be greatly expanded m his studies. In regions of the lung
m which the pulmonary veins are shut off, the blood may be
shunted mto the bronchopulmonary veins Although the direction
of flow 1= probably from the left to the right auricle the valves of
azygo~ and the bronchopulmonary vemns may lose their compe-
tency in advanced emphysema and the flow then be reversed. .\s
a result of the obliteration of the pulmonary arterial and capillary
blood the hronchial arteral system becomes immensely expanded
with large precapillary anastomoses appearing between the two
artenial arrculations and with a high pressure systemie circulation
m direet commumeation with the low pressure pulmonary erreu-
latton Unsaturated blood from the pulmenary artery may by-pass
the diseased parenchyma to considerable extent These communi-
cations 1n addition represent points of 1esistance that may play
a role 1n the development of artenal hypertension

The =mall blood vessels of the lungs are not subjected to the
normal 1vanations 1n mtrapleural pulmonary emphysema, which
tends to imparr the flow of blood mto the pulmonary venules
rather than the brenchial vems, that ordinarily occurs during
cach inspuation It has also been emphasized by Loescheke and
confirmed by Liebow that the bullae of severe emphysema are
m faet expanded parts of the bronehal tree more proximal than
the alveol, mcluding the respiratory bronchioles and bronchioles
themselves The musculature <urtounding these structures 1s
often markedly hypertrophied The drainage of these structures
15 by way of the bronchopulmonary veins which, placed within
the nalls of relatively rigid broncln, may well be less affected by
changes m intrapulmonary pressure, Lichow has acknowledged
that the quantitatve factors of blood flow m the lungs of patients
with chtonie pulmonary emphysema and pulmonary fibrosis are
admittedly difficult to analyze, but he mentions the interesting
fact that in experimental dogs higation of the pulmonary artery
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results 1n a collateral flow approximately one-third of the nght
cardiac output

Chronie bronchitis 1s the most frequently as<ociated condition
In a small number of cases an infectious process may be demon-
strated by the presence of pus i the sputum, with or without
local or generalized bronchuiectasis In the larger number of cases
the expectoration 1s mucord and seant In those mn~tances in whch
broncinal asthma 1~ alse present, the sputum s more viserd and
the cough more frequently accompanted by wheezing and difficult
respiration, espeaally mn attacks of a paroxysmal nature, rather
than by a more or less continuous bronchospasm with periods of
rehef induced by bronchodilator agents

In patients 1 whom the factor of paroxysmal bronchospasm
1s conspicuous, an allergic etiology may be responsible for inereas-
mg the sevenity of the disease In faet, there are instances in which
the primary diagnosis, bronchial asthma or pulmonary emphy-
sema, 1s difficult to make since mamfestations of both condrtions
are clearly evident In such cases, a careful search for extrinsic
factors to winch the patient may be hypersenutive 18 indicated
Since bronehal asthma does occur in patients with pulmonary
emphysema, the ehmmation of imtant halants, revealed by
clhinieal hustory or skin tests to produce bronchospasm, will mani-
festly reduce bronchial constriction and alveolar overdistention
Desenutization procedures mn this gioup, including the use of
pollen, dust and bacterial antigens, mav have an effect sumilar to
that achieved by their admnistration to patients with uncompli-
cated bronchal asthma, but, 1n the mote commonly encountered
cae in which prolonged bronchial eonstretion plays an important
role but m which the symptoms of paroxysmal bronehal asthma
are absent, the existence of an allergic dinthesis, as cause of the
production of the mucowd expectoration and bronchospasm, ts
ndeed diffieult to demonstrate

If the pomt of view that bronchospasm itself constitutes an
ndication of allergy 15 accepted, then, of course, the condition
would be interpreted as allergie i ongin The results, hiowever,
of nvestigations from an allergie pomt of view are generally
negative i most patients with diffuse obntructne emphysema,
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the skin tests reveal no significant reactions and the chnical
Iustory does not as a rule provide a clue to hypersensitiveness to
those agents that are adnuttedly found in younger patients with
uncomplicated bronehial asthma In older asthmatic people, the
condition is frequently accounted for on the basis of bacteral
allergy, in the absence of the findings of extrinsic factors, and
treatment of the patient conmists of attempts to decrease the
hypersensitiveness to bacteria by inereasing doses of vaccnes
made from pyogenic micro-organisms and, generally, by the joint
use of house dust as well This approach, however, has not been
advocated for the patient with chronic pulmonary emphysema,
unless, as stated above, he suffers in addition from bronchial
asthma and a suitable mvestigation has resulted in the finding
of a clearly demonstrated allergic factor.

The pathogenesis of the disease may, in time, become more
clear by projected studies on the remarkable relation of respira-
tory infection to an exacerbation in the symptoms of the disease
Following a common cold or a viral pneumonitis, a prolonged
period of ncreased dyspnea 1s characteristic, even in cases in
which pyogenic infection does not take place It seems difficult
to ascribe tlus reaction simply to bacterial allergy. In any event,
other mfluences are actively mvolved which impair respiratory
function in addition to the merease 1n bronchospasm Inflimma-
tory swelling of the bronchiolar mucous membrane, as a result
of virus infection or subsequent pyogenic nvasion, undoubtedly
results in a further increase in constriction of the smaller ar
passages The increased exudate 1tsclf, at first mucod and, at
times, later purulent, adds another factor in the production of
obstructive dyspnea The elastic recoil of the pulmonary paren-
chyma which tends to keep the smaller bronchi patent m expira-
tion may 1itself be damaged by wnfection The ventilation becomes
Jess efficient, hypoxia tends to be aggravated, and an increased
strain on the cireulation may play a role 1n some cases, especially
in the patient group discussed by Richards and Fishman in which
cardiac insufficiency became evident

Physiologic studies have made it abundantly clear that any
process which increases the degree of bronchiolar constriction
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enhances alveolar overdistention, with progressive impairment of
resprratory function as revealed m the chapters by Daymon
(Chapt 9), Fowler et al (Chapt 10), Levine (Chapt 8) and
Bickerman (Chapts 4, 5, 6) Concerning the allergic aspects m-
volved 1n the pathogenesis of pulmonary emphysema a summary
statement may be made that, where swtable ev1dence has resulted
i a clear cause and effect relationship betw een an extrinsic allergen
and the production of bronchospasm, the therapeutic approach
should mnclude the use of such knowledge as the allergist may make
available However, the fact that the symptomatology of pul-
monary emphy-ema 1s made worse by upper respiratory tnfections
should not be considered as evidence that the presently employed
desensitization programs are effective i decreasing the state of
so-called bactenial allergy It 1s generally agreed that food rarely
plays a role mn the production of an allergic state, in <o far as 1t
may be reliably revealed by skin tests In those instances in which
bronchospasm consistently follows the mgestion of a food the
patrent 1s generally aware of 1t

That posture 15 mvolved m the pathogenesis of chronic pul-
monary emphysema has been mamtaned by Heckscher who,
after reviewing the older hterature, emphasized that the erect
soldier position 1s responsible for keeping the lungs 1n a more
mspiratory and hence mote constantly inflated state, the vital
capacity was found to be decreased and the residual air increased,
even in normal men, when the subject moved from an easy stand-
mg to an erect Jordotic position In other discussions on senmile
cmphysema the mechamsm of production of the dicease has been
attnbuted to a different change 1 posture,: ¢, one caused by a
degeneration of the intervertebral dises of the dorsal spine, mani-
fested at first by swelling and later by collapse with destruction
of the eartilage In tlu~ ~o-called postural emphy ~ema the antero-
posterior drameter of the thorax 15 inereased, which gives it a
barreling appearance, but impairment of respiratary function 1=
not considered to take place unless the condition is accompanied
In obeaty Under the latter circumstance, Kerr described the
production of dvspnea, defective pulmonary ventilation and, n
some istances, subsequent eardiac falure With inerease n

Ed
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obesity, the weight of the abdomen moves the line of gravity
forward 1n the erect posture and, as a compensation for this, the
major portion of the dorsal «pine is moved backward and the
thoracie curve becomes exaggerated A barrel-shaped chest oceurs
as a result of the inereased thoracic curve and the diaphragm is
pulled downward by the increased weight of the abdominal
wviscera The poor excursion of the diaphragm lowers the vital
capacity and the tidal air, which results in shortness of breath
1n the standing position referred to by Kerr as “orthostatie dysp-
nea

The increased lordo=s of the dorsai spine produced by military
traiming, 1 wlich the shoulders are drawn backward and the
guts sucked, results, according to Heekscher in a tightening of
the abdomen and impairment of a diaphragmatic descent, with
consequent overinflation of the alveoli The ercct standing posi-
tion does indeed increase the severity of dyspnea in the patient
with pulmonary emphysema Patients with pulmonary emphy-
sema breathe better leaming far forward or even walking on all
four extremities Sometimes these patients are seen to squat with
the lower abdomen pressed agamst the thighs which, in itself,
raises the diaphragm Alexander and Kountz pointed out that
exerting pressure with the flat of the hand just above the sym-
physis pubss, or by a properly designed belt, raised the draphragm
to 1ts normal position of relaxation and in that way restored a
certain amount of diaphragmatic respiration It 1s clear that in
the erect military posture the viscera exert a downward pressure
on the diaphragm which 1s a handicap when there 1s impatrment
of elastic recort of the lungs As the patient either sits or walks
10 the bending forward position, the gravitational force of organs
attached to the diapliragm opposing 1ts ascent during expiration
is dimmished The relaxation pressure of the lungs is further en-
haneed as the patient moves from the head up to the head down
position, as will be discussed by Beck (Chapter 7) and the writer
(Chapters 2, 3) in subsequent chapters

1 have outlined some of the factors in the pathogenesis, or at
any rate in aggravation of the symptoms of chronic pulmonary
emphysema Our colleagues will present their specialized Rnownl-
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edge concerning a vanety of bauic sciences frequently involied
in thns syndrome as well as, it 1s hoped, information that may be
used in the treatment of the individual patient A certain amount
of overlapping of matenal 15 inevitable since this elinical entity
will be presented from vanous phy siologie and therapeutic aspects
and because expression of different points of view 15 intended
An account of pulmonary emphysema by one wnter would un-
doubtedly have resulted 1 a more harmontous picture of the
mechamsm and therapy of the disease, but at the present state
of our hnowledge a umform picture might well be misleadng
Although recent studies on the physiologic aspects of respiration
and arculation have resulted 1p a number of chinteal applications
in medieal practice, the mnterpretation of the precise mechamsm
responsible for improvement has resulted m considerable differ-
ence of opimon

The 1nereasc 1n the use of corticotropin, eortisone and, recently,
predmsone has resulted m a more powerful control of broncho-
spasm than was available with the agents previouNly employed,
but at the cost of hazards not formerly present with the emplo; -
ment of comentional bronchodhlator agents A simlar situation
ha~ taken place with the advent of more powerful antibotic
agents in the control of chronie nfection

T have saxd nothing up to this pont concerming the effect of
emotional mfluences m respect to the pathogeness or even modi-
ficatron of the seventy of the discase .Although no one could
stretch his 1magination to the pont of thinking of pulmonary
emphysema as a psychosomatie illness, n the sense’ that one
mght conceive of irrifable colon or nervous indigestion, 1t 1s non
clear that certam forms of hy perventilation result in trapping of
arr 1n alveoli and overdistention of the lung« There 1« alvo evi-
dence that certan emotional states preeipitate bronchospasm
The occurrenee of anvety a« a mechanism productinve of an m-
Juriously heightened pulmonary ventilation and consequent over-
mflation of the lungs, with impured respiratory function, scems
to the wniter unquestionable in some cases On the other hand,
certain pleasurable forms of exeitement and exereise, even when
accompamned by hiperventilation, have consequence~ that appear
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consequences of madequate provi~ion for mental excitement and
emotional release Measures which have as their purpose an ex-
pansion of the hfe of the patient, as much as may be feasible, 18
to my mind a proper objective Too much should not be promised
when the disease 15 well advanced since the response to treatment
often leaves much to be desired However, 1n many cases an 1im-
provement of respiratory function may take place at a eritieal
level and the degree of benefit obtained may yield these patients
years of useful iving As a result of advances m many fields of
medicine that have applications to the patient with early or mod-
erately advanced forms of this diease, a good deal of reversible
pathology may be overcome It 1s for this group of partially re-
stored caces that we should encourage as wide a participation in
such stimulating activities as his local society and s personality
permit, not simply because he deserves to hve fully as a human
being but also because constrieting his activities for the sake of
“conserving his energies” leads to psychosomatie disturbances
that, i my view, impair respiratory function itself The heart
of the matter 1s the physieian’s attitude The complexity of the
effects of exertion and hyperventilation on the physiologie fune-
tion of the lungs represents a challenge to our best efforts The
factors which govern the decisions faced both by the physician
and the patient will be presented i the following pages, 1n the
hope that some additional nsight will be provided, not for blanket
solutions but for progress toward therapy of the indiidual pa-
tient wath pulmonary emphysema

No organized psychoanalytic investigation has been made on
patients with pulmonary emphysema but emotional factors may
not only play a role m the etiology of asthmatic dyspnea but
also 1t would appear that a specific emotional wituation 1s found
m patients with bronchial asthma Since bronchospasm of allergie
origin 1s at times found 1n emphysema 1t has seemed of nterest
to review briefly the mvestigations of the Chicago School for
Psychoanalyns Federn and Wess suggested that the asthmatie
attack 15 a reaction to the danger of separation from the mother
or loss of the mother's love. French summanzed his conelusions
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as follows- “Asthmatic attacks tend to he precipitated by sita-
ations that threaten to separate the patient from some mother
figure The separation fear may be actual physical separation;
more frequently 1t is the danger of estrangement from the pa-
rental figure due to some temptation to which the patient is
exposed In such a situation the asthma attack scems to have
the significance of 2 suppressed ery The infant’s ery 15 at
first a physiologic response whose function is the establishment
of breathing at birth Very soon 1t acquires also a psychological
meamng as a reaction of helplessness m the face of needs which
the infant is unable to satisfy After a tume the infant learns that
crying brings the mother and the cry hecomes then a secondary
means to bnng the comforting mother to his side. Thus, the
primary psychological meaning of erymg is a reaction to heipless-
pess in the face of an overwhelming mass of excitation which the
ego 35 powerless to master Tear of Joung the mother, how-
ever, 15 @ motrve that 1s by no means specific for asthma, is in fact
one of the most potent motives ieading to the repression of the oed-
ipus compley, especially in girls and in the sons of sexually re-
pressed mothers, . It is, of course, nghly probable that the
answer to these questions will be found in part upon hereditary
emotional patterns in these patients which we might expect to he
mtimately associated with the hereditary predisposition of these
patients to aflergic hypersenutivity.”

Franz Alenander who participated m this senies of mvestiga-
jons has expressed a similar attitude: “The question arises
whether or not ndividuals, who later are likely to develop
asthma, may have a constitutional peculiarty maafesting it<clf
m the difficulty of separation from the mother orgamsm first
hiolomeally and later n an emotional sense ” The asthma attack
18 therefore an expression of a protest against separation, that is
to say agmnst securing the needed ovygen independently by
breathimg, and corresponds to a regressive attachment to the
mother In some asthmn patients the chuldish habit of breath-
holding 13 also found 1 have described in a psychoanalytic novel
the case Iustory of a man who stammered, m which a regressive
attachment to the mother was at the root of his special kind of
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breath-holding during stammering * Alexander 1~ fully aware of
the speculative nature of these considerations but does produce
evidence to suggest that the threshold for allergic sensitiveness
i~ dependent upon the cmotional state of the patient In a review
of their therapeutic results by George Wilson of 19 psychoana-
Iytically treated patients, 9 became symptom-free, 8 were much
impioved and 2 were unchanged at the trme of the report These
therapeutic results were not conwdered to be indicative of final
proof of their hypothesis since not sufficient time had elapsed
following completion of treatment The author has observed one
patient with pulmonary emphysema m whom psyrheanalytic
therapy was responsible apparently for a surprising degree of
chmeal benefit, an outstanding result appeared to be a decreasing
need for bronchodilator aerosols, as 1f the bronchiolar tonus of
the hypertrophied bronchial muscles was lessened, plus the fact
that the patient rarely allowed herself hyperventilation as a
manifestation of tenson In fact, the volume of breathing when
walking seemed less than that formerly provoked by anwiety
Although the therapeutic results of pvehotherapy in this disease
are difficult to appraice, and admittedly appear of less mgmificance
than the immediate problem of svmptomatic relief, the wnter
believes that one should preserve an open mind concerning the
question of its use i interested patients to whom this approach
1s feasible

A selective bibliography 14 grven on page 234

* The Spectacte of @ Man, by John Corgnird Duell, Sloane and Pearce, New
York 1937, 1941



Chapter 2

THE APPLICATION OF RESPIRATORY
PIIYSIOLOGY TO THERAPEUTIC PROCEDURES
IN PULMONARY EMPHYSEMA

ALVAN L BARACH, MD

IxTRODUCTION

The administration of oxygen is employed m patients with
pulmonary emphysema for the treatment of impaired respiratory
functron due to alveolar overdsstentron and bronchial constrie-
tion, cardiac msufficiency associated with farlure of the right or
left heart or both, and decreased pulmonary reserve associated
with loss of physieal fitness; oxygen 1s used intermittently m the
Iatter instance during walking in a graded excreise program Since
serious nterference wath the diffusion of oxygen and ecarbon
dioxide occurs more commonly in pulmonary emphysema than
in any other chrome illness, the factors responsible for impair-
ment of respiratory function will be carefully appraised by our
various contributors In this chapter the consequences of the dis-
turbed pulmonary phystology, mcluding especially hypoxa, are
outhned as a background for the administration of oxygen and
helium oxygen mixtures, certam additional aspects of the mech-
amsm of dyspnea are described as a basis for other forms of phys-
1ologically directed therapy, such as the climeal application of
pressure breathmg

Both acute and chromie arterial hypoxia oceur tn the majority
of cases of pulmonary emphysema, manifested by a lowered
oxygen saturation of the artenal blood, or by a therapeutic re-
spon<e to oxygen inhalation at rest or after exercise In addition

16
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to a long-standing type of oxygen-want. more severe acute hy-
poria takes place at times as a result of bronchopulmonary nfec-
tions and exacerbation of bronchospasm Since hypoxa, a term
considered more accurate to describe a lowered tension of oxygen
in the tissues than anoxia, 13 so charactenstic of this clnical
entity, the effects of abrupt deprivation of oxygen on the human
mdividual will be appraised from the standpomt of the uncom-
pheated syndrome of acute hypoxia, which has heen clanfied
through experiments on men and ammals exposed either to a
dimmished pressure or concentration of oxygen m the inhaled
atmosphere.

Partnorogic Cranees REsvrTiNg FROM AcUTE Hypoxia

Although 1t has been long recogmzed that the central nervous
system 1s especially vulnerable to hypoxia, studies on the gradient
of reaction 1n different parts of the bram have revealed that the
small pyramidal cells of the cortex are far more sensitive than
the medulla and spmal cord The cerebral cortex may mamfest
severe damage as a result of hypoxia maimntamed for 2 to 10 min-
utes, depending upon the expenmental techmeue employed,
furthermore, Morrson found that the frontal lobe cortex was
more readily damaged by graded hypoxia than the rest of the
bram cortex and other parts of the central nervous system The
available evidence strongly supports the assumption that the
more recently developed elements in the central nervous ystem
are more sensitive to yury, posstbly because they requne a gher
ovygen eonsumption for mamtenance of normal function

Cerebral hypova can be produced not only by the production
of a Jowered tension of oxygen in the tiswes of the body but ako,
as Sehimdt and his colleagues have <hown, by a local inerease in
the oxygen uptake of the bram beyond the capaaty of the existing
oxygen supply, as revealed by the high oxygen eonsumption of
bramn cells after admunistration of canvulave drugs The cerebral
oxygen uptake 1 many mstances varies directly with the degree
of cerebral actinity The phy siologie limuts of oxy gen consumption
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eosinophiles. In contrast to the effect of hypoxia on oxygen-sensi-
tive organs, the bloed supply fo the extremuties may be cut off by a
tourniquet for several hours without injury to the tissues of legs

Parroroaic PHYSIOLOGY OF HyYPOXI4

The acute disturbance m the physiology of the patient with
pulmonary emphysema due to the abrupt onset of hypoxia may
be understood best by noting the effects on normal human suh-
jects of a decreased pressure of oxygen at high altitude A rmstake
not uncommonly made 1 chinteal practice 1s to attribute the
manifestations of acute ovygen want to other factors of the 1ll-
news, even to bad behavior, rather than to lack of oxygen Smce
pathologic studie~ on organ sensitivity to hypoua revealed that
the bramn was the most vulnerable and the heart the next most
quickly affected, the disorder i the functioning of the human
organmsm was correctly assumed to proceed m a similar manner
During World War II exten-ive studtes of the effect of abrupt
ascent to symulated high altitude on aviators resulted m a precise
formulation of the consequence~ of uncomplicated hypovia Smce
these imvestigations provided information of a quahtative and
quantitative nature concerming the consequences of oxygen-want
of the degree found n cases of pulmonary emphysema, a brief
Tevien of some of the pertinent findings will be presented

Physieal Factors Involved in the Production of Altitude Hypozia

At 18,000 feet the atmospheric pressure 1s reduced from 760
mm IIg to 380 mm Hg or one-half the <ca level pressure One
Dter of gas at this altitude would have expanded in a free state to
2 liters, the expanded volume would hold the same number of
ovygen and mtrogen molecules as were present at sea level, but
cach molecule would be separated from every other one by a
greater distance The inspired air at 18,000 feet would appear at
first glance to contain one-half the number of oy gen molecules
as were present m the inhaled air at sea level, but n actual fact
the pressute of o\ygen 1n the lungs 1s considerably less than one-
half the <cq level pressure heeause of the following consideration

Carbon diouide and water vapor m the alveoll, hoth of which
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followed by n progressive loss of carbon dioxide which leads to
varying degrees of alkalosis

The harmful effects of the hyperventilation alkalosis induced
by acute hypovia was revealed in a study of the physiologic ac-
tion of 10 per cent oxygen inhalation with and without carbon
diovide in cases of coronary scleroms and normal individuals
(Barach, Steiner, Eckman and Molomut) The electrocardio-
graphie signs of coronary insufficiency produced by inhalation of
10 per cent oxygen-nitrogen mixtures for 10 to 20 minutes were
found to be prevented by addition of 2 per cent earbon dioxide
It was mteresting to note that the pIl of the artenal blood wa«
7 46 after inhalations of the low oxygen-carbon dioude mivtures
and 752 after the mhalation of 10 per cent oxygen without
carbon diouide Furthermore, precordial distress did not occur
when the low oxygen mixture was breathed together with carbon
dioxade, but appeared when low oxygen mutures alone were n-
haled It waw also observed that the depression of T wave and
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St segment produced by uncomplicated hypovia was prevented
when carbon dioxide was added to a 9 per cent ovygen misture
The arterial oxygen saturation produced by this degree of hyponia
vared from 57 to 88 per cent These results appeared to indicate
that the alkahne shift caused by acute hyposia resulted 1 con-
striction of the capillary bed, additional 1schemia and progres-
sively inereased hyposia of the cardiac muscle since alkalosis it-
self results mn oxygen being held more firmly to the hemoglobmn
When the small concentration of CO; was added, the oxygen ten-
s10n 1n the eardiae muscle was presumably higher because of the
absence of alkalosis This may have played a significant role in
producing a higher T wave since 1t was shown that mhalation
of 100 per cent oxygen itself was followed, in the majority of
cases, by an increased height 1n the T wave

In Figure 2 2, the dissociation curves of hemoglobin reveal the
charactenstic lowering of the arterial oxygen pressure at a gnven
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Fic 22 Dissomstion curves of hemoglobin at normal, alkahne and acid
oH. Relstively marked merease m artenal ovygen saturation, 1e from 75 to
90 per cent, 1s produced by an mcrease from 21 to 28 per cent 1n mspired ox-
yeen 1 the normal indivadual exposed to 15,000 feet, as a result of the steep
slope of the curve m this ares A nse of 7 per cent oxygen at this altitude 1
equivalent to about 3 8 per cent at sea level
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oxygen saturation when the pH becomes alkahne The eff
a small incrense 1n oxygen pereentage of the mepired aur, 1 ¢,
21 to 28 per cent, results a relatively large rie 1n alveolar o
pressure when hypoaia i severe, because of the steep <lo
the curve mn this region, at 15,000 feet a 7 per cent mcres
inpired ovygen i~ equivalent to approumately 3 5 per ce
sea level

S1uprous aNp S16as oF Hiroxia

Early mamfestations of dssturbance n the phyuology o
human orgamem as a result of muld oxygen want, such as
place after several hiours at alttudes Fetween 7,000 and )
feet, are a deerease in the penpheral field of viwon and dark :
tation. and mereace 1 pulse rate A <igmficant impairme
emotional econtrol oceurs at 12,000 feet. An increase m pulme
‘entifation at 12,000 feet results i a blowing off of e
dionide which 14 gradually compensated for by a corre-por
reduction in the same Wemibonate level of the blood, a lev
seerction of acid i the unne and an merease of chlonde 10
the blood

The arterial oxygen saturation at 10,000 feet 1y approum
90 per cent, and at an altitude of 15,000 feet this 1~ lowerec
further to 78 per cent At the latter altitude, although the oy
saturation 1s lonered 20 per cent, the tenson of onvgen n
blood may he only 41 mm Hg or les< than half normal In ch
dhecuscions concerning the factor of hyponia i the producty
dyspuea in pultmonary emphysema, a ~hght lowerng of
artenal oxygen saturation 1~ at times regarded, quite erroneo
as heing of little pmficance A deerease m tisue oxy gen pre
results m u burdensome elexation of the pulmonary ventifaty
these subjects, as will be seen later

After several hours exposure to altitudes of 12000 to 1
Jeet, other characteristie svmptoms appear, such as head:
nawes and lasatude In Tevpeet \o mental function, ympan
of emotional control 1~ one of the cathest and anc of the
conspicious responses to hypoua In <ome mdividual~ avel
fidence, cuphona, exaggerated self-exteem and barsterousnes
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outstanding mamfestations of n decrensed activity of the inhibi-
tory or entical functions of the brain. This is of considerable in-
terest smnce the frontal lobe cortex has been found to be damaged
by hypoxia before other parts of the hrain In other cases dull-
ness, drowsiness, srmtability and anger are observed. Depending
upon the environment in wiich the effeets of hypoxia are tested,
impairment of emotional control may manifest itself in inability
to imlubit aguressive, sexual or egoistic impulses In fact, the of-
fects of hypoa, as mdueed hy decreased tension of the oxygen 1n
the atmosphere were found by McFarland and Barach to be
astonishingly similar to those resulting from aleoho!, provided
environmental factors were made symilar in each case.

Although human subjeets at an altitude of 12,000 feet generally
revealed good performance 1 neuromuscular tests, this efficiency
was shoun 1o be stnkingly impaired when remarks were made
which challenged the emotional adjustment of the subject, such
as wntating statements about lus personality, Men who with-
stoad cnticrsm blandly at sea level reacted with violent hostility
during exposure to moderate hypoxia m a low pressure chamber
‘The mmportance of this response n avil and mihtary aviation i«
difficult to overestimate hut it should be recognized also that a
similar state frequently eusts 1n patients with pulmonary emphy-
sema 1 whom a comparable degree of impairment of respiratory
function takes place Often patients are yudged adversely becanse
of apparently mmmature behavior that is not characteristic of
therr personahity during perzods when they are free from hypoxia.

When lack of oaygen is severe, the pulse rate becomes more
rapid, breathing 15 aceelerated, consciotsness ix raprdly impaired
and finally lost as a result of damage to the central nervous system,
heart and other organs,

Although the bram is the organ whose function is impaired
most wgnificantly by acute hyposta, the disturbance in function
of the heart is revealed not only by the increase in pulse rate but
a0 by a characteristic depression of the T wave of the electro-
cnrdio.gmm At an altitude of 15,000 feet, or during inhalation <')£
& 12 per cent oxygen mizture, the eleetroeardiogram shows this
characterstic change As is now well known that patients with
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coronary artery disease dunng mhalation of 10 to 12 pe
oxygen frequently mamfest not only depression of the T
hut also changes in the S-T segment which confirm or est
the diagnosts of coronary msufficency The hy perventilati
duced by hypovia and lowered CO, tens1on plays a role in T
dopression since the addition of 2 per cent CO; to the low <
minture frequently prevents T wave change, as was dis
more fully above Acute coronary msufficiency may be p
tated by wnhalation of 10 per cent ovygen but the sym
produred are counteracted by prompt mbalation of 100 pe
osypen With severe hypowuia the heart 15 dilated. the
depending upon the severity and duration of ovygen depri

The merease m pube rate 1s a aghly characteristic ¢
acute bypova, ths tachyeardia represents an inereased
flow when the arterial oxygen saturation 1= n the peighix
of 80 per cent (Asmussen and Cluod)) In studies of the eirer
with the Fick techmie, Cournand, Richards and their eollaly
abserved a rise 1n pulmonary artery pressure as a resuit
halation of 10 per cent ovygen atmospheres The bearing
finding in cor pulmonale 1s of considerable interest, since th
ventricular mistolie pressure s ereased in these patier
times from 22 to 88 mm Hg

The hugh susceptitlity of the hiver and kidneys to by po
hieen <hown by Schorr and lus collaborators, who found
1asodeprescor material was efaborated by the liver in shoc
that a \acoexaitor matenal produced normally by the
wans stopped by prolonged hypoxia such as occurs m <hoel
study of the eirculation m human shock by Cournand and
the carthae output, as determined by the direct Fick techn
losered one third 1n rome eases with an nerease m blooc
acid, a sluft m pli to the acid side and a fall in ovxypen satt
of the mived venous blood from G35 to 33 per cent anid n
ises, b0 s Jow as 15 por cent i addition o the freatn
~hoek by admunitration of intvavenous fmds 1o overcor
di-erepaney between the dimimhed areulating blood volu
the relatively large vaseular bed, mhalation of ovygen ha
employed In experimental hemorrhagie shoek in dog~ the ¢
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of oxygen 1n arterial, femoral vemn and right heart blood has been
shown to be substantially mncreased when 100 per cent ovygen
was breathed, 2 ¢, 15 ce of oxvgen per 100 ce of blood

When the onset of hypoxia 15 mote gradual and sustained m
patients with pulmonary emphysema the resultant effects are
more comparable to the con-equences of residence at high moun-
tamous places, thus Heber, 1n discussing the symptoms of the
average Ewtopean at Ladak Kashmur (11,500 ft), says> “The
feeling of fitness on arrival sgon gives way to a terrible weariness
and restlessness, especially after a short day of mental work The
mental detertoration 1s not as serious, however, as the change in
temperament and all subjective functions It 1s astonishing how
the most decisive of men will slowly and insdiously lose the
power of decision and hecome unwilling to bear responsibility ”
Barcroft noted the merease i fatigability at Cerro de Pasco
(14,200 ft) and the ncvitable slowness and clumsiness at all
work In the clock test 1t took him twice as long to read the re-
verse face of the clock as 1t did at sea level He remarked thatanv
prolonged mental effort usually involved a degree of fatigue which
necessttated a trp to the coast to prevent a “nervous breakdown ”

The mertia to commonly observed mn patients with chronic
pulmonary emphysema may well be due, at least in part, to the
persistence of long-standing hypouta, although acclimatization
tends to modify the severity of reaction to some extent, as will
be drscussed later

Cuaness INpUCED BY RELIDF oF Hypoxia
IN Printonary EmMPHYSEMA

When chrome arterial hypoxia was suddenly termnated hy
inhalation of 50 per cent oxygen, stnking changes m mental
function were observed to occur 1n a period of one hour to on¢
day, n the early studies of Richards and Barach on admmstra-
tion of oxygen to patients with chronic heart disease, a subdued
state was frequently encountered, together with a tendency for
increased sleep, but an abrupt precipttation of an irratwna],
comatose state was observed at tumes 1n patients with chronic
pulmonary emphysema In 1938 I reported that this reaction took
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place 1n those patients who were abruptly treated with high con-
centrations of oxy gen (2 ¢, 40 to 50 per cent oxygen atmospheres)
and that 1t could be prevented by a program of administerng
gradually increasing oxygen concentrations In the paper “Im-
parment m Emetionat Control Produced by Lowerng and Rais-
g the Oxygen Pressure m the Atmosphere,” I mentioned that
tlns extraordmary psyehologie change might be due to the in-
crease of blood carhon diovide which nas produced by the dimuin-
hed volume of breathing that Richards and I had demonstrated
to be the characteritic consequence of mhalation of 50 per cent
osygen m cases of cardiac failure and especially chrome pul-
monary emphysema When the phenomenon of increased CO,
levels i the blood was emphasized as a cause of the comatose
state by Comroe and others, I had arnived at the opimion that the
merease m CO: tension only produced wrrationality when 1t was
accompanied by a change i pH, with a true respiratory acidosis
The effects of the sudden rever-al of by pouia induced by oxygen
whalation in patients with pulmonary emphysema, especially
respect to change 1n mental function, were desenbed as follows in
the paper referred to above

“In thowe cases of pulmonary emphy-ema 1n which pre-existing
arterial anovemia has heen present over a considerable period of
time, the continuous admmistration of 50 per cent ovygen mav
result 1 a swift impairment 1t emotional control, proceeding to
delinum 1n ~ome mstances Thes 15 also true of the inhalation of
o\ygen n patients with cerebral artenioselerotic disease i which
the brain may be asumed to suffer from pre-existing 1:chemice
cellular anoxia In both groups of patients mhalation of igh onvy-
gen atmosplieres, such as 15 provided by residence 10 a tent or
oy gen room, may be followed by depres-ion, erving <pells, drow -
smess, sleep, coma or delinum

“In a case of pulmonary emphysema, with moderately severe
arterial anovenita, mhalation of ovygen resulted i relief of
dvspnea and cyanos~, and al~o 1 relap-e into a comatose state
whieh lasted wx davs At the end of this penod the patient awoke
cheerful, rational and alert Before treatment he had been appre-
henwve and depressed for several vears, folloning oy gen treat-
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ment he was optimistic and unworried as long as the oxygen con-
centration mn the atmosphere was not reduced. In a woman with
cerebral arteriosclerotic disease, an irrational state began within
five hours after inhalation of 50 per cent oxygen. Active delirium
was once observed m 2 man with chronic anoxia due to pulmonary
emphysema after he had been 1n an oxygen tent for a period of
one hour His artenal oxygen saturation had been 57 per cent
prior to treatment

“In patients with chronic anoxia, the personality of the indi-
vidual may appear normal before inhalation of oxygen, and swiftly
undergo 2 profound change It 15 my unpression that the firt
effect of breathmg oxygen 15 a subdued state in the majority of
cases I cannot, in this paper, discuss the metaholic consequences
of altering the oxygen tension 1n these caces but it may be briefly
reported that an increase in the content of carbon dioxide in the
blood takes place whenever the volume of breathing is dimuni~hed
by mhalation of oxygen Whether the mitial depressed state is
related to this effect, or to other more complex changes, cannot
now be decided ”

The smignificance of retention of CO; following administration of
various concentrations of oxygen will be discussed later but the
chnieal value of the adaptation response to administration of
gradually mcreasing oxygen concentrations has been confirmed
many times since 1938 by Barach, Bickerman, Beck, Segal and,
more recently, by Simp<on It has become steadily more clear as
a result of the studies of Schmidt, Comroe and others, that the
patient with pulmonary emphysema was peculiarly dependent
upon the chemoreceptors in respect to the regulation of the
volume of breathing rather than arterial CQ;, tension, or pH stimu-
lation of the respiratory center

SENSIVITY OF THE CHEMORECEPTORS TO ARTERIAL HYPOXIA

The receptors of the carotid and aortic bodies are stimulated
mainly by decrease in arterial oxygen tencion, which is the or-
ganisms’ chief defense agamst hypoxia because of the resultant
increase in pulmonary ventilation These chemoreceptors should
be dist, ished from the r of the carotid sinus and aortic
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arch, which respond to alterations in artenal blood pressure In
normal human subjects the chemoreceptors are not stimulated
until the oxygen 1n the inspired air is lowered to 18 per cent In
fact, the volume of breathing 1s not increased sipmficantly until
altitudes of 8,000 to 10,000 feet are ohtamed, corresponding to
an artenial oxygen saturatton of approvimately 90 per cent As
hy posta 1s mncreased, however, there i~ a progressive re 1 pul-
monary ventilation as a result of <ttmulation of these chemo-
receptors with a consequent decrease 1 blood carbon diouide
ten~ion and a shift in the acid base equhbrium to the alkaline
side More severe lack of oxygen mmpairs the function of the
medullary center of the bram, produces respiratory depression
and an acdosts due to eathon dionde retention and faiture of
adequate oadation of the produets of metabolism

Although only a shight increase i breathing oceurs i the nor-
mal subject at an artertal oxygen concentration of 90 per cent,
the view that hypoua of this degree does not play a sigmficant
role in the dyspnea of congestine fatlure {Harnson et al) and
pulmonary emphyrema (Baldwin et al) 15 at vanance with the
response of these patients to oxygen inhalation, hypoia in con-
gestive falure and pulmonary emphy ~ema has been shown to be
of ciucial importance m maintaming dyvspnea, even n cases
wlieh the arterial oxygen <aturation 1~ lowered to this shight ex-
tent, 2 ¢, to hetween 90 and 93 per cent (Barach and Richard-)
The fallaey of using the re~pon~e of the chemoreceptors to hypousa
m normal mdivaduals to explain the dy<pnea of patients 15 re-
vealed by the marhed difference in the behavior of patients and
normal subjeets to mhalation of oy gen

The normal mdidual responds to whalation of 100 per cent
oxygen with o transtent nerease of pulmonary yventilation of 5
to 7 per cent However, patients with eongestive fmlure and pul-
monary emphysema, m whom an arterial oxygen saturation of
90 to 93 per cent has been found, generally respond to mhalation
of ovygen with a deerease i minute volume of re~piration of 10
to 30 per cent Furthermore, continued inhalation of oxygen-on-
niehed atmospheres results 1n progressive relief of dy<pnea despite
the presious presence of a normal or nearly normal arterial ovy gen
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saturation The sensitivity of the chemoreceptors in patients with
chnical dyspnea evidently 1s decidedly different from that of nor-
mal human beings An undue emphasis 15 at times given to pro-
pioceptive reflexes from the bronchi and lungs, which admittedly
play an important role but by no means as exclusive a one as has
been stated by the advocates of the reflex cause of dyspnea, since
hypoua can be demonstrated to be a most significant factor in
these cases, ¢, those whose ventilation is decrea<ed by oxygen
mhalation In addition, the artenal oxygen saturations may be
found to be normal at times due simply to the effect of the hyper-
ventilation that so often accompanies the drawing of arterial
blood 1 patients, which results mn a fictitiously higher saturation
than would be present under actual basal conditions

Patients with pulmonary emphysema have heen studied re-
peatedly m our chime who mamtain a burdensome degree of pul-
monary ventilation with the result that the arterial blood 15 al-
most normally saturated with oxygen Swmlarly, patients with
congestive failure, in addition to a stagnant hypoxia due to a de-
creased cardiac output, frequently manifest only a shght lowering
of the arterial oxygen saturation In hoth groups the dyspnea 15
often relieved markedly after one or two days of hreathing 50
per cent oxygen, even at a time when the degree of pulmonary
congestion 1s not decreased, as demonstrated by no increase in
the vital capacity Since the reduction in pulmonary ventilation
as a result of a test inhalation of 100 per cent oxygen frequently
1% between 15 and 30 per cent, the hypoxic factor evidently 1= of
considerable importance m the mamtenance of dyspnea and it
cannot he minimized, therefore, by a report of a normal or nearly
normal arterial oxygen saturation Unless 1t has been shown that
o\ygen inhalation, comfortably and properly administered, 1s in-
effective 1n reducing the volume of breathing, the chemoreceptors
must be acknowledged to play a more significant role in the dysp-
nea of pulmonary emphysema than in the respiration of normal
people The increment 1 pulmonary yentilation due to the effect
of hypoua on these bodies constitutes a large proportion of the
maximal breathing capacity of these patients, a cireumstance that
also ministers to the subjective sensation of dyspnea
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Hyroxia Cavses By Dureressios oF
THE REspiraTony CENTER

When an individual has recetved an overdose of a barbitune
acyd denvative or other respiratory depressant drugs, the pul.
monary ventilation is reduced below normal, and the pressure of
ovigen 1n the artenal blood falls The respiratory center 13 de-
pressed, as demonstrated by the farlure of these cells to respond
1o mereased concentrations of carbon diovide Under the-e orr-
cumstances, reflexes from the chemoreceptors are of mamfest
importance, nce breatlung 15 then stimulated by hypoua at a
time when the respiratory center 1s depressed by the narcotie
The regulation of respiratory function has changed from the
delicate one of carbon dionide and 1ts resultant effect on plf to the
more primitnne tvpe produced hv lack of oxygen Under thewe
concitions mbalation of 5 to 10 per cent earhou diovide does not
merease sgnificantly the v olume of breathing and 15 not indicated,
«ince a high CO. tenvon i the blood and respiratory acdosis
already are present Inhalation of 100 per cent o) genis followed
by & sharp fall in respiratory aetnuaty and is, therefore, contrainds-
cated, but artenal by poia nexertheless must be treated by oxy gen
in moderate concentrations. adequate to relieve anovia If a de-
crease m pulmonary ventilation takes place of a degree that causes
respiratory acadons, additional means of ventilating the patient
«hould be provided e, by mechameal methods, such as mter-
mittent pressure hreathing deviees, the tank respirator or the
covaftlator as well as medieations whieh do ~timulate respiration
such as benzedrnne and eaffemne Intravehous myection of rodiim
lactate may be emploved al-o to combat respirators acidoss In
pulmonary cmphysema n decrease m pulmonars ventilation of
harmful proportions doex not generally take place a< a result of
the properly regulated program of admumistration of oyvvgen un-
Tess sedatine drugs have been ued in addition Taen if respiratory
depression and ackdoss are present, ovy gen treatment <hould not
be abandoned but rather continued, with an effective form of
artificial respiration as long a~ 1~ necessary  ~inee damage to bran
cells must he prevented af at all posable and <inee the provicon
of a normal artertal oy gen tension s at=clf helpful in restonng the
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saturation The sensitivity of the chemoreeeptors in patients with
climieal dvspnea evidently 1s decidedly different from that of nor-
mal human bemgs .An undue emphass i» at times given to pro-
prioceptive refleves from the bronehi and lungs, which admittedly
play an important role but by no means as exclusive a one as has
been stated by the advocates of the reflex cause of dy<pnea, since
bypoxia can be demonstrated to be a most signifieant factor in
these eases, 7 ¢, those whose ventilation is decreased by oxygen
mhalation In additron, the arterial oxygen saturations may he
found to be normal at times due simply to the effect of the hyper-
ventilation that so often accompanies the drawing of arterial
blood in patients, which results 1n a fictitrously higher saturation
than would be present under actual basal conditions

Patients with pulmonary emphyvsema have been studied re-
peatedly i our chinie who mamtain a burdensome degree of pul-
monary ventilation with the result that the artenal blood 1s al-
mo~t normally saturated with oxvgen Sinularly, patients with
congestive failure, m addition to a stagnant hypoxia due to a de-
creased cardac output, frequently manifest only a slight lowering
of the artenal oxygen saturation In both groups the dyspnea 1~
often relieved markedly after one or two days of breathing 50
per cent oxygen, even at a time when the degree of pulmonary
congestion 1s not decreased, as demonstrated by no inerease in
the vital capacity Since the reduction in pulmonary ventilation
as a result of a test mhalation of 100 per cent oxygen frequently
is between 15 and 30 per cent, the hy povic factor evidently is of
considerable importance 1n the maintenance of dyspnea and 1t
cannot be minmized, therefore, by a report of a normal or neatly
normal arterial ovygen saturation Unless 1t has been <hown that
o\ygen inhalation, comfortably and properly administered, 15 in-
effective m reducing the volume of breathing, the chemoreceptors
must be acknonledged to play a more mgnificant role in the dysp-
nea of pulmonary emphysema than in the respiration of normal
people. The nerement in pulmonary ventilation due to the effect
of hypoxia on these bodies constitutes a large proportion of the
maximal breathing capacity of these patients, a circumstance that
also ministers to the subjective sensation of dyspnea.
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Hyroxia Cavsep »y DEPRESSION OF
e Reseimarory CENTER

When an individual has received an overdose of a barbitune
acrd denivative or other respiratory depressant drugs, the pul-
monary ventilation is reduced helow normal, and the pressure of
ovsgen m the arterial blood falls The respiratory center is de-
preseed, as demonstrated by the fmlure of these eells to respond
to increased concentrations of earbon dionide Under thewe cir-
cumstances, reflexes from the chemoreceptors are of mamtfest
importance, since breathing 15 then stimulated by hypoxia at a
time when the vespiratory center 1 depressed by the narcohie
The regulation of respiratery funetion has changed from the
delieate one of carbon dioxtde and it resultant effect on pil to the
more pnmitive type produced by lack of oxygen Under these
conditions halation of 5 to 10 per cent carbon dionide does not
merease sigmficantly the volume of breathing and 1~ not indicated,
since a lugh CO, tenston in the blood and respiratory acidosis
already are present Inhalation of 100 per cent osygen s followed
by a sharp fall in respiratory actinty and 1, therefore, contraindi-
cated, but arteral by posia nesertheless must he treated by ovygen
i moderate concentrations, adequate to relieve anowa If a de-
erease 1n pulmonary ventifation takes place of a degree that causes
respiratory acido-1s, additional means of ventilating the patient
should be provided, te. by mechanteal methods, such as inter-
ruttent pressure breatlung devices, the tank respirator or the
exsufffator, as well as medications which do stimulate respiration,
such a~ benzednne and caffeme Intravenous injection of ~odium
lactate may be emploved also to combat resprratory acidosts In
pulmonary emphy<ema a decrease 1 pulmonary ventilation of
harmful proportion~ doe~ not generally take place as a result of
the properly regulated program of admmstration of ovygen un-
less redative drugs have been used in addition Even if resprratory
depression and acidos are present, oxymen treatment should not
be abandoned hut rather continued, with an effective form of
artificial respiration as long as 1s necessary, since damage to brain
cells must be prevented, if at all posable, and since the provision
of a normal artenial oxy gen tension 1s tt<clf helpful in restoring the



32 BARACH

sensttiveness of the respiratory center to carbon dioxide. In
spiratory paralysis due to poliomyelits, with or without the ef
of sedation, an adequate ventilation of the respirator will prev
a CO, acidosts, even though suppl ary oxygen adminis
tion is required

Hryroxia IN THE PRESENCE OF 4 NonrumaL TEnsion oF
OxYGEN IN THE ARTERIAL Broop

When tissue hypowa is present 1n patients in whom the arte
o\ygen saturation 1s normal, the chemoreceptors of the caro
and aortte bodies are not stimulated, and the pulmonary vent
tion 1s not ncreased In cases of carbon monovide poisoning,
which oxygen-want is produced because of the greater affinity
hemoglobin for CO than for O, , the arterial oxygen saturatior
the remaining hemoglobin 15 normal The pulmonary ventilati
15 not elevated, although an inerease in cardiac output of appro
mately 25 per cent has been found with a 50 per cent carbon mq
oxide hemoglobin concentration The blood pressure is not rais
significantly by hypoxia, but the pulse rate is elevated

Similarly, in moderately severe anema the pulmonary vent:
tion 15 not significantly elevated since the artenal oxygen satu
tion is normal, but Richards and Strauss found the cardiac outp
elevated In patients with pulmonary emphysema, mhalation
cigarette smoke has the possibility of aggravating dyspnea }
cause of accumulation of carbon monoxide in the blood, m
normal individuals Barach, Eckman and Molomut found .
average artenal CO concentration of 5.7 per cent after inhalt
smoke of 20 cigareties McFarland has found even more serio
hypoxic effects from the ncreased carbon monoxide mn the blo
than we have

In patients with congestive heart failure the oxygen pressu
1n the tissues may be reduced <ubstantially as a result of a sta,
nant type of hyposta, but a shght lowermng of the arteral ovy ¢
saturation generally 15 also present as desertbed above

Another vanety of tissue hypoua in the presence of 2 norm:
artenal oxygen saturation is that caused by drugs shich exel
an adverse effect upon cellular respiratory enzymes, so-calle






34 BARACH

venous oxygen saturation of from 20 to 33 per cent and an eleva-
tion of the partial pressure of oxygen from 14 to 21 mm Hg
The ehef of severe coronary insufficiency in cases of coronary
thrombosis treated by oxygen 1s a good 1llustration of the impor-
tance of increasc m physically dissolved oxygen (Levy and
Barach) That angina pectorts was a syndrome caused hy hypoxia
of the myocardium was pomnted out by Keefer and Resnick but
Boland pomnted out that pain 1 coronary thrombosis and severc
angina pectort> was more apt to be rehieved by mhalation of 100
per cent than 50 per cent oxygen Observations of the author
indtcate that mhalation of 100 per cent ovygen for periods of 20
mmnutes three times daily results in a reduction 1n the number and
sevenity of attacks of angmal pan in patients who have many
serzures daily Iurthermore, m obliterative arterial disease of the
extrenmties continuous inhalation of 50 per cent oxygen has been
found to relieve pain and to promote healing of gangrenous ulcers
Because of valvular artertis i rheumatie fever 1schemia of the
heart valves has been held responsible for valvular disease itself;
inhalation of ovygen during the acute disease was beleved re-
sponsible for a low inctdence of valvular heart disease in patients
treated by Poulton Taran has stated that, although oxygen
therapy does not reduce measurably the duration of rheumatic
activity, cardiac disability 15 mimmized sigmficantly The use of
oxygen 1n the treatment of cerebral thromboas was suggested by
Poulton, who found 1n a small sertes of cases that the end results
m oxygen-treated cases appeared to indicate less brain damage
than mght have been expeeted The evidence recited above ix
strongly suggestive of the value of oxygen treatment of 1schemic
hypoxia under the circumstances deseribed The application of
these findings to the pathophysiologtc disturbance found in the
patient with pulmonary emphysema has been mentioned pre-
viously and will indeed become clanfied m subsequent chapters

MeTHops oF INcrrssinG REesistance 1o Hypoxra

Durning the war, methods of mereasing resistance to hypoy'a
were studied, primarily because of interest in high altitude avia-
tion Lowering of the total oxygen consumption by thyroidectomy
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was found to re~ult 1 a marked merease 1 tolerance to hypovia
m expenmental ammals This approach, made use of by Blum-
gart i the treatment of cardiac insufficiency, was tried n cases
of pulmonary emphysema Relief of dyspnea was obtamed i some
patient, if mysedema 15 prevented by admimitration of thyroid
etract, the procedure appears to be justified 1n selected cases

Of the drug- employ cd to merease the resistance of the organism
1o hy povia, ammonium chloride 15 a good example of a physiologic
alteration of the individual that rewulted m a gam m altitude
tolerance, ¢ ¢, between 2,000 and 2,500 feet A metabolic acidosts,
produced by ingestion of 30 gm of enteric-coated ammomum
chlonde over a period of two days, resulted in an increased venti-
lation without the hazard of alkalosis with a fall 1n alveolar and
arterial pCO: of approsimately 65 mm Hg At an altitude of
42,000 feet, during an inhalation of 100 per cent oxy gen, adminis-
tration of ammonium chlonde produced a net rise 1n arterial osv-
gen <aturation from 78 7 to 84 8 per cent and in artertal oxy gen
tenston from 419 to 53 1 mm Hpg (Barach and aswociates) The
mereased pressure of o\ygen available to the tisues was due to
the more aeid blood, which permutted the unloading of oxygen
to the cells with a greater head of pressure at a given artemnal
oxygen saturation. a~ well as the higher artenal oxygen ten<ion
1tself The use of ammomum chloride has not been subjected to
special study mn cases of pulmonary emphy<ema but ke Diamox,
which al:o produces an acdosts that results 1n a lowering of the
blood CO; tension, may be benefiial in some cases due, in our
opinion, primanly to its diuretic effect Both drugs are hazardous
as a treatment for acute ~evere respiratory acdesrs since thev
add a metabolic acidows

In a patient wrth far advanced pulmonary fibrous who had
been kept alive for <even months by rewdence 1n an oxygen room
at 50 per cent oxy gen, 2 comatoe state developed suddenly when
she was taken out of the chamber and given nasal oxygen Am-
momum chlonde was given, 18 gm 1 eighteen hours on the day
before death with the thought of displacing the retamed blood
carbon dioxide The arterial CO; content fell from 182 to 128 and
finally to 120 volumes per cent five hours before death The artertal
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CO: tension was then caleulated approvimately at 120 mm, Hg.
(data from Richards and Barach) It would appear that am-
montum chloride admimstration added the harmful effects of a
metabohe acidosis I have since then reported the beneficial effects
of intravenous mnjection of sodum lactate following which the pH
promptly rose and the comatose state markedly lessened, with
clinieal recovery subsequently

In Figure 2 3 the metabolic consequences of ammonium chlortde
are seen to be a nse mn artenal oxygen pressure as consequence of
the substitution of oxygen for the displaced CQ, Under condi-
tions of altitude hypovia in normal individuals, the benefit from
such respiratory stimulation was clearly evident. Furthermore,
no impairment of mental function was discerned from the meta-
bolie acidosis produced In patients with pulmonary emphysema,
however, ammonium chloride has been of value as a preparation
for administration of mercunial druretics, but whether any valua-
ble purpose would be accomplished by using it as a method of
diminishing CO. retention 1s highly questionable, as will be made
more clear in the discussion on Dtamox

Attempts to decrease acute hypoaa at high altitude by con-
seious hyperventilation did not prove to be of value m our ex-
perience even though the arterial oxygen pressure often can be
markedly 1nereased by overbreathing at altitudes of 13,000 to
20,000 feet, but the parallel decrease in artenal earbon dioxide
tension seemed to Eckman and me responsible for fmlure of 1m-
provement jn mental functioning. However, Otis, Fenn and their
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collaborators presented good physiologic evidenee m support of
their belief that optimal tenwions of ovygen and carbon diovide
could be produced for vanous altitudes The dehberate employ-
ment of hyperventilation 15, however, of no climeal value to the
average conscrou~ patient with pulmonary emphysema for reasons
that will be di~cussed later and 1t 15 not posuble of aclievement
m the presence of respiratory acrdoss and ~emi-comatose states,

The halation of carbon dioide does dimintsh hyponia at
moderate altitudes because the mereased pulmonary ventilation
raised the alveolar oxygen pereentage but it was more practieal
a< well as more comfortable to mhale oxygen-enriched atmos-
pheres Carbon dioude therapy has no value to the pattent with
pulmonary emphysema, even for the production of cough and
evpectoration, since diffusion of CO; 15 manifestly impaired 1n
these cases In addition, the abnormally »mall ventilatory response
to CQ, mhalation charactenstic of the-e cases i not rever-ible
(Ficshman, Samet and Cournand)

The effect of diet on resistance to hyposta at altitude has been
studied over a long period of time A high carbohydrate diet re-
sults m an mereased R, a higher production of carbon dioide
with a given oxygen consumption produces a proportionate nse
1n aheolar ventilation and, therefore, 1 arterial onygen teuston
At high altitudes, where 100 per cent o\ygen 1s hreathed, differ-
ences 1 the metabolie R Q would not affect the alveolar R Q
whuich alnays remains at umty, and, therefore, no benefit could
be expected under these arcumstanees At altitudes such as at
15,000 feet, where air 1s breathed, the companson hetween results
of a high carbohy drate meal and a high fat-protein meal <howed
that an increase i cedding altztude of 1,000 to 2,000 fect took place
However, 1n eases of pulmonary emphysema an increased CO,
production does not result in an increased volume of breathing,
and dret plays no spectal role in this entity

Dreresse oF Autitrpe Hyroxra BY BreEatHinG OxicEN

ooy Postmn Possouwen

The mhalatton of oxygen under continuous positive pressure
by a ma<k was mtroduced chinieally m 1933 for the treatment of
left-sided heart faillure by Poulton n England and for the treat-



38 BARACH

ment of acute pulmonary edema and obstructive dyspnea m this
_ country by Barach and his associates Pressures between 4 and 13
em of water were used therapeutically for these disturbances in
respiratory function The reason for employing pressure breathing
at hugh altitudes was to merease the arterial oxygen pressure and
thereby effect a gan in altitude tolerance (Gagge and Allen).
Since the purpose of pressure breathing was to increase the effi-
aiency of performance at any specified high altitude, the degree
of pressure that could be tolerated and the effects of these pres-
sures were studied extensively during the war When oxygen was
hreathed under an added pressure applied continuously through.
out the respiratory cyele, 1t was called continuous positive pres-
sure breathung (CP P B) Intermuttent positive pressure breath.
mg (IPPB) s the procedure in which the mask pressure is
considerably Ingher at mspiration that at expiration. The effect
of the added ventilatory pressure on the circulation, venous
pressure nse and cardiac output was found to be equivalent to
the mean mncrease in pulmonary pressure. The alveolar oxygen
pressure was additionally elevated by the induced hyperventila-
tion
When oxygen is mhaled by a mask under continuous positive
pressure, the added mask pressure results in an increase in arterial
ovygen pressure equal to that which would have been obtamned
»f the barometric pressure itself had been raiced correspondingly.
If the breathing pattern 1s unchanged, and the alveolar CO; is
constant with pressure breathing, then the added mask pres-ure
15 added to the alveolar oxygen pressure If air were inhaled, then
the inerease 1n alveolar oxygen pressure would be only 14 of the
added mask pressure smee air contamns 209 per cent oxygen
This procedure was therefore of value at altitudes higher than
34,000 fect, at which the mnhalation of 100 per cent oxygen com-
pensated for tlis degree of altitude anouwa At an altitude of
42,4000 feet, the artenal oxygen tension, when subjeets breathed
pure osygen at 156 mm Mg mas  pressure, was found to be the
same as that present at an gltitude of 40,000 feet breathing pure
axygen without pressure. A goin of 2,400 feet 1n altitude was thus
produced by this procedute, this accomplished an increase of
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from S0 to S9 per cent in arteral osygen saturation (Gagge,
Barach, Fenn, Hemholz and others)

The use of a preswure as high a~ 15 mm Hg, however, nas at-
tended by a decreased eardiac output mn the majority of normal
individuals of the order of 20 to 25 per cent lower than control
salues as deternuned by both the balistoeardiograph and the
Fick method The vertieal diameter of the heart was increased
The electrocardiogram ~howed charactenstic changes due to the
rotation of the heart with notably a depression of the T wave
In normal individuals about 40 to 30 per cent of pressure applied
at the mask was found to be ah=orhed by the elasticity of the
pulmonary parenchyma and the hronchi, the remaimnder being
passed on to the intrapleural space and the outside of the heart
The venous pressure was elevated approximately 40 to 50 per
cent, which maintaed a return of blood to the right side of the
heart at a Ingh level of mtra-auncular pressure The wystolic
blood pressure ro~e almost a~ much a= the applicd mask pressure
0 long as the eardiac output remamed constant

With mtermittent pressuie breatling the lighest pressure was
durtng in<piration and the lowest pressure vaned from zero to
one-third the in~piratory pressure The increase m the arterial
owygen pressure was achieved i part by the mean average prex-
sure and m part from the hyperventilation mduced by mtermut
tent pressure breathing, smce <ome atveotar O, was replaced by
ovygen However, the gain i arterial oxvgen pressure as a result
of a lows of CO: did not 1 our own studies represent an werease
m efficiency of the subject heeause excessive hyperventitation
produced alkalo~is and, at times, tetany Even n the abence of
tetany the performance of individuals tested with intermttent
preseure breathing did not alway~ correspond to the gain m ar-
tenal oxygen pressure achieved by a low 1n carbon dioxide Fur-
thermore, 1n respect to the inercase 1 altitude attammed by pres-
sure hreathing, eontinuous P B was more comfortable than an
equivalent mean pressure derived from intermittent pressure
breathing, although the modern devices for IPP B have been
found effective far the treatment of pulmonary edema and respira-
tory acudoss
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Although an imdividual with 2 tendency to underventilate
would be benefited by a certain degree of hyperventilation, a
valuable exchange of more acapnea for less anovia was difficult
to achieve, especially when consideration 1s given to the significant
diminution 1n cercbral blood flow that accompanies passive hyper-
ventilation of moderate degree. Although theoretical evidence, as
mentioned above, supporis the use of moderate hyperventilation
to overcome altitude hyposia (Fenn, Otis et al.), its use at baro-
metric pressures near sea level, either voluntarily or by mechanical
means, 1s fraught with the hazards of the hyperventilation syn-
drome both 1 normals and dyspneic subjects.

Hyperventilation of moderate mtensity was found by Schmidt
and s associates to be accompanied by a decrease in cerebral
blood flow of 30 per cent with a reduction of cardiac output of
approximately I1 per cent It 1s of interest in tius connection to
point out that about 20 per cent of the total cardiac output and
24 per cent of the total oxygen consumption are devoted to the
brain, which 1s only 2 per cent of the body weight The effect of
marked hyperventilation at sea level 15 to decrease approximately
40 per cent the arterial oxygen pressure, to which the brain cells
are exposed Carryer has stressed the importance of the respiratory
alkalosis produced by hyperventilation, manifested climeally by
amiety, mddmess and confusion A reduction of the carbon
dionide m the serum from 45 to 15 mm Hg brought about an
alkalotic state which, according to his caleulations, reduced by
61 per cent the amount of oxygen released n the tissues The
symptoms and signs of hypowta may also be produced in the
emphysematous patient with normal pH by immoderate routine
hyperventilation

THE ACCLIMATIZATION RESPONSE To ProvoNckp Hypoxia

The acchmatization response to high altitudes, such as 22,000
{eet, has been recently studied by Houston and Riley through the
use of low pressure chambers 1 which men were exposed to a
gradual decrease 1n barometric pressure produced over a pcnod
of 30 days. Although there was an average 37 per cent mncrease in
hemoglobin, as measured by the oxygen capacity, an additional
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major compensatory response appeared to be an increased pul-
monary ventilation, which to a degree increased the artenal
ovygen pressure, lowered the pCO, and, sccondanly, the blood
bicarbonate Although the artenal pH shifted to the alkaline side,
the production of an injurious alkalosis was prevented by the
buffering action tiated by loss of Wicarhonate through the
kidneys The ov) gen consumphion of the subjects did not change
and, although the ti~sue~ were esposed to a considerable degree of
hyporia and eellular funetion presumably impatred, the subjects
themselves felt well and considered themselves in good condition
With an inerease 1n cardiac output the decreased AV difference
raised the venous pO;, thereby mcreasing the mean eapiliary pO,
and arding the delivery of oxygen to the tissues A marked reduc-
tion tn pO; gradient oceurred between artenial and mean capillary
blood, a reduction due primanly to the inherent characterstes of
hemoglobin

A study* of the re~ponse of a patient with advanced metastatie
cancer to simular gradually deereasing ovvgen concentrations re-
vealed interesting comparatne data The patient was acchmatrzed
to 10 per cent oxygen, equivalent to an altitude of approvimately
18,000 feet, during a period of 35 days Although the ovygen sat-
uration and tension of artenal blood fell to a level comparable
to the average values of the subjeets studied by Houston and
Riley at a comparable altitude, the pH of the blood shifted to the
actd side rather than toward alkalimity This metabolie aeidoss
appeared to be the result of <evere impairment of the function of
the liver, due to the pre<ence of large metastases, as well as, pre-
sumably, the effect of hypoxia on an already damaged organ The
patient. was not short of breath dunng the pertod of resdence i
the low oxvgen atmosphere, except when walking The volume of
the pulse, which was markedly dimmished during the last two
days at an oxygen eoncentration of 10 per cent, improved on re
turn of the patient to atmo-pheric pressure Tt was noteworthy
that the red count was unchanged at 39 mllion although in

* Barach, A L, Holaday, D, Graft, 8, Beck, G, and Bickerman, H A Physio-

logie effect of seclunatizstion to kypows in & patreat with sdvanced metastatic
cancer To be publhished
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normals tested at similar degrees of hypoxia a rise n red blood
corpuscles from 4 § to about 7 mllions, depending on the length
of exposure to altrtude, takes place

In reviewing the respiratory features of acchmatization to alti-
tude Riley, Ot1s and Houston point out that the low oxygen pres-
sure and the lmgh pH found during exposure to altitudes between
18,000 and 22,000 feet have deleterious effects upon cellular fune-
tion, that the ventilatory changes are such as to suggest that a
balance 15 struck between the evils of hypoxia and hypocapnia
and that acchmatization to altitude 15 a matter of adjustment to
a low pCO, as well as to a low pO. During the pertod of adapta-
tron the whole blood buffer bace 15 reduced by selective excretion
of fived base and retention of fixed acid by the krdneys Tlus proe-
ess, 1 the terminology of Singer and Hastings, leads to metabohe
acydosis which 1s secondary to the resprratory alkatosis The pH of
the blood which may be elevated to the viemity of 7 6 is 1estored
toward normal as a result of continued base excretion provided the
aechimatization process 1s successfully carried out for a sufficient
time As a result of the loss of base a further increase of ventila-
tion and lowering of pCO. becomes possible without excessive
elevation of pH An important consequence of the increase in
ventilation and lowenng of pCO; 1 naturally the accompanying
elevation of alveolar pO,

However, when the subject returns quickly to sca level, his
ventilation continues at the high rate and returns to normal very
gradually over a pertod of days or perhaps weeks The explanation
of this appears to be the aad base meehanism whieh stimulates
ventilation suffictently to prevent the pH of artenal blood from
falling much below 7 40 Because the acehmatized subject has at
this time a low buffer concentration in the blood, the arterial pCO,
must be kept correspondingly low to prevent respiratory acidosts,
1¢, by maintenance of a high putmonary ventilation When the
buffer base 1s increased the ventilation deereases If these con-
siderations are kept m mmnd n reference to mechanical hyper-
ventilation of the emphysematous patient, it will be seen that
continued loss of pCO, must be followed by a loss in buffer base
with the result that the patient has the burden of elmmating
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carbon dionide produced 1 the body by a degree of augmented
ventilation that may mdeed re<ult in dyspnea, because of the
restricted nature of the pulmonary bellows Unlews the diffusion
capacity of his lungs had been notably improved by other meas-
ures acidosis would appear to he more likely to tahe place on ac-
tnjties resulting in mnereased CO: production

Mthough Pisiman, Samet and Cournand believe that elimina
tion of carbon diovide as accomphished by Dmamos therapy may
restore mental alertness and a ~en<e of well-heing and dimmish
the threat of CO; narcoss, our opinton 1s that this sequence of
events i~ not apt to take place in patients whe have developed the
homeostatic mechanism of eliminating CO. at a Iugher pCO,
tension without aeido~s It 15 true that the metabolic acidosiz
produced n healthy ~ubjects by ammontum chlonde did not
result in the irrationahity that 15 mtiated when a COy acidoss
tahes place However, mn the many patients whom we have ob-
«erved, oxygen treatment was followed by a gradual rise i ar-
tenial CO; content to a range hetween 80 and 100 volume~ per
cent with & mamntenance of normal pl and an alert mental state
The mereaced CO; concentration m the alveolar air, whieh results
In a greater ehimination of earbon diowde per umit of ventilation,
13 not a completely ~uccessful 1 but 1t does appear to
permut the decreased breathing engincered by the effect of oxvgen
on the carotid ~inu~ to take place without the development of an
undue fall in pH and with relief of shortness of breath, as will be
disctwed agamn i the section on oxygen therapy Tlus adaptive
mechamem, which 15 illustrated schematseally m Figure 24
which it will be «een that the same quantity of CO; may be elim-
nated with a decreased tidal arr if the expired CO, s> praportion-
ately elevated

A shght merease o the requirements for gas exchange i the
lung which results in a moderate inerease m pulmonary ventila-
tion may nevertheless mitiate <evere dyspnea 1 patients that
have mechameal difficulty in breatinng The work of breathmg
which 1 to some extent dependent on the yolume of breathing 1v
lewsened by inhalation of oxygen both at rest and during exercise
The mechaniem of adaptation of the patient with pulmonary
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between periods of rapid respiration due to the increased washing
out of carbon dioxide with 80 per cent helium and 20 per cent
ovygen as contrasted to the record obtained with a patient breath-
ing air The penod of apnea breathing air was 20 seconds, when
breathing the helum oxygen mixture 12.4 seconds. The sensation
of air hunger was notably diminished Other tracings revealed
the effect of heltim on the meehanics of breathing 1n bronehal
asthma and pulmonary emphysema, with and without added
mtrapulmonary pressure (1934-1938)

In a study by Eckman and me, 2 motor was employed to raise
and lower a weight to a spirometer bell at a constant number of
revolutions per rmnute The inlet of the spirometer was con-
stricted to between 0 31 and 0 75 inches. Comparisons were made
betwn een the extent of filling of the spirometer bell and the pressure
within the system, when the apparatus breathed helum oxygen
mixtures instead of amr the tidal air increased 23 to 50 per cent,
with decreased pressures between 2 and 21 per cent. When ovygen
alone was employed there the contrast was even more evident
due to increared moleenlar weight of oxygen. A brief evperiment
with hydrogen gave shghtly better results than with helium

Maytum, commenting on the good results obtained in four
cases of mtractable asthma with the clinical use of the helium
oxygen mixture, reported by Prickmau, Boothby and limself,
observed subeequently coneerning mhalatton of helium with
oxygen. “I consider it to be the most valuable treatment at pres-
ent for status asthmaticus and to be of definite value in the treat-
ment of other obstructive lesions of the respiratory tract . It
15 of the greatest value in cases of transient obstruction and if
the leston #s 1 the Jarynx, tracheotomy may be avoided m some
cases This 15 parteularly true wm cases of postoperative or trau-
matic edema of the laryax and of transtent paralysis of the cord
occasionally seen after thyroidectomy ™

Fversole studied the use of helium-oxygen misture 1n cases of
partial obstruction of the larynx or trachea and repprted that of
105 cases 53 obtamed complete relief, 37 partial reficf and 13 to
sehef from smhalation of heljum-oxygen therapy. The number of
stuches confirming the value of inhalation of hehtum with oxygen
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when properly admimstered tn patients with intractable asthma
and obstructive dyspnea, including those of Segal, Kernan,
Bicherman, Beck and others, have made 1t clear that the physical
work of breathing was dimmshed and that diffusion of gases 1n
the helum atmosphere was mereased

In pulmonary emphysema bronehial constriction v less lo-
cahzed, howerer, as a consequence of 1ts higher diffusion capacity
inhalations of hellum and ovygen may penctrate alveoh that may
be relatively impermeable to ar or oxygen Furthermore, an ad-
vantage necessanly takes place when obstruction to flow 15 due
to turbulent re~i~tance which, as <hown clsewhere 1n this book, 15
mereased m cases of pulmonary emphysema with an augmented
ventilation A <ensation of relief 1~ generally noticed by these
patients dunng mhalation of S0 per cent heltum and 20 per cent
owvgen Since hypouia 1s #o frequently present m this disease,
23 to 30 per cent ovygen with the remainder hehum has been
employed at times for 15 to 20 minutes three times daily The
admnistration of these mivtures 1s generally carred out wath
the Meter mask 1n order to avoid rebicathing of carbon diovide,
often with the evpiratory pressure attachment set 4 em IL,O
Mintures of 25 to 30 per cent oxygen and 75 to 70 per cent hehum
are also employ ed in intermttent pressure and continuous hreath-
mg devices to accomplish more efficient aeration of the alveoh
and to reduce the respiratory effort The routine adnunistration
of hellum-ovygen mutures m cases of bronchial asthma and
pulmonary emphy«ema has declined 1n recent year~ The mncreas-
g use of corticosteroids, especially predmeone, combined with
continuous nebulization of bronchodilator aero<ols, have rendered
the problem of bronchospasm more amenable to treatment There
are, nevertheless, mstances of severe dy<pnea 1n which combina-
tions of helum with oxygen combined wiath pressure breathing
serve a useful purpose, the decreased ventilation that often follow s
the use of these procedures 1s associated with a more efficient
diffusion of ovygen and carbon dioxide In Figure 2 5, the effect
of nhalation of 20 per cent oxygen and 80 per cent hellum under
a contmuous pressure of 4 em H,0 1 seen to produce a decrease
in the volume of breathing from 8,560 to 6,940 cc per munute
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accompanied by a dummution in the length of the expiratory
evcle This patient appeared to have a type of obstructive dyspnea
associated with bronehitis obliterans, 1 addition to pulmonary
emphysema and fibrosis .

OxyGEN THERAPY IN PULMONARY EMPHISEMA

Inhalation of oxygen 1s instituted in many eases of pulmonary
emphysema when an acute exacerbation of the dicease takes
place, manifested by severe dyspnea, cyanosis, tachy eardia and,

AIR HEL UM ~OXYGEN.
4 CM PRESSURE.

TIDAL AIR

RESP RATE

PUL VENT
TIME OF INSPIRATION-% 133 183
TIME OF EXPIRATION -% 867 81.7

Fic 25 Spirometne records m a patient with pulmenary emph} sema, pul-
monary fibrosts and chrome bronchitis reveal the unusually long duration of
expiration spontancously adopted by the patient The dimmution of dyspnea

- B £¢a —e nans Lol with 20 per cent ovygen under
decrease in pulmonary
1a arr flom 935 to 534
- prolonged expiration

(Barach, A L. Am J Surg, 89: 376, 1955 )
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at times, mental confusion .Arteral hypovia and CO, retention
are mcreased and, in some cases, accompamed hy an acid shift
in pH Abrupt imparment of resptratory function takes place
most commonly as a result of mfectron, either varal m natwe due
to the common cold or atypical pneumomtis, or as a result of
progenic  bronchopulmonary disease  Other  pathophy ~fologic
events that result ;n a w of the emphy “tate
nelude intractable bronchospasm as a result of esposure to al-
lergie agents or refractoriness to hronchodilator drugs, alveolar
overdistention following undue severe physieal exercise, and fml-
ure of the right or left heart

The determmation of the penpheral venous pressure 18 natur-
ally helpful m estimatmg the degree of m-ufficiency of the nght
ventricle, along with other evidences of cor pulmonale, as will be
discussed by Richards and Fishman (Chapter 15} Failure of the
left. ventricle 1s far more difficult to detect since the breath sounds
are dinunished and moist rales are infrequently audible In erther
event, the admimstration of oxygen 15 a speesfic measure for
rapid correction of the circulatory disturbance induced by hy-
povia, 1t 1s also more effective than other forms of cardiac
therapy, as shown by Dexter and ascociates, who reported that
the cardiac output was restored toward the normal when 1t was
elevated, as 1n cases of pulmonary emphysema and cor pulmonale
with inerease 1n total pulmonary resistance and also when 1t was
lowered, as a result of the added load of poor oxygenation on an
already overworhed heart muscle

‘The indication for treatment 1s the continuous, not intermttent,
nhalation of oxygen 1n such a manner as to relieve hy povia with-
out the development of unfavorable reactions Abrupt exposure
to an atmosphere of 40 to 50 per cent oxy gen 1s rarely necessary
to save life since substantial rehief of oxygen want may be pro-
vided by the inhalation of 25 to 30 per cent oxygen The most
practical method of obtammng the objective of a graded nerease
n oxygen concentration eonsists 1n the use of the rubber catheter
inserted 1n the nasal pharyny or, if dewred, mto the oropharynx
This should be remon ed regularly at six-hour intervals and greaced
with K-Y jelly .After several days, when the patient 15 1n better
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contro} of hus physiecal and mental faculties, 2 double bent nasat
catheter or plastic tube, which is inserted one-half inch within
the nares, is substituted since 1t is far more comfortable and pro-
vides an adequate coneentration of oxygen in the inspired air with
suitable flows
The program of oxygen adminstration, originally outlined in
1938, consists of a flow of I or 2 liters per minute for the firmt 24
hours, with an werease of 1 hter per minute every day or, in the
event of increasing drowsiness, every other day until 2 Row of 7
liters per mimmte 15 attoined This will generally result in a con-
centration of approximately 38 per cent in the inspived arr, varymg
somewhat with the degree of hyperventilation. At this time, if
desired, an ovygen tent may be substituted with a concentration
of 40 per cent oxygen, mamtamed with a flow of 10 to 12 liters
per minute and sufficient leakage to nsure that the atmophere
does not contain more than 48 per cent oxygen by test If cardio-
respiratory compensation appears to be substantially restared at
the end of one to two weeks' additional treatment the double
nasal tubes are remserted with an oxygen flow of 7 liters per
minute, a gradual deerease n the admimstration of oxygen takes
place by lowenug the flow one liter per minute every other day
ar every other day until the patient is returned to an air atmos-
phere This method 15 to be preferred to the employment, of oxy-
gen intermittently. The latter procedure is fraught with the hazard
of sudden changes of ovygen tension which leads to the patient
beconung addicted to oxygen The consequence of employing
ipfermittent oxygen therapy is not simply the abrupt precipita-
tion of dyspnea when a mask or 2 tent is removed as the effect
on mental function, manifested i most eases by the patient
feeling chzzy, restiess and anxious, fong hefore shortness of breath
takes place With the method of gradually decreasing the ovy gen
concentration, tions develop, ncluding an increase in
hemoglobm and red blood count, elevated pulmonary ventiation
and deerease 1 blood hicarbonate
This program is not apt to he followed by respiratory acidosis
and coma if sedatives are withheld Morphine is fethal and the
barbiturate undesirable Paraldehyde 13 preferred by Simp-on
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who, having observed the comatose state as a result of
mmstration of high concentrations of oxypen, recently
«, .1 have, more recently, u~ed this method m ceverely
diconented patients and have averded coma, which, I fe
would have superiened had they been put at onee snto an
tent ¥ therefore now use Baracl’s method n every case
those 1 which urgency demands the use of an oxygen tent
m the tent 15 by no means necessanly fatal Even if the
dies mn the tent, it must be remembered that the sevent;
nfection, the duration and degree of the anowa, and the
status all have important bearing on the immediate pr

, Except when a patient’s critical situation demands
ovygen 15 pou given minally by nasal eatheter and the fl
15 gradually nereased ta avoid coma Respiratars have
httle use with comatose patients sinee the rhythm of t
pressed but functioning respiratory center cannot be p:
by the maclune "

The measures employ ed 1 the treatment of respuratory ¢
diccussed 1n ths volume by Chermack {Chapter 14),
applicable to the prevention of the syndrome In ou
Demerol m small dosages, 25 t0 40 mg at G-hr intervals
ferred as a sedafive since 1n this dosage unaccompanied t
sedatives, 1t does not depress the respiration and funetic
bronchodilator as well 1f mental confusion or somnalen
dunng the program outhned above, caffene sodium ben
employed, 05 to 10 gram at 4- to S.hr intervals, or ca
used at 8-hr mtenais with Benzednne, 20 mg jntramu
dunng the alternate 4 hr period as effective druge for stir
an mereased ventilation The mechanical methods of aug
the volume of breathing may al-o be userd as additional
the prevention of respiratory actdosis 1t 1s, to our mind, ¢
mistake i judgeRnt © wihdrat oayEen, of to mve ity
1ently, m there cases, since the respiratory center js furtl
aged by hypowa as well as the function of the heart and ¢!

Since an mcrease m the CO; tension of the artenal t
evitably follows oxygen therapy if the pulmonary ven
and, concequentls. the dvspnea. 13 decrcased this rete
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CO; is not necessarily alarmung unless the pH of the blood is
changed toward the acid side .\ small shift in pH as a result of
CO; retention may be folloned by mental changes if 1t takes
place rapidly The comatose state is not, therefore, called carbon
dioxide narcosts m our chine but respiratory acidosis. Frequently,
a very considerable degree of carbon diovide retention i< found
prior to oxygen treatment as a result of impaired diffusion plus
the admimstration of sedatives It is not commonly recognized
that the arterial blood Coy may be lowered as a result of orygen
treatment Following the imtial rise, for example, from an arterial
CO. content of 65 to 85 or 90 volumes per cent during a threc
week period of oxygen treatment, the carbon dioxide may gradu-
ally fall to 70 volumes per cent and then later, during inhalation
of air, to 60 volumes per cent This reduction 1 blood CO. is not
produced artifically by mechanical hyperventilation but takes
place as a result of improvement of the function of the lungs and
therefore better diffusion of CO.

The fall in blood carbon dioide durning oxygen therapy seems
to me to offer crucial evidence 1n this respect. In Figure 2 6 and
and Figure 2 7, data from the studies by Richards and me reveal
the decrease 1n arterial CO, content in a patient with pulmonary
fibrosis and eardiac insufficiency respectively. It will be scen that
the imitial rise 1n earbon dioxtde, accompanying the relief of dysp-
nea and decrease 1 ventilation, was followed by a decrease mn
CO; during contmuation of oxygen therapy as the vital capacity
of the lungs mcreased, i the patient with cardiac failure, the
compensatory elmnation of chlorides, precipitated by the early
1se in carbon dionide, played a role in the diuresis that is often
charactertstic response of oxygen therapy, especially marked
cases with pulmonary emphysema and right or left heart failure
The pCO; m this case fell from 40 to 36 mm Hg during oxygen
treatment, with the pH not sigmificantly altered, or shghtly ele-
vated.

The clinical results of oxy gen treatment 1n emphysema include
a progressive diminution in the volume of breathing, a prom.pt
lowering of the pul<e rate, with a dwresis in cases of cardiac in-
sufficiency, a decrease 1 alveolar distention, and a remarkable
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dimtnution 10 expectoration Whether this 15 due to a cessation
of the hypoue influence on eapillary permeability or to a diminu-
tion 1 the previously ewstent locally apphed excessive negative
pressures dunng inspiration or to some other cause, the fact itself
is an wmdication that bronehial constriction has been alleviated
Physiologieally based measures that md diffusion of ovygen and
carbon dionide, which m themselves improve the bronchopul-
monary funetion, are preferable to mechanieal ventilation, these
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measures include the use of prednacone, antibiotic therapy,
bronchodilator aerosols, and medication by drugs during the
period of oxygen treatment

It has been emphasized that the presence of high CO; concen-
trations in the blood has created undue alarm since 1t has not been
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understood by some writers on this subject that a Ingh alvcolar
CO, al-o allons the patient to take advantage of the lower pul-
monary ventilation engineered by mhalation of oxygen because
the lugher partial pressure of CO, facilitates diffuston of the gas
into the alveoli The expired carbon diouide 1s nat as high as 1t
might be beeause of inadequate ventilation of some of the alveols,
especially i bullous areas of the lung, but the homeostatic nature
of the retention of CO., although imtally caused by orgame
diease, 15 of sufficient inportance to warrant additional dieus-
sion Arbitrary efforts to lower the elevated blood CO. 1n the
abeence of a true respiratory acidosts, manifested by pH change,
have the disadvantage of destroying this mechamsm The patient
then, on exercise, may rapidly develop mereased CO; retention
with aeid staft in pH because the buffer biearbonate reserve was
previously lonered by a hyperventilation progtam In my opmion,
the employment of hyperventilation devices 15 not mdicated,
except In cases with a true respiratory acidoss This view 1s not,
however, held by some of the advocates of IPP B Thus, Fish-
man, Samet and Cournand have not apparently been impressed
bv the adaptive changes described by Richards and me over a
penod of many years nor by a <imlar point of view expressed by
Christie and Riley but appear to beheve that “the action of
ncreased CO. tenwon 1s a depressant of physologic and mental
procesces, which oceasionally progresses to the stage of nareosi~
and death ”

Thewe authors further state that the compensatory elevation
of CO: would result mn a lowenng of the artenal pO» while breath-
ing COxfree air However, i the large number of cases with a
normal or nearly normal arterial oxygen saturation the effect of
the drop i pressure due to mncreased pCO, 1s small indeed, be-
cause of the relatively flat shape of the dissection curve of hemo
globnn m this range The caleulation of the effect produced 1«
made on the baus of the formula referred to in the discussion of
altitude hypoxia Thus 760 — 47 (water vapor) = 713, the 1n-
spired arr pressure 713 X 21 (oxygen per cent mn the atmos-
phere) = 150, the mspired ovygen pressure Deducting 40 mm
Hg for the alveolar pCO would give 110 mm Hg, 1f the alveolar
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measures include the use of prednasone, antibiotic therapy,
bronchodilator aero~ols, and medication by drugs during the
peniod of ovygen treatment

It has been emphasized that the presence of high CO, concen-
trations in the blood has ereated undue alarm since 1t has not been
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understood by seme writers on ths subject that 2 high alveolar
CO, alo allows the patient to take advantage of the lower pul-
monary ventilation engineered by mhalation of oxygen becau-e
the higher partial pressure of CO, facilitates diffusion of the pas
into the alveoli The expired carbon dioxide is not as high as it
mmght be because of nadequate ventilation of <ome of the alveoll,
e-pectally in bullous areas of the lung, but the homeostatic nature
of the retention of CO,, although initally caused by orgame
diease, 15 of sufficient importance to warrant additional discus-
sion Arbitrary efforts to lower the elevated blood CO. n the
abeence of a true respiratorv actdo~ts, mamfested by pH change,
have the disadvantage of destroymg this mechanism The patient
then, on exercise, may rapidly develop increased CO, retention
with acid shuft m pH because the buffer bicarbonate re<erve was
previously lowered by a hy perventilation program In my opimon,
the employment of hyperventilation devices 1 not wdrcated,
except 1n cases with a true respiratory acidoss This view 15 not,

however, held by some of the advocates of [P P B Thus, Fxxh-
man, Samet and C d have not apy Iy been mmpi

by the adaptive changes deseribed by Richards and me over a
pened of many years nor by a wmilar point of view expressed by
Christie and Riley but appear to believe that “the action of
ncreased CO, tenston 1s a depressant of physiologic and mental
processes, which oceasionally progresses to the stage of narcowis
and death ”

The-e author~ further state that the compensatory elevation
of CO; would re<ult it a lowering of the artertal pO; while breath-
1ng CO,-frec axr However, in the large number of cases with a
normal or nearly normal arterial oxygen saturation the effect of
the drop mn pressure due to increased pCO; 15 small ndeed, he-
cause of the relatively flat shape of the dissection curve of hemo
globin m this range The caleulation of the effect produced 1<
made on the basis of the formula referred to 1n the discussion of
altitude hypowa Thus 760 — 47 (water vapor) = 713, the m-
spired air pressure 713 X 21 {owygen per cent in the atmos-
phere) = 150, the inspired ovygen pressure Deducting 40 mm
Hg for the alveolar pCO would give 110 mm g, if the alveolar
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pCO: was elevated to 50, the alveolar oxygen pressure would be
100 mm Hg, wiich would have an insignificant effect in these
cases of pulmonary emphysema. In mstances in w hich the alveolar
pCO; rises to 60 to 80 mm Hg during oxygen therapy, the alveolar
pO: is raised by the increased concentration of the inhaled at-
mosphere and, therefore, offsets the dilution factor of an nereased
tension of carbon diovide In severe hiypoxa the steep slope of the
dissociation curve accounts for the fact that admunistration of
even low concentrations of oxygen, ¢ ¢., 28 per cent, 1esults 1n a
relatively large merease m artenal oxygen concentration (¢f. Fig
2) The adaptive chemical changes in the arterial hlood were
ndeed ongmally reported m hypoxic patients who were tested
by oxygen therapy, In summary, granted that a rise in pCO. of
from 40 to 60 mm w1l decrease the pO; from 110 to 90, avsuming
an R@Q of 1, this 20 mm. fall in O, eould be fully compensated
(under normal eonditions) by an increase of 3 per cent in the oxy-
gen concentration of the wnspired air A 1 per cent increase at Sea
level 1s equivalent to a 7 13 change mn inspired pO; . Naturally,
1 pulmonary emphysema the increase in mspired oxygen would
he somewhat higher to produce a simular increase in oxygen ah-
sorbed into the arterial blood

Comroe has, in fact, recently confirmed our finding of an
adaptive mechamsm 1n & case history reported in a panel discus-
sion by Cullen and associates, as follows:

“Pattents with pulmonary disease who develop CO; retention
over a long period of time seem to get along pretty well. Dr.
Franas Wood has a patient at the Umversity Hospital who nas
kept ahve for a year or two by the use of nasal oxygen. We meas-
ured his artertal pCO; at different times during that penod of 2
years, 1t mcreased from 60 mm of mercury to 85, and then to
140 mm. of mercury and stayed there for a year or more. During
all this time he was alert, jolly and even quite witty, so he cer-
tamnly was not narcotized

“Therefore, over long periods of trme, there must be some com-
pensation so that people can tolerate very high tensions without

any gross damage.”
It 1s of considerable mnterest that the cerebral blood flow was
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found to be markedly elevated as a result of whatation of ovyge
and the accompany ing rnse in arterial CO, tension in G of 9 easc
reported by Patterson, Heyman and Duke Sudden changes
ovy gen tension, both above and below that to which the individ
ual is accustomed, may 1n themelves play a role m alteration
1n mental function 1 addition to the effect of a respiratory acide
s1s or alkalosis In 2 case of hypoventilation associated with en
cephaliti~ reported i 1921 by Barach and Woodwell, inhalatio
of 80 per cent oxy gen for 13, hours produced a rise in artenal CO
content from 64 to 88 volumes per cent as the artenal ovyge
saturation rose from 60 to 84 per cent Had mechanieal hyper
ventilation procedure~ heen employed at that time to prevent
CO, acidos, the cerebral blood flow would presumably not hav
heen elevated, at any rate the mdication for presention of abrup
carben diovide retention 1~ now elear i any case n Which drmur
1hed volume of respiration 1s present

The recondary nereaved excretion of chlorides as a result «
elevation of COs after oxygen therapy was alvo shonn to play
role mn the mittation of a diuresis m caves of cardiorespirator
failure This response seemed to be in part responsible for restor;
tion of compensation 1n ~ome cases of congestive heart failus
that were refractory to other measures

In the accompanying x-ray illustration (Fig 2 8), the respon:
of a man of 66 with pulmonary emphy=ema and chnieal evidenc
of nght and left heart m<ufheiency 15 <hown before and after oxy
gen therapy and imeehly mjections of mercubydrn The inte
Iobar effusion cleared and the size of the heart decreased on th
combined therapy, dyspnea was relieved withm several hour
after mhalation of approxtmately 40 per cent oxygen was hegu
even though previoudly resmtant to bed-rest and digitals, Ir
creased rest and sleepiness were chnieally evident as effects
the therapeutic program which ultimately resulted i restoratio
of erreulatory compentation Irrationality was not proveked b
ovygen therapy but dronsiness was present for four days, m a
probabshity the consequence of CO, retention, and a shght ¢
moderate fall in pll, although no measurements of the artern:
blood gases were made
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[ D
PB . AFTER 3 WEEKS 0, AND .} +
|, woeR DoTAUS THERAPY, MERCUHYDRIN TH%RN’Y )

Fig 28 Following three weeks of continuous inhalation of 40 per cent oxy-
gen and bimeekly injections of mercuhydrin the heart size was markedly dr
rumshed and the flud mn the pleural space between the night middle and lower
lobes cleared

1t should be emphasized that oxygen therapy in itself is not
dangerous. The danger ltes mm an unwarranted curtailment of
oxygen therapy. In these cases of severe hypoxia a small increase
1n alveolar oxygen results mn a relatively large increase in arterial
oxygen saturation, because of the steep slope of ovygen dissocia-
tion curve Durmng the last twenty years confused mental states,
have been encountered at times but infrequently when the pro-
gram of gradual increase and gradual lowering of the oxygen con-
centration deltvercd to the patient has been followed, with the
precautions mentioned above. If indeed stupor does take place
when low oxygen concentrations are employed, sedatives should
be withheld or counteracted by drugs which stimulate the ventila-
tion, the mdication 1s certamnly to continue treatment,

The oxygen tent is the most comfortable method of admin-
1stering oxygen as well as a hygienic atmosphere produced by the
air conditioning units now available. If the injector of the Meter
mask is employed through a separate opening m#to the tent canopy,
low concentrations of oxygen may be given without accumulation
of carbon diovide and with small oxygen flows, Thus, at 2 meter
setting of 40 per cent, one liter of oxygen passing through the
meter mto the tent draws with 1t 3 14 liters of air. If the gauge
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15 set at G liters per minute the tota} mr-ovypen muxture entering
the tent is 25 liters per minute. The actual oxygen concentration
1m the tent at this setting 15 b practice between 30 and 33 per cent
because of additional leakage under the canopy, the CO; 1 the
tent atmosphere is helow 1 per cent There are meters available
with a larger onfice m the injector which provides 32 per cent
oxigen At an oxygen fow of 4 Jiters the air-oxygen mixture pas<-
g through the meter mto the tent is 28 liters per mnute, e,
§ hters of air to 1 of oxygen. Because of lenkage the tent atmes-
phere is less, 25 to 27 per cent. Since the air-conditioned tent is
more comfortable than the nasal catheter, it can be used with
the method outhned above It should be reahized that the yeplace~
ment of the air atmosphere with an wr-oxygen mixture must
have sufficient volume to dilute the carbon dioside concentration
below 1 per cent In Leonard Hill's bed-tent oxygen was blown
nerose the subjeet’s face for this prepase but va pravisen was
made to keep the tent atmosphere itsell hvmenic in terms of the
heat. moisture or carbon diovide grven off by the patient. In our
early development of the ventiated oxygen tent, calcium chlonde
and <oda hme were used but later cochng coils were substituted
for coohng and dehurmdifiention The suggestion of Rosenbleuth
and Block to cdispense with soda hime by mereased oxygen flons
was adopted but 1t roust be understood that a patient with fever
may have a CO. production of 300 cc per nunute which would
recuire an entrance weto the tent, either by leakage or an mnjector,
of 30 hiters per nunute The claim made at tumes that 2 tent, heod
or face tent will provide 50 per cent oxygen at a flow of 6 to 8
hter~ per munute without undue accumulation of carbon dioude
cannat be substantiated Thus, 8 hters of O, plus 22 hiers of sr
will dilute the CQ; to 1 per cent m cases with 2 CO; production
?f 300 cc per minute, but the exygen concentration of the com-

jumself 1f neces-ary when the nurse 15 not present, such as when
he needs to go to the bathroom in a hurry The mside zipper often
provides a feeling of mental secuntty in that the patient has less
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F1e 29 The photograph illustrates the inside zipper opening which permits
the patient to release himself when indicated and also the attachment with two
mjector meters, by which either 33 to 40 per cent oxygen or 45 to 70 per cent
oxygen can be admmistered At the 33 per cent meter setting, 6 hters per minute
of ovygen result 1n a total flow into the tent of 42 Liters of 32 per cent ovygen;
at a 40 per cent meter setting 10 liters per minute of oxygen result in & total flow
of 41 Iiters of 40 per cent oxygen The actual concentration of oxygen in the tent
1s generally 5 per cent below the meter setting.

LITERS OF 2IR/LITER OF 0,
v 2w o v @ w

6% 30 ag 0?6

% 02
Fra 210 The chart illustrates the increased quantity of atr drawn into the
1njector at low meter oxygen settings Thus, to obtain a total flow above 30 hiters
per minute, 5 Iiters per minute of oxygen would draw 30 Diters of air, or a total

G 76 85 %0 100

Vbeim nE

the mask
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of the <ensation of elaustrophobia; if anything dire should happen
e would be able to leave the tent by Jumeelf through the large
opemng provided The tent with the meter attached and the new
canopy is illustrated i Figure 29

The injector meter 15 also used 1n connection with the adnunis-
tration of oxypen with the closed head tent The latter device,
used mamly for nebulizing watery or detergent aerosols, 13 not so
comfortable as erther the air-conditioned cabinet with the en-
larged canopy that covers the entire bed or the more recently
mtroduced small portable oxygen tent

In Figure 2 10, the volume of air delivered mto a tent, hood or
a mak at different oxygen settings of the injector 15 presented
It will be seen, for example, that 1 hiter of oxygen will draw 1n
twiee as much air at 32 per cent as at 40 per cent oxy gen

Oxyeex InHaraTiON P1RNG WaLkiNe Exererse

In 1951, two patients with pulmonary emphysema were re-
ported by Barach, Bickerman and Beck 1in whom dyspnea on
exertion was markedly relieved dunng mhalation of oxygen, this
response served as a basis for mstituting an exereise program that
resulted m a marked improvement in pulmonary reserve m some
of thewe cases, as manifested by <ubsequent mcreased capacity
for moderate exertion breathing air The method employed con-
sisterd of the mnhalation of 8 to 10 hters per mmnute of oxygen
through the double plastic nasal tubes, by which approvimately
40 to 43 per cent oxygen 1s provided in the mspmred air, while
the patient «trode back and forth across the room The substan-
tial 1mprovement that takes place at times seems to be due to
an 1nerease m airculatory cfficiency as well as 1n general physteal
fitness The emphaws placed by Rappapert, Mayer and other
wrters referred to i Chapter 1, on lack of physieal traimng as
a cause of shortness of breath appears to be well borne out by
the favorable responses of these patients to exeraise durnng in-
halation of oxygen

Although the program 1s modified to the imndividual case, walk-
ing 50 to 100 steps, with the nasal tube in place at an ovygen flow
of 10 hters, 15 generally feauble, with the addition of 100 steps
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daily until the patient takes 500 to 1,000 steps two or three times
each day The patient is encouraged to take half the number of
steps breathing air each day unless undue dyspnea develops.
When a progressive improvement in ability to walk with lessened
dyspnea takes place, after a period of a month or two, it has been
presumed that a physiologic response, similar to the cffect of the
traiming program in athletes, has been produced It has been ap-
parent that the rise in pulse rate after walking 1s considerably less
following an adequate period of exercise with oxygen than at the
onset of treatment although no correlation could be found with
the measurement of the vital capaaty.

In a study of 240 patients with chronic diffuse obstructive
emphysema by Miller, Fowler and Helmholtz, the arterial oxygen
saturation was found to be normal in half of this group, cven
after exeraise Twenty-three per cent had hypovemia at rest and
the additional 27 per cent developed hypoxemia during a standard
exercrée test. Although the meidence of hypoxemia was reported
to be greater in pattents with more marked clinical disability,
the presence or absence of hypovemia did not govern the degree
of disabiity 1n individual cases, Cor pulmonale with congestive
failure when present occurred almost exclusively in patients who
had either transient or persistent hypovemia, These findings are
of considerable interest especially m view of our observation that
the majorty of patients with pulmonary emphysema reveal a
significant reduction 1n pulmonary ventilation during the inhala-
tion of 100 per cent oxygen, whether the arterial oxygen satura-
t1on is lowered, nearly normal or normal,

Qur conclusion has been that these cases maintain an aug-
mented volume of breathing, even though 1t 1s burdensome, with
the result that the arterial oxygen saturation is thereby restored
toward the normal level and, furthermore, that inhalation of
oxygen is festly a highly t factor in the reductron
of dyspnea Our data tends to support the view that in cases in
which the pulmonary ventilation 15 immediately reduced by m-
halatton of 100 per cent oxygen benefit will be derived from the
oxygen exercise program outlined above. There are, unques-
tionably, instances in which the rclief of dyspnea achieved by
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1nhalation of ovygen 1s madequate to support exercise, especially
in advanced eases and those with pulmonary fibrosis as well
However, a considerable number of patients, encouraged to over-
come the inertia so frequently present in this entity, have recorded
both subjective and objective improvement It 1s of interest to
report that 1n two cases in which the program was abandoned
for three months a return to dyspnea on shght exertion was mani-
fested, 1n each mmstance subsequent utihzation of the oxygen
exercise program was folloned by increased well being and m-
creased capaaity for exertion

Quantitative tests of cardiac and pulmonary function are not
available to support the climeal impresauon deseribed above,
except for the observation that the pulse rate, even after a short
period of two or three weeks’ exercice during mhalation of ovygen,
does not nse as high as was observed during the control tests
Among the difficulties of interpreting pulmonary function tests
and therr alteration by a long term program 1s the fact that a
steady state can rarely be aclueved, since ups and downs in the
patient’s condition spontaneously take place and numerous other
therapies are so frequently altered during the pertod of observa-
tion Nevertheless, 1t scems reasonable to state the following (1)
exercise mncreases the cardiopulmonary reserve of normal indi-
viduals exposed to suitable tramng programs, (2) lack of physical
fitness 15 charactenistic of muddle-aged and older people, (3) pa-
tients with pulmonary emphysema are especially prone to loss
of physical fitness because of their tendency to dyspnea on slight
exertion, (4) many patients with pulmonary emphysema ale
enabled to perform a walking exercise duning nhalation of § to
10 hters per minute of oxvgen 1n relative comfort and without
shortness of breath, and (5) the continued use of an oxygen exer-
cse program 1n some of these eases 15 followed by evidence of
improved cardiopulmonary reserve, as manifested by less dyspnea
and a decrease 1 tachycardia on exertion

The techmque of making this type of exercise posuble has con-
sisted 1n the use of a 50-ft length of rubber tubing attached to a
high pressure ovygen cylwmder and regulator A small portable
three-wheel truck has also been used wlich contams a G cylinder
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holding 320 liters of oxygen and a handle by which the patient
can push the truck up and down the hospital corrdor. A small
ovygen regulator 15 used to which is attached a 4-ft length of
rubber tubing to connect with a double bent nasal eatheter or
plastic nasal tube A still smaller regulator has been used with
the G eyhinder or with a 5-1b carry-around ovygen bottle con-
tamning 160 lters of oxygen suspended from the shoulder. A
modification of this eyhnder 1s being studied, which may be more
conveniently carried on the back

At a flow of 8 liters per munute the large oxygen cylinder com-
monly in use would provide more than 12 hours of walking exer-
cire The smaller ¢y linders may be easily used mn the hospital,
by an oxygen therapy companv, or if de«ited, by the patient
limself with the use of three large cylinders connected with a
mamfold For patients who carry put this program at home, the
large oxygen cyhinder with the 50-ft length of rubber tubing is
the least expensive The double bent plastic tubes or nasal cathe-
ters are more comfortable than any other form of oxy gen therapy
for this purpose, however, if lagher concentrations are desired to
accomplish more rehef of dyspnea a setting of 50 to GO per cent
with the Meter mask, especially with exprratory positive pressure
of 2 to 4 em H,0, may be used with an oxygen flow of 15 hters
per minute

Masks are employed to administer oxygen intermittently, con-
centrations betneen 50 to 100 per cent, for the treatment of severe
hypovia, for aerosolization of bronchedilator aerosols with the
nebulizer attached to 1t, and for the joint use of ovygen and aero-
<olz with expiratory pressure breathing The Meter mask has
<everal mmportant advantages over the BLB Carbon dionide
mn the collecting rubber bag 1s kept helow 0.2 per cent even at
Jow oxygen flons by means of an mspiratory valve Oxygen con-
centrations of 45 to 100 per cent may be aceurately admintstered
by the <etting on the njector The mask can be operated to pro-
vide concentrations of onygen between 33 and 40 per cent at low
oxygen flows, 2 ¢, 4 to 6 hters per minute, with minimal resistance
and without bwlding up of CO: The carbon dioxide in the re-
breatlung bag of the B L B apparatus at these rates of ovyzen
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delivery varies between 15 to 25 per cent, which manifestly 15
undesirable n patients with emphysema The mtcrmuttent n-
halation of oxygen by mask for periods of 15 minutes three or
four times a day has been used to teheve dyspnea, reduce pul-
monary distention or overcome the so-called oxygen debt that
may be present m hypoie cases, a concentration between 40 and
60 per cent is generally adequate

CLINICAL .\PPLICATION OF PRESSURE Brearmizc

The climeal use of continuous pressure breathing was intro-
duced in 1935 to ard the mechanies of breathing primarily through
1ts effect on the resprratory passagenay and on the crculation
No significant inerease 1n artenal oxvgen tenvon would be ex-
pected as a result of the phywcal effect of the mereased pressure
since the alveolar oxygen PO, would be elevated less than 1 per
cent at sea Jevel with the uwe of 5 to 7 mm Hg mean mask pressure
1 contrast to the gain mentioned carher of 2,500 fect when 15
mm Hg wnas used to overcome hypova at a 40,000 feet altitude

The immediate reaction to breathmg through a constrieted
orifice 1s an increase i the intrapleural negative pressure during
nspirahon and a decreased negativity in an mtrapleural pressure
in exptration In ammals subjected to prolonged experimental
tracheal obstruction, the nspiratory mtrapleural negative pres-
sure mcreases progressively, with the end result that marked
congestion at the bases of the lungs produces severe hypoua
The 1nhalation of ovygen then results in a decrease n the volume
of breathing and a corresponding drop m mtrapleural negative
nspiratory pressure When a mixture of 80 per cent helum and
20 per cent onygen 15 inhaled during the early phace of the expen-
ment the mtrapleural negative pressure during the inspiratory
eyele 1s decreased beeause of the physical lans goverming effuston
or turbulent flon If air 1« breathed at thts time under a continu-
ous positive pressure of 5 to 6 em H,0, an almost proportionate
reduction 1n the inspiratory negatrve pressure n the mtrapleural
cavity was found and, as a consequence of inspiratory flow bewng
physieally facilitated, a conustent decrease in the volume of
breathing took place We also abscrved m one of our patrent~
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with severe status asthmaticus that the inspiratory intrapleural
negative pressure was reduced 4 em ;0 by continuous pressure
respiration with an 80 per cent helilum and 20 per cent ovygen
mixture.

The effort, of breathing during the inspiratory eycle is relieved
by pressure breathing primarily because of this decrease in the
negative pressure required for inflation of the lungs. The mam-
tenance of a positive pressure durng exprration involves the added
use of the abdominal and intercostal muscles to expel the inhaled
air which has no adverse effect on the respiratory system but, as
shown by Barach and Swen<on, had the physiologic advantage
of increasing the diameter of the smaller bronehi in patients with
bronchial asthma and thereby decreasing obstructive dyspnea.
Other studies have since revealed that increased lung volume
and bronchial dilatation are characteristic consequences of pres-
sure breathing An additional advantage of pressure breathing,
suggested by Comroe, 15 that the lengthening of the bronchial
tree may decrease distorted curving of the bronchioles

Pressure breathmg was also employed clinically as a measure
of critieal value 1n acute pulmonary edema due to left ventricular
failure or to changes i permeablity in the pulmonary epithehum
occurring m pneumonia and gas poromng. Effective control of
edema has been produced with expiratory pressure, continuous
and inspiratory intermittent pressure breathing The mechanism
through which improvement takes place includes the factors
discussed above but mn the main the benefit is linked to the in-
creased pooling of blood m the peripheral vascular system, mani-
fested, as revealed m the studies of Barach, Martin and Eckman,
by a characteristic rise 1 venous pressure, thus, in normal ind:-
viduals about 40 per cent of the applied intrapulmonary pressure
was found by these authors to be counterbalanced by a compar-
able rise 1n arm venous pressure, in pulmonary congestion due to
cardiac insufficieney the venous pressure rose considerably higher,
60 per cent or more, depending on the degree to which the lungs
and chest wall absorbed the remainder of the applied pressure.
The pulmonary capillaries 1 our opinion were presumably con-
stricted by the nereased pul ry pres<ure, d ing the
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deney for serum to escape 1nto the alveolt The effect of pres-
e breathing varies with the degree of pressure applied and the
te of the circulation but 1t tends to retard the inlet of blood
o the right aurtcle and thereby enables the heart to pump
re effectively with a smaller volume, an advantage in cases of
menary emphysema with left heart failure, as well as n cases
“cardiac asthma” (paroxysmal passive pulmonary congestion)
1 pulmonary edema

ntermittent positive pressure breathmng, orginally employed
resusatation and later, during World War 11, to overcome
tude hypovia, was used by Motley, Gordon, Theodos and
ers m conjunction with continuous nebulization of broncho-
itor aerosols in the treatment of patients with pulmonary
physema The value of intermittent pressure breathing rtself
ends primarily on the principles described above 1n the appli-
ion of continuous posttive pressure breathing, m addition, the
P B devices 1n current use inerease the pulmonary ventila-
n, which »s beneficial when mdicated for the treatment of
piratory aexdosis

Intermittent po-itive pressure breathing employed as an ad-
1ct to the continuous nebuhzation of aerosols of the broncho-
ator type will be discussed by Fouler, Miller and Helmholz
d by Bickerman However, a entical re-evaluation of the prin
les mvolved 1n 1its therapeutic npphcahon 15 also pertinent to
s d A statement 18 1y made to the effect that
e rapid fa]l 1 expiratory pressure with IPP B produces a
zh veloeity expiratory gas flow which promotes bronchial
ainage In eomparative studies on exsufflatton, which will be
esented by Beck, no physieal effect on the movement of bron-
1l <ecretions was evident with the relatively slow expiratory
lume flow rates achieved with the use of IPPB apparatus
order to move mucus, erther climeally, In experimental studies
- dogs or 1n artificral lung apparatus, the veloeity of arr flow
ust be m the neighborhood of that produced by the human
ugh to produce a demonstrable physical effect The fact that
e patient frequently expectorates bronchial secretions after a
aftment appears 1o bt due 1o the dilxtation of the broneh
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accomplished by phrine and the conseq) freemg of the
mucus from the bronchial wall since LP.P.B. uhen employed
without nebulizing drugs does not produce this effect

The statement that I P.P.B. may cause cardiac embarrassment
or should not be used n cardiac failure also requires clarifying
comment Motley, Cournand, Werko, Dresdale, Himmelstein and
Richards, m studies on mtermittent positive pressure breathing,
showed that cardrac output was less impaired when the expiratory
pressure curve showed a rapid rather than a gradual fall. This
result may be explamed, at least in large part if not entirely, by
considering the slope of the pressure curve as a function of the
mean applicd pulmonary pressure, as mdieated by earher studies
reviewed by Barach, Fenn, Schrmdt and Ferris, and more vecent
investigations of Maloney, Whittenburger and associates, Beck
and Barach, on the effect of various types of pressure on the
venous return The effect of the mean pressure depends not only
on 1ts degree but mamfestly also on the state of the circulation.
In penipheral arculatory failure entrance of blood into the right
heart is already handicapped and a substantial increase in intra-
pulmonary pressure may be followed by more severe cardiac
farlure On the other hand, 1n cases of cardiac insufficiency, the
decrease of blood entenng into the heart may rtself result in an
ncreased cardine output, ¢e, 10 to 35 per cent {Cournand,
Werko) This response appeared to be due o a decrease in filling
piessure of the night auncle, permitting the ventricle to empty
more completely, and correlates well wath MeMichael’s study of
carchac output in heart failure 1 which the application of tourni-
quets to the extremuties dimimished the venous return and in-
creased the cardtac output, in accordance with Starling’s law of
the heart However, in nght heart failure, cardiac msufficiency
may be aggravated by IPPB as indicated by the studies of
Miller, Founler and Helmbholz reported in this volume.

In reviewmg the hterature published between 1936 and 1930,
Bickerman and Beck collected 64 cases in wluch positive pressure
breathing had been employed for pulmonary edema or obstructive
dyspnea Of these, 28 were 1n pulmenary edema due to acute Teft
ventricular failure; 14 suffered from status asthmaticus or ob-
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structive dyspnea, 13 had pulmonary edema secondary to respira-
tory depression, 6 were patients with an extensive pneumonre
process, 1 had lung edema due to chlonne gas mhalation and 2
cases followed tracheotomy Theee authors reported 3 additional
patients m which the spphication of continuous pressure hreathing
was followed by disappearance of tung edema It s, therefore,
precisely beeause of the increased mean positrve pressure supphed
hy IPPB or any other form of supra-atmosphene pressure
breathing, provided an optimal pressure 15 employed, that the
function of the fathng heart may be unproved, as has been ob-
served ehmically
An undue elevation n intrapulmonary pressure has produced
the syrdrame of perpheral ewwenlatory failare, at hegh altitudes,
where a mean pressure of 15 mm g was employ ed, the subjects
at times collapsed after 2 necdle was put mnto the artery for pur-
poses of testing the ovygen saturation The pam, presumably
assocated with a fall in penipheral venous pressure, aggrasated
the damming-back effect of the high intrapulmonary pressures,
and the arterial blood pressure then fell The method proposed
in 1938 of determmng whether or not the degree of positive pres-
sure adminsstered was excessive consisted of determining whether
the arterial blood prewwure fell unduly durning freatment, an
Junous degree of continuous (or mean) pressure was suspected
when the arterial blood pressure decreased 15 mm g or more
Although tius test may nat he the only ar the best method of
g the p of an unf: ble effect on the arcula-
tion, 1t has appeared to be 10 our expertence a feasible and rehiable
wude  Other simple measnrements of the physiologic effect of
pressure breathing sn an individual patient meluded the e 1
venous pressure above the control value, whrch revealed the de-
gree of pressure pasced on to the peripheral errculation, since a
small rise oeourred m subjeets with normal lungs and a marked
merease in cases with congestive failure, m which the elastiaty
of the lungs was mmpaired and, thercfore, did not expand and
absarly mare of the dpplied pressure If the chest and ahdomen
were completely restricted from an increase 1 volume by a pres
sure vest, the venous pressure risc was then 100 per cent of the
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lished by epinephrine and the consequent freeing of the
mucus from the bronehal wall since IP P.B when employed
without nebulizing drugs does not produce this effect.

The statement that I P P B. may cause cardiac embarrassment
or should not be used in cardac farlure also requires clanfying
comment Motley, Cournand, Werko, Dresdale, Himmelstein and
Richards, in studies on intermittent positive pressure breathing,
showed that cardiac output was less impaired when the expiratory
pressure curve showed a rapid rather than a gradual fall. This
result may be explained, at least m large part if not entirely, by
constdening the slope of the pressure eurve as a function of the
mean applied pulmonary pressure, as indicated by earlier studies
reviewed by Barach, Fenn, Schmidt and Ferris, and more recent
investigations of Maloney, Whittenburger and associates, Beck
and Barach, on the effect of various types of pressure on the
venous return The effect of the mean pressure depends not only
on 1ts degree but manifestly also on the state of the cireulation.
In peripheral creulatory failure entrance of blood into the right
heart is already handicapped and a substantial increase in intra-
pulmonary pressure may be followed by more severe cardiac
failure On the other hand, 1n cases of cardiac insufficiency, the
decrease of blood entering into the heart may itself result i an
ncreased cardine output, 2¢, 10 to 35 per cent. (Cournand,
Werko) This response appeared to be due to a decrease in filling
pressure of the right auricle, permitting the ventricle to empty
more completely, and correlates well with MeDMichael's study of
cardiac output in heart farlure 1 which the application of tourm-
quets to the eatrenuties diminished the venous return and in-
creased the cardiac output, n accordance with Starling’s law of
the heart However, m nght heart failure, cardiac insuffictency
may be aggravated by IP P B as ndicated by the studies of
Miller, Fowler and Helmholz reported m this volume.

In reviewing the hiterature published between 1936 and 1950,
Bickerman and Beek collected 64 cases in which positive pressure
breathing had been employed for pulmonary edema or obstructive
dyspoea Of these, 28 were m pulmonary edema due to acute left
ventricular failure, 14 suffered from status asthmaticus or ob-
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structive dyspnea, 13 had pulmoenary edema secondary to respira-
tory deprewsion; 6 were patients with an extensive pucumonte
process, 1 had lung edema due to chlorne gas mhalation and 2
cases followed tracheotomy These authors reported 3 additional
patients in which the application of continuous pres-ure breathing
was folloned by dwsappearance of lung edema It 15, therefore,
precrsely because of the increased mean posttive pressure suppled
by IPPB or any other form of supra-atmospherie pressure
breathing, provided an optimal pressure 15 employed, that the
function of the fatling heart may be mmproved, as has been ob-
served clmeally

An undue elevatton i intrapulmonary pressure has produced
the syndrome of penpheral cireulatory fatlure, at high altitudes,
where a mean pressure of 15 mm Hg was employ ed, the subjects
at tiumes collapsed alter a needle was put nto the artery for pur-
poses of testing the ovygen saturation The pasn, presumably
associated with a fall in peripheral venous pressure, aggravated
the dammung-back effect of the lugh intrapulmonary pressures,
and the arterial blood pressure then fell The method proposed
m 1938 of determuning w hether or not the degree of positive pres-
sure adminsstered was excessive consisted of determmng w hether
the arterial blood prewure fell unduly duning treatment, an in
juniaus degree of contmuous (or mean) pressure was <uspected
when the artenal blood pres-ute decreased 15 mm Hg or more
Although this test may not be the only or the best method of
estmating the presence of an unfasorable effect on the errcuta-
tion, 1t has appeared to be 1y our esperience a feasible and rehable
guide, Other simple measurements of the phystologie effect of
pressure breathing i an indnvadual patient inetuded the rve in
1enous pressure ghove the control value, which revealed the de-
gree of ptessure paseed on to the peripheral circulation, since 2
small nise occurred m subjects with normal lungs and a marked
merease m epses with congestive failure, 1 which the elastiesty
of the lungs was imparred and, therefore, did not expand and
absorb moare of the applied pressure 1f the chest and abdomen
were completely restricted from an increase n volume by a pres.
fure vest, the venous pressure rse was then 100 per cent of the
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applied intrapulmonary pressure, i.e, all the applied pressure was
transmitted to the peripheral venous system.

The circulation time was also employed as a simple method of
determmmng the effect of pressure breathing since it was only
shghtly prolenged with a mean pressure of 6 em, H,0 in pormal
mdividuals and markedly prolonged, z.¢., 50 to 100 per cent in
patients with cardiac msufficiency Bickerman and Beck found
that the cardiae impact was reduced as a result of continuous
pressure breathing at 6 em H,0, as estimated by the ballisto-
cardiograph, the reduction in caleulated “cardiac output” was,
in most mstances, proportional to the mean applied pressure

Other alterations that have been recorded s a result of pressure
breathing include a rotation of the heart, with an inereased verti-
cal diameter of the chest, a consequent depression of the T-wave
of the electrocardiogram, an increase in hematoerit and total
protemns as a result of hemo-concentration

The relation of the volume of the lung to the appled intra-
pulmonary pressure was studied by Fenn and his collaborators,
and others who will be referred to 1 Chapters 9 and 11 on the
studies on comphance In respect to the clinical application of
inspiratory pressure, a signtficant factor that warrants considera-
tion 15 the duration of the nspiratory pressure in augmenting
lung and tidal volume Thus, in our studies with the exsufflator
a peak posttive pressure of 20 mm Hg with a 2 5 second inspira-
tion produced the same tidal volume as a peak pressure of 40
mm Hg achieved in 1.6 seconds Since the hazard of tearing of
an emphysematous bleb 15 drectly related to the increase in lung
volume rather than the pressure 1tself, it became evident that the
duration of pressure should not be so sufficiently prolonged as to
result in undue pulmonary distention With the u<e of e.:c:ufﬂn-
tion with negative pressure an abrupt termination of wspiratory
pressure, from plus 20 to 40 mm. Hg peak pressure to a 40 mm.
Hg negative pressure i 002 seconds resulted in a mean mask
pressure actually lower than that commonly found witha 15{ mm
Hg inspiratory pressure, erther as cmployed in a mx_xk respirator
or in mtermittent pressure breathing deices, Graphic records on
a Statham Stram Gauge of the character of mask pressure eurves



» IPP.B apparatus with EW N P revealed that the
- phase con-umed one second or more 1n IPP B, ap-
r contrast to a duration of poutive expiratory pres-ute
conds with EW N P With the employment of negative
in expiration the mean pressure can be mamntamned at
ric level or below the atmosphere depending upon the
the negatne pressure eycle

portance of employing a negative pressure phase
al respirators to maintamr a low mean pressure and
prevent penpheml arculatory failure \\as emphawzed
ney, Whttenk and 1 and
n reported some years ago that ispiratory lung mflating
followcd by exprratory negative pressures have favorable
' the cireulation of deeply anesthetized dogs that were
ved by supra atmospheric mtermttent pressure breath
of interest to note that mouth to mouth msufflation, an
orm of inspiratory intermuttent pressure breathing, was
loved a~ a medical procedure by Tossach 1n 1743 How-
1cal records provide an even earlier example of suecessful
on of this kind of pressure as a therapeutic agent, Elisha
he ron of a Shunnamite woman who had apparently
d for some time by putting his lips over those of the
nd breathing s spint mto the lungs of Ins sptual

noted during World War IT that the application of con
ressure breathing to or ercome altitude hiypoua mnereased
ne of hreathing i the minonty of cases whereas nter-
pressure hreathing eonsistently re<ulted 1 more marked
tilation The use of I PP B has therefore been correctly
to patients with respiratory aculosts until the pH has
ught to the normal level However, as previously dis-
ecreasing the elevated CO; tension <o commonly present
of pulmonary emphj sema to a lower level 1~ not advan-
im our experience 1f the artenal pll 1s normal

patients with bronchial asthma or pulmonary emphy sema
inder a continuous pressure of 4 to 8 em H,O the dy-puea
tient 1s generally relieved Despite the fact that the func-
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tional residual arr is increased which in itwelf calls for increased
ventilation, measurement of the mmute volume of breathing is
at times lowered In additron to the physical aid to mnspiration,
CPPB presumably results 1n a better diffusion of oxygen and
carbon dioude because of the widened diameter of the smaller
bronchi mamtained during the expiratory cycle. With the joint
use of a continuous pressure of 6 em -H:0 and the head-down post-
tion, the pulmonary ventilation 1s markedly lowered as compared
to the record obtained sitting ercct Stimulation of proprioceptive
reflexes 15 probably of ittle importance in this connection Rich-
ards takes a simular position n respect to the heightened ventila-
tion found in carciac failure, “The increased tachypnea and
hyperpnea 1n advanced heart failure raises again the question
of reflex factors in lungs, great vessels or elsewhere, but again
the marked and consistent relief obtained by ovygen therapy
brings us back to a basic chemteal control Cardiac asthma, some-
times truly asthmatic in form, 15 still basieally an acute pulmonary
congestion Although 1t may respond to bronchodilators, its rehef
more often depends upon the use of oxygen, frequently with
positive pressure, upon digitalization, sedation, and dwretics
The tank respirator 1s commonly employed for the purpose of
mamntanmg artificial respiration n cases of respiratory paralysis
due to poliomyelttis and other ncurologic diseases. Although 1t
has also been employcd n the treatment of hypoventilation in
patients with pulmonary emphy<ema, there is always the hazard
that the patient’s cycle of breathing may not coinerde with that
of the apparatus, as will be discussed by Cherniack in the treat-
ment of the respiratory acidosts (Chapter 14), It is pertinent to
thts discussion to pomnt out that mtermittent pres-ure breathing,
accomphshbed by the production of negative pressure surrounding
the body tn the tank respirator, produced physiologe effects simi-
lar to those achieved by intermittent pressure breathing, with
positrve pressure applied to the upper respiratory passageway by
2 mask or the dome of the respirator, provided that the shape
and mean pressure of the ventilatory curve are comparable Al-
though this view has been contested by some investigators, re-
cently by Baneroft and Wilkes, comparative studies on both types
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of ntermittent positive pressure breathing tevealed smmlar
changes n the 1olume of breathing and the venous return, aceord-
ing to the investigations of Maloney, Winttenberger and assoer-
ates which were, 1 my optnion, satisfactorily confirmed 1n our
chnie by Beek and lns colleagues

Continuous positive pressure breathing of 5 to 8§ em I1,0 may
be carried out 1n the tank respirator bv the use of a blower that
maimntaims a constant negative pressure in the body compartment
of 5 or § em of water Pressure breathing mamtamed m this way,
as well as in the helum ovvgen hood, provides a comfortable and
effective method of relieving obstruetive dy<pnea due to lesions
m the tracheobronehial tree, as well as the dyspnea occurnng m
Ppatients with pulmonary emphy sema, bronchial asthma and also,
to a conaderable extent, 1n ca<es of left ventneular failure When
the pressure 19 maintamed with little or no fluctuation between
nspiration and expiration, 1t 1~ surprising to observe that patients
are not anare of the cffort of breathing, even during the expiratory
eycle Contrary to some reports, contmuous pressure breathing
1~ not fatiguing mn chmieal practice, furthermore, 1t frequently
enables the orthopneic patient to he supine without discomfort
In faet, mtermittent pressure breathing devices that mamtam a
comparable mean pressure are mn our evperience not as sub-
Jectively pleasant to the asthmatic or emphysematous patient as
CPPB with the methods outlined above Fmally, premature
bronelnal closure appears to be less apt to take place in patients
with pulmonary emphysema when the pressure 15 maintamed at
6 em H,0 dunng exprration and mspiration than when 1t drops
to the atmosphere as m I PP B The sprrometnic measurements
I a patient with severe pulmonary emphysema, scen m Figure
211, reveal the effect of 6 em when applied as negative pressure
around the body enclosed n a tank resprrator It will he seen
that a reduction 1n mmute volume of breathing took place from
115 to 10 5 liters per nunute 1n changing from the supine position
to the supine position with a continuous positiie pressure breath-
g of 6 em A further decrease to 8,700 ce occurred when the
head-down position was combined with continuous positive pres-
sure breathing In the latter mstance a considerable decrease
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tional residual air is increased which in itself calls for mncreased
ventilation, measurement of the minute volume of breathing 1
at times lonered In addition to the physical aid to inspiration,
CPP.B presumably results in a better diffusion of oxygen and
carbon diokide because of the widened diameter of the smalier
broneht mamntamed during the expiratory cycle. With the joint
use of a continuous pressure of 6 em.H,0 and the head-down posi-
tion, the pulmonary ventilation is markedly lowered as compared
to the record obtamed sitting erect. Stimulation of proprioceptive
reflexes is probably of little importance in this connection, Rich-
ards takes a ssmilar position in respect to the heightened venhila-
tion found 1 cardiac failure, “The increased tachypnea and
hyperpnen in advanced heart failure raises again the question
of reflex factors in lungs, great vessels or elsewhere, but again
the marked and consistent relief obtained by oxygen therapy
brings us back to a bame chemical control. Cardiac asthma, some-
times truly asthmatic in form, is still hasically an acute pulmonary
congestion Althougl 1t may respond to bronchodilators, its rehef
more often depends upon the use of oxyren, frequently with
positive pressure, upon digitahization, redation, and diureties ”
The tank respirator 1s commonly employed for the purpose of
mamtamng artifical respiration in cases of respiratory paralysis
due to polomyelitis and other neurologic discases. Although it
has also been employed 1 the treatment of hypoventdation in
patients with pulmonary emphysema, there is always the hazard
that the patient’s eyele of breathing may not comade with that
of the apparatus, as will be discussed by Cherniack in the treat-
ment of the respiratory acidosis (Chapter 14). It is pertinent to
this discussion to pofnt out that intermittent pressure breathing,
accomplished by the production of negative pressure surrounding
the body in the tank respirator, produced physiologic effects simi-
lar to those achieved by intermittent pressure breathing, with
positive pressure applied to the upper respiratory passageway by
a mask or the dome of the respirator, provided that the shape
and mean pressure of the ventilatory curve are eomparable. Al-
though this view has been contested by some investigators, re-
cently by Bancroft and Wilkes, comparative studies on both types
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of mtermittent positne pressure breathing revealed simular
changes in the volume of breathing and the venous return, accord-
g to the mvestigations of Maloney, Whattenberger and associ-
ates wlueh were, m my opmton, satisfactorily confirmed m our
clinic by Beck and his colleague~

Contnuous po~itive pressure breathing of 5 to 8 em H.0 may
be carried out wn the tank resprator by the use of a blower that
maintamns a constant negative pressure i the body eompartment
of 5or 8 em of water Prewsure breathmg mamntained m thrs way,
as well as in the hellum-oxygen hood, provides a comfortable and
effective method of relicving obstructive dyspnea due to lesions
m the tracheobronehial tree, as well as the dyspnea occurring i
patients with pulmonary emphysema, bronehal asthma and alvo,
to a considerable extent, m ca-es of left ventnieular faslure When
the pressure is mamtamed with httle or no fluetuation betseen
inspiration and expiration, 1t 1~ surprising to observe that pattents
are not aware of the effort of breathing, even during the exprratory
cyele Contrary to some reports, contmuous pressure breathing
15 not fatigmng mn elinical practice, furthermore, 1t frequently
enables the orthopneie patient to lte supne without discomfort
In fact, mtermittent pressure breathing devices that mamtamn a
comparable mean pressure are 1 out experience not as sub-
Jeetively pleacant to the asthmatie or emphysematous patient as
CPPB with the methods outhned above Frnally, premature
bronchral closure appears to be less apt to take place in patients
with pulmonary emphyrema when the pressure 18 maintained at
6 em H.0 during exprration and inspiration than when 1t drops
to the atmosphere a< m I P P B The spirometric measurements
in a patient with <evere pulmonary emphy<ema, seen n Figure
211, reveal the effect of 6 cm when applied as negative pressure
around the bedy enclosed 1n a tank respirator It will he seen
that a reduetion 10 minute volume of breathing took place from
115 to 10  liters per tunute in changing from the supine position
to the supine position with a contmuous positive pressure breath-
ing of 6 em A further decrease to 8,700 cc occurred when the
head-down position was combined with continuous posttive pres-
sure breathing In the latter mstance a conuiderable decrease m



80 BARACH

buLw vesr
Vetalsy

ros, sin
Veer

o cons
Teepmin)

— e T |
Fie 211 Lffect of continuous positive pressure breathing 1 a patient with
pulmonary emphysema When continuous positive pressure breathing was oh-
tatned by providing a negative pressure of 6 em of water i the body compart-
ment of a tank respirator m the supine position, the ventilation decrensed from
115 to 105 hters per minute, When this pressure was exerted at a headward
it of the thorax of 10° the ventilation dropped further to 8 7 hiters per minute.
“The effect of dinphragmatie breathing preduced by the head-down pos:tion alose
was manifested by a decrease 1n pulmonary ventilatian from 115 to 9 4 liters
per nunute w1th a dectease in oxygen consumption from 260 o 190 ce. per minute.
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ATHOSPHERIC PRCSSURL ATE(H POSITVE WATER
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Fic 212 A decrease 1n pulmonary ventilatien teok place from 8,650 cc
breathing air to 6,600 cc, per minute when the patient breathed 80 ner cent
helwum wath 20 per cent 0x3 gen at a continuous pressure of 6 om 1O Diagrosrs
Partial obstruction of left mam bronchus (Barach, A, L, J A 3, A, 107: 1273,
1936 )
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oygen consumption took place, namely from 260 to 170 cc per
minute. The change from costal to dixphragmatic Lreathing as
produced by headward tit of the thorax of 18° resulted m atself
in a decrease 1 minute volume of breathing from 115 to 94
iiters

1In 1936 when the jomt effect of mhalation of S0 per cent hehum
with 20 per cent oxygen with S em H.O0 CP P B was tested in
a patient with pulmonary emphy sema, the reduction in ventilation
then recorded was from 137 to 106 hters per minute, a result
similar to the effect of inbaling 100 per cent oxygen The decrease
m venfilation accomplished 1n a patient with parttal ebstruction
of the left mamn bronchus yielded a sumlar recult As seen in Frgure

212, the pul y ventilation decreased from 8,560 ce to 6,600
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T16 213 Dugram of contingous pressure breathing apparatus, mdicating
use of elistic rubber bag and perforated metal ern as expiratory 1alve (Made
by OEM Corp , Fast Norwalk, Conn }

A Owsgen-wr impector, B, Oaigen let C Ovygensair outlet to mash I
Pressure bue from pressure accumulator to mosh, E Pressure accunlator
{rubber balloon) F Sight guuge calibrated m € M of nater pressuze at the mash
G Water tight hras tank H Perforated brasa plate to diffuse expiratory air
bubbles and zeduce water level oveursion I Dram valve for draming tank and
adjusting pressure level J Ovsgen to nchulzer K Mash-tubing-nebuhzer
fithng L Faee piece with eushion M Nebuhzer for introduction of aercsole,
N Filler pipe and air sent Open while 10 use, sealed when transporting
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cc when the helium oxygen mixture, administered with continu-
ous pressure breathing, was substituted for air. The ventilation
with 100 per cent ovygen was 7,380 cc¢ per minute.

The mask eontinuous pressure breathing device formerly used
1n our chinie is not as satisfactory as a recently developed appa-
ratus in which the clastic force of a distensible rubber bag 1s
employed to provide an even pressure throughout the respiratory
cycle By means of an injector used at a setting of 33 per cent
ovygen, an nspiratory flow of 10 liters per minute of ovygen
draws into the mask an additional 60 hters of air. Expiration
takes place under water through a series of small holes in a per-
forated metal ean. It was emphasized previously that a shght
increase 1 the mspiratory oxygen pressure results in a relatively
large increase 1 arterial oxygen saturation in severely hypovic
patients with pulmonary emphysema because of the steep slope
of the oxygen dis~ociation curve of hemoglobmn in the presence
of the severe degree of oxygen want frequently found n these
cases During the admimstiation of air with continuous pressure
breathing the dyspnea 1s reheved as a consequence of the improved
diffusion of oxygen and carbon dioude but greater alleviation of
hypovia may be expected with the employment of either 33 or

Fie 214 Sitting up chamber for study of coutmuous positive pressure
breatlung mamtained by mamtenance of a negative pressure of 2 to 10 em 'sur~
rounding the body (Made by Respiration Aids, 424 Tast 123¢d St , New York,

N YY)
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40 per cent onygen atmospheres Even more complete rehef of
obstructine dyspnea would be provided by inhalation of %0 per
cent helum with 20 per eent ovygen With the use of the Jatter
ga~ the mjector 1s closed and the oxygen regulator set at 15 hiters
a minute, which would result m a flow of 26 liters of the helrum-
o\ygen mixture A pressure setting of 3 to & em of water may
be found ueful for most cases, but this can be vared to smt the
needs of the individual patient For optimal maintenance of con-
tinuous pressure a flow of not less than 7 liters per runute 1s re-
qurred at the 33 per cent and 10 hters per minute at the 40 per
eent oxygen setting. The continuous pressure breathing deviee 1s
ifustrated m Frgure 2 13 A sitting up bov by which positive pres-
sure breathig may be studied through the mantenance of 510 8
em negative pressure in the body compartment 12 ustrated
Figure 2 14

A selertive biblography 1s given on page 324



Chapter 3

RESTORATION OF DIAPHHRAGMATIC FUNCTION
AND ALLIED BREATHING EXERCISES

ALVAN L BARACH, MD

Attempts to enhance diaphragmatic breathing in patients with
pulmonary emphysema by deliberate training have been carried
out intermittently since the time of Saenger and Hofbauer How-
ever, 1t should be recogmzed that the diaphragm itself is not
diseased, except that inadequate use predisposes 1t to atrophy. A
more accurate description of this therapeutic objective is restora-
tion of pulmonary function since the failure of diaphragmatic
ascent is due to impanrment of elastic recoil of the lungs in expira-
tion, which 15 1n turn dependent on obstructive bronchiolar trap-
png of air, alveolar overdistention and the resultant depression
of the dome to a lowered position The diaphragmatic muscle
still may be seen to contract in mspiration, as evidenced by the
retraction of the lower costal margins of the thorax, but its ven-
tilatory effectiveness 1s largely lost until measures are instituted
whereby 1ts upper surface 1s elevated and restored to a convex
shape These measurcs enhance m varied ways the relaxation
pressure of the lung, which permuts the diaphragm to function
more normally, hence the phrase, “restoration of diaphragmatic
function,” 1n essence refers to restoration of the recoiling activity
of the lung atself

Some confusion has perhaps ansen because expiration has been
termed a “passive” act When the diapbragm and the intercostal
muscles relay, ascent of the diaphragm into the chest 1s normally
brought about by a negative pressure produced through the re-
coiling force of the lungs; the intrapleural pressure between the

8
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posture m itself results in hyperinfiation of the lungs, fattening
and tensing of the abdominal musculature, with impairment of
1ts descent on expiration, and an inerease in residual air Gym-
nastic mstructors teach exercises for the purpose of mncreasing
chest expansion and frequently advocate an erect lordotic posture
with similar consequences. The diaphragm has also been found to
be unusually low in women with hysterical pregnancy and in
others who suffer from a syndrome deseribed as periodic abdominal
distentton not assoctated with flatulence. Exeessive upper thoracic
respiration has been observed in 2 motion pieture actress, adopted
for 1ts sceme effect, with the result that httle or no draphragmatic
motion was seen on fluoroscopy 1n the standing position Patients
with the hyperventilation syndrome are also costal breathers,
the periodic sigh or deep breath being consistently performed with
a charactenstic upward motron of the thorax and accessoty neck
muscles, sumlar to the chest heaving of cases of pulmonary emphy-
sema

In some patients with pohomyehtis who have had respiratory
paralysis three months to a year or more previously, the failure
to employ dizphragmatic respiration is not entirely due to central
nervous system involvement Pressure of the hand or the applica-
tion of an emphysema belt below the umbilicus was found in some
cases to produce a econspicuous decrease m the volume of pul-
monary ventilation as well as a marked reduction in upper thoracic
and accessory neck muscle respiration with a sensation of dimin-
1shed effort of breathing In these instances, the Jungs of the pa-
tient perform as 1f some degree of imparrment of elasticity took
place dunng the acute phase of poliomyelitis, smee 2 slight eleva-
tion of the diaphragm resulted in a perceptible mcrease in its
motion with a significant 1mprovement in the efficiency of respira-
tion
That diaphragmatic respiration was superior in ventilatory- ef-
feetiveness to that of the chest musculature, was described more
than a century ago by Astley Cooper and Duchenne In 1909,
Keith stated that the lower lobes of the lungs were expanded
mainly by diaphragmatic excursion, but he did not mention at
that ttme movement of the hilum as a result of diaphragmatic
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respiration Howkins, recognizing the interference with diaphrag-
matic motion exerted by the downward pullmg pressure of the
visceral organs attached to the undersurface, recommended the
supine rather than the sitting-up position a~ a method of lowering
the madence of chest complications, he reported a 60 per cent
reduction of the vital capacity with a complete immobility of
both leaves of the diaphragm The headward tilt of the thorax
naturally still further aids the recoil of the lunpgs by the weight
of the viscera whieh presses upwaid on the diaphragm With the
decrease in the volume of the thoracodiaphragmatic cage, the
pulmenary ventilation 1s then charactenized by increased move-
ment of the reserve air, both 1n normal «ubjects and those with
pulmenary emphysema and bronchial asthma

Reich was the first to make the observation that introduction
of air mto the peritoneal cavity at a pressure sufficient to elevate
the diaphragm 3 c¢m resulted 1n a corresponding inctease 1n 1its
excursion, with simultaneous relief of shortness of breath The
value of this procedure, confirmed by a number of investigators,
18 shll strongly advoeated by Banyar Kountz and Alexander,
Christie, and Gordon found that a somewhat simlar result nas
obtamed by physical pressure applied to the lower abdomen, e1-
ther by the flat of the hand or by a specially designed belt A
basic physiologic effect of any procedure that provides a dome
shape to the diaphragm and maintains 1t at a hugher level in the
chest 1s an mnerease m the range of 1ts motion, provided that the
pressure attamed n the abdomunal eavity 1s not so lugh that the
diaphragm cannot contract agawst 1t In patients who 1espond to
these measures with mcreased diaphragmatic movement, the
mtrapleural pressure 15 altered in the direction of higher nega-
tivity, thus, mstead of a range of plus 2 to minu~ 4 em H,O dur-
ing a quet expiration and msprration, the mtrapleural pressure
may be found to be minus 2 to minus 5, a comparable fall in sys-
temie venous pressure takes place 1n these cases However, when
the venous pressure rises above the control value after pneumo-
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here that the patient with emphysema may require specific train-
ing in usng the dinphragm to take advantage of procedures which
elevate it, since upper thoracic costal respiration may persist as
a habit until jt js deliberately broken, Perhaps it would be better
to say that the patient requires an orientation by training which
transfers the use of the intrapleural negative pressure to the bases
rather than evelusively to the upper periphery of the lung.

With the decrease in lung volume produced by elevation of the
diaphragm, a reduction 1n functienal residual air is found, as well
as ap increase 1n alveolar ventilation, espectally of the parts of the
lung that are inflated by contraction of the dome of the dia-
phragm, ¢ ¢, the lower lobes and Inlum  An increased effectiveness
of the cough 18 m part dependent on better acration of the de-
pendent areas of the lung An increase in the relaxation pressure
of the lung is a direct result of any inerease m intra-abdominal
pressure winch offsets the gravitational force of the liver and
spleen

A lowering of the mmnute volume of breathing 15 a good mdica-
tion of the increased efficiency of ventilation initiated by raising
the dome of the diaphragm, this response is more marked with
the employment of the headward tilt of the thorax than with cither
pneumoperitonetm or the use of the emphysema belt, especially
smnce Beck and I have shown that diffusion of oxygen and carbon
dioxide 15 not impaired even with a 20 to 30 per cent decrease in
pulmonary ventilation In the leaning-forward position, either
stancing or sitting 1n a chair, the downward pull of the viscera i3
decreased but lung volume 1s m this instance mereased, in part
due to the falling aw ay of the mediastinum from the posterior parts
of the lung Of four patients with pulmonary emphysema in whom
the immedhate response to leaning forward 35 degrees was tested,
the pulmonary ventilation showed an average decrease of 13 per
cent 1n two and 3 per cent in the remamng two cases. The com-
bined effect of the belt and the leaning-forward position is iltus-
trated m Figure 3 1 in which it 1s scen that there was a decrease
1 pulmonary ventilation from 14,400 to 8,500 cc per minute The
decreased minute volume of respiration was made possible by
redistnbution of air to better preserved parts of better perfused
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Fi6 31, The pulmonary ventilabinn biesthung air was Jos.ered from 13,300
t0 8,500 cc as a result of the change fiom the excet to the leanng fornard pos-
ture together with the application of a G -B, emphysemmz belt. As a result of the
comhimed procedure, costal breathing was altered to a predommantly duphrag-
matic sespiration (Barach, A L. Arh Phys Med & Rehab, 36: 350, 1953 )

Jung, the result of { dinph t 1 The slow-
mg of the veloaity of air flow also lessens the operation of the
cheek valve h h 1e of 1 hal constriction

Tt will he evident 1n other chapters that high rates of arr movement
are accompamed by increased trapping of air, mcreased turbulent
flow and decreased comphance, especially in the ercet sittmg or
standing po~ition which predisposes the patient to the kind of
ventilation that s apphed to the peripheral more diceased area,
because of exaggerated expansion of the upper thoracie cage
The mmportance of attempts to restore diaphragmatic funection
by deliberate training 1n breathing was elearly recognized by
Hofbauer who was responsible for o program ammed to factlitate
aseent of the diaphragm by deliberate contraction of the ab-
dominal musculature at the end of evpiration, 2 precedure sub-
sequently employ ed i the man by Lavingstone and, more recently,
by Allan, Ml E Mitler, Becklake and a<-ociates, Femn and asso-
cates, W F Miller and others Heckecher, however, believed that
the use of the leanng-fornad “easy-standing” posture was a
more rehahle method of mamtaung disphragmatic respiration
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than exprratory contraction of the abdominal muscles; the Jatter
procedure was critierzed by Christie as an unnatural practice

The Hofbauer technique has not been generally employed in
the treatment of our patients Although expiratory contraction
of the abdominal musenlature and lower intercostals ean be ob-
served at rest, and at times 15 employed unconsciously during
walking, dehberate practice with this method has not resulted, n
our hands, m as much benefit during evertion as training in ac-
centuating the normal process of lung recoil and diaphragmatic
contractions With the use of the supine and the head-down
positions, in which the gravitational force of the viscera 1s less of
a handicap to the relaxation of the lungs, a more natural breath-
ing habtt has been maugurated in the majority of 508 patients
treated in the past ten years The use of diaphragmatic respiration
duning walking, especially vwhen m an erect posture, is physiologi-
cally difficult The patient 1s therefore encouraged to stand in the
leamng-forvard position and to wear an emphysema belt, since
the lungs arc then w an unproved position to facilitate increased
ascent and consequently effective movement of the diaphragm.
Patients carry on upper thoracie breathing partly because of the
charactersstic pulmonary distention, but also as a habit which
seems to have developed during periods of acute dyspnea and
overinflation of the lung and mamtamed in part by a posture not
suitable to their mechanical breathing disorder The habit com-
panent may be abandoned after nstruction and practice as men-
tioned ahove, the relief of alveolar distention is attempted by the
various therapies presented in tins volume

YWhen the pattent 1s tilted head down, with the thorax inchned
at an angle of approximately 20° the abnermal distribution of
ventilation may be seen to change 1n the direction of normal by
the prompt abandonment of the use of the accesory muscles of
respiration The superficial and refatively functionless distend'ed
air-sacs, which in the erect position are overventilated, ill earlier
than the deeper parts, since traction is directly applied by the
expanding chest wall, and bullous areas interpose httle resistance
at the start of mnepiration Since the headward tilt of the thorax
results, either spontancously or after instruction, in & prompt
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Although a number of ob-ervers have reported clinical benefit
following chaphragmatic training, the response of the series of
patients mentioned by W F. Miller included also an increase in
vital capactty, mavimal minute ventilation, arterial ovygen sat-
uration, at rest and immediately after exercice, as well as a small
but possibly sigmficant decrease 1n arterial pCO,, both at rest
and after exercise The most striking of the functional evidences
of benefit by diaphragmatic breathing was demonstrated in the
blood gas studies on patients tilted into head-down positions

PULMONARY VENTILATION

HEAD~DOWN

AR

OXYGEN '

i

B
Fic. 32 A graphie record of pulmonary ventilation 15 <hown in a patient
) e 41 b el 1o nsta volume of
iDcc when
123 accom-
panted by a change from an exclusnely costal to a duphragmatic tipe of res-
piration There was, m addition, a shight decrease 1n pulmonary ventilation dur-
1ng the iphalation of 100 per cent ovi gen although clinical evadence of pulmonary

emphysemz was absent
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since diffucton of orygen and carbon dionide was maintained even
though a marked lonering of the total minute volume of breath-
ing occurred promptly aiter diappearance of the upper costal
respiration, these results, which will he commented upon by Bech
in the chapter on bronclial drainage (Chapter 7), illustrate to
what extent the faulty distnbution of arr in pulmonary emphy-
sema can be overcome Although Wade did not find that diaphrag-
matic traning, as carried out in England, resulted in a greater
morement of the daphragm during a mazimal inflahon of the
lung, lus data do not support this conclusion during moderate
breatlnng, nor do they appear to be relevant to the problem of the
patient with pulmonary emphysema 1n whom foreed ventilatory
are not only cont dicated elimeally, but al-o result
m pathophysiologic events, such as air trappmng, that are well
known to produce alveolar overdistention Fluoroscopie exarmna-
tion of a patient on a table tilted to the degree required to imitiate
duaphragmatic motion reveals the abdomen protruding durnng
mspiration. 28 1t does 1n the head-down position n a bed and 2
tilhing ehair, or in the leaning-forward position
Although a companson of the pulmonary ventilation with the
patient sitting erect and head down 13 a sepsitave charactenstic
indication of pulmonary emphysema in most cases, marked redue-
tion of ventilation may occur in people who suffer from the
syndrome of hyperventilation on 2 p<ychosomatic basis In Figure
3 2 the pulmonary ventilation of 2 patient with chronic bronchitis
and anuety neurosis decrea<ed from 9,550 to 5,470 cc per minute
when tus thorax was titted headward, accompanted chinieally by
a disappearance of the charactenstic sighing movements of the
upper thorax and shoulder girdle The decrease in the ventilation
breathing 100 per cent ovygen, ordinarily interpreted as a mam-
festation of the presence of impaired pulmonary diffusion of
ovygen, was In this instance not considered chagnostic of pul-
monary emphysems because of the lghly wregular quality of the
ventilation
At the start of the training of the patient he 15 first of all told
that he 1s not expected to learn the vartous procedures m the
first ~e-mon® A few detarts of the mstruction procedure will be
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given. The supine position may be employed with the pressure
of one’s hand on the abdomen but the quickest and most effective
method is to use the headward tilt of the thorax to produce
diaphragmatic excursion Two pillows are inserted under the
head to prevent flushing of the face. The angle desired, between
16 and 25 degrees, may be determined in various ways, including
tilting of the fluoroscopy table with observation of maximal
daphragmatic movement, the Colby chair, an angle-iron board,
the foot end of the gatch bed or the hydraulic bed hfter.* The
physician places one hand on the chest and the other on the
abdomen to demonstrate the onset of alteration in the character
of his breathing When protrusion of the abdominal wall takes
place during mspiration, the hands of the patient replace those
of the physician 1n order to clanfy the procedure further. He is
encouraged to dispense altogether with movement of the upper
chest and to breathe as little as possible. Decreased sensation of
dyspnea and a dimenished volume of breathing are noted generally
by the patient as well as the physician or therapist. The patient
1s nstrueted to carry on a similar practice at home for one-half
to one hour three times daily

The patient is then asked to contmue diaphragmatic resprration
Iying supine, generally with the help of a 10- to 15-1b. sandbag on
the abdomen, which inereaes the intra-abdominal pressure and
thereby elevates the diaphragm The sandbag may also be used
1n this position at home as an exercise for the diaphragmatic
muscle 1tself. When the patient resumes the standing position,
the costal breathing 15 apt to return promptly. Ile is now told to
lean far forward wath his hands agamnst the upper abdomen until
he can tell that diaphragmatic breathing is taking place by an
anterior movement of the hands in inspiration. In certain caces
he may have to bend until lus chest is almost perpendicular to tlfe
pelvis m order to demonstrate an unquestionable diaphragmatic
motion, under these circumstances the relavation pressure of the

w, Indiant A comfortable,
cantind am n haad rost and

* hlaod

* Made by Du Puy or Zimmer Co, both n Wars
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lungs is much mncreared since the diaphragm moves in a honizontal
direction, and the gravitational force of the viccera 15 directed
vertieally downward When abdominal breathing has been ade-
quately demonstrated the patient gradually strmghtens up to a
somew hat more upright position, at the same time attempting to
preserie diaphragmatic movement In the fully erect posture the
patient will revert again to costal breathing and he should be
then encouraged to lean forward slightly, both in standing and m
walking, although the head itself need not be inclined downward
In Figure 3 3, \-ray illustration of diaphragmatic breathing 1<
revealed in 4 patients after at least three months training, the
excursion from full inspiration to full expiration was photographed
1n the standing position

During, the various trawing procedures hyperventilation 18
avoided The patient 1s told exphatly and repeatedly to breathe
as little as possible, to avoid deep breaths as well as the use of
the upper chest, the shoulder girdle and neck muscles Exertion
<hould be stopped when puffing begins, and the leaning forward
po-ition 1mmediately mstituted until breathing becomes quiet.
Unfortunately, exther through anxiety or improper early traming,
expansion of the chest has been practiced deliberately 1n many
instances far bey ond the ventilatory reqiuirement of the individual
A specal effort ~hould be made to talk slowly Other activities
wlich are alo apt to provoke dyspnea, such as raising the shoul-
ders and hifting the hands to the face, as 1n shaving or combing
the harr, are better performed in a leanmng-forward posture,
whether witting or standng

In the same <cs<on or on the following day, the patient 1s
taught to use an emphysema helt In order to make clear to lum
that a very real benefit wall follow wearing a support of any kind,
he i mstructed to walk, or exercise on 2 two-ctep test, untal <hort-
ne-s of breath occurs Tle physician then stands belind im,
hend~ hns thorax fornard to facthtate diaphragmatic breatlung
and holds the lower midabdomen upward and inward with a gentle
but firm pressure A sensation of subjective relief of dyspnea will
be espenienced by almost ail patients with pulmonary emphy-
«ema, provided that some degree of diaphragmatie re~piration 15
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being employed The hending forward position is utilized since
the continuance of the exaggerated movements of the thoracte
cage for the purpose of ventilation will prevent the objeetive
desired through the application of manual pressure, namely,
overcoming the downward pull of the visceral attachments to the
diaphragm
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Case B A man with pulmonary emphysema and pulmonary fibrosis In ease
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Case € In thl: case with ndmncﬂl buflous disease of the lower lobes, max-
mal diaph t was tu relieve dyspnen 1o etther the
stunchng or eseet b\‘f.lh',( posstion Devpute 3 months” of tragming and use of the
G-B belt, the patient was short of breath except when supme, head down, or
breathmg nasal oxsgen siting

Cae I A paticat with broneiat nsthma andd pulmonars emphnsema The
marhed degree of asient of the chaphragm at the end of expiration was accom-
pirshed with the el of contraction of the ahdonunal musculatare

In each of these patients the use of the diuphiagm was also mandested on
fluoroseopy In the relaved shightly leaming-Tornard position hittle wse nas now
mde of the accessors mursele of respuratian w cazes 4, B, and D which was
30 tontrast to the pronunent upward and forwand movement of the chest pre-
viouwsh accomphehed by contraction of the upper intercostals the s les of
the perh, and <houtder grtle
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Although the principles of the emphssema belt were outhned
long ago and mdeed effectively applied by Alexander, Kountz,
Kerr and others, the shght modifications introduced in the so-
called Gordon Barach Emphysema Belt render it a more effective
device for increasing intra-abdominal pressure; the elastic bands
also store energy during suspiratory descent of the diaphragm
which subsequently aids the recoil of the lungs on expiration
The belt is attached below the umbilicus so that no interference
with an mspiratory widening of the chest diameter with flaring of
the lower nbs s produced as 2 result of contraction of the lower
mtercostals as well as the diaphragm. The attachment of the belt*
18 Mustrated 1 Figure 34 The belt is ultimately weorn continu-
ously from the time of ansing to retiring. The pressure applied 13
moderate in degree at first and later increased by tightening the
straps In women and thin men a soft upper band is used for
greater comfort and to prevent its bulging through the clothes.
It 1 necessary for some degree of diaphragmatic mosement to
take place 1n order to secure the therapeutic advantages desired
Tor that reacon the patient is generally advised to lean forward
frequently, at an angle of 15 to 45°, until abdomimal breathing is
a more or less unconscious habit In many instances the standing
erect posture can never be achieved with the full benefit desired
from the wearing of an emphysema belt As the diaphragm be-
comes stronger as a muscle, tightening of the belt over the lower
abdomen may be mcreased smcee a higher intra-abdominal pressure
will tend to further aid clastic recoil of the Jungs. In a pattent in
whom a-ray studies were made on the effect of posture on masimal
excursion of the diaphragm, 1t was found that the average descent
of the nght and left anterior leaves of the diaphragm was 20
em 1n the standing position, 3 6 supne and 5 3 head down at an
angle of 16 degrees Had the patient with pulmonary emphyeema
preserved an original melnation to walk on all fours, the belt
would be a less necessary item Under the eircumstances of am-
bulatory activity, however, excursion of the lower parts of the
lung and llum are maintained by this method of aiding the

* \fanufactured by the Spencer Ca , New Haves, Conn
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Fro 34 This hight abdominal support contains two sping metal bands at-
tached to 2 pad placed helow the umbilicus The lower band 15 stronger and
designed to increase the intra-ahdonnna! pressure and rane the abdomen Both
bands store mech: I energy during inspiratory descent of the diaph ad-
ing recon of the Jungs during the expiratory eycle In women a soft upper band is
used to prevent bulgng of the device through the clothes In thin men the soft
upper band 15 alsa employerd

recothng pressure of the tung, which, from a physiologte pomnt of
view, 1s better apphed to the surface of the diaphragm than to the
penphery of the upper lobes A <andbag of 10 to 15 pounds mn
wetght 15 also frequently employed as a method of 1nereasing the
mtra-abdominal pressure and of providing exercise of the dia-
phragmatic musele Ured 1n the evemng at bed, 1t 1s at times
helpful m counteracting dyspnea

An elastic vest has been used 1 our clinic to restriet as well as
to aid upper thoracic motion but 12 most cases subjectine comfort
during the application of pressure was not achieved However, 1t
seemed to us both on theorettcal grounds and 1n climeal practice,
that ~ome benefit cad tahe place by rea<on of the compression of
the thorax everted by the sponge rubber or clastic tissue during
the expiratory ey cle

Various attempts to deerease lung volume have been employed
in patients with pulmonary emphysema, including manual pres-
sure to the abdemen and air pressure applied by cabmets duning
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the expiratory cycle. A maneuver which is readily taught to the
patient by the physician consists in manual compression of the
lower nibs and upper abdomen, generally carried out immediately
after mhalation of a bronchodilator aerosol from a nebulizer. The
purpose is both to squeeze exeess air out of distended alveoli and
to propel mucu~ from the dependent parts of the lungs and the
smaller hronchi mnto the upper respiratory tract, The hands are
placed on the anterolateral surface of the lower ribs and the upper
abdomen. The position may be determined by leaving a hand's
length space between the two hands which are then used, fully
extended and not bent, to compress the lower thorax durmng the
latter half of exparation If the fingers are kept struught and rigid
an uncomfortable degrec of pressure will not be applied to the
abdomen This mancuver is carried out either on ten consecutive
expirations or on alternate expirations, 1t should include three or
four sharp, abrupt, vigorous compressions of the thorax Wheez-
g may become audible during expiration as well as loud ronchi
until the mucus is expectorated
Deliberate coughing 15 advocated whether or not it spontane-
ously develops after inhalation of nebulized epinephrine and man-
ual compresston of the chest The coughing effort should not be
violent because a too forceful cough results in the development
of premature closure of the bronchioles as a result of too high
intrapulmonary pressures Evidence of mucus remaining in the
chest will often be noted by the presence of gurgling sounds and
the patient may not bother to cough unless deltberately instructed
to do so Manual compression of the chest is advised three times
daily and at other periods when as a result of exertion the patient
feels dyspneic and presumably has developed over-cistention of
the alveoh The vital capacity may show an increase of 200 to 800
ce immediately following this maneuver but a better result is gen-
erally obtained when the procedure follows inbalation of a bron-
chodilator acrosol. The effect of manual compression is illustrated
in Figure 3 5 in which 1t is seen that the vital capacity was mo:l-
erately increased after manual compression from 1,000 to 1,350
¢c but was still further mereased when manual compres-ion fol-
lowed the inhalation of 2 25 per cent racemic epinephrine, namely,
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of eachchest A motor-blowerunit 1s employed to transmit pressure
during the latter half of expiration. Anincrease in tidal air similar
to that achieved by manual compression is obtained The increased
movement of the reserve air provided in this way appears to be
an aid to ventilation in subjects with moderate impairment of
respiratory function and, 1n patients with pulmonary emphysema
and an as<ociated produetive bronchitis or bronchiectasis, seems
to aid the expectoration of bronchual secretions

Pursep Lip BreEATHING

The physiologic and chmeal aspeets of pursed lip breathing
are of considerable mterest Hofbauer and Shutz advocated the
use of a whisthng or humming sound made by the patient during
expiration for the relief of dyspnea in cases of bronchial asthma
and pulmonary emphysema Livingstone instructed the patient to
make an F-sound during a long expiration following a quiet in-
spiration  Patients with pulmonary emphysema are frequently
seen in whom pursed hp breathing has heen spontaneously
adopted In addition, this maneusver has been observed in stone
cutters in Italy and lumberman in Canada as well as in mountain
chmbers 1n various parts of the world during periods of strenuous
exertion In our chinie, a full inspiration 1s recommended followed
by a slow expiration agamst the pressute induced by constricting
the hips, the degree of pressure being generally increased as dysp-
nea it<elf 1s more severe

The maintenance of this form of expiratory pressure breathung
when the lungs are in a more expanded state results in air-flow
through more patent bronchi than would be the case with a small
or so-called quiet inspiration, 1t will be remembered that the diam-
cter of the smaller bronel: was found to be enlarged during ex-
piration by the applicatton of a continuous positive pressure of 6
em of water As expiration 15 concluded lung volume decreaces
and the expiratory flow rate dimimshes markedly Although ex-
piration 1s prolonged by tius maneuver, in order to deliver air
from the more diseased areas which eliminate the inspired tidal
volume more stowly than the better more elastic parts of the lung,
it should not be so lengthy as to result in a feeling of shortness of
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breath, or in physiologie terms, to proceed to the point of bron-
chiolar closure and bypovia The pursed ltp exhalation is ended
generally at a point 1n the cycle representing two thirds of 2 maxi-
mal expiration but in chimeal practice the patient himself often
decides the optimal length of the expiratory eycle. The abdommal
and evpiratory intercostal musculature contracts against the
mcreased intrabronclunl pressure and the diaphragm s planly
1 d by the d wntra-abdominal pressure, In fact, pa-
tients may then usc a degree of expiratory abdomunal contraction
as an aid to diaphragmatic breathung stself If thts becomes an
awtomatic habi, it 15 clearly valuable More time 1s also allotted
to the expiratory eycle, and, with a slower exprratory flow rate,
check valve closure of the broneluoles is less apt to take place In
fact, sbilant rales audible during asthmatie bresthing frequently
dizappear or are markedly diminished during the pertod of 1ts
use Contranwise, patients who adopt rapid respiration with the
mouth open and thereby produce loud expiratory sounds are
often found ameng thowe who seek cisability or mamfest other
pry choomatre infiuences
When pursed lip breathing was carried out with a marked con-
strietton at the lips in tormal subjects, o nve m peripheral venous
pressure of 60 mm H:0Q was found during the expiratory ¢y cle, as
seen 1n Tigure 36 Thus response was mantfestly comparable to

Venous Pressyre Rise During Pursed Lip Breathing
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T15 36 The mean 1< of vepous pressure durng pursed hp breatiung was
4 mun 7,0, durng the expirators eycle the nve was 62 mm H0 (Barach,
A L, Bekemuan, §§ A, and Feck, G f . Bull New York Aexd ed, 98- 353,
1932}
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may be present It 15 at times helpful to make the suggestion
to employ pursed lip breathing at the start of the head down posi-
tion 1f shight dyspnea 1s present, until the heart accommodates
itself to the mcreased pulmonary congestion. The augmentation
of blood-flow into the lungs 15 temporary as the circulation after
a period of time is restored to its previous cardiac output, at least
mn those with a normal circulatory apparatus. If dyspnea is mod-
erately severe, the headward tilt 1s abandoned. In one of our
patients wath right and left heart failure, fluid from the right base
was displaced to the apex when he was placed head down but
improvement m ventilation due to redistribution of blood from
the emphysematous arcas to better perfused hilar regions of the
lung was followed by relief of dyspnea and decreace in total
mmnute volume of respiration, notwithstanding the transient
ncreases 1n pulmonary congestion Placing two pillows under the
head so that it 1s mchned upward 15 also more apt to produce a
feeling of comfort in the early use of the head-down position.

The physical ards to breathing desertbed m this section have
been presented i the main from the pomt of view of initiating a
more efficient ventilation for the relief of dyspnea, but some of
these procedures will be reviewed by Beck (Chapter 7) from the
standpoint of their value i the promotion of drainage of retaned
secretions from the lungs In our clinic it has been found service-
able to have printed directions for the patient which outline the
day’s program, begmning with the use of the nchuhzer for the
relief of bronchial spasm, followed by manual compression of the
lower rtbs and upper abdomen, traming i diaphragmatic breath-
ing with the head-down position, attachment of the emphysema
belt, deliberate coughing and practice in pursed hp breathing In
addition, exercise of the abdominal muscles 1s carried out n some
cases The supine position 1s employed with upward extension of
the legs, first one at a time, then both, often followed by a bicyeling
maneuver If dyspnea takes place, these exercises are performed
during halation of 8 to 10 liters per nunute of oxygen through
the plastic nasal cannula

A selective bibhiography s given on page 234



Chapter 4
SENILE EMPHYSEMA

HYLAN A BICKTRMAN, \ID

Mot textbooks of medicine recogmze senile emphysema as a
distinct ehnieal entity and clasafy 1t under the broad heading of
pulmonary emphysema Nevertheless, considerable differences of
opmon eust as to whether semle emphysema represents true
pathologie alterations in the lung itself or the structural changes
of senexeence which may be mistaken for pathologic degeneration.
In lus oniginal description of emphysema, Laennec did not melude
sentle emphysema and he did not consider the senile Jung as a
form of emplasema This view was also taken by Landis who
stated “In the strict sense of the word. this 18 not a true emphy-
sema at all 1t 15 but one of the atrophie changes commonly
met with in the aged "

On the other hand, Rappaport and Mayer conider the excen-
tial pathogenesis to be wdentical 1n both hypertrophie and semle
emphysema, the main differences being m gross appearance Rich-
ards prefers to distingwish between a mild form of senile emphy-
sema representing a normal aging process i which the pulmonary
tissues suffer some loss of elasticity and resiiency similar to other
tis<ues, and a pathologie form with “marked lows of elastic tiswue,
degeneration of alveolar walls and diffuse coalescence of alyveolar
spaces, producing 1m extreme cases a typical honeycomb lung
With such differing concepts, 1t is no wonder that other descrip-
tive terms such as, nonobstructive, postural, atrophic, and “small-
tunged” have been uced mterchangeahly with senitle emphy~ema
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ALTERATIONS OccunrING v SENESCENCE

Since the problems of old age and di-ease, although not identi-
cal, are oftentimes o intermingled that it hecomes impossible to
distingwsh between the depreciations which oceur in the older
mdividual due to senescence and those due to pathologic proc-
esses, a review of the changes in the lung and its supporting struc-
tures as a result of aging would help to elanfy some of the diver-
gent opinions expressed above

The Thorax

Ventilatory cfficiency 1s dependent in part upon the highly
integrated activity of the muscles, joints and bony skeleton com-
prising the thorax It 1s apparent that any structural change in
the thorax accompanying the aging process could concetvably alter
respiratory function The aged person 1s typically pictured as
assumng a stooped, bent-over posture This position has been
attributed to a weakening and 1elaxation of the back musculature
together with changes in the vertebral column As early as the
fiftieth y ear, Vischer found & measurable diminution 1n body stat-
ure due to alterations 1n the intervertebral cartilages which grow
thmner, smaller and drier

In considering the bony and cartilagenous elements of the
thoracic cage, much emphasis has been placed on changes occur-
nng i the mtervertebral dises Warthin described the typieal
senile thorax as having a short, sharply curved spinal column with
contracted and thinned intervertebral dises The thorax was barrel-
shaped with a wide epigastric angle More recently, Takahashi
and Atsumi reviewing the changes n thoracic form with age in
9,360 Japanese noted that the chief eause of “rounding of the
thoray" was a decrease n stature, especially in the sitting height
accompanied by senile curvature of the spine Nascher clumed
that the erect posture caused the dises to become compressed with
greater stress occuring anterjorly m the dorsal spine and resulting
in a spread of the posterior borders This would account for the
mereased curvature in this region with the production of 2

kyphotie deformity i
In a comprehensive study, Coventry, Ghormley and Kernohan
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reviewed the lu~tologic changes m the mtervertebral dhses oveur-
nng at vanous decades In the sith decade, thinning of the dise
was apparent in 3 of the 22 specimens Fibnilation of the ground
substance and calcifications 1n the cartilagimous plate were com-
mon, The cartilage cells tended to lose their distinet outhne and
nucler became pyhnotic In the reventh decade, degeneration was
extensive 1n 13 of the 27 cases Longitudsnal bands of fibrous tis-
sue and calaium plaques were evident In places, the cartilage was
replaced by bone Tears were frequent with the annulus showing
areas of necrosi> and hyalimzation, Thewe changes were attnbuted
to the excesave “wear and tear” to which the spinal cofumn 1s
mevitably expoced

The nb~ accommodate themselves to the changed articular
relations with the spine in back and the osafied costal cartilages
m front by becoming flattened at the sides. These structural
changes together with the lessened resiliency of the nbs them-
sefves make for the typical senile chest which 1~ Jonger antenorly ,
foreshortened posteriorly, and flattened at the sides

Senescent changes m the synovial membranes, eapsule higa-
ments and wupporting tissues of the joints may be expected n the
thoracic eage, as elsewhere in the body In upper costal respira-
tion, the manner of articulation of the upper «x nbs with the
vertebrae results in an upward and forward movement of the
anterior chest 1n mspiration, with relatively httle Iateral expan-
~ion of the nbs. On the other hand, when the ribs enclosing the
lower half of the chest are raised 1n mspiration, there 15 a wide
lateral flare With a diminution in mobibity of the joints between
the nibs and vertebrae poteriorly and the sternum anteniarly , the
movements of the lower portion of the thorax would be especially

thus hand; the mechanics of repiration

Wasting and dehy dration of the museles of the chest wall have
been desembed by Thewhs At times, there may be an actual
prohiferation of connective tissue fibers through the musele
bundies with resulting lows of elastieity The greatest atrophy ap-
peared to tahe place m the intercostal museles and diaphragm
As a consenuence of this muscle waste, the intercostal spaces
and the supraclavicular fossae appear more prominent. Thewe
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changes m the lature and liga t structures of the
chest wall are not peculiar to aging alone but are frequently oh-
served in severe malnutrition and certain wasting diseases.

In roentgenologic studies, Evans teported a loss of skeletal
muneral content 1 the older subject accompanied at times hy
partial collapse of the vertebral bodies. This produced varying
degrees of kyphotic deformity

The Lungs

The lungs, in their daly exchange of enormous amounts of air
with the external environment, are more exposed to the adsverse
fluences of such an environment and henee show the accumula-
tion of pathologic mnsults in greater degree perhaps than any other
organ of the body It 1s extremely doubtful if the pathologist in
his necropsy material has an opportunity to observe age changes
m the lungs per s¢ Both Nascher and Rolleston indicated that
the primary degeneration 1s one of atrophy resulting in a diminu-
tion 1n size and weight Reichinstein recorded an average change
m the weight of the nght lung from 570 grams i the age group
65 to 85 years to 438 grams between S5 to 90 years For the left
lung, the corresponding figures are 430 grams to 350 grams It is
frequently noted at the autopsy table that the lungs of elderly
subjects do not exiubit the prompt collapse found in the young.
Retractility is sluggish and deflation is incomplete Pathologists
are inclined to accept a moderate degree of “alveolar emphysema”
particularly of the peripheral portions and expanding edpes as a
normal finding 1n senescence In Laennec’s classical description
of the lungs of the aged, he stated, “The caliber of all their vew-els
seems dimimished, the partitions of therr air cells become thinner
than natural, on which account, their substance rendered more
rare, becomes less elastic, and thus yielding to the atmo-phenc
pressure on opemng of the body, they are found to oceupy not
more than one-third of the cavaty of the pleura ”

Senile deterorations in the fibrous connective tissue making up
the supporting framework of the lung are represented by a process
of dehydration with a reduction i ground substance, In addition,
the connective tissue stroma aeting as a depository for the count-
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lexs number of munute particles inhaled from the surrounding
environment would tend to acquire an increased ngdity Atrophy
of the epithelium has been deseribed by Ashoff as wvolving a
wasting of the columnar ahated emithelium, degeneration of the
bronchial glands and a loss of sensitivity of the mucous membrane
As a result, the mucus formed 1n the bronchi and bronchioles
would be thick and tenacious Changes i the lymphoid elements
add to the over-all dechne mn flewbility and resiheney In this
connection, both Saxton and Casarett have demonstrated that
the 1ymphotd tissue m the lungs of rats increases with age to the
extent that partial obstruction of the bronehial airway 15 produced
favoring the development of chronie suppuration and emphysema
Although Karsner mentions that semle pulmonary arterioseleroas
was frequent after the age of fifty and *practically constant after
seventy vears of age,” the changes in the smaller blood vessely
are difficult to divoree from alterations in the alveolar walls them-
“elves

The increase 1 the amount and density of the fibrous connec-
tive tissue and lymphowd elements with their extension mto the
“root. zone™ and along the bronchual tree could seriously impair the
normal elongation and retraction of these struetures The dele-
terious effect of impaired bronchial movements on pulmonary
ventilation is apparent In addition, Drinker and Warren have
shown that the movements of the lung are extremely important
1 aiding lymph flow, and adequate dranage s mterfered with
when thee movements are enippled

PHYSIOLOGIC CONSIDLRATIONS

The measurement of lung volumes by numerous 1y estigators
ndieate that there 1< ittle change up to the age of fifty Kaltrarder,
for example, found that the wital eapacity 15 only slightly de-
creased from 40 to 50 years following which there 15 a more rapid
dechine This was confirmed by Arnett and W 8 Alller Tn addi-
tion, they noted that these mndiniduals who continued to be ac-
thve ~howed lew fall than those retired from work The rewdual
volume increases with age and constitutes a relatively larger
fraction of the total lung capacity Kaltreider and associates and
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Baldwin, Cournand and Richards found an increase in the ratio
RV /T C from 20 per cent in the third decade of life to 31 per
cent in the seventh decade This is m agreement with data quoted
by Gilson and Oldham The maximum breathing capacity ex-
pressed as the largest volume of air voluntanly ventilated per
minute also showed a sigmificant decline with aging

In Darling’s study on the mdex of intrapulmonary mixing as a
measure of effective distribution of tidal air to the alveoh, he
noted that three “normal” subjeets over fifty years of age fell in
a transition zone between the normal young adult and the
clineally abnormal subjects He raised the question as to whether
the lungs of elderly subjects could be considered entirely “normal”
with respect to effective aeration of the pulmonary alveolar spaces.
The anatomic dead space has been reported by Comroe as being
larger for older men.

Although only a small group of apparently healthy subjects
over the age of fifty were sampled (11 males and 15 females),
Greifenstemn and associates confirmed and extended many of the
changes 1 resprratory function discussed above. An merease in
the functional residual eapacity with a mean of 41 per cent for the
ratio RV /T C resulted m a smaller degree of alveolar dilution
per breath The reduction of approximately 50 per cent in the
maximum breathing capacity which was proportionately greater
than the reduction 1 vital capaerty suggested either a decrease
in pulmonary elasticity, bronchial obstruction or compliance
changes m the thorax. Eleven of the subjects showed abnormal
mtrapulmonary distribution of inspired gas which could be at-
tributed to non-uniform obstructive processes, regional reduction
n pulmonary elasticity coincident with aging or to changes in
the dynamics of thoracic movements. Simec no measurements
were made of pressure-volume relationships in the lung-thorax
system, there 1s no information concerning actual changes in
pulmonary elasticity. The artenal oxygen saturation, pC.Og m'ul
pH showed no sigmificant differences from the values obtained in
normal young adults These studies indicated that “definite
changes may occur 1n the pattern of alveolar ventilation in older
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subjects without producing disability and without bemngassociated
with any specific disease.”

PATHOLOGIC CONSIDERATIONS

Chronic bronchitis 1s perhaps the most common miment of the
aged Sheldon reports an meidence of 40 per cent 1n his senies of
477 subjects while Monroe documented 272 cases 1n his revien
Although chrome broneintis 1mphes an inflammatory process,
pathologie desenptions have been somewhat vaned In all prob-
abilty, the hasie defect 1s an mmpairment mn the seli-cleansing
properties of the tracheobronelal tree With the dimmished maus-
cle tone, decreased sensitrvity to stimult and slowing of reflex ac-
tisity so common m the aging process, the inabality to produce
an effective eough may re~ult mn an madequate elimination of
bronchial seerctions 1n the older per<on and so predispose to
chronie mfection Detenoration m the normal aliary activity
may also faver the retention and accumulation of secretions

In many of the earlier accounts, emphysema accompanying
seneseence was thought due to an atrophy of the ahveolar walls
as a result of faulty nutrition The wasting of alveolar septae
permutted the air cclls to coalesce resulting n the so-ealled “small
chest” emphy~ema in wlach the thoracie cage was more or less
ngd and ventilation was carried on mamly by the diaphragm The
preponderance of opinien regarding pathopenews favors the one
espressed by Kountz and Alexander who reparded <emle eraphy-
sema as primanly the results of changes in the thoracic spine,
particularly of the intervertebral dises Christie helieves that
these ehanges tresult 1n dot~al kyphoss with consequent rotation
of the ribs so that the sternum is pushed forward and the chest
beeomes barrel-<haped The wize of the thoracie eage is enlarged
by virtue of this deformity and the Jungs, i following the chest
wall, become overdistended so that thinmng and atrophy of the
alveolar veptae occur Figure 4 1 illustrates the typical kyphotic
deformuty and the barrel-<haped configuration of the chest in a
78-vear-old patient admitted for the treatment of portal cirrhous
of the mner The lateral and postero-antenor roent of
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M aee -

batrel-shaped configuration of the

s RN
F1c 41 Typical hyphotic deformity and b
cliest m 3 78-year-old patient

the chest shown m Figure 4 2 reveals a marked “howing” of the
thoracic spme with wedging of the bodies of the 4th and 5th
dorsal vertebrae Spur formation and lipping are promment The
mcreased AP drameter 15 readily apparent on the lateral view.
Although there 15 an mncreased obliquity of the nbs with an in-
crease m the interrib spaces, the diaphragm does not appear to be
depressed and adequate motion may be demonstrated on fluor-
oscopy

Macklin and Macklin believe that “internal sclerotic” changes
1 all elements of the lung patenchyma due to the mereased fibrosis
linuts the normal movements of the trachcobronchial tree fnclud-
1ng the lung root This fibrosis results in part from the aging proe-
ess and from repetitive mfections The central protions of the
lung are particularly hampered 1n therr movements and only the
periphery 1s capable of expanding along with the thoracic eage
The continuous stretching and overdistention of these peripheral
alveol: finally causes breakdown of the alveolar walls The Mack-
lins also raed the question of a diminished sensitivity in the
receptors and afferent pathways mtiating the act of expiration
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Fic 42 Marked “bowng” of the thoracic spine with wedgimg of the bodies
of the 4th and 5th dorsal vertebrae, increased AP diameter of the chest, spur
Sormation and hppmg of the vericbrac, merersed obliqmiy of the nibs and an
increace 1n the mterrib spaces are illustrated

m mamtaimng the chest 1n the mspiratory state wath a <econdary
deterioration m pulmonary clastieity Rappaport and Mayer
contend that thoracic changes lead to senile emphysema in enly a
minonty of the eases The es<ential lesion of emphysema at anv
age 15 the disappeatance of the alveolar septae with progressive
coalescence of theairspaces Functional disuse withlossof “breath-
g surface” 1s the main hnk in the pathogenesis of senile emphy-
sema “The natural process of involution 1n the senile lung results
m a lung defect which i~ 1dentical with the developmental and
acquired defects of hy pertrophic emphysema " The *involutional
lung defeet” develops into emphy~ematous changes upon the
mtervention of the mechameal forees nherent 1n the labored
respiration accompany ing dy<pnea

I <hare the general chinieal impression that <enile emphysema
15 for the most part of ittle ~erious «igmificance In contrast to
obstructive emphysema, measurements of pulmonary funetion
are little impaired, nor i~ the arterial oxvgen saturatton of the
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blood sigmificantly altered On the other hand, Hansen-Pruss
and Charlton state that the degree of pulmonary msufficiency is
not proportional to the anatomie changes and believe that ven-
tilatory function may deteriorate to a considerable extent, Most
of their subjects had evidence of bronchial obstruction and prob-
ably represented combinations of hypertrophic and senile emphy-
sema Frankln, in a recent study on the chnical value of tracings
of forced expnation, concurs that many older patients exhinting
thoracic deformities aswocrated with emphysema do not have
clinically significant pulmonary disease Although the vital
capaaity 1s reduced, the “expirogram” is normal and no change
occurs followmg the administration of broneholidator drugs Al-
though the chest deformity may Yimit the motion of the thoracie
cage, 1t interferes hittle with respiration Since the diaphragm is
rarely affected, it retamns its capacity for excursion In fact, breath-
g i the aged may be largely abdominal in fype and unless there
1s marked loss of abdommal tone, interference with respiratory
function rarely compares to that of obstructive emphysema It
may it phvsical exertion or be an aggravating factor i other
disease states. In this connection, heart disease with congestive
failure frequently overshadows the presence of senile emphysema.

The chnteal manifestations of these other discases frequently
associated with senile cmphysema have occupied the attention of
the physician leadmg to widespread neglect in the treatment of
this type of emphysema Since obstructive factors are nunimal or
lacking, bronchodilator agents are usually meffectrve. The vig-
orous treatment of chronic indolent infections of the bronchial
tree with chemotherapeutic and expectorant drugs will be dis-
cussed more fully m Chapter 8 The prompt u<e of the newer
antibtotic agents 1n acute resptratory infections prevents further
deterioration which accompanies the flare-up of a chronic infec-
tion Although the cough reflex js perhaps the most x’mport.nn!
mechamsm of elminating retained secretions from the respirs-
tory paseageways, the ineffectusl paroxysms of dry, hacking cough
caused by mnflammation of the bronchial mucosa may SEHOIf‘L"
endanger the hfe of the elderly delnlitated patrent. of spcc‘ial im-
portance for long term care, the recogmtion of the necessity for
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Chapter &

CORTICOTROPIN AND THE
ADRENOCORTICOSTEROIDS IN TIIE TREATMENT
OF PULMONARY EMPHYSEMA

HYLAN A BICKERMAN, MD

InTRODUCTION

An extensive hiterature on the effects of corticotropin and the
adrenal steroids m various dicense states has accumulated in the
past six years since Hench and Ius co-workers reported their mitial
studieson the effects of these hormones in patients with rheumatoid
arthritis Shortly thereafter, 1t beeame apparent that the adminis-
tration of these substances to patients with many different dis-
eases resulted in a remarkable improvement in their clinical
pretures The wide vamety of disease entitics affected, both in
terms of etiology and clinical manifestations, provided few clues
as to the posauible pharmacologic mechanisms mvolved sinee a
common denominator to explan the obvious benefits observed
appeared to be lacking

The early reports of Bordley, Randolph and Rose indicated that
dramatic relief of the symptoms of asthma was obtained with
cortisone and ACTH Other allergic states such as hay fever,
vasomotor rlunitis, and allergic dermatitis were similarly bene-
fitted Subsequent studies by Thorn, Baldwin, Schwartz, and
others confirmed that partial or complete relief of symptoms
could be expected 1 over 80 per cent of patients with bronchial
asthma treated with these hormones Barach and I reportg‘d
comparable findmgs after 200 courses of corticosteroid therapy in
100 patients with asthma as well as in the majority of approv-
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mately 100 courses admumstered to 50 cases of pulmonary emphy-
sema In addrtion <gnificant benefit was obtamed m 2 cases of
pulmonary fibrows The effects of corticotropin and the corticon-
teroids on vanons disesses of the pulmonary «3stem have been
reported Varable results have been obtained in patients with
pulmonary granulomas due to sarcoid or the pulmonary mam-
festations of the diffuse collagen dicorders such as scleroderma,
diwseminated luptes ersthematoss, and periarterstis nodosa In
the early rtages of beryllium granulomatosis, howeyer, hormonal
therapy has resulted 1 the arrest of, and 1 ~ome wstances, ap-
parent resolution of the patholozic process
Unti recently only fragmentary statements are found in the
hterature concerning the effect of the<e hormone~ m the treat-
ment of chrenie puimonary emphiysema Yet, the merea<inyg mm-
portance of this pregrecavely disabling discase 1s reflected by an
ineulence among populations of industrialized areas far greater
than has heretofore been recognized Stnec pulmonary emphy-
sema 1< frequently aswociated with other pathologe states, much
of the informatton 1s burted in studies on ehrome bronchial asthma,
stheows, and pulmenary fibrosik of unknown etrology. Han-en-
Prus, in reviewing the hiterature, found marked vanations of
between 1 per cent to 65 per cent as the reported meidence of
v emphvsema complicatmg bronchial asthma In his
own reries, he estimated that approvimatelv 35 per cent of the
patients with chrome asthma had anatomie emphy sema
Irrespective of the underlying mechanism 1n the cau~ation of
chironie pulmonary emphysema, most authonties agree that one
of the major defects in the phvsiopathology of this discase 1 the
presence of branehnal or bronehiolar obstruction with disturbances
in mr flon Ventlation studies reveal rerious ventilators defects
i the majonity of pattents An mereased resting ventiation, a
decreased mavimal breathing capacity, a markedly dinuorshed
ventilatory reserve, and an elevation of the index of mtrapul-
monary mrang are noted “Esentially similar findings were re-
cordedd m patients with chrome bronchial asthma® (Segal) Un-
ike a~thma, honever, there 1s always some wreversible re-idual
defect even with the most vigorous therapy . Before proceeding ta
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a dieussion of the climcal evaluation of hormone therapy m
pulmonary emphysema, the physiologic and pharmacologie
activities of these substances will be reviewed briefly. For more
detailed information, the reader is referred to the comprehensive
reports by Thorn, Ingle and Kmsell.

PrarvacorLoGic AspEcTs

The secretory activity and histologic appearance of the adrenal
cortex are regulated for the most part by the adrenocorticotropic
hormone of the anteror pitwtary. In preserving many of the
homeostatic mechamems upen which life depends, the antenor
prituitary adjusts 1ts output of corticotropin to meet the physi-
ologie requirements of the organism for cortical hormones This
response of the anterior pituitary is regulated in part by (1) the
level of errculating adrenal hormones, or metabolites thereof,
(2) neurohumoral mechanisms onginating 1 the hypothalamus,
and (3) stmulation bv epinephrme especially in situations of
acute stress which activate the sympathetic nervous system Ingle
has demonstrated that the antertor pituitary is sensitive to the
“needs” of the body for adrenal cortical hormones and releases
mereased amounts of corticotropin dunng stress so that increased
secretary activity and hyperplasia of the adrenal cortex results.
He has shown experimentally that in the presence of an excess of
exogenous cortical hormone, the release of ACTH by the anterior
pituitary 1s suppressed so that atrophy of the adrenal cortices
takes place

Selye has postulated that the hormones of the adrenal cortex
are major etiologie factors in many conditrons which he has ealled
“diseases of adaptation ” An intaet antenor pituitary-adrenal
cortical system 15 essential for the manifestations of certain dis-
eases and tlns s one of the major points supporting Selye’s theory’
that an overproduction or imbalance of these hormones causes
disease.

The adrenocortical hormone has been shown recently to conist
chiefly of two sterods, 17-hydrosyeorticosterone or hydrocor-
tisone and corticosterone with smaller amounts of a third steroid,
aldosterone Although the physiologic effects of cortisone are
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TasLe 51
Corighydrate Sult Retention | Sugae/Salt Ratio
Hh drocortisone 1 1 1
Prednisone 4 1 10
Fluorohy drocortizone 20 504 04
Aldosterone <1 504 002

From Thorn, G W etal Ann Int Med 43979, 1955

denvatives, prednisonc exhibits a higher therapeutic index for
those diseases in which an anti-inflammatory or anti-allergic
response 18 desired and in which excessive sodium retention 1m-
poses a hmiting factor

The adrenocorticotropic hormone of the anterior ptuitary has
not as yet been rolated in pure form, but it is a polypeptide con-
sisting of between 7 to 9 amino acids. The physielogic and biclogic
efiects ehicited by corticotropin are qualitatively similar to those
mediated by the adrenal steroids. It differs from the steroids in
that 1t often produces pigmentation of the skin due to an increased
melanin content The steroids are effective on oral administration
and are rapidly absorbed from the gastro-intestinal tract whereas
corticotropin must be grven parenterally.

A brief description of some of the metabolic effects of the-e
steroids and the alterations they produce in various organs and
tissues of the body 1s pertinent to their proper evaluation in ther-
apy especially since the desirable effects must be weighed against
adverse reactions These physiologic effects include

(1) The stimulation of gluconeogenesis from protemn and an
hibitory action upon carbohydrate utilization reflecting the
diabetogenic characteristie of these hormones.

(2) Increased protemn catabolism with an augmented excretion
of une acid resulting in a negative nitrogen balance.

(3) Sodmum and chloride retention with increased potassium
everetion There 15 a shift m flmds from the ntracellular to the

extracellular compartment .
(4) Thinmng of the skin, formation of striae, rounding of facies
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due to increased fat deposttion, and presence of acne and hirsut-
s

{3) Muscle neakness from potassium depletion, asteaporosts
with pathologc fractures due to a negatne mitrogen, calcium and
phosphorus hatance

(6) Retardation of wound heabng with delay in fibroplasa,
mereased vascular fragility, eosinopenia, limpholyars, reticulo-
extosts, and possible interference wath the phagocy tic activity of
the retreuloendothehal system

(7) Increase in gastrie hydrochiorie acid and pep~n secretion

(8} Euphora, restlessness, fluctuating mood with oceacional
P chotie . Bram excitability o< § t with & lowertag
of the electroshock threshold and presence of paresthestas

(9 Menstrual irregularities; decreased 1odine uptake by the
thyraird; and occasonal disturhances in gronth

The major therapeutic effects of these hormones in the manage-
ment of pulmonary emphssema are related to a suppression of
the processes of mflammation and an alteration of the allerme
response Systerme manifestations of mfection such as fever and
toemia are suppressed in addition to the decrease in evudate,
phagoeytons and tvasentar permeability Although dramatie of-
fects are aclueved with the<e agents 1n diseases of allergic ongtn,
the preesse mechamsm of action 15 unknown and the basie allerzie
state 1s unaltered These hormones do not mhtbit the umon of
antthody and antigen and the mmmediate skin reactton to test
allergims remaine unchanged,

Another important effect of these sterowds appears to be an
wmerea~e m the revistance of the organium to withstand certam,
although not all, form~ of stres stch as starvation, extreme phy si-
cal exertion ete Whether this mereased tolerance to stress paral-
leks the metabolic effects of thewe agents or mnvolves other unre-
lated actinrties has not heen establihed

Stnce the mechanism= ane vite of action of the steroid hormones
have not been elucidated, st hav been speculated that thesr thera-
peutie activity imvolves not only the many known physolome
properties of these hormones, bt ako varnous thus far undis.




124 BICKERMAN

covered effects on the bio-chemical processes of organs, tresues,
and cells of both the normal and the diseased organism. It is now
chinically apparent that cortiocotropin and the adrenal steroids
are capable of suppressing the local and systemic response of the
organism to a wide vanety of noxtous agents Similarities between
the effect of these hormones on the hypersensitive state and in-
flammatory response of connective tissue suggest that the commen
1 inator may be a modtfication of the reactrvity of mesen-
chymal tissue at the cellular level (Thorn)

The various preparations of corticotropin and the adrenal
sterords available for climeal use and their commercial packaging
has been Iisted by J C Beck In the therapy of chronie respiratory
dicease in our clinte, we have employed the following preparations:
corticotropn-H PP (short acting) and HP gel (long acting),
cortisone acetate-aqueous ~uspension for intramuscular use and
oral tablets, and hydrocortisone in oral tablet form Durmg the
past year, extensive chmeal use has been made of prednisone and
predmisolone 1 a tablet form for oral ingestion. More recently,
ne have recetved an agueous suspension of prednisolone (Meti-
cortelone) acetate contaiming 25 mg per cc for intramuscular
admmnstration  Preliminary studies on this preparation are in
progress

The dosage schedule employed with these preparations will be
discussed under climeal management. It is important to empha-
size at this pomt that the quantities of these hormones commonly
admimstered m the treatment of various disease states far ex-
ceed» the amount normally secreted by the adrenal cortex Re-
placement therapy 1n Addison’s discase and after surgical removal
of the adrenal cortices has been accomplished with 15 to 30 mg
of cortisone daly representing the physiologie dosage level To be
pharmacologically effective 1n suppressing the manifestations ?f
other discases, overdosage 1s usually necessary, and thus, it is
1nevitable that some alterations m the normal metabohe protes<es
will accompany such therapy Many of the so-called adverse
reactions to be diseussed later 1 this chapter are a concomitant
of effective therapy, Fortunately, the majonity of these change?
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can be prevented or mimmized by certam specific measures and
1n many jnstances tend to diappear when therapy i discontinued

CLivicAL MANAGRMENT

Although the dramatic effects of corticotropin and the adrenal
sterords in the treatment of intractable bronehal asthma and
status asthma scarcely needs further documentation, there 1«
st} some controvery tegarding the eflectiveness of these hor-
mones m chronie pulmonary cmphysema The tugh meidence of
chronse bronehual a«thma in patients with pulmonary emphysema
and the presence of chronte pulmenary infection m over 50 per
cent of such patients at necropsy {Monroe) are further proof that
obstructive factors play an mmportant role mn the pathogenes
and course of pulmonary emphy~ema It ix the expenience of mauy
ehmeaans that the administration of brenchodil ageuts fre-
quently producer partial relief of the dyspuea associated with
pulmonary emphysema even though there mav be no apparent
cluueal evidence of bronchospasm or resistance to awr-flow on
exammation Ventilatory function stuches indieate that the relief
of obstrirction permits better distnbution and mrung of inpired
ga~ wath improvement i the efficseney of ventilatron Luhas has
presented evidence that ACTH and cortscone produce changes in
pulmenary function qualtratively simular to thowe achieved with
caventional bronchodilators The temporary smprovement
these patients has< been attributed by Ferrs to a reduction m
broneliolar resivtance to arr flow snee the timed vital eapaeity
and the masmum breathing capactty showed far more change
than the lung solume compartments Fyles, morcover, indieated
that a more complete and continttous reltef of bronchospasm 1s
afforded by theee hormenes as compared with epinephnne and
ammophy hine The change i elnseal management resulting from
the introduction of predaione will be referred to helow

Indicalions

In the sense that the adrenal «teroxds produce an alteration 1
the hody '~ reaction to dirense rather than a cuire of the diease



126 BICKERMAN

process tself, these agents provide only symptomatic therapy at
a “magmficent level” which, at times, may be hfe-saving,

The indicatrons for the use of corticotropin and the adreuat
steroids i chronic pulmonary emphysema are in one respect
sumlar to those in mtractable bronchial asthma. Not infrequentls,
the patient with pulmonary emphysema will experience an acute
episode of pulmonary msufficiency precipitated by severe broncho-
spasm Tlas is often the result of an acute respiratory infection,
exposure to inhaled irritants or allergins to which the patient s
sensitive, or cardic insufficiency In many instances, the treat-
ment of ths acute state resembles that of status asthma When
the reversal of these functional disturbances cannot be jnduced
by the vigorous application of conientional mensures such as
bronchodilator agents, oxygen and helium-oxygen therapy, anti-
bioties, and pressure breathing, the use of the corticosteroids
becomes mandatory In practice, prednisone has now heen almost
completely substituted for cortisone, In addition to tiding the
patient over this enitical period, their secondary value, as empha-
stzed by Segal, of mcreasing the patient’s appetite and sence of
well-being awds mn the restoration of normal hydration and nutn-
tion By relieving the dyspnea and hypoxia caused by intractahle
bronchospasm, convalescence js shortened and measures designed
to improve ventilatory hanies such as daph tie breath-
ing and postural esercises may be more promptly and effec-
tively instituted

Contraindications

Many investigators have cautioned against the use of the older
steroids in pulmonary emphysema with ascociated pulmonary
hypertension or cor pulmonale (Rose, Beck, Spain) Galdston
noted deterioration m pulmonary function 1m one patient with
long standing pulmonary emphysema, and Lukas found further
depression of the gas exchange m a patient with cor pulmenale
which was attributed to the development of edema of the alveolar
membrane. The danger of markedly accentuating the existing re-
spiratory and circulatory defects by salt and water retention lad
been cited as one of the major contraindications to the wse of
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steraid therapy Thrs situatton no longer exists with prednisone
wn the usual therapeutic dosage. hut was true of cortisone and
ACTH. We have ob-erved patients i cor pulmonale whose eardiac
status has mproved when the hypoua and marked dyspnea
E: anging severe bronchosy has been relieved by steroud
therapy
In the hight of our present experi , the presence of diak

mellitus, peptic uleer and active pulmonary tuberculosis would
serve as seriotts deterents to mtiatmg therapy with the<e hor-
mones No difficulty has been encountered in patients with mitd
to moderate hypertencon with prednicone, but osteoporows
with spontancous fractures repreents & <pecial problem m view
of the age group m ninch the majonty of the patients fall and
the hngh medence of skeletal thoracic deformity Before treat-
ment 15 contesmplated, 1t 15 esential that a clinical appraisal be
made for the detection of diabetes or peptic uleer mcludmg a
chest film to evaluate the pre-ence of pul) ry

Methods of Therapy

‘Therapettiic management w1th the<e agents must be indrvidual
1zed for each patient <ince they are nonspecific and the optimum
dosage 3~ usually a matter of tral and error based on the clintenl
acumen of the physictan In general, the smounts required are
related to the <evenity of the disease process rather than to bodv
weight or age The chnical responses of the patient may be highly
vanahble requiring frequent ehanges in schedule 50 as to establisl
the mavimal therapeutie benefit with mumimal adverse reactions

1. ¢ QRTICOTROPIN

In the past, corticotrupin was initally adminstered i dosages
of 23 me mtramuscutarly at 6-br watervals When hizhly punified
el prepasations beeame avasable, 80 mg were given once daily
unti} relref beeame ehimically apparent, wsually by the second or
tinrd day  The dosage was then gradually reduced wn stepnice
fashiron to 60 mg daady for two days and then 40 mg In our serres
of 130 courses of ACTIL, the total dowe ranged between 240 mg
and 960 mg gnen aver a period of 3 to 12 day~ Moderate to
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excellent remissions manifested by a decrease in bronchospacm,
reduction m cough and expectoration and an merease in exercise
tolerance were obtained m 85 per cent of the patients, the 15
per cent who expenzenced little or no relief were classified as fail-
ures For the most part, the duration of remission following eevsa-
tion of therapy was drappomtingly short, averaging 14 days
Man; of the patients relapsed within a few days and only 3 re-
parted inprovement wluch persisted over two months.

On a few occasons when a more rapid effect was considered
desirable, particularly m the cntically ill patient, corticotropin
was admunistered mtravenotnsly in doses of 20 mg. dis<olved in
1,000 cc of 5 per cent dextrose in distilled water with 40 mEq
of potassium chloride added This was administered slowly over
a 10-hr period for the first day or two at which time G0 mg
daily of the long acting gel preparation was substituted intra-
muscularly Since the intensity of adrenal cortical stimulation is
a direct function of the mamtenance of a high level of cireulating
ACTH, the effects of 20 mg. of corticotropin administered 1n 2
slow mfuston are comparable to 100 to 150 mg. of ACTH given
by the intramuseular route (Thorn).

2 CORTISONE AND H}DROCORTISONE

A total of 88 courses (46 cortisone, 42 hydrocortisone) of adrenal
corticosteroid have been administered m our study to 56 patients
suth advanced pulmonary emphysema. In this group of patients,
short intensive courses of steroid therapy were given with mitial
peak doses of 200 to 300 mg daily m 4 divided doses for rapid,
effective reltef folloved by a quick tapering off over a period of
10 to 14 days Duning the past 2 years, 40 to 60 mg. of cortico-
tropm gel has heen admumistered once daly for the last 3 to 4
days of steroid therapy The dose of hydrocortizone averaged
hetween GO to 70 per cent of that employed with cortisone Ad-
yuvant therapy will be discussed m the section dealing with ad-
verse reactions The chnieal response of the patients treated with
cortisone and hydrocortizone was similar to that of the cortico-
tropm treated group
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of obstructive mucus, which constitute the main functional de-
fects in bronchial asthma, are reversible when treated with ade-
quate amounts of the adrenal hormones “The more complete the
removal of symptoms with such therapy, the more complete i

507

404

[ 24 a0 72 [
Onset of improvement (hours)

Fic 52 Time relationships shoning the onset of improvement of dyspnea
In the majonty of 50 patients with pulmonary emphysema rehef became ap-
parent withm 48 hr after the start of predmisone therapy (Bickerman, H 4,
Beck, G J, and Barach, A L J Chrome Dis,, 2: 247, 1955)

TaBLE 52
Clinical effect of corticotroptn and sterord therapy in patients with
putmonary emphysema

Climea] Improvement®
fean Onset of {Per Ceat of Courses)

Therapeutic Agent Improvement.

Marked Moderate Mome
T hours
Corticotropmn-H P gel 56 28 59 15
Cortisone 9% 39 39 2
Hydrocortisone 60 40 42 18
Prednisone 4 8 42 10

* Objective crteria for impi include hed b on

physical examunation and 1ncreased exeraise folerance
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the return to normal pulmonary function.” In this respect, venti-
latory function tests reveal hittle change, either qualitatively or
quantitatively, from the relief obtained with other effective
bronchodilator agents such as epinephrine or amunophylline
Similar results were obtained by Kennedy n patients with poeu-
moconiosis and pulmonary emphy sema in whom cortisone therapy
fatled to erhance the improvement in the maxinum ventilatory
capacity produced by acrosol epmephrine The structural defect
n pulmonary emphysema places & himting factor on the estent
to which ventilatory function can be improved Nevertheless,
tests of pulmonary function will often determine the amount of
bronchial and bronchiolar obstruction present and thus provide
a rough gauge as to the possible effectiveness of steroid therapy
The vanable response to ACTH and corticone on pulmonary
function studies, m patients with pulmonary emphysema has
been noted by West and Galdston Five of the mine patients stud-
1ed by Brown and associates showed a sigmficant wnprovement
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T16 53 The vital capacity of 15 patients with pulmonary emphysema The
more striking increnses i vital capacity after prednisone occurred i thase pa-
tients who exhubited chinscal evidence of bronchospasm and had not been pro-
viously mamntuned on cortione (Birherman, H A , Teck, G 1, and Barack,
\ LT Chrome Dis, 25 215, 1955 )
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BEFORE METICORTEN AFTER METICORTEN '

==

MBC = 16,050 cc/min MBC « 21,620 ce/min

MAXIMUM BREATHING CAPACITY - _./‘
Fie 54 A sigmficant increase of 34 per cent i the maximum breathing ea-
pacity was ohserved during predmsone (Meticorten) therapy m s patient with
severe latory due to pul Y I a (Bicks H
A, Beck, G J, and Barach, A L :J Chronie Dis, 2, 247, 1955)

in ventilatory function after intravenons ACTH They concluded
that patients with long standing emphysema and fibrosis with a
restrietive type of ventilatory insufficiency obtamn little or no
benefit from ACTH, but patients with the obstructive type of
ventilatory defect may be greatly improved. Ventilatory function
studies on 15 patients before and during prednisone therapy
reported by Bickerman, Beck and Barach showed a mean -
crease of 32 per cent m the vital capaeity and 21 per cent in the
maximum breathing capacity It was of mterest that the first
five subjects presented m Figure 53 who showed no sigmfieant
change had extensive pulmonary fibrosis with little or no brencho-
spasm Spirographue tracings of the mavimum breathing capacity
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of a patient nith severe obstructive emphysema are tllustrated in
Figure 54 The mprovement m ventilatory function produced
by prednisone probably resulted in part from a reduction in mu-
co~al edema, inflammatory or allergie, of the tracheobronchial
arrway as well as relief of bronchospastic dyspnea In addition,
an improved ovypen diffusion seemed to take place wm those pa-
tients with pulmonary fibro~i~ in whom httle or no bronchospa~m
was detected clinteally This was strikingly manifested in four of
our caes, and was mndirectly substantiated by the deerease m
the resting ventilation dunng prednisone therapy and more
especially by the reduction in the arr-oxy gen ventilatory difference
when 100 per cent ovygen was «ubstituted for room amr

Duration of Therapy

‘The duration of 2 course of Meroid therapy must be as ighly
indindualized as the dosage ~chedule Cortrcotropin and the ad-
renal steroids have been found evceedingly useful 1n tiding the
wertously 1)l patient over an acute epiode of bronchospasm wlnch
» refractory to other forms of remusive therapy These acute
episndes 1 the cour<e of pulmonary emphy sema commonly arise
as a sequelae of an upper respiratory infection or exposure to an
inerea~ed concentration of inhalant allergms such as dust or pol-
lens Short, 1atensie courses with predurone are now employed
n preference to ACTH or cortione for the most part These
shart courses of prednisone range between 10 to 14 days

Just as in chrome intractable asthma, the bronchospasm of
some patients with obstructive emphysema continues to remamn
refractory to the ordinary i I to relieve L L
epasm DBurrage and awodaates have expressed the opinion that
mamtenance therapy with the older »teroids appears justified in
selected patients with mtractable asthma of unknown ctiology
who cea~eto respond to any conventional form of theraps Sunilar
Justification exists for the use of matntenance therapy in this
form of emphvsema, espeerally since ~alt and water retention are
nmumumzed by the we of prednsone By <o doing, many of these
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patients have been restored to partial activity, Marked improve-
ment in morale accompanies their “escape” from social and eco-
nomic invalidism From a practical point of view, the aim has
been to afford some relief of 1 hosp sinee a plete re-
mission is unobtainable Furthermore, it is deswrable to reduce
the need for larger doses of prednisone by employing eonventional
bronchodilator therapy m conjunetion with prednisone. Despite
the smaller do~age of hormone required to accomplish this, varying
degrees of hyperadrenalism inevitably result.

The majarity of the patients m our serles have been mamtained
on the oral form of the adrenal steroids. Formerly, 75 to 125 mg
of cortizone daily were employed When hydrocortisone beeame
available, the average dosage Jevel ranged between 40 to 80 mg.
per day, but in the past year, prednisone or prednisolone has been
substituted for the other steroids i almost all of these patients
at an approximate level of 10 to 20 mg. daily in divided doses
Rose and Kinsell have pointed out that since the adrenal steraids
may produce marked but transient atrophy of the adrenal cortex
by suppression of endogenous corticotropin secretion, it would be
safer from a theoretical standpoint to administer alternating
courses of steroid and corticotropin. This may be an tmportant
consideration since patients on the relatively chort intensve
schedule generally do not develop untoward symptoms whereas
the madenee of adverse reactiony increases with maintenance.
Stuches by Engleman and Fredell hase shown that suppresson
of adrenocortical function may be reversed by the admunistration
of eorticotropin even though the maintenance dose of corticone
1= contmued. Some of our patients on mamtenance prednisone
therapy recerve 60 mp of corticotropin gel weekly or sefi-
monthly. However, the advisabihty of corticotropin supplementa-
tion 15 still debatable

Adverse Reactions

Sinee the therapeutic effectiveness of there hormones requires
dosages in excess of the normal dmly endogenous secretion, the
magonty of the adverse side effect< are a reeult of hypercorticsm




Ve Y o, g Aty ' Moug Darg,
of Ming, uunormnon anef dig gt 4‘nntmmtllmtv mnlnmt\d
m



l“CKE“\‘AN

¥ 53 5 (Leit) Thus ph tograph Mustrates the u\mnrm.\ 1 de p abon 0( fal
n, nndasnggcmu ofatd puffalo- o-hu wop”

1o the aallaty (o\ds, pmc\uv\c\\\:\r regoh n
{ cortuson g with chrome sntrac

o huch 0ceut™! ol
table asthma® and pu\momn) emph)sc
The dv appearan of these abnor! ral fab Jepots o¢! l
the su\)smu(mn of pre mone {0 corhi¥ t is of wnterest '.h '. d
\m\ ‘\\iY\-

one.
yme the P atiel nh\g\\ protems Jon colo! a0 diet ® which she
culty {ollow! ang ® \\ le o n cortron o theraPy

S\gmﬁc nt salt and water ™ retention js o € ous consl erali©
e\pecm\\ atients \mmmem or Ve cor pu\momﬂe or cardia®
m:\\{\"mcnc \ue o other causes urther jmpalrm ¢ the arew
Jation res Tom he hypery sa induce by hormen®
therapy i1 and €@ jeone) cipitate cute CONE stiv
{ailure. Thurtec patt nts, W author’s onigind! nes of 62,
had ewdenc® qQ rete! on Two O hese with
d\‘anccd nary emP em? had f pestric theit
salt jntake whi raicotropi® therapy ¢¢ 4 acut pu
monary €0 with prope! jon b cards roVInS
cardiac S us of th pauent « sod diet, e NsC f
TCurY fiuretics when ecersaTy fluid reten”

e A



CORTICOTROPL\ AND 4 DRL'XOL‘ORTK‘OSTEI’!OID) 137

ton y g at time, controljeq In many Slances, how CVer, edomy

Ma% preceny ang adequate regulation of sajg Mposgple M an offie,

Practiee EL\-ceasne Weakney, due ¢ otasaym, dep)e!ion ocen.
T

Predurone at the ey Omary thempeutw dosnge leve} Ppear,,
to have Provideq 4 solution to thiy problem,

Alter, Al statey rangiy, g 1 Upharyy to Mvere
(loprmuon or Pchotye bchanour h een Teporteq
Nereased Jmtnb\lzty with d g ey Paresthesq,
have p, controlje A3 nd}\htmg th N CTond apg ad.
Minitey. PProprigte datyy Seryo, s abermtmm f flect
equire ¢, “esation of thera; Sinee this gy be of feaction |,

1 3 previoyy histor
istyrhyy, 0, carefy) seleetyon of Patieny. wall erve to My

10 more SOTIOUS s g effocts, of tlmmpy Wwith comcotrupm ang

the adreng} Merorgy eluge the dey o} ent ang Maskmp of
uleer ang accenty,.

tron Keneralize ) Oteoporg., comphmtcd hy Patholog,, frac.
{ures hevwe have been C\tenyy eh rey Ieveqd hy Roee, Burmgo,
among other. Simplay effeet

g chronge debiyty tmg e Miph gy Pulmong,, €mpliy oy,
the reqey N and *Pread of 4 k nfecqion While o pro.
longeg Merayd Ummm "o distiner powlnlx’u In zh por.
Ciitage o ' Patieng, wh e noy Obtain g Tuate pe, 1ef from
hormgy, 1 DY 1 our o - the faylur, Bas g Tihute 1o the
Ncerhaggn oF a «p, roltelung e N The o, NI tration of
AN apnr Priage antihigtye as (lvu-rmmz-:l hy “Chuaty S gy
the (oo Methey ). Renalpy Clive m:unr.unmg Impro, Cmeny
from, mnnmu-rl hormmu- therag, Bo Zal ap, R e sy,
ey 08} Nitang .‘nhmnhh:l" h of road um anqy.
botie, mapy Pateng, o, A Prolangey “oure of erogge Howe, er

1 hax g, PPeareg Nary gy, nram Ttances, Whery the

apy 4
BTt chargeren of the Pty (o Mpected frequeny nter ),



138 BICKERMAN

The evidence, quoted by Johnsan, that the steroids have ad-
versely effected tuberculosis both in experimental animals and
man was strikingly apparent in one of our patients who took
cortisone over a 3-mo penod against advice and developed wide-
spread bilateral pulmonary tuberculosis Previous chest films
during the preceding five years had been negative for tnberculosis
Evans has listed the pulmonary complications of hormone therapy
and emphasizes that these complications are frequently overlooked
because of the masking of symptoms by the suppression of the
normal inflammatory vesponses Freguent chest roentgenograms
and the smear and culture of sputum when infection is suspeeted
may a1d i an early diagnosis

In view of the number of reports concerning the reaetivation
of peptic ulcer with bleedmg or perforation, the use of these
hormones mn the presence of a past hstary of an uleer is obvioushy
hazardous. Because of the Ingh medence of dyspeptic complaints
consisting of abdomunal distention, eructation, flatulence and

asionally epigastric pamn, the ids are routinely adminrs-
tered with milk after meals, followed by an antacid preparation
one to two hours after eatmg and on refiring. In selected cases,
anticholinergie agents have been added to the treatment schedule
There have been two 1stances of bleeding peptic ulcer in patients
who had no history of uleer 1n our entire series, first suspected
when melena beeame apparent The ropid development of frank
hemorrhage in a patient with a known ulcer after only 4 days of
prednisone therapy may or may not have been due to the drug

One of the most serious and perhaps irreversible side effects of
prolonged steroid therapy is the development of osteoporosis
ssath compression fractures of the vertebral bodies Although Rose
believes that dietary management with 2 high protein, calcium
and vitamin D intake together with testosterone may be helpful
in preventing or aiding repawr of the osteoporosis, cansiderable
controversy extsts regarding the benefit of calcium salts or testos
tesone-estrogen combinations The v-ray of a 65-year-old mhc:ut
with advaneed pulmonary emphysema is presented in Figure 5 6
A In addition to gt hzed oxteop is, 2 € ion fracture
of the 1ith dorsal vertebra was aoted m December 1933 after
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TaeLE 53

Incidence of adverse side reactions in patients with pulmonary emphysema
treated with corticotropin and the adrenal sterowds

Adverse Kescons O || Mot
Courses) kst Courses)
Mild hyperadrenalism (mooming of fa-
cies, hirsutism, acne and abdominal fat
deposition) 6.7 72 60
Sigmificant fluid retention 80 6o 0
Dssturbed mental state 1.5 23 20
“Anaphylactoid” reaction 24 0 [
Epigastric distress 16 56 120
Activatton of infection 46 96 60
Thrombo embolism 08 23 10
“Addisoman-hike” criss 0 23 0
Oateoporosts and compression fracture 0 11 10
TOTAL 256 l 36.4 l 80

bra The marked demmeralization of the osseous structures and
further collapse of the 11th dorsal vertebra with bony bridging
are clearly evident in Figure 56 B

Other side effects which have been reported include an inereased
tendeney to clotting resulting i thromhophlebitis, decrease in
glucose tolerance with the appearance of glyosuria, and aggrava-
tion of a pre-exssting hypertenston A list of the adverse reactions
encountered 1n the author’s scries 1s presented in Table 53

The admmistration of corticotropm produces a hyperplasia of
the adrenal cortex with mnereased production of adrenal hormones
and an nlubetion of endogenous ACTH Sudden withdrawal re-
sults 1n a temporary deficiency of endogenous ACTH Adminis-
tration of the sterords also nhibits the normal production of
corticotropin from the anterior pitwitary and, in addition, le{ld*
to adrenal cortieal atrophy In both instances, abrupt cessation
of therapy results 1 a temporary state of adrenal insufficiency.
Henneman reported 19 patients with acute withdrawal symptoms
“In general the longer the pertod of corticone therapy the more
severe were the symptoms on stopping treatment ** These symp-
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toms may be alarming and n the event of a supenimposed stress
<uch as njury, mfection or ar operation, an Addi~oman-hke
cte1s may be precipitated One death occurred mn our series in
manner which suggested acute adrenal mm-ufficiency A recond
eae responded to the mtravenous admunistration of 400 mg of
hydrocortisone given over a period of 3G hr

There 1s suggestive chmeal evidence that a state of relative
adrenal insuffiecreney may persist for long mtervals following with-
drawal of hormone therapy This has been Mlustrated by shock-
like states induced by stress such as surgery The re-institution
of ~teroxd therapy before contemplating surgery and maitaned
for an adequate penod usually ranging between 4 to 7 days, has
heen employed prophtlactieallv in these mstances

Chowee of Preparation

Some climeal advantages based on ifferences m chemical
strueture and pharmacologic activity may be gained in ~pecial
atuations  Corticotropin administered intravenously by slow
infusion provides effective and rapid relef of the acute ~evere
bronchospastic state Because 1t 1s active only when given paren-
terally, this agent 1s not sutted for the general ambulatory treat-
ment of the office pattent *‘Anaphylactod ke reactions en-
countered with the earlier preparatiens have beeome less common
but «till do occur even with the more highly punfied matenal
now avalable The long-acting corticotropmn gel may be of some
advantage in long term therapy with the adrenal sterotds and in
the *“tapering off” process preparatory to discontintung therapy

Although mtravenous hydrocortisone 1s the agent of choice in
“tates of acute adrenal mnsufficieney, the oral preparations of
cottr~one and hydrocorti~one have heen supplanted to a large
coxtent by predmeone and prednsotone  Although most of the
adverse reactions obwerved with corticone and hydrocorticone
therapy have heen encountered with these newer agents, the lack
of ~alt and water retention and the dinunished potassium lows at
the uwuat therapeutic dosage level 1+ an unquestionable advantage
m the long term treatment of the ambulatory paticat The pey -
chologme benefit of an unrestricted dict, except for those patients
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m heart fatlure, contnbutes in no small way to the general sence
of well-being The effect on fluid retention when prednisane was
substituted for cortisone 1 a patient with lymphatic leukemia,
pulmonary emphysema and fibrosis is illustrated in Figure 5.7.
Although on a low sodium diet with supplemental potas~um
chloride, a werght gain of 7 b occurred during cortisone therapy.
The substitution of prednisone was accompanied by a diuresis
and weight loss of 8 Ib with chinical improvement in dyspnex
durmg the first week of treatment In a recent paper, Thorn raises
the warning that reactions wlich result from increased gluco-
corticoid activity are more insidous than salt and water retention.
The obstacles whieh must be anticipated in long term therapy
are marked protem depletion, osteoporosis and cabetic potentia-
tion. Certainly, the mncreased incidence of gastrointestinal com-
plaints and the reactivation of peptic ulcer are of some concerr
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Fic 57 Although the diet and ancillary therapy remained unchanged, 3
weight loss of 8 Ib, with clinical improvement in dyspnea oceurred within the
first weeh following the substitution of predmisone for cortisone in a paticnt with
chronie Iymphatic leukemea and pulmonary emphysemn (Bickerman, . A,
Beck, G J, and Barach, A 1. J Chronic Dis, 2. 247, 1955)
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requinmg careful <election of patients and adequate antacid
therapy

Tn any form of therapy, and especially one which is sympto-
matic, the henefits of such therapy must significantly outweigh
the rishs involved The chromeally 11l patient with severe pul-
monary emphysema refractory to the conventional measures for
relicving obstructive dy<pnea presents no problem n weighing
these theoretical conwiderations When the full program of treat-
ment for pulmonary emphyvrema, which meludes the use of
bronchodilator drug« both orally and by acro-ol, mea<ures to
facilitate h age, such as p 1odide and pres-
«ure breathing, oxygen therapy and breatlung evereses, is mef-
fective m the adequate control of dyspnea, steroid therapy 1~
dicated It must be empha<ized however that the above mea~-
ures which are di~cussed more fully m other chapters, should not
be elmmated despite the temporary mhibition of symptoms by
predmone Sinee we have nothing better to offer this group, this
caleulated risk must be undertaken i the hope that, by tiding
the patient over a enitical period, hife can be made less burdensome
While the physiean may be only “Luying time™, these agents
frequently bring real relief which permits the more <uccessful
appheation of other measures devigned to correet the pathophyw-
ologie defeets of pulmonary emphy sema

A seleetive babbography 14 given on page 234
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PHARMACOLOGIC THERAPY IN THE
MANAGEMENT OF PULMONARY EMPHYSEMA

HYLAN A BICKERMAN, MD

InTRODUCTION

Because of the many gaps in our basic knowledge concerning
the etiology and pathophysiclogy of pulmonary emphysenma, a
multitude of pharmacologic agents have been cmployed dunng
the past century more or less empirically. The variable results
of these therapeutic trials bave given rixe to considerable pes-
stmt<m regarding the effectiseness of drug therapy in this discase
entity Even before the newer concepts of respiratory function
had been formulated, relicf of dyspnea was clinically apparent
in many patients wath ohstructive emphysema following the ad-
minrstration of bronchodilater drugs. The term “physiologic
therapy™ was ongnally employed by Barack to denote the basic
principle of treatment which had as 1ts purpose “the attempt to
correct deviations from the normal functioning of the Jungs and
bronchr and to eliminate, wherever po-sible, reversible pathologv
in these organs ” The admunstration of suitable agents specifically
designed to restore towards notmal some of the phy<iologie defects
present in pulmonary empbysema constitutes an important nk
in the treatment of this dreease

The claim has been made that drug therapy is only symptomatic
and that the antispasmadics, expectorants, and sedatives com-
monly u~ed have no effect on the course of pubmonary emphysema
and may be more disturbing than effectual (Dawber and aves,
Gordon) 1t is common e\perience to find that the patient with

ut
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pulmonary emphy<ema, like the asthmatic, has accumulated an
entire pharmacopeia m his medicne cabinet mto whieh he and
his physictan dip, at times wrattonally, for relief Because of the
disappointing re-ult« achieved, many of these patients are denied
that measure of improvement mn dyspnea and general well-bemng
whieh could be provided by properly apphed phnsiologie therapy .
The author coneurs with Barach who «tated that such “physio-
Jogic treatment and recent developments m antibiotic therapy
may transform a hfe of remi-nvahdism into one an whieh sub-
stantial rehef of the sy mptoms of dyspnea, cough and expectora-
tton has been accomplished '

In the absence of any speetfic agent which could remedy the
underlying disturbance m pulmonary emphysema at the etiologie
level, the rationale of a therapeutic program must he based on
the attempt to correet alterations m pudmonary phy sology, elima-
nate mfection, and <low or halt the progresson of tlus disease
The application of pharmaceutical agents in a practical program
designed to jmprove resprratony function will be presented under
the following headings (1) relef of bronchosg A2 facahitation
of bronelnal dramage, (37 ~edation and relaxatton, and (4) nuseel-
lancou~ pharmacologic agents The treatment of mfection, re<prra-
tory acidoss, and cor pulmonale with nght heart farture will be
diseuswedd m Chapters 12, 14 and 15

RrvLier oF Brovcosrisy

1t 2~ the consen~us of most mvestigators that obstruction to
re~piratton plavs 2 major role in the elieal preture of pulmenary
emphnvsema Chrstie states that peardy all patients with tlas
disease entity have a long standing lustery of asthma or chrome
bronelutis, In some mstances, bronchitis 1< one of the precytating
factors 1 the genesis of emphy emn, and in others, bronchitss 1=
aequired after the development of pulmonary emphy~ema, Tn
aither event, few 1f any of thewe patients are free from ohstructive
dvspnen, aggravated by the occlusive effect of mucus or parovys-
mal (prroddes of bronchospasm By ineans of ventilatory function
studies hefore and after effective hronelodilator agent<, reversible
obstruetion o awflow has been detected in a majonty of the
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patients who may otberwise present no clinical evidence of bren-
chospasm

In a review of the physiopatholegic aspects of chronic pul-
monary emphysema, West and associates discuss bronchiolar
obstruction and the reduction in pulmonary elasticity. The most
important factor responsible for an inerease in the work of breath-
g resulted from variable degrees of bronchiolar narrowing due
to aceumulated secretions, mural thickening, mucosal edema and
bronchospasm  More recent studies by Cherniack indicate that
the beneficial effects of bronchodilator aerosols in patients with
obstructive emphysema are manifested by a marked reduction in
finear, but more especially i turbulent resistance to air flow with
an merease m funetional compliance. The partial relief of bron-
chial obstruction has been shown by Cournand to result in a sharp
reduction in the oxygen “cost of breathing.” This i3 more fully
diseussed mn Chapter 11 by Alexander

Although many therapeutic agents have been employed effec-
tively for the relief of hronchospasm, no single drug has proved
entirely satisfactory Adverse side jons and the devel t
of tolerance have presented major stumbling blocks The judicious
use of combinations of drugs, addition of zedatives and antinausea
factors, and alternate routes of admimstration have been helpful
in overcoming some of these obstacles. From a pharmacologic
standpomnt, the more common bronchodilator drugs are classified
as adrenergic agents, anticholinergic substances and xanthine
derivatives, Prior to the mtroduction of these drugs, the inhalation
of smoke from burning stramonmum Jeaves and mitrite ponders
provided relief i some instances, largely due tfy coug)zing'ﬂnd

pointing in the treatment of bronchospastic puimonary emysy-
sema

Adrenergee Agents
EPHEDRINE SULFATE

Ephedrine sulfate, either alone or 1 combination \\itl! th.co-
phylline, is perhaps the most frequently employed aral medication
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synthetic amines chemieally related to ephedrine such as methoxy-
phenarine fiydroehioride (Orthoxine) and methylethyl amino-
phenylpropanot (Nethamine) have been reported as producing a
similar bronchodilator respanse as ephedrine but with fewer side
reactions particularly m regard ta central nervous stimulation
(Segal, Hansel).

EPINEPHRINE

Although epinephrine has been employed for the rehef of
bronchospasm for over 50 years, its parenteral administration
may he abused Self-medication by hypodermic injection is not
recommended for routine use since these patients, in an effort to
obtain sustamed rehief, often overtreat tHemeelves, resulting in
the rapid development of a refractory state. Doses i excess of
03 ce of the 1:1000 concentration are rarely necessary and are
attended by a higher incidence of tosie reactions mnvalving the
cardiovascular and central nervous systems, Tremor, excitabiity,
palpitation, abnormal cardiae rhythms and oceasionally a shock-
like state are among the more common adverse side effects en-
countered with larger or repeated doses These reactions are more
fully discussed by Goodman and Gilman. The use of epinephrine
subeutancously m patients in the older age group with associated
hy pertention or coronary arterv disease must he condemned. The
value of parenteral epiephrine 1s for the most part limited to the
treatment of the acute paroxysmal attack of bronchospasm, Slow
release preparations, such as adrenalin in oil and aqueous epineph-
rine suspension (Sus-phrine), although at times lLelpful in recur-
rent attacks of bronehual asthma, huve generally no place m the
treatment of obstructive emphysema The inbalation of acrosols
of epmephrne and related compounds has largely supplanted
hypodermic admimstration However, a period of hyperderric
medication may be indweated 1n some patients who have used
bronchodilator aerovols excessively.

The demonstration by Graeser and Barach that inhalations of
aerosols of 1:100 epmephnne produced by a small particle-size
nebulizer was effective m reheving bronelio~pasm, has alsg resulted
in the widespread uce of aerosol therapy in assisting adequate
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synthetic ammes chemically related to ephedrine such as methory-
phenamine hydrochlonde (Orthoxine) and methylethyl amino-
phenylpropanel (Nethanune) have been reported as produemng a
similar bronchodilator response as ephedrine but with fewer side
reactions particularly m regard to central nervous stimulation
(Segal, Hansel)

EPINEPHRINE

Although epinephnine has been employed for the relief of
bronchospasm for over 50 years, its parenteral admimstration
may be abused Self-medicatron by hypocdermie injection is not
recommended for routme use since these patients, in an effort to
obtain sustained relief, often overtreat themselves, resulting
the rapid development of a refractory state, Doses in excess of
03 cc of the 1:1000 concentration are rarely necessary and are
attended by a lugher incidence of toie reactions involving the
cardiovaceular and central nervous systems Tremor, excitability,
palpitation, abnormal cardiac rhythms and occasionally a shock-
like state are among the more common adverse side effects en-
countered with larger or repeated doses These reactions are more
fully discussed by Goodman and Gilman. The use of epinephmue
subcutaneously n pattents in the older age group with associated
hypertension or coronary artery disease must be condemmned The
value of parenteral epinephrne is for the most part Himted to the
treatment of the acute paroxysmal attack of bronchospasm Slow
release preparations, such as adrenaln in o1 and aqueous epncph-
nine suspenston (Sus-phrine), although at times helpful in recur-
rent attacks of bronchial asthma, have generally no place i the
treatment of obstructive emphysema The inhalation of aerosols
of epinephnne and related compounds has largely supplnntejl
hypodermic admimstration However, a pertod of hyperdermie
medication may be mdicated in some patients who have used
bronchodilator aerosols excessively

The demonstration by Graeser and Barach that inhala(iom'af
aerasols of 1:100 epmephrme produced by a small particle-size
nebuhizer was effective in relieving bronchospasm, has also resulted
i the widespread use of aerosol therapy in assisting adequate
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bronetual dramage and thereby aiding the control of bronelio-
pulmonary wfection Althaugh a discusston of lronchadilator
acrosals with particular emphass on the relative eflfectivenews of
admistration with and wrthout mtermuttent posttive pressure
will be presented m Chapter 9, a deseniption of the sarous prep-
arations and techmgues avatlable will be diseyssed 1 this <ection
on drug therapy

The deposttion of a fine bronchodilator must on the mucosa of
the bronehi and hronehsoles of the respiratory tract presents many
sgmticant advantages over the parenteral use of these substances
Snee the topical effect predommates with refatisely bitle actraty
resudting from <y stenue ab-orption, toxir effects m the therapeutic
dosage range are mimmal The cave of admamistration and its
ready avmlabihity affords the patient with hronchnspastie discase
a measure of securits not ohtmuable vath mjection therapy  How-
ever exeessine use mav result moereasng tolerance This re.
fractonness can be overcome m ~ome mstances bn the substitu-
tion of other \ympathommette aerosols and by hrief perinds of
withdrawal and substitution of other measures

The nehulizers which, in our experience, have given the best
chnseal results i adnunstration of therapeutic aerosols are
the Vaponefrin and De Villes &40 which provide =table nusts
with a mean particle ~ze of 25 5 and 30 u respeetively Nebulizers
whirh produee particles of 10 u or less are not a~ satesfactory
smee nmuch of the mist either passes mto the alveol and = ab-
sarbed or i fost tn exprration with httle deposttion on the bronetial
mucous membrane JAergsols whose mean particle wize 13 greater
than 30 » tend (o depostn the upper respirators traet and orn-
phard iy

Ashithe s 05 e of 10100 epinephnine, 2 235 per cent racenne
epmephnne N aponefrn), or 20 per eent racenue epinephsine
with 85 per cent atropluge «afate (Ahieplinn) nebulized by 4
to b compresstans of the haud Wb of & Vapenefnn or De Vit

&30 nebulizer may abort or rebeve a mld broncho-pastic attack
within a few mmutes The relicf, howeser may be only tempaorary
amd Barach and Richards have demonstrated that profonged
mhalattans of dibute acracob of epinephinue and phenylephnae
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{neosynephrin HCI) over a period of 20 to 30 minutes 3 ot 4 time
daily provided more effective bronchodilatation and hronche
vasconsiriction 1 mtractable bronchospastic states, Interrupte
therapy by the Y-tube technique provides aerosol during th
msprratory phase of respiration The Vaponefrin nebulizer an
Y-tube is dlustrated in Figure 6 1. A mouth rebreathing ba
techmaque 1s shown in Figure 6 2 Nebulization of solitions can
sisting of 0.5 ce. of Vapounefrin, Dylephrin, Tsuprel or Aeralon
diluted with 2 cc of normal saline or a mixture of 1 ¢c. of 1 pe
cent neosynephnn and 1 cc. normal saline Is produced by ovyge
flow rates of 4 to 5 liters per minute from a high pressure eylinder

Fra 61 A Vaponeinn nebulizer 1s tlustrated with a Y-tube attachmenf
which permits nebubization of the aerosol solution dusing inspration when the
apen end of the Y 1 aceludeil During expiration, the oxygen stream bypasees
the pebulizer

It JE
Fic, 62 Continuous nebubizition of dilute hronelodilator solutrons with
rebreathing bag techrique 15 produced by a motor pump or high presstire 0GREN
at flow rates of 4 to 5 hters per mmnute

the
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Fie 64 Sprograplic tracing illustrating the effect of 2 23 per cent racemie
epmephrime aerosol on the vital capacity of a patient with pulmonary emphy-
sema The inerease in expiratory veloeity and duninished “trapp g is evident.
(Bicherman, [ A . and Beck G J, Ann Int Med, 36: 607, 1952.)
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Fic 65 Maumum breathing capacity before and after 03 cc of 225 per
cent racemic epinephrine (Vaponefrin) aerosol (Barach, A L, J.A M. A, 147

780, 1951 )

tion of the rationale and techniques of aerosol therapy may be
found m the reports by Barach, Bickerman, Segal and Abrameon

The author 1s 1 accord with the views expressed by Baldwin,
Cournand and Richards m which they state that the datly ue of
these aerasals over long periods resulted 1n considerable improse-



FHARMACOLOGIC THFRAPY 153

ment 1 ventilatary funetion with no evidence of <erious toxreity
or harm Mlore recently, Dimlio and Munch reviened the reports
of other imestigators on the long-term use of pressor aerosols
andd conducted a study m patients with hypertenston, cardiae
dicease, thyrotovicosts, and diabetes They found no untoward
effects followmng the mhalation of “many times” the therapeutic
do-¢ of cpinephrme Occastonally, too frequent use may result in
dryness of the throat and tracheal irritatton Tlis 15 more apt to
oceur with the larger doves of acro-ols contaming antrcholinerme
agents such as atroptne Improper use resulting mn the swallowing
of the acrosol rolution may cause epigastrie pain

T-oproterenct (Isuprel, Aludrine, Norodrne) ts a valuable
bronchedilator agent whose action on the »mooth musele of the
tracheobroneinal tree 1~ simlar to epmephrime Although its acute
tovierty appears to be less than epinephnne, clinical experience
mdieates that side reactions, prineipally tachyeardia, are often
more marhed than thowe of epmephrime Beeause of ats effect on
lowering hlood pressire and peripheral resistance, tts use may be
preferred in patients with an as-octated hy pertension The most
effective method of admimistration = by aero~o! mhalation m
doses of 0110 05 ce of the 1:200 dilation A« mentioned above,
1t 1~ at times u~cful in patients who no longer respond to epineph-
rine Dilephrin acrosol contams 2 5 per cent racemic epruephinne
and 0 5 per cent atropme sulfate stabihzed 1n an aqueous ~olution
with propylene glycol Aerolone compound conwsts of a solution
contaming Aludnne 025 per cent, ey clopentamine 1CL 05 per
cent and atropme 0 1 per cent for acrosol uce Sublingual tablets
o g 10 mg of 1=op 1 and an mbalant powder are
avatlable Iowever, occavonal depression of the T-waves on the
clectrocardiogram have been abservedd followang s we Chinieal
effeetineness of these routes of adminitration have heen more
erratie than with aero~ols and the ineidence of advere reactions
with adequate dosex hia~ been conaderahly hugher, averaging about
30 per cent These consisterd of nervousness, tremor, dizziness,
pipitation, precordial pain, nausea and vomiting (Lowell, Segal)
Only a small pereentage of patients eapencnee tovie effeets fal.
Iovang inbatation of the acrovol tGoodman and Gilman)
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The techmcues of continuous nebulization of dilute aerosols of
1roproterenol are similar to those described above. The addition of
phenylephrine results 1n effective bronchovasoconstriction which
reduces mucosal congestion and edema (Barach). Both Comroe
and Lowell, in evaluating the bronchodilating effectiveness of
Tsuprel aerosol by ventilatory function tests, found that maximum
relief of bronchospasm was not obtained since n further merease
in vital capacity and maximal expiratory flow rate oceurred fol-
fowing the intravenous adnunistration of 0 5gm of aminophylline

Anticholinergic Drugs

Since bronchospasm is mediated through the release of acetyl-
choline produced by stimulation of the parasympathetie nervous
system, blockade of these bronchoconstrictor stimuh by anti-
cholmergic agents would appear to offer a physiologie approach to
the effective rehief of bronchospastic states Of the naturally
occurring belladonna alkaloids, atropine has been demonstrated
to produce relaxation of the smooth muscle of bronehi and bron-
cluoles However, 1t is considerably less potent than epinephrine
as a bronchial antispasmodic In ritro studies by Castillo and de
Beer, using a tracheal chain preparation, demonstrated that
atropine had little antispasmodic activity but was highly potent
in counteracting the smooth muscle spasm induced by acetyl-
choline. Other synthetic anticholinergic drugs such as Syntropan
and Trasentine had a similar action, the antihistaminic, Benadryl,
exhibited this atropine-like action to a lesser degree In contrast,
epimephrine and aminophylline were capable of active dilatation
of the untreated trachea.

In the previous section, it was noted that several aerosol com-
pounds contained atropme in conjunction with adrenergic drugs
These mncluded Dylepbrin and Aerolone Sjoerdsma and Dodze
reported 8 of 11 patients with pulmonary emphysema had signfﬁ-
cant 1ncreases in vital eapacity and maximum breathing capacity

ied by sympto .,“" 1mr_1rovc‘mem: fgllo\:ing t_l:e :,;::f
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tive dyspnea who are refractory to the adrenergie compounds
frequently obtain marked relief following the intravenous adminis-
tration of 0.25 gm aminophylline in 10 ce. of diluent. This
injection should be performed slowly over a period of 8 minutes
and may be repeated 11 15 to 30 minutes, Rapid administration
has been accompanied by severe reaetions and in some 1nstances
death due to the marked fall mn cerebrospinal fluid pressure and
venous pressure with inadequate right heart filling Afore pro-
langed bronchial relaxation in patients with severe distress ecan
be accomplished by the infusion of 500 to 1000 cc. of 5 per cent
dextrose in distilied water containing 0 5 gm. aminophyiline. Two
bters of solution may be gmven daily for 2 or 3 successive days.
The rectal administration of 06 gm. dissolved in 20 to 30 cc. of
tap water has been shown by Barach to provide effective relief
without the danger of serious cardiovascular reactions In addi-
tion, this route offers a considerable advantage in providing a
simple methor of administration which can be performed by the
patient or a member of the family using a catheter and syringe

In our expenence, aminophylline by suppository or intramuscular
administration 1 doses of 0.5 gm has produced vanable results

Thus erratic effect on bronchospastic states probably 1esults from
large varistions in absorption and hence the plasma levels of
theophylline Intra 1 inophyllne is Iingly irntat-
g and may cause ntense local pain which is only partially nuti-
gated by the addition of 1 cc of 2 per cent procaine to the injec-

tion,

For the more prolonged rehef of mild to moderate sy mptoms

such as cough and exertional dyspnea, Batach found that the

administration of aminephyliine by mouth on an empty stomach

was a valuahle method of producing relaxation of the bronehi ina

considerable number of patients with pulmonary emphysema A

dose of 02 gm. hefare breakfast and at 3 pm , with 03 gm on

retiring 18 the customary schedule employed m our clinic For

the older patient with pulmonary emphysema, we gencrally Fxn:l

aminophylline preferable to ephedrine, especially at night, since

it i~ less apt to cause excessive stimulation and wakefulness.

Tolerance to aminophyline develops more slowly than to the
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adrenergic substances, and there 1s no danger of acute unnary
retention

The most troublesome side effect of oral amimopli lhine 1= the
high medence of gastrie mtolerance with nau<ea and vemuting
which lirmts the administration of effective therapeutie levels of
this drug Enteric coatmg. wlnle matenally reduetng the ineidence
of these <ide reactious, results m mpaired absorption and hittle
ar no therapeutie effect. Wanler and Schack found wide vanations
tn the theophylltne plasma levels after oral mge-tion of entene
coated aminophy lline tablet~ with many of the <ubjects failing to
demonstrate any deteetable blood level Trustt and hus co-workers
determmed that the effective plasma level of theophyviline neces-
sary for ~igmificant ciuretic actinity waw 05 mg per cent Rince
bronchodilator actisity parallels diuretic effect. 1t 1s not surpriung
that Sepal. employing proteetion <tudy techmques, found that
comparable bload levels were required for relief of bronchospasm
In attempting to mitigate gastromtestinal intolerance to amuto-
phaline and not mterfere with absorption, ammophylline was
comlned with aleminum hvdronide 160 mg and ethyl amino-
henzoate 360 mg (Cardahin) * Patients were able to telerate 300
mg and m ~ome instances 600 mg of amunophytline in this com-
hnation with relatnely few wide effects The admunstration of
these tablets resulted n a rapid appearance of theophy line n the
blontd o~ early as 15 nunutes after ingestion wath Jevels perasting
for 8 hours In a <twdy v Beek and Bickerman, the plasma theo-
phvihine levels following the ingestion of 300 and 600 mg of
Cardalin were deternmed over & ~even-hour penod This i<l
lustrated i Tigure 6 6 These lesels are comparable to the theo-
phylline levels ohtaned after the miravenous or rectal admims-
tration of 300 my anunophyvlline

Combunations of ammophy me with ephednne have been men-
tioned Damte (N R ) eonststs of two tablets, the “Day * tablet
has 200 mg ammophyline and 13 mg ephednne, and the
“Night * tablet, 300 mg amumophyline 30 mg ~odmm pento-
barbutal and 25 mg phenobarbital wath ephednne omutted  Both

* Candshin aml Dunte tablets (rwin \erssler Co ) bath contain these ants
nauses fretirn
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tive dyspnea who are refractory to the adrenergie compounds
frequentiy obtain marked relief foliowing the intravenous adminis-
tration of 0.25 gm ammophyllime in 10 cc. of diluent. This
mjection should Le performed slowly over a period of § minutes
and may be repeated m 135 to 30 minutes, Rapid administration
has been accompanied by severe reactions and in some instances
death due to the marked fall in cerebrospinal fluid pressure and
venous pressure with inadequate right heart filling More pro-
longed bronehual relaxation in patients with severe distress can
be accomplished by the infusion of 500 to 1000 cc of 5 per cent
dextrose m distilled water containing 0 5 gm aminophylline Two
liters of solution may be gmven daily for 2 or 3 successive days
The rectal admnistration of 06 gm. dissolved in 20 to 30 ce, of
tap water has been shown by Barach to provide effective rehief
without the danger of serious cardiovaseular reactions In addi-
tion, this route offers a consuiderable advantage in providing o
simple method of admmistration which can be performed by the
patient or o member of the family using a catheter and syringe
In our expenence, ammophylline by suppository or intramuscular
admunistration mn doses of 05 gm has produced variable results,
Tius erratic effect on bronchospastic states probably results from
large vanations m absorption and hence the plasma levels of
theophylline Intr far a) phylline is exceedingly irritat-
ing and may cause intenve loeal pam which is only partially miti-
gated by the addition of 1 cc of 2 per cent procaine to the mjee-
tion

For the more prolonged relief of muld to moderate symptoms
such as cough and exertional dyspnea, Barach found that the
administration of aminophylline by mouth on an empty stomach
was 2 valuable method of producing relaxation of the bronehs in a
considerable number of patients with pulmonary emphysema &
dose of 02 gm before breakfast and at 3 p.m, with 03 gm. on
retiting is the customary schedule emplayed in our clinie For
the older patient with pulmonary emphysema, ve geperally find
aminophylline preferable to ephedrine, especially at night, since
it 1~ fess apt to cause evcessive stimufation and wakefaluess
Tolerance to aminophylline develops more slowly than to the
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tive dyspnea who are refractory {o the adrencrgic compounds
frequently obtain marked refief foflowing the intravenous admin-
tration of 025 gm. aminophylline in 10 cc. of diluent This
mgection should be performed slowly over a period of 8 minutes
and may be repeated n 15 to 30 minutes. Rapid administration
has been aceompanied by severe reactions and in some instances
death due to the marked fall i cerebrospinal fiuid pressure and
venous pressure with madequate right heart filling More pro-
longed bronehual relaxation in patients with severe distress can
be sccomplished by the infusion of 500 to 1000 ce. of 5 per cent
dextrose in distilled water containing 0.5 gm. aminophylline. Tio
hters of solution may be given daily for 2 or 3 successive day~
The rectal admmistration of 06 gm dissolved in 20 to 30 ce of
tap water has been shown by Barach to provide effective reliel
without the danger of serious cardiovascular reactions In adili
tion, this route offers a considerable advantage in providing &
simple method of admstration which can be pexformed b): the
patient or a member of the family using a catheter and syzinge
In our expenence, amnophyliine by suppository or fntramuscular
admunistration 1n doses of 0.5 gm, has produced variable results
This erratic effect on bronchiospastic states probably results from
large vanations in ab<orption and hence {he plasma le\‘elf of
theophyitine Intr lar arunophy line is dingly irritat-
ing and may cause intense Joeal pain which is only parhall.\"“‘“"'
gated by the addition of I ce of 2 per cent procaine to the injec-
tion
For the more prolonged relief of mild to moderate symptoms
such as cough and exertional dyepnea, Barach found that the
inunistration of aminophyiline by mouth on an empty 5‘0{““}’
was a valuable method of producing relaxation of the bronchim &
considerable number of patients with pulmonary emphy=ema
dose of 02 g before breakfast and at 3 pm , with 0":' em o
retiting is the customary schedule employed in our clinie FO‘;
the older patient with pulmeonary emphysema, we generalls fim
aminophylline preferable to ephedrine, especially at night, sm{e
it 1= less apt to cause excessive stimulation and “".xl\efulne;‘-
Tolerance to ammophylline develops more dlowly than to B
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climeal use are theophyline sodium glycinate, theophylline
methylglueamine (Glucophylline N.N.R.), calerum theophyllinate,
and choline theophyllinate (Choledy! N.R.). Differences in
gastric tolerance and clinical value between these newer salts and
amunophylline combined with antinausea factors have, in our
opmion, been too slight to justify the added expence of some of
these preparations In addition to the development of refractori-
ness, the long-term daily use of aminophylline prophylactically,
may in some mstances result 1n a cumulatne effect with an in-
crease in adverse side reactions This can be prevented by a pro-
gram of intermttent therapy in which ephedrine is substituted
for aminophylhne for periods of a week or more The adminis-
tration of amnunophylhne by aerosol or powder insuffiation is
chinieally meffective and may mtensify bronchospasm due to
loeal 1rritation

Other drugs have been reported as affording relief in obstructive
dyspnea Although khellin (Visammm) produces relaxation of the
bronchial musculature, both Silber and associates and Kennedy
and Stock found 1t relatively meffective in the treatment of pul-
monary emphysema In addition, the high mcidence of side effects,
especially nausea, precluded its use in the majority of patients in
our clime Both nitrogen mustard and artificial fever therapy
produced by the mntravenous admumistration of typhoid vaceme
(Kirk} or Prromen (colloida) disperston of polysaccharides derived
from Pscudomonas weruginosa) have induced remissions in states
of wtractable hrenchospasm refractory to the drugs mentioned
above (Ayra, Waldbott, Knight) The mechanism of acticm. has
been attributed to a stimulation of endogenous adrenocorticos-
terord sceretion Prednisone has largely supplanted these pro-
cedures i the seriously ill patient refractory to conventional
measures, although Kirk’s typhoid vaccmne 15 still oceasionaily
employed in our clime

Facnaration oF Broscrian DraNacs
In addition to bronchospasm, other factors are frequent'l.);

it . 1
operative in the production and of parlf:xl ;
obstruction, The importance of inadequate ehmmation of bron-
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elual seeretions sn the genests of obstructive dy <pnea js frequently
neglected in the treatment of pulmonary emphy vema An excesstie
production of mucus cften cccurs in these patients as a result of
an allerge response to snhaled allergens, irritation of an edematous
bronchial mucosa, chrome hronelal infection, or unknown factors
In a number of cases observed n our chime, cigarette smoking has
not been as frequently implicated as the actual cause of a produc-
tive bronclutrs as has been reported by other investigators The
pre-ence of these retamned secretions provokes parovysms of
coughing which 1 turn serves to accentuate spasm of the tracheo-
bronelial tree Because of poor muscular coordination and the
“check-valve™ mechamsm deseribed by Dayman, arr flows pro-
duced by the cough in patients with pulmonary emphysema
are largely meflectual in evacuating the deeper air pas<ages of
tenacious mueord or mucopurutent wecretion Other phy sologte
mechanisms for the removal of there secretions <uch as the cihary
action of the lming epithelum are likewise impared The con-
sequence~ of bronehial obstruction hy retained secretions are so
«ertou a~ to warrant every cffort both mechanieal and pharma-
cologre to facilitate bronclual dramage Increased trapping with
further overdistentron of the atveolr re<ults e progressive deterro-
ration of the emphyrematous state Interference with gaseous
exchange m a patient who 1~ already mamtaning a burdensome
ventilation, may preaprtate acute respiratory msufficiency with
carbon dovide tetention and acidows, or sudden failure of the
right heart with overt cor pulmonate

The mechatucal and postural measures which awd m hronchial
evacuation are discussed in Chapter 3 by Barach and Chapter 7
Iy Beek The following section deals with pharmaeologie therapy
«uch a~ expectorants and aerosels wlich faciitate the elimmation
of retmned secretions

Expectorants

These drugs assit 1 the removal of secretion or exudate from
the tracheobronelnal pas-ageways Tuft and Levin desenibe two
mechamsms of action 1) seeretoly siv—hquefaction of the bron-
ehial secretions, therchy makmng the sputum more fluid and lews
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viserd, and (2) excretomotor—stimulation of the smooth muscle
of the bronchi to increased peristaltoid activity. Liquefaction is
brought about by the actual secretion or excretion af the expee-
torant agent mto the bronchal secretions with a lowering of the
viseosity g0 that it becomes less tenaeiots The cough mechanism
is related to the use of expectorants in elearing the upper hronchial
passages of sccretions. The tight bronchitic cough of pulmonary
emphysema is frequently associated with a seanty production of
thick, tenacious sputum. In the fecble or exhausted patient with
impaired eiliary action and penstaltic contraction of the bronchi-
olar muscles, the cough may become ineflective in raising ob-
structing secrettons Brown has classified the expectorants into 3
groups® (a) sedative, (b) stumulant, and (c)} anodyne Of the<e,
only drugs m the first category have been found the most useful
in the treatment of emphysema This group, whick fncledes fo-
dides, ammonium saits, nauseants and demulcents, act to soothe
bronchal inflammation by stimulating the secretion of additional
mucus so that dried out plugs may be loosened from the bronchial
wall, resulting i a more effective cough

Salts of 10dine have been used for over a century in the treat-
ment of bronchospastic states “‘Potassinm iodide is one of the
most valuable drugs for combatting intractable bronelal spasm
and 1nadequate expectoration of viseid mucus both in bronchial
asthma and pulmonary emphysema” (Barach) Jodide is rapidly
excreted by the bronchial glands and ean be detected in the secre-
tions within 15 to 25 minutes after oral or intravenous adminis-
tration (Tuft and Levin) The saturated solution of potassmum
10dide 15 generally employed and although it may impart 2 bitter,
metatlic taste, this has not proven too objectionable especially
when given with milk An initial dose of 0.6 to 1 D cc. four times
daily after meals and at bedtime, provides effective expectorant
action For patients who complain of gastric mtolerance to ﬂ‘xc
saturated solution, enteric-coated fablets (Enkide), or organic
jodides such as Lipjodine and Triode may be used. The iodides
may be given for long perods since tolerance rarely deelops
Nevertheless, the drug should not be preseribed for longer than
1s necessary ance the cough has been “loosened.” In a number of
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pattents who show continued benefit while receiving iodides, the
dose may be lowered to 0.3 cc three or four times daily. Hobby
has emphasized the 1aportance of large doses of sodude to obtamn
effective expectorant activity He inihates therapy with 06 ce.
of potassium iodide 3 times danly and gradually mereases to a
level of 20 cc. 3 times a day

The major side effects due to iodide therapy melude skin erup-
twous, cory za, and painful swelling of the salivary glands In the
event of such hypersensttive reactions, the drug must be dis-
continued Trequently, it may be remstituted at 2 lower dosage
level Rasmussen has recently desenbed two cases in which 10-
dide <ensitivity was impheated in the causation of permarterrtis
nodosa Both patients had bronchial asthma and the posabiity
of penartentis underlying the asthmatic state cannot be excluded
Corticotropin and the adrenal steroids have been used <uccess-
fully 1n the treatment of severe 1odtsm (Waugh) The mam con-
tramdteations to the use of todides have heen mentioned as pul-
monary tuberculows, and thyreid adenoma However, Hobby
belieses that potassum rodide 19 not contraindicated m pulmonary
tubereulosis “The thinning oug of the secretrons produces more
sputum and floats out bactena already present, but 1t does not
cause reactivation or spread of the di~ease *

Although the ammonium salts, chloride, carbonate, and citrate
are probably the most commonly used eipectorants, we have
found them of little value mn the treatment of pulmonary emphy-
sema Their action 15 transitory and *it 1s not unltkely that some
of the beneficial action ascribed to ammonium salts 15 1n reality
due to the ingestion of large amounts of water taken with these
salts™ (Goodman and Galman)

Ipecac is the only member of the nauseant group wiich we hase
employed n our eltme, usually in pattents who are hypersensitive
to the 1odides Perry and Boyd, and Basch and his co-workers
found that ipecac mduced a derable increase mn respiratory
flurd secretion Ratner reported excellent results from syrup of
1pecac 1 asthmatie children with bronehral obstruction who were
resistant to epinephrine Ipecae also appears to relax the smooth
musele of the broneln Syrup of jpeeae 1= given 1 doses of 05 ec
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4 times daily after meals and at bedtime. The only adverse reac-
tion we have noted is the occastonal complaint of nausea which
may be prevented by lowering the dose When given to produce
vonuting, 1t is at times of major value in eliminating retaned
bronchial sceretions

The mode of action of potassium arsenite (Fowler’s Solution) is
obscure and although 1t 15 not an expeetorant, 1t is presented at
this pomt hecause of its administration m conjunction with potas-
sium 1odide Hansen-Pruss has reported the deleterious effects of
morganie arsenic in the treatment of asthma. Most of the patients
i his series were seen 2 weeks to 217 years after receiving the
“Gay treatment,” and the majority of these reported some form
of gastromtestinal disturbance which usually appeared in 2 to 6
weeks after the onset of therapy. In several instances, the author
and Iis assocrates have been impressed by the effect of small
dones of Fouler’s Solution in patients with intractable broncho-
spastic emphysema We have employed 02 cc 3 times daily fora
period of 7 days followed by 0 1 ce. 3 times daily for an additional
7 days When benefit 15 clinieally apparent, repeated courses have
been given at intervals of a month or more.

Banyar and Cadden have reported on the effectiveness of car-
bon dioxide mhalations, § to 10 per cent concentrations with ovy -
gen, i promotmng bronchial drainage Its use is not recommended
m pulmonary emphysema not only because carbon diovtde
elimunation 1s already impaired, but other, more suitable meas-
ures are available

Acrosol Therapy

Although the expectorant drugs, especially potassium sodide,
are important adjuncts in aiding the elimination of retained seeres
tions, three types of aerosols have been used to help liquefy these
tenacious mucord or mucopurilent sceretions. They have been
classified as humidifying, detergent, and mucoly tic.

Humdification has generally been considered Ixe)pfu? in ihe
treatment of patients with chronie respiratory disease This is par-
tricularly true in those sections of the country where colder W eather
means spending the major portion of the day in an artifinally
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lieated room The combination of excessive dryness and dust which
has accumulated about the steam radiators or in the hot ar ducts
do appenr at tsmes to perpetuate symptoms of obstructive dy spuea
m patients with emphysema The use of the steam kettle was a
relatively meffective method of attempting to correct the low
humudity. The inhalation of a must produced by the nebuhzation
of normal saline salution has been most u~eful in our experience
Two to five cc of normal saline may be nebulized by the mouth
rebreathing bag techmque or into a face tent 4 times daily uNng
a small particle «ize nebuhizer of the Vaponefrin or De Vilbis x40
type Thus provides a stable mist which 1s largely deposited i the
bronehi and broncluoles and to some extent may help to Joosen
in~pisated plugs of mueus in the lower respiratory tract

The rationale for the u-e of detergent or “wetting” agents was
based on therr ability to lower the viscowty of sputum Numerous
investigators have pointed out that the loeal depowtion of wetting
agents will reduce surface tension and loosen retaned mucus
<ecretions from the mueosn by their emulufving action (Ravenel,
Farber and Wikon, Denton) Mild detergent agents such as
aleohol, 5 per cent propylene glveol or glveerine, and zepluran
chloride 1.5000 have been uned by aerosol as velcles for ants-
hactenial or antispasmodic drugs for «ome time Followwg the
enthusastie report hv Mudler and as<ociates on the use of a new
nontouie defergent, superinone, m the aerosol preparation Ale-
vawe {~upermnone 0 123 per cent, glyeermne § per cent, odum
bicarbonate 2 per cent), an extensive and controversial literature
ha~ accumulated Smessaert, Collm~ and Kraeum reported that
the <putum of patients with chrome resprratory conditions, in-
cluding emphyvsema, became less vicerd and eavier to expectorate
after 48 to 96 hours of Aevatre therapy, and Miller abtamed good
sesults n 10 of 11 patiente with chronte asthma Frank, employ-
g mtermttent therapy 2 or 3 times weekly, could not demon-
strate any consstent improvement In a controlled chineal tral
of Alevaire in newborn infants, Briggs concluded that it seems
unhkely that serosohized wetting agents will in any way benefit
wfants suffering from atelectasis or hyahne membrane syndrome.

Prehminary studies with Alevawe aerosol in our clinie <howed
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that this materal was 1ritating to the respiratory tract and that
the increazed amount of mucus prodiced was probably the result
of this irntant effect Other mvestigators have remarked on the
imitant nature of Alevaire suggesting that the alkaline pH in
excess of 85 was responsible In substantiation of this, is the
statement by Fabricant that “a hydrogen ion concentration near
that normal to the mucous membrane 1s a matter of even greater
mnportance for applications to the mucous membranes than the
matter of 1sotonzcity.”

Qur expenences with the mucolytic or proteolytic enzyme
aerools, Tryptar (crystalline trypsin) and Pancreatic Dornase
(pancreatie desovyribonuclease), have not been encouraging Us-
g the recommended dose of 125,000 units of Tryptar dissolved
m 3 cc of Sorenson’s buffer twice dmly, considerable jrritation
with pharyngitis and glossitis became apparent in the majority
of patients by the third to fourth day of treatment. To 2 much
les<er extent, thns was true for Pancreatic Dornase Prince and
associates report similar findings with trypsin aerosol in the
treatment of asthma, and only 5 of 31 cases of chronie bronchial
asthma with emphysema showed improvement in a series studied
by Unger and Unger They reported 20 untoward reactions among
73 patients consisting of hoarseness, increased asthma, nausea,
and rash about the lhips Although Salomon and associates en-
countered no adverse reactions with Pancreatic Dornase, results
mn patients with chrenie asthma or emphysema were not striking
The reader 15 referred to two papers, one a review of enzymatic
aerosol therapy by Farber and lis co-workers and the other by
Denton on varous techniques of contmuous nebulization in
hronchopulmenary disease, for additional information Neither
the detergent or enzvmatic aerosols are generally effective m
irradicating bronehial mfection associated with pulmonary em-
physema Suitable antibtotic agents, etther by aerosol or other
routes, must be admimstered

SEDATION AND RELAXATION

Tn <ome respects, the treatment of severe ohstructive dyspnea
due to pulmonary emphvsema resembles that of status asthma
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Many of thee patients are restless and apprehensive The lack of
adequate sleep or nutrition nitates a vieious eyele i which la-
bored respiration and dehydration combine to accentuate the
retention of secretions, favor bronchospasm and therely increase
the obstructron to air flow This sequence of events results m an
exhaustive state bordering on shock Rapid and effective meas-
ures are at times required 1if a fatal outecome i- to be avoided Al-
though 1t 15 generally accepted that heavy sedatton is hazardous
from a ventilatory viewpoint, some form of mild sedatron 1s often
de~rable sn the tense patient who finds 1t difficult to obtain ade-
quate rest

1In the past few decades, the barbiturates have become the most
widely presenbed agents for sedation and hypnotic use Smatt
doses of the shorter acting barbiturates are often incorporated into
variotts drug combinations used 1n the treatment of chronic em-
physema In higher do-ages these drugs, like morphine, depress
the respiratory center resulting in inadequate ventilatton and
respiratory acidoms Adniam and Revenstme studied the effects
of certain drugs upon the broncln and bronchioles of excised lung
tassue from ammals and humans. They noted that eyclopropane,
morphtne, paraldehyde, and the sodwum salts of Pentothal,
Phenobarbital, Barlntal, Amytal and Nembutal were broncho-
constnictors whereas ethyl chlonide, chloroform and the ethiers
were bronehodilators Chloral bydrate has been recommended as
the drug of ehoice for mild sedation It may be mven m doses of
05to10gm orally or by rectum at 8- to 12 hour intervals with-
out fear of respiratory depres<ion In specral instances, where heav-
1er sedation 1~ desired 1n an effort to terminate intractable broncho-
spasmn, 60 to 90 c¢ of ether drvsolved 1n an equal amount of olive
ol has been administered rectally as a retention enema This
normally produces restiul sleep with good relasation for a period
of 2 to 4 hours Certain precautions must be abserved 1 the use
of rectal ether (1) constant surveillance during sleep by a nurse,
and (2} mamtenance of a patent airnay by poutioning the pa-
tient on hus mde with the head of the bed flat A few prelmunary
reports have appeared on the use of ehlorpromazine (Thorazine}
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and meprobamate (Miltown). The clinical appraisal of these
newer drugs as sedatives in the treatment of pulmonary emphy-
sema must await further investigation,
. There 1s universal agreement that morphine is contraindicated
in such bronchospastic states as asthma and pulmonary emphy-
sema Various authors have remarked on the deleterious effects
of morphine which 1n several documented instances have resulted
mn death due to obstructive asphyxia or irreversible respiratory
acidosis These effects are (1) central respiratory depression, (2)
ation of bronch due to cholmergic activity, (3)
mhibitron of glandular seeretion of the bronchial mucosa, (£)
diminution of striated musele tone including the dtaphragm and
intercostal muscles, and (5) suppression of the cough reflex
(Rackeman, Hobby, and Mitchell and De Jong) To a leswer ex-
tent, these effects may oceur with higher doses of codeine In the
range of 15 to 30 mg of codeine repeated at 4- to G-hour mtervals,
we have encountered only mmor side effects such as cough sup-
presston and a “drymg” action on the bronchial secretions
Prior to the introduction of the corticosteroids and, more
espeaally, prednisone, mepenidine hydrochloride (Demerol) was
reserved for those patients with severe mtractable bronchospastic
emphysema who had become refractory to other forms of bronche-
dilator therapy Its use n proper dosage and under close super-
vision is still recommended as an excellent method of obtaming
bronchial relaxation n speeial mstances Pharmacologically, mep-
eridine is anticholinergic and possesses a strong spasmolytie action
on bronelal smooth muscle Yonkman and Herschfus and his as-
sociates reported effective relief by meperidine in patients with
severe asthma This was substantiated by improvement in venti-
latory function tests. The development of progressive lack of re-
sponse to bronchodilator drugs n pul ry emphysema presents
a sertous problem Several papers by Barach emphasize that one
of the simpler methods of restoring sensitiveness to bronchoditator
agents m these refractory pattents 1s accomplished by a program
of bed rest and the admimistration of mependine for a period ai‘ 3
to 5 days This program consists of the intramuscular n.dmim:-
tration of meperidine 50 mg every 6 to 8 hours for a period of 4
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are & number of patients with far advanced discase who have
obtamed httle or no benefit and suffer severe respiratory distress
at the shghtest exertion Stimulated by the reports of Blumgart
and his co-workers of the beneficial results in angina pectoris
obtained by producing a state of hypothyroidism, a number of
1nvestigators have mduced myxedema by means of I in patients
with severe, intractable pulmonary emphysema The rationale of
this therapeutic approach involves a lowering of the basal ovygen
requirement which makes a relatively larger amount of ovygen
available to the tissues for energy expenditure beyond the basal
state Bercu and Mandell reported that 7 of 10 patients exhibited
definite improvement subjectively and on standard eserci<e tol-
erance tests Ten of the 24 patients m a series studied by Hurst,
Levine and Rich showed significant benefit A dose of 20 me. of
I'# was grven followed by an additional 20 me. two months later.
This method of treating advanced emphy sema 1s currently under
mvestigation at our clinic and at the Mayo chnie

Carbonic Anhydrase Inhibifor (Diamox)

The earbonic anhydrase miubitor, acetazoleamide (Diamox),
has been reported as helpful in some cases of severe emphysema
with respiratory acidosis Diamox produces an increased unnary
excretion of sodmum, potassium, bicarbonate and water, and a
decreased exeretion of ammoma As<octated with these electrolyte
changes, therc 1s a fall m artertal pH and CO: content These
changes are for the most part transient returning to the control
levels after 2 to 3 days (Nadell) The plasma CO: content, how-
ever, may remam depressed during the period of drug admnis-
tration Other than as a diuretic, the mode of action of Dinmqv
remamns obscure, and reports of the clinical effectiseness of this
drug in patients with pulmenary emphysema unmmphcntesi by
night heart failure have been conflicting Heiskell and associates
demonstrated a consistent reduction in CO; combining pover to
which they attributed the symptomatic benefit observed. Lyons
found that the reduction mn CO; content was not always accom-
panted by a reduction m pCO;, and Bell and associates noted
variable results in their patients with severe emphysema and
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respiratory aeidosis, subjective improvement not being sustamed
In eontrast to these reports, Schwartz, Relman and Leaf observed
clinical improvement 1n half therr sertes of patients with severe
congestive failure due to cor pulmonale. This improvement co-
ineided with a copious diurests and an aserage werght loss of 15
Ib The excellent duretic activity of Diamox mn patients with
flud retention has been noted 1n our eline Two dosage schedules
are employed (1) 250 mg of Diamox daily for 5 successtve days
of each week, or (2) 250 to 500 mg every other day. Although
Dhamox has heen reported as an innocuous drug with a low order
of toxiarty, serious consequences may oceur from the use of this
agent 1n acute respiratory actdosis since a further lowering of the
arterral pH may result m irreversble damage by superimposing a
metabolie acidosis upon the existing acidotic state Further dis-
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F1a 68 The spirographie tracings of a patient with Grade IV emphy sema
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cussion on the use of Diamox will be presented in Chapter 14 hy
Cherniack

The druretie and cardiotonic agents employed in the treatment
of heart failure assoetated with pulmonary emphysema will be
diseussed by Riehards and Fishman in Chapter 15.

The ntegration of effective pharmacologic agents mto a hroad
program of therapcutic management may help disperse the general
air of pessimism with which the physician regards the treatment
of pulmonary emphysema Measures designed to promote hron-
chial drainage, relieve obstruction to air flow, and climmate in-
fection of the respiratory system, when combined with properly
adminstered oaygen therapy and speeial tramning m diaphrag-
matic breathmg frequently achieves a con<iderable degree of
rehabilitation even 1n patients with advanced disease. In a study
by Barach and the author, the long term effects of such a program
were evaluated m 33 patients with severe pulmonary emphysema
{Grades 111 and IV) A marked reduction in the resting tminute
ventilation, & decrease in the air-oxygen difference when 100 per
cent oxygen is substituted for room air during quiet breathing,
and a wgniicant mnerease m exercise tolerance were observed
after six months of therapy The sprrographic tracings of the pul-
monary venttlation breatinng mr and 100 per cent oxygen in a
patient with Grade IV emphysema before and after six months’
therapy 1s presented 1 Figure 68 The striking reduction in the
air-oxygen ventdatory difference and the fall in minute venhlation
parallelled the degree of clinical improvement.

A selectsve bibliography 1« given on page 231
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indication of the effcctivene~s of the therapeutic program used in
the individual case The presence of a yellow or greenish purulent-
looking sample warrants the administration of antibioties in
conjunction with spectal measures for hronchial drainage The
need for expectorants is clear when the sputum is thick, tenactous
or contains many plug Among the expectorants most frequently
advocated are 1odine-containing medieation, such as a saturated
solution of potasstum 1odide or Lipiodine, syrup of Ipecac and
ammontum chloride Their use is described in Chapter 6 hy Bicker-
man The admimstration of liqueflymg aerosols 15 mn our clnic
confined to the mhalation of nebulized saltne or a 5- to 10-per cent
prop; lene glyeole solution whreh is administered by means of the
Vaponefrin rebreathmg aerosol apparatus Ovygen or an air pump*
provides the pressure necessary to achicve nerosolization, Tryptar
and Alevaire, to lesscr extent, do not have sufficient advantages
to replace the saline or prop;y lene glycole solution, since mnereased
bronchospasm and dyspnea may follow their u<e in patients with
pulmonary emphysema The consistency of sputum which does
pot show evidence of bacterial infection is usually more tenacious
than that produced by patients with suppurative bronehitis In
patients with pulmonary emphysema who have bronchial infec-
tions the thin purulent sputum is less difficult to expectorate than
the viseid sputum which often follows successful antibiotic ther-
apy, especially 1 cases with bronchial asthma.

The absence of sputum n patients with pulmonary emphysema
is not always an indication of diminished severity of the discase,
but rather, in some mstances, of inadequate drainage and inability
to raise secretions This sttuation is seen in pulmonary atelectasis
in wlhich no secretions may be obtained but, nevertheless, plug-
ging of bronchroles and bronchi oceurs, producing, secondnnl,}',
marked interference with ventilation When bronchial drainage i+
facilitated by the use of expectorants or by physical means, ev-
pulsion of thick, heavy plugs of mucus is promptly nccompmpcd
by marked relief of symptoms and obviously improved ventilation
Measures designed to dilate the broneln, such as bronchodilator

« An air pump manufactured by the Nattonal Medieal Speealties Co , Boonton,
N J, has been found most satisfactors for this purpose
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aerosols will promote expectoration of large amounts of plugs and
frecly flowing sputum in patients who had very httle desire to
o In the t of severe b hial infections, as
demonstrated by the elumnation of purulent plugs, antilaohic
therapy will only be successful if adequate dratnage is provided
Fatlure to recogmze thus princsple results frequently m failure of
antibiotic therapy i patients who were treated with more than
adequate amounts of antibroties A ~ubsequent course of therapy
dessgned to improve aeration of the lungs and dramage, such as
measures designed to increase bronciial diameter, as well as
ventilate previously nonsentilated areas of the lung by encourag-
ing disphragmatic breathing, mechanieal means of elmunating
seeretions and the use of expectorants may improve dyspnea
substantially even when smaller amounts of antibioties are ad-
rumstered

Narunat Meenanisys oF Broverisy DraNace
Anatomical Position of the Bronchial Tree

Due to the erect position the antigravity effect on sputum and
forclgn bodies in the broneknal tree of humans 15 g great obstacle
to adey d of the more d dent portions of the lunps
such as the lower and nuddle lobes Ob<ervations by Galoway and
by Elwell that the trachea and larger main stem bronehi are
tiited at an angle of 20 degrees away from the back and tonard
the chest wall as they ascend towards the neck, demonstrate one
of the difficulties in obtarmng adequate dranage by placing the
patient simply i the supine position Under these circumstances
the effect of gravity on sputum n the loner bronchi counteracts
13 flow toward the mouth If the thoras » tilted headward at an
angle of 20° the trackea and large bronehr are at Jeast at a horn-
zontal posttion, thus overcoming the effect of gravity on sputuin
accumulated witlun tt When the patient 1s placed on his stomacl,
in the supme position, however, the natural mchne of the large
amrways greatly facilitates dramage Simlarly, an elevation of the
fed, with a headward filt of the thoray of 22 to 25° when the pa-
tient is resting on lus back would aswst i promoting drainage of
secretions from the bronchial tree
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Tasre 1
fesuits of position of attentron (after Lindhard)

prumber of ) peodual A | Vatal Capacity | Total Capaciy

Esperiments
1 Free standing powtion 9 16l 142 6 03
Poution of attention g 186 368 55L
2 Free standing posttion 2 127 59 723L
Position of attention 2 160 187 647L

The position of attention (military posture), as compared to the free.standing,
shightly leaping-fornard position, results in an increase 1n residugl air at the ex-
pense of the vital capacity (Acta Med Scand , 1203 349, 1945 )

comparison to a slightly bent forward posture. In patients with
pulmonary emphysema, Barach reported a change in midposition
toward inspiration when the patient moved from the erect to the
leaning forward poution A similar ehange is indieated on the spiro-
metrc tracings of Figure 7 1. The pulmonary ventilation under
these circumstances decreases it many patients as chaphragmatic
motion becomes more prominent. The prefcrence for the leaning
forward position by patients nith pulmonary emphysema is then
probably a natural compensatmg device which increases the bron-
chial diameter by assumung a more inspiratory position of the
chest, it also promotes diaphragmatic breathing by decreasing
the gravitational downward pull of the visecral organs, therehy
mereasing hilar ventilation and improving gas exchange, with the
result that the rmnute velume of breathing is redueed with main-

e

“o,

i = iy
I3 NP 77~ i ‘
[ TN, N EANRG )\. WITTIM S
rarcr Formws 2 ¥Rty T NZ, |
) . L 2 .
v P . =
Fig 7 1. The chest of an emphysematous patient assumes & more 1nspiratory

postteon & ¢, 140 ec ) when the patient Jeans fornard from the sitting posture

“This thoraes¢ y olume inerease 13 accompanied hy
and, theoretically, better aeration of the alveoll

widening of the bronchuat lumen
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INSP EXP INSP EXP
Fic 72 A patient with pulmonary emphy sema standing in the erect posture
display s, from loft to mght, paradovical diaphiagmatic motion by retracting the
d

abdomen durng ins an 1t during exp When leaning
forwand wepiratory protrusion and expiratory retraction of the abdomen «igni-
fying mspiratory and expuratory ascent of the diaph was eastly

achiered by the patient

An merease 1 thoracic encumference when leaming fornard 1s accompaned
by a change of the midposition of the lungs to a more insprratary one, resultmg
n wulemng of the bronchul lumen and smproved bionchial dramage (7 Iown
State M Soc , July, 1954)

tenance of oxygen and CO. exchange n the lungs, (Fig 72)
Thus the pathophy=iological alterations in pulmonary emphysema
apparently <timulate the patient to assume the learung fornard
stance, and the mereased diameter of the airways decreases the
resistance 1n respiratory bronchioles and presumably lessens ex.
piratory trapping of gases Perhaps, also, the medastinum 13
pulled awav from the posterior lung segments thereby aiding
therr ventilation

Consequently, improvement 1n acration of many of the seg-
ments of lung, which are poorly ventilated mn the erect position,
oceurs when the patient leans forward Becausc of the increase 1n
bronchal diameter achieved by the assumption of this position,
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ar may bypass mucous plugs which obstruct poorly ventilated
areas.nf lung ttssue when the patient is in the erect position. The
creation of an amr cushion behind the plug due to espansion of
previously collapsed areas of lung creates better conditions for
expulsion of the plugs during coughing Higher volume flow rates
during the natural cough in patients with pulmonary emphysema
were also observed, when the patient was leanmg forward Al
though the leaning-forward posture appears to create temporary
reltef of dyspriea and the climination of secretions for the patient
with pulmonary emphysema it does lead to increased inflation of
alveolar wails

The gravitational forces exerted upon the diaphragm in the erect
position In patients with emphysema also result in 2 more marhed
increase 1n nspiratory midposttion, but without the benefit ob-
tained by an augmented diaphragmatic motion. In notmal in-
dividuals during the expiratory cycle the clevation of the dia-
phragm occurs as a result of recoll of the lungs. However, the
diaphragm of the emphysematous patient remains at its inspira-
tory, e, depressed level, because of varjous factors including
impaired clastic recoil and alveolar overdistention

Bronchial drajnage 15 also promoted by the leaning fornard
position beeause it produces elevation and, therefore, increased
excursion of the diaphragm. The lower lobes, paravertebral
gutters and hilar areas of the lungs are thercby exposed fo a
large proportion of the total mmnute volume of arr and therefore
are better dratned of accumulated secretions. The increased dia-
phragmatic excursion produced by the leaning forward position
also plays an important role in increasing the effectiveness of the
natural cough of emphysematous patients. Chnically, less effort
appears to be necessary in this position to achieve exputsion of

secretrons

THE HEADWARD TILT OF THE THORAX

Wade and Gilson observed that the largest increase in diaphrag-
matic excursion occurred when normal subjects were »ulted at
45° heed-down Their normal subjects had a marked rise hend-
ward of the draphragm at a 45° head-donn angle, with a decresse
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in reserve diaphragmatic movement and a decrease 1n expiratory
reserve air, with only slight decrease 1n total vital capacity

In the coursc of attempts at teack diapt 1c k 1
to patients with pulmonary emphysema, 1t was found that the
patient’s upper thoracic movements during respiration could be
abolished and diaphragmatic motion as well as lower costal respira-
tory movement selectively mduced, by placing the patient’s body
1n a headward tilt between 12 and 20° (Frg 7 3) Tt was apparent
that the headward pressure of the viscera contributed to place-
ment of the diaphragm into a more expiratory position and that
resumption of the normal inspiratory poution of the diaphragm
occurred during 1ts contraction Here, too, aeration of parts of the
lungs previously poorly ventilated oceurs In these cases stagnant
ecretions are prone to collect Improvement of acration of thewe
portions of the lungs results i better dranage of secretions from
the bronchioles leading to them

Observations on a spirogram revealed that the patient’s mud-
position changes to a more expiratory one when his thoray 15
tilted headward from the mtting position (Fig 74) The marhed
relief of dyspnea observed 1n most patients with pulmonary em-
physema 1n that postion was associated with a lowering in the
pulmonary ventilation and a slowing of the pulse rate In the
study of ventilation and blood gas changes by Barach and Beck,
the effects of the bead-down position were compared with the
sithing position The patients were generallv placed at an angle
of 16 to 20° with a pillow placed under the head to prevent flush-
g of the face A special jack was used for thes purpose to hit the
foot of the bed (Fig 7 5) Observation under the fluoro~cope te-
vealed a markedly increased excursion of the diaphragm n this
position as the abdominal wall bulged forward during inspiration
and relaxed backward and headward n expiration This normal
pattern of diaphragmatic motion was restored mn patients who, 1n
the erect position, moved their diaphragms paradovically upward
m 1nspiration and downward 1n exprration A decrease 1 pul-
monary ventilation of 22 per cent was ohserved on tilting from
the sitting to the head-down position This decrease mn mmute
ventilation was accompanied by a shght inerease i artenal ovy gen
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change when the position was changed from the sitting to the
head-down one In a patient who bad a respiratory acidoss a
marked change in pIl from 7 27 to 7.44 occurred when the thorax
was tilted headward (Fig 7.6)

It appeared, then, that, although these patients had assumed a
more expiratory midposition, they were able to maintain or even
incrense their oxygen saturation to a slight degree with a redueed
ventilation without significant CO. retention or acid shiit of the
pH This response may be compared to the early findings of
Barach and later Bickerman and Beek and others i which the
reduced pulmonary ventilation with 100 per cent ovygen was
used as a test i patients with pulmenarv emphysema Marked
improvement i oxyvgen saturation took place bui with retention
of carbon diowide and shift of pl to the acid side. However, with
the thorax tilted headward the visceral impact upon the du-
phragm promoted increased diaphragmatic motion, mproved
seleetive loner lobe and hilar ventilation to the point where hy per-
ventilation was decreased, this result subsequently promoted a
more effective cough and at the same time increased brenchopul-
monary dramnage.

Since the headward tilt of the thoax also counteracts the
adverse effect of the tilt of the trachea, when the patient is lying
on s hack, a further benefit tonard improved bronchial drainape
m emphysematous patients 1z achiesed

Increasing diaphragmatie motion of patients with pulmonary
emphysema during all activities 1s important not only to ohtain
improved aeration of the lung, but also better drainage of the
bronehial tree .\ training program is outlined in Chapter 3 by
Barach. The head-down position has, in our experience, proved to
be the most worthwhile method by which the patient can be made
conserous of diaphragmatic motion Emphasis upen quict respira-
tion was first emphasized by Hofbauer and later by Barach. Since
the head-down position offers an adequate degree of ovygenation
without retention of carbon dioxide at a lowered ventilation, and

wproved drainage, 1t offers an eveellent opportunity to show lf{
A ane

the patient that no dyspnea need occur at even more reduced
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PULMONARY VENTILATION AND BLOOD GAS GHANGES IN
PULMONARY EMPHYSEMA AFTER TILTING INTO
THE HEAD DOWN POSITION
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Tic 76 Improvement of selectsve lower lobe and hilar ventilation due to
mitiation of duphragmatic excursion 1n the head-dow n position i patients with
pulmonary emphysema results m a lowered minate ventilation without signifi-
cant change m arternil oxygen saturation, pCO:, or pH In one pitient with
respiratory acidosis the headwaid talt of the thorax iesulted mn correction of the
aitensal pCO» and pH 10 normal Inereased expectoration of bronchial sec retions
was observed in some cases (Am J Med , 16 53, 1954)
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quiet respiration, and the first step toward teaching of predomi-
nantly diaphragmatie breathing.

THE SUPINE POSITION

Studies by Wade and Gilson 1 normal subjects showed no
marked difference tn diaphragmatic evcursion in the erect or
supne position during quiet breathing.

An analysis of data obtained by Wade during forced maximal
insprration and expiratton led him to the conclusion that normal
subjects are unable to exert voluntary control upon the extent of
diapliragmatic excursion etther in the erect or in the supine posi-
tion He ob~erved, however, that voluntary arrest of thoracic
expansion 1s possible in some subjects In one patient in whom he
measured diaphragmatic movement during quiet respiration the
exeursion mereased from 4 to 5 em when the patient made a
conscious effort to perform predominantly diaphragmatic breath-
mg Most physieians have observed diaphragmatic excursion asa
result of the mfluence of the intra-abdominal pressure changes
due to the position of the viscera relative to the diaphragm as
well as diaphragmatic traning Wade's opinion seems to be based
on the fact that alterations in diaphragmatic excursion may be
explamed on the basis of changes in the vertical position of the
chest during forced respiration To some extent his evplanahon
may account for the findings of “paradonical diaphragmatic”
motion m the emphysematous patient However, m the head-
down position in these patients, Barach and Beek noted that the
weight of the viscera (as well as sandbags) upon the diaphragm
played the major part m the marked ncrease in diaphragmatic
excurson, as observable under the fluoroscope and by a-ray
studies The appearance of Increase in abdominal impimtof."
protrusion and expiratory retraction, during the patient’s quict
resprration 1n the head-down position appear to parallel the extent
of diaphragmatic excursion, these findings are not contradictory
to those of Wade since abdominal protrusion may not be an index
of extent of diaphiagmatic excursion with a marumal dcqm’ fl/
wnsprratory effort m normal subjects Abdominal protru~ion s
nonetheless a sensttive indicator of the presence of diaphragmatic
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motion during quiet and moderate respiration The predomnantly
thoracic motion of the chest during respiration in emphysematous
patients n the ereet position may persist when they are placed in
the suptne position Howeser, 1t was observed by Barach that
trainng m draphragmatic breathing could be facilitated in that
position if a bag weightng 16 to 18 1 were placed upon the lower
abdomen, agam in an attempt to mcrease the mtra-ahdominal
pressure to a pomnt where 1t will push the diaphragm mnto a more
expiratory powtion durmng epiratron and tncrease diaphragmatie
motion for improved lower lobe and hilar ventilation The result-
g improred <clective acration of lung tissue results in better
dranage of hroncluoles from the previously nonaerated portrons
of the lungs However, this improvement 1s of a somewhat lesser
extent than that acleved during the head-down posution

The Ciinry Activaty of the Bronechial Tree

Forcign matter and mucus are propelled toward the mouth by
means of the exhary action of small harlike projections within the
hronehal lumen Ihilding has <hown that a negative pressure of
40 mm of nater 15 created distal to an obstructing foreign body
moting mouthward along the awrways of roosters One eannot
dircount the importance of such an active pall on an object within
the tracheobronchual tree m the ehimmation of mucus in patients
However, this ) 15 often letely abolished in pa~
tients with brenelnal infection, <uch as frequently occurs in pul-
monary emphy~ema and associated chronic bronehtis, and in
patients with broneluectasts, and, therefore, cannot be counted
upon a~ an effective means of eltmination of accumulated <ecre-
tions, although it appears to be of great importance 1n subjects
with antact crhary actvity

Peristattic Aetion of the Tracheobronchial Tree

The presence of a museular coat along the walls of the bronchnal
4ree ~eems 1o mieate that an mtrmwie mechamam exists which
provides for contraction and ditation of that viscus This mecha-
msm must, therefore, be constdered as an important factor m the
pin <tologeal conwideration of elitmination of sceretions Resssetsen
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demonstrated 1n 1822 by direet observation of the musculature
of the bronchial tree that it apparently was arranged in & manner
leadmg to 2 marked change m length and width of the bronelual
tree and concluded that this musculature contributes an active
part in the mspiratery and expiratory movement of the lung
Under bronchoscopic observation, Jackson obseryed the in~pira-
tory lengthening and espiratory shortening of the broneht which
he confirmed roentgenologically. Bullowa and Gottlieb introduced
an opaque medium nto the bronchial tree and observed a bellows-
like action of the trachea and bronchi in anesthetized dogs and
penstaltic motron of the bronchial musculature, which appeared
to them sufficiently great to explain emptying of the broncla
without evoking cihary motion W S Miller’s observation of the
anatomy of the tracheobronehial musculature led to the conclusion
that tracheobronchial changes in diameter are mainly produced
by actrve muscular contraction rather than by passive dilatation
and narrowing of their lumen Hudson’s roentgenographic tracings
of the main stem bronehi and moderately Jarge bronehi, folloning
the nstillation of a radiopaque substance in the tracheobronchial
tree, indicated an active perstaltic contraction and relaxation of
the musculature during nspiration and expiration, having the
effect of cephalad propulsion in the course of eapiration The al-
ternate contraction and dilatation of the bronchial wall appeared
to progress mouthward during the entne evpiratory phase mn &
peristaltic manner He observed that this active expiratory mouth-
ward propulsion of sputum 15 very effective 1 the absence of
secretions in the normal bronchial tree, but duninishes m effec-
tiveness as secretions and foreign material are contained for a
prolonged period of time within the lumen of the bronehi From
these studies they concluded that the muscular mechanism may

be interfered with by prolonged infection or by stasis of secretions
1n the tracheobronchial tree. In bronchiectasis and longstanding

bronehits, the muscular peristaltic action is, however, mmproved.

The peristaltic action 15 the primary mechanism of dmin:t;';c" of

the bronchi and bronchioles Interference with this mechantsn

by mfection, nflammation or destruction of the normal bronehial
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these pressures may be increased over 120 mm mercury. Since
the expiratory muscles are fully contracted during this phase and
since the rectiabdominj are 1n the same phase of rigid contraction,
the intra-abdommnal pressure follows fairly closely the mtra-
thoracie pressure during this phase of coughing. Flow rates up to
12 liters per second were ob~erved at the mouth during the mstant
of openung of the glottts in normal subjects These high expiratory
volume flow rates producing an air speed up to or sometumes
higher than the speed of sound, i.., 732 miles per hour, propel
sputum towards the mouth. When air has entered beyond the
obstructive matenal dunng the inspieatory phase, the sudden
contraction of the bronchi produces a high pressure gradient be-
tween the air trapped behind the plug and that in front of it,
thereby pushing the mueus headward

In patients with pulmonary emphysema in whom the chest
naturally has assumed the maximal inspiratory midposition, even
durning quiet breathing, 1t is difficult to increase chest volume sub-
stantially Therefore, the increase in diameter of the lumen during
the mspiratory phase of their cough over that m the expiratory
position of the patient 1s, by no means, as great as that observed
in normal subjects The natural narrowning of the bronchial lumen
due to bronchospasm and due to the increased alveoh-to-bronchi-
ole pressure gradient only contijbutes to the emphysematous
patients’ mability to increase their bronchtolar drainage during
therr attempts at msprration before the glottis opening phase of
the cough The subsequent premature collapse of the broncht
during the glottis opening phase is the primary difficulty in moving
sputum from the smaller alveol: tow ards the mouth Dayman has
demonstrated m some patients with pulmonary emphysema by
means of high frequency recording equipment that their instan-
taneous peak expiratory volume flow rates at times may be as
Ingh as those achieved by normal subjects during coughing The
duration of the high volume flow rates were, however, of a very
short order, mainly because the total volume of air expelled in
the immediate postglottis opening phase in these patients xiwr)'
amall, as compared to the +olume expelled by the normal subjeets
He concluded from these findings that a premature collapee of
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nol (Isuprel) or racemie epinephrine-atropine mrstures (Djle-
p{mpc) prior to coughing are necesary fo assist them in the
)} ion of their secretions The increased viscosity
of the sputum also nterferes greatly with the ability to raise the
sputum from smaller bronchi towards the mouth because of its
tendency to cling tenaciously to the wall of the broneht m which
1t 1s contamed Because of inadequate pulmonary ventilation and
a decreased amount of arr carried into the lungs of the emphysema-
tous patient dunng inspiration as well as the premature collapse
of the smaller bronchy, there is a marked reduetion in volume flow
rates measured at the mouth during even the most vigorous cotrgh
created by patients with pulmonary emphysema, even though
simultaneous ntrathoracic measurements show markedly m-
creased mtrathoracie pressure Interesting studies conducted by
Dayman revealed that the intrathoracic pressure does not fall
abruptly from its high levels to those of atmosphere, but that
there 1s a gradual decreasing intrathoracic pressure drop to at-
mospheric level The mitial high volume flow rate is produced
by the mitial fast drop of pressure; subsequently a milking action
of the bronchi occurs when the chest is somen hat 1o the expiratory
position, which 1s produced by the narrowing of the bronchial
Iumen and the gradual expulsion of air from the alveoli and small
bronchioles beyond 1t It is this pulking action that has been Leld
responsible for much of the effectiveness of the cough. In conclu-
ston, one cannot overemphasize the mmportance of both the in-
sprratory and expiratory phase of coughing in achieving adequate
eltmnation of foreign substances from the trachecbronchial tree.
Interference with either one of these phases will lead to inade-
quate elimination and total obstruction of the tracheobronehial

lamen
Mechanical Detices Designed to Imprave Etimimation of Secrelions
EXSUFFLATION AND THE MECHANICAL COUGH CHAMBER

The problem of adequately eliminating secretions in p:mcnf‘
with pulmonary emphyrema as well as those with chronic hron-
chutis, bronchicctasis, bronchial asthma amd pulmonary wsuffi-
ceney due to neurological disorders prompted studies by Barach.
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Beck, Bickerman and Seanor to devise means of imitating the
natural cough by mechanical means and thereby permitting more
adequate dramnage of the bronchial tree Because the correlation
of the efficiency of the natural cough n normal subjects wath that
of patients with impaired cough mechanisms showed that a
marked reduction 1n expiratory volume flow rates took place mn
the latter group, 1t appeared that a device designed to inerease
expiratory volume flow rates to the level of those achieved 1n
normal subjects would be helpful Introduchon of air mto the
chest was attained by means of a poutive pressure breathing de-
vice and the rapid expulsion of air ssmulating the glottis opening
phase of the cough by means of a rapid pressure drop from a high
ntrathoracic pressure to the atmosphere or below In imtial ex-
periments, using & standard tank type respirator, the process of
“gxsufflation” was aclneved by means of mspiration produced by
a gradual pressure build-up of an mtratank negative inspiratory
pressure to —~40 mm mercury by means of a vacuum cleaner
motor A large valve was opened up suddenly when this peak
pressure had been attamed permutting the intratank pressure to
nise to that of the atmosphere The natural tecoil of the lung and
the expanded thoracic and diaph tic lature

a sudden expiratory decrease m chest volume, thereby, creating
a Ingh expiratory volume flow rate The pressure drop achieved
1 exsufflation occurred within 0 06 scconds Studies by Bickerman
and associates in dogs showed that the tracheobronclual lumen of
anesthetized dogs during the peak inspiratory pressure of 40 mm

mercury within the tank respirator mcreased 44 1 per cent at the
tracheal level and 852 per cent at the primary bronchial level
over that during normal quiet expiration The maximal mncrease
1n the eross-sectional diameter, observed 1n the smaller bronchi,
averaged 100 per cent It was evtdent that dunng this mspiratory
distention of the bronchial diameter air would be permitted to
bypass any obstruction within the tracheal lumen Since the m-
spiratory flow rates, produced by the gradual merease 1n pressure
to 40 mm mereury within the tank respirator, were of a very
low magmtude at a time when the diameter of the bronehn gradu-

ally ncreased no danger of pushing foreign matter or sputum
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chistal to their location during the inspiratory phase existed. These
studies were conducted roentgenographically following the -
Jection of a thick contrast mediam, r.e., a thorotrast-mucin mrc-
ture within the tracheohronchial tree. A rapid diminution of the
dogs’ chest volume during the drop of pressure from 40 mm
mercury to atmosphere during 0.06 seconds in essufflation pro-
duced the elimination of the contrast medium In normal subjects
appheation of exsuffiation by Barach, and associates, resealed
expiratory volume flow rates approximately 60 per cent of those
recarded m the vigorous cough of narmal subjects. Patients with
poltomyelitis revealed increases of their flow rates of 145 per cent
daring exsufflation and exsufflation comhined with manual com-
pression of the lover thorax

In g parallel development in the production of a mechanical
cough, the patient restded mm a mechanical cough chamber; 3
sudden decompression of 1sth of an atmosphere within a com-
partment mn which the head and neck were enclosed was produced
nith a simult. y 1p arily apphied 1o
the chest wall and abdomen The immobilizing lung pressure
chamber was modtfied to provide a sudden decrease in pressure
in the head-end from 110 mm mercury sbove the atmosphere to
atmospheric pressure in 0 08 seconds, resulting in swift expanson
of gases withm the Jungs A close fitting baffle around the neck
produced an intial pressure m the body compartment 40 mm.
Ingher than i the head-end Studies in animals by Bickerman m?d
associates revealed rapid elimination of thich thorotrast-murin
mixtures from the tracheobronchial tree of animals Subsequent
studies 1 human subjects by Barach and Beck showed good elimi-
nation of secretions by means of this method

EXSUFFLATION WITH NEGATIVE PRESSURE
Essufllation with Negative Pressure (EWN.P.) was subS?-
quently found to be the most effective method for .'xdcqua{e elrmi-
nation of bronchial secretions This technique is an extension and
also a simplificatron of evsufflation as previously desenbed
Gradual mflation of the chest 1s produced by means of a vacuum
blower umt, the positive pressure end of which is connected with
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Fic 784 Fie 78B

Tic 784 LW X P with double howe and filter attachment A mouthpiece
or & mask may be applied to the patient

Fic 78B. Schematie dravg of E W.N P, During the mspiratory phase the
fan (1) blows aur through the vahe (G), the tubing (E) and the bactenal hlter
(C) to the mach (4) which 15 placed over the patient’s face The time of mspira-
tion 15 controlled by the delay switch (M), the pressure b the relef valse (H)
and the yolume delivered to the patient by the butterfiy valve (F) At the pezk
of wnspiration the solenoid (K) rotates the valse (G) so that the fan (1) of the
motor blower umt (8) 15 swiftly connected to the tube (D) which 15 connected
wath the mash (4), throngh the T tube (1), to the patient, producing a pressure
drop of from G0 te 50 mm merctry m 002 scconds The duration of exprration
13 controlled by delay austch (N) The motor and rotattug valve are mdepend-
ently turned on by switches (1) and (), respectively (This model of EW N P,
the Cofflator, 1o manufactured by the O £ Af Corporation, East Norwalk Con-
Teetient )

a mask to the patient A peak pressure of from 20 to 40 mm
mereury 15 used to winflate the patieat, simular to the intratank
pressure inflation of the pattents in exsufllation .\t the instant at
which the peak inspsratory pressure 15 reached, a valve within
the EWNP (Fig 78 suddenly i~ <witched to the negative
pressure side of the vacuum hlower, thereby producing a reversal
of flow 1 the mask and a pressure drop to 40 mm of mercury be-
low the atmo-phere m 002 seconds The negative pressure of 40
mm, mercury below the atmosphere then is maintamed for a
period of 15 to 2 <econds The duration of the in<prratory phase
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PRESSURE CHANGES IN RESPIRATOR (A) TANK (B) DOME

:::i o;’ .l.mplmﬂon End of Explration End of Iaplration
sure  Breathing Tenk Pressurs  Bresthing Dome or Mask Preseurs
1] and Dome or Mask Prazsure Breathing
Breathing ®)
QA and B)

760

760

760-740-20

[780- 760- 20
Lung nttating Lung tofling

Fie 79 The effect of application of negative pressure around the chest of a
patient whase body 19 cantatned within a tank respirator is swulze to positire
pressure applied at the head by means of a dome or mash provided the mean
pressure and shape of the pressure curve are the sxme In this hypothetical 1n-
stance the lung inflating pressure 1s 20 mm mercury, whether the iptra-tank
pressure s lonered to 20 mm below the atmosphere, or the mntra-dome pressure
15 tarsed to 20 mm mercury above the atmosphere. A mmor difference 15 that
when sypra-atmospheric pressure 15 applied with 2 mask, air density 18 higher
than when negative pressure 1s apphed around the body. (Am J. Med Sex, 278

169, 1952 )

is from 2 to 2 5 seconds depending upen the volume of the patient’s
chest Smnce the observations of Maloney and Whittenberger and
those of Beck, Barach and Seanor were made, 1t has become evi-
dent that the inspiratory phase, as obtained by a negative intra-
tank pressure during evsufflation was simlar 1n 1ts cardiovascular
and respiratory volume effects to the inspiratory positive mask
pressure produced by E W N P Howcver, the rapid pressure drop
from 48 mm ahove atmosphere to 40 mm. below atmosphere, 2
total of 80 mm mercury, 1 002 seconds achieved with evsuffiz-
tion with negative pressure produced volume flow rates which
were as great as those achieved during normal subjects’ most
1gorous natural coughs when measured at the mouth. In patients
with bronchop v cisense, including pul -y emphy-
sema, bronchial asthma and bronchiectasis, as well as patients
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[ ‘ ’ f
e |
| |

NATURAL COUGH E.W.NP.
Fi6 710 The peak expirators volume fow rate of a patient with pubonary
emphysems during E W N P was 9230 cc jsec as compared to that of 5860
ec /sec durtog his own natural cough

with respirators insufficiency due to chronie spinal poliomyelitts,
an incresse 1 expiratory volume flow rates often twice that,
produced during their own most vigorous natural coughs, was ob-
served by Barach, Beck and Smuth (Fig 7 10) In studies con-
ducted on anesthetized dogs, thorotrast-mucin mixtures were
chnunated withn one hour from the tracheobroncinal tree,
foreign bodies placed within the lungs of dogs for a perted of three
days were chmmated shortly following the apphcation of
EWNP

The intramask pressure changes oceurnng durmg EWN P
are of a completely different configuration from those obtamed
by all other devices used for the treatment of pulmonary emphy-
sema EW NP 1~ primanty a poutive-negative pressure breath-
g apparatus, the outstanding feature of winch 1v the prewsure
drop from the peak mnspiratory to the expiratory phase in 002
seconds Although it has been clamed that intermittent positive
pressure breathing devices have  rapud espiratory pressure drop
wineh has a plivacal effeet on expalsion of sputum, the magmitude
and swiftness of the fall within the mask 1a no wfance approached
that observed with EW N P (Ing 7 11) In our expericnee they
have httle value as an aid to eltmination of secrettons by ply sieal
means

The acluesement of high expuratory volume flow rates during
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Fra.7 11 Thn shepe of !hc mavh pressure eurse is illustrated for vanous types
of breathing devices end for exsuftlation
with negatrve nrc:sum In the use o! EW.N.P the rlum tion of the expirntory pres-
sure drop 19 0 02 seconds as compared to 1 second or more with the LILP.B appa-
ratus The mean pressure over a complete respiratory cycle in the subject tested
was 2 5 for the Pneumolator, 7 2 with the Bennett, 5 1 for the Halliburton used
with spontancous respiration, 6 7 when used ss automatie resuscitation and =69
mm Hg with I W.N.P The low negatise mean pressure with LW N P, as due
to a 2-sccond exposure to —40 mm g When the expratory eycle 15 reduced
. I [ . el il

b

g pressure duc to the abrupt cessition of pressure duning expiration and the
duration of the negatve pressure selected. (Am J. Surg, 89: 372, 19353)
200
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: (N‘TRAGASTRIG PRESSURE GURVES

onds.
EWNP NATURAL COUGH
e 713 The intragastrie pressure reflecting the intra-abdominal presstre,

14 considerably lower duning W N P thin that produced by the patient’s own
cough Tt 1< anly shighth higher than that produced dunng bs persentilation

be enlisted m using the device In the abence of the patient’s
cooperation the procedure fails it purpose to asist the expul-
ston of ~ecretions The esprratory velume flow rates of patients
mywhom B W N P 15 used successfully are relatinely Ingh, whereas
it 15 only the same psn their natural ecough m those who cannot
cooperate The patient 1 ashed to relax completely duning the
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EXPIRATORY FLOW RATES WITH EWNp AT VARIOUS

PRESSURES Jmyg
. +20,-40
Mask Pressures £3430,-40

(mm Hg) 2z +49,-40
30- \
20+
1o~

Tidal Volume

6000~
5600-
5200%

= 0

Maximum E:m‘mory Flow Rates
n

10,000 >
9000-

{Iv SEC)

Fia 714 Peak expratory volume flow rates dunng L W,N P, measured at
the mouth, are increased as the total pressure drop from the mavimum poutie
mspiratory to the mavmum negatn e expuatory pressure i increased The tdal
volumes moved during the expiratory phase in normal subjects increase propor-

tionally to the pressure drop.
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INCREASE IN EXPIRATORY FLOW RATE  wiTH |
EWNP AFTER INHALATIONS OF  VAPONEFRIN IN '
PATIENTS  WITH PULMONARY EMPHYSEMA  AND
BRONCHIAL  ASTHMA

BEFORE AFTER
VAPONEFRIN VAPONEFRIN

EMPHYSEMA :

ASTHMA

5,865¢cc/sec 6,510cc/sec.

Fig 715 The admimstration of bronchodilator zerosols before the use of
EW NP results 1 higher mechameally mduced peak expiratory volume I::J“
rates and impros ed elimination of secretions m patients with plxlmnnnr_;' cmpqy:
sema and bronchial asthma, with produyetive ehronic bronchitss or bronchiectas

cedure 1s accompanied by the elimination (?[ plugs of n:u;n]‘mdi
ulent and, in longstanding ateleetasis, frequently :ao:l
tmgezi plugs of secretrons Relref of dys‘p.nca, <y an}:ms, fcxl'lir an
disappearance of signs of mediastmal shift may then oce -
Since large volumes of air are mo\'c.(l d.urmg each ngsplrl l;l
cycle of EW N P., signs of hyperventilation such acvtvln;:l:[;m_
the extrermties and dizziness, should be watched for,_I-‘nir'c.ty;m‘.e
tory eycles in most nstances are not acc?m].mmle;d’ m)cam g
syx;xptoms The ability to induce hyperventilation by
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EW.XN P, however, is very weful in the treatment of patients
with pulmenary emphysema, who have progressed mto respira-
tory acidosis tlowered pll, Ingh pCO;y) due to 1entilatory depres-
ston by undue use of sedation, lugh concentrattons of oxygen m
the inhaled arr, hroncho-alveolar 1nfection or cardiac meufficiency
{~e¢ Chapter 14 by Chernsack)

Wilhams and Holaday. i patients immediately followng ab-
dominal operations, were able to demonstrate a transent marked
lowering of the arterial pCO., at times an increase m artersal
pO:, and a nse of the pH toward a more alkaline side duning
EWWNP therapy, i patients with frank respiratory acido~is

Althought the use of the tank type respirator and vanou~ ma<k
postive-pressure breathing devices have beet desertbed to relieve
resprratory acidosis m emphy <cmatous  patients, exsufflation,
using a 40 mm negative {anh presaure dunng mepivation, wlich
1s suddenly dropped to atmosphere by means of a valve attached
to the side of the respirator has been desenibed as more effective
by Cherniack Both EW N P and cvsufflation. when used 1n
patients with bronchopulmonary cisease with respratory acdoss
hare, of course, the advantage of increa~ing markedly the elimina-
tion of secretions at the ~ame time

Expiratory Compression of the Lower Thorax
ard Bronthal Dramnage

Barach in Chapter 3 on restoration of diapltragmatie breathmg
deseribes o maneceuver of nternuttently comprewing the lower
rhs and elevating the daphragm, while the patient performs an
expiration through pursed lips The amount of revidual arr trapped
10 the overdistended alveoll may be reduced thereby and the e
piratory reserse arr and the total sital capacity mereased by thas
procedure conwderably  Expiratory lower thoracte compression
and clevation of the diaphragm results al-o 1 the expulvon of
sputam with much greater ease than dunng the patients’ own
natural eoughs The prewsure apphed esternally {o the fower chest
and diaphragm m <hort ancd swift strokes dunng expiration, m
some ways imitates the parexy<mal contraction of the thoracie
and diaphragmatic musculature durmg the patient's own cough
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or the negative pressure phase in the mask of EW.N P. Ths
manoeuver is helpful m the patient’s elmination of secretions
when applied during the patient’s slow quiet expiration against
pursed Lips and, also, immediately prior to the glottis opeaing
phase of his own cough It is carried out after inhalation of bron-
chodilator aero<ols

Pueumoperttoneum as ¢ Means of Increasing Bronchal
Drainage by Improving Ventilation

The 1deal method of obtaining impraved ventifation and drain-
age w patients with pulmonary emphysema is one which pernuts
the placement of the patient’s chest and diaphragm into a more
expiratory position therchy increasing diaphragmatic excursion.
Pneumoperitoneum, a method wiich enables the patient to carry
on tlus type of ventilation while 1 the upright position would
seem therefore of marked therapeutic value. In 1924, Reich intro-
duced pneumoperitoneum for the purpose of elevating the dia-
phragm m the treatment of pulmonary emphysema He ob<ersed
that the administration of from 300 to 500 ce of air intraperitone-
ally provided marked symptomatic relief in this diseasc with diap-
pearance of dyspnea and cyanosis, improvement of complicating
bronehitts and reduction of attacks of bronchospasm because of
mereased bronchial drainage A generalized marked improvement
of Ius patients was noted subjectively and objectively He studicd
the effcet of ¥ oneum on diaph tic motion roent-
genogeaphueally (orthodiagraphy) and found that inereases jn
diaphragmatic range of from 1 to 6 5 em of the right dl:ﬂphmg‘m

aphragm occurred from 1 to 4 5 em on the nght and s1ou v w
35 cm on the left He was able to correlate the improvement of
diaphragmatic excursion with the degree of elevation of the leaves
to a more expiratory posttton He observed that preumopento-
neum affected the nght hemidiaphragm to a greater extent than
the left s pulmonary funetion studies reveal an merease ™
tidal air of from 15 to 25 per cent as 4 consequence of pneumo-
pentoneum An Increase In OXygen saturation of the eapillary
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blood of from 7 to 8 per cent occurred during pneumoperitonecum
treatment,

Piaggio Blanco and his associates advocated the repeated ad-
mmstration of large amounts of oxygen, 2,000 ce with each refill,
and noted in therr <cries an improvement 1n the effectiveness of
coughing and ease of expeetoration, increase mn vital eapacity and
mmprovement 1n subjeetive feehng of the patient Gaensler and
Carter induced peritoneum by the administration of from
300 to 1,000 cc of air and studied the standard pulmonary func-
tion tests before, duning and after treatment by pneumopertto-
neum Therr findings were as follows a defimte merease m tital
capacity oceurred in the majonty of the patients studied, with a
mean per cent increase of the predicted vital eapaaity from 59 2
to 69 5 per cent, with values rangmng from 54 to 87 per cent of
the predicted The tidal air did not appear to be sigmficantly
changed after treatment The expiratory reserve amr was greatly
reduced before treatment n all patients and was not changed by
the treatment, a 24 per cent merease over the control value
mspiratory reserve was observed duting pneumoperttoneum The
resiual air over total eapaeity ratio which varted hefore treat-
ment from 45 1 to 71 8 per cent was dramatically reduced by pneu-
moperitoneum from a mean of 53 per cent to 45 8 per eent durning
pneumopentoneum The mavimum breathing capaety shoned a
marked change following pneumoperitoneum Although the value
was only 33 2 per cent of predicted 1n the group before pneumo-
pentoneum, 1t nereased to 43 per cent of the normal predicted
value during administration of pneumopenitoncum .\ test of venti-
latton duning walking at a required rate <howed a marked improve-
ment subjectinely and a decrease i walking ventilation 1 one-
hall of the patients while 1t remamed unchanged in the others
during pneumoperntoneum administration

It appeared from their studies as if an merease in efficlency of
alveolar miving with a decreased tendency to hyperventilation
may have occurred Studies of oy gen ~aturation in three patients
revealed no ehange i ovvgen <aturation mn one patient and ~light
to moderate mcerease i ovygen saturation mn the other two Al
though no inerease 1 oxsgen saturation occurred in one patient
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after exercice, the other two patients revealed markedly improved
satwation, when walking, after pneumoperitoneum had been ad-
ministered Two patients revealed a decrease in artesial carbon
dioxide tension and one of these showed a marked decrease in
carbon dioxade tension after exercise when Ppneumoperitoneum
was administered Comparison of these physiologie data and clim-
cal changes confirmed the original studies by Rexch of a high de-
gree of correlation between clinteal improvement and laboratory
evidence of improved pulmonary function, Kory and his associ-
ates, in an extensive study of the pulmonary funetion changes
and cardiovascular eflects of itoneum 1 pul, y
emphysema, also demonstrated increased diaphragmatic excur-
sion following the pracedure, the degree of which, however, they
could not correlate with chnieal improvement. Whenever such
provement ocettred &n 1 inspitatory eapacity, reduc
tion in total eapacity, restdual air and RA /TC ratio was observed,
confirming the findings of Gaensler. Similarly, an inerease in
arterial oxygen satwiation and decrease in carbon dionide re-
tention occurred In one patient in whom cor pulmonale and
marked pulmonary hypertension panied severe pul Y
emphysema, a considerable decrease in pul v artery pressure
accompanied the improvement m blood gases following pretmo-
penitoneum A uniform decrease mn cardiac output occurred in
the emphysematous patients following the procedure.
Observations by Beck, Eastlake and Barach on the changes i
venous pressure «uring pneumoperitoneum therapy in pulmonal:y
emphysema revealed a marked conastent fall or no change in
venous pressure in those patients who derived excellent be‘ncm»
from pueumoperitoneum In three patients in whom a mie m
venous pressure during the admunistration of pneumoperitoneum
was observed, the procedure had to be discontinued hecause of
yespiratory embarrassment. Figure 7 16 demonstrates the \cnon;
pressure changes in two patients, one of whom )md‘a poor chmcn‘
response to 1 ntoneum with an increase in the venqu:
pressure, 1n the other a fall in venous pressure occ.urred eoncomit-
antly with elinical improvement Figure 7 17 demct’s the chm.);:t‘?
in venous pressure occurring during the administration of various
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VENOUS PRESSURE CHANGES DURING PNEUMOPERITONEUM
IN TWO PATIENTS WITH EMPHYSEMA
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¥ia 716 In the patient 1 whom o progressive fsll 1 venous pressure fol-
lowed mtroduetion of air into the pentoneat tavity, ehinteal inprovement was
orspicuous In the other patient a rme m venous pressure took place, which
ndicated that the amount of air mtrotuced w43 not accompaned by inereased

hiphragmatic motion and, therefore did not relieve dyspne (Dis Chest, 22:
130, 1952 )



F1e 718 The mtraperitoneal mtroduction of awr favorably alters diphrag-
matic function, t e, mncreased epiratory ascent, subsequent improved contrac-
tion and increased total evcursion In a patient with pulmoenary emphysema
gelective hilar and low er lobe ventilation improved bronchial drainage by mereas-

ng the effectiveness of coughing
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mo=pheric level The observation of the fall in yenous pressure
durmg pmenmoperitoncum parallels the findings of Alexander
durmng the application of an abdenunal belt

It appeass as if the decrease 1n venous pressure, refleeting the
decrease i ntrapleural pressure, 15 a good indication of the of-
fectineness of pocumoperttoneum in patients with pulmonary
emphysema It seems to indicate a better degree of retractalnhity
of the lungs produced by the elevation of the diaphragm to a
more expiratory powiron

In patients in whom the venous pressure hecomes elevated
{followang the admunstration of air into the ahdommal easitv,
the degree of diaphragmatic motion appears to he madequate,
either due to atroplie changes m the diaphragm, inadequate
retractability of the lngs, or adequate diaphragmatie traming
or a combination of these factors It 13 concenvable that this de-
crease (n retractatibity of the lungs 15 accompanted by a rse m
yenons pressure amilar to that obcerved by Barach, Martin and
Fehman during poative pressure breathing, with a deerease
return of Dlood to the mxht heart and a <lowed eiretlation time
‘This would result 1 a stagnant type of anowa and contrihute to
dvapnea and interference with proper elimmation of secrettons.
1t wax also observed that in patients m right ventricular insuffi
eieney, a fe in venous prestre would oceur when pneumoperito-
nenm was adminstered This may be m part a result of the m.
ablits to empty the night ventricle under the<e conditions of
mereased ntrapulmonary pressure Gallanders sumilarhyv ob~erved
that no rise m venous presstre would oceur i patients aith un-
complicated cmpbysema when manual presure was apphed to
the abdomen, whereas a marked rve appearedd when the patients
with empliysema were tn nght-ided heart fadure The advere
effects of [ PP B 1 these cases are commented upon in Chapter
10 by Mller, Fouler snd Helmbholtz

Preumopentoneum, sumiar to the application of a beht to the
tower abdomen, will be only as effeetnve in mereasing the selective
ventilation of othervise poorly ventlated areas of the hungs and
accompli-ling their proper dramnage as ity capacity to improve
dapheagmatic motion: therefore, 1t appear~ of great smportance
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that patients 1n whom pncumoperitoneum is administered should
he well trained in ncreasing their range of draphragmatic eveur-
ston From our observations as well as those of Banyai and Reich,
one must conclude that, in the treatment of pulmonary emphy-
rema, the amount of air introduced into the abdomiral cavity
must be kept at a much loner volume that one nould ordmnarily
use n the treatment of pulmonary tubereulosis

Observations hy Gaensler of the effect of pneumoperitoneur
in patients wath respiratory acidosis in lowering the carbon diovide
tension of the arterial blood and raising the pH as well as marked
symptomatic improvement of these patients from the cltecal
effects of their respiratory acidosis scem to be a clue to the pres-
ence of mmproved selective hilar lower lobe ventilation, simser
to that ob-crved 1n the studies of Barach and Beck of the head-
down postion mn the presence of respiratory acidosi

A full deseription of the technique of perit may
be found in the book by Banyai. The administration of pneumo-
peritoneum 1n our laboratory is usually performed by means of
the Tycos pneumoperitoneum apparatus A number 19 needle is
nserted 1nto an area previously anesthetized with novocaine over
the left midportion of the abdomen, avoicing any tympanic areas
or ahdomnal scars. Using imtially a syringe, 2 test for re<istance
to introduction of air is made by pushing the plunger in shghtly
and observing its rebound The entrance of the abdominal cavity
18 noted when the plunger can be freely lowered mn the syringe
Duning the wtroduction of the needle through the abdonmnat
wall, shight suction 1s applied mtermittently to determine xf'thc
needle has entered a blood vessel After the needle is inserted into
the pentoneal cavity, air is gradually introduced by means of
the Tycos apparatus until the desired amount for elevntw_n of
the diaphragm to a more expmatory, but not to the ma'flmal
expiratory position, 1s achieved Not mfrequently, right-sided,
and sometimes, left-sided shoulder pain occurs d}mﬂg that pro-
cedure This pan gradually subsides after contmged preumo-
peritoneum therapy On this regimen, reintroduction of air i
asually necessary 1n from 7 to 10 days It has been observed 1:’:(;
when pneumoperitoneum therapy 1s carried on over a prolosg







Chapter &
AEROSOL THERAPY IN THE MANAGEMENT OF
BRONCHOPULMONARY INFECTION, INCLUDING
USE OF EXSUFFLATION

EDWIN RAYNER LEVINE, MD

It 1~ perhaps not an exaggeration to say that bronchial or, more
properly, bronchopulmonary mfection, is present in almost every
case of emphysema This may be said even though many of the
customary criferia of mfection are Jacking. The blood count, sedi-
mentation rate and temperature may all be normal and the pro-
ductive cough, generally associated with hronchitis, may be en-
tirely absent But there are times when the temperature is elevated
and the blood preture 15> that of mfection A constant anid spas-
modic cough 1s present although expectoration is difficult. Au<cul-
tation reveals, however, that secretions ate present in the lungs.

The acute episodes are so dramatie that 1t is generally smd that
emphysema 1> marked by recurrent hronchial infection A more
accurate statement 1s that bronchopulmonary infection goes
through stages of acute exacerbation and remission, but that it
In present as a part of the overall syndrome. This infection had
much greater signtficance than 1ts tonicity, whatever that may
e, would indicate By its very precence, certain physiologic
changes oceur witteh interfere with basic functions of the eardio-
respiratory system

The first and most obvious of these is the smparment of the
atrway by seeretions and by edema of the mucosal wall The ob-
struction may be partial or complete, and its duration bears a
very direct relationship to the viscosity and volume of the muco-
purulent matenal The size and location of the particular bron-
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chual tube is another determinant of the degree of abstruction,
sntee mucosat edema of a small tube will occupy more of the lumen
and less secretion is required to Gl it completely The current of
an passmg through 2 ~mall bronchus or bronchiolus 15 hkewise
mapute and, m the emphysematous patient, 1s at times abeent or
nearly <o This may and does result m retention of <ecrction m
the ~mall bronthr and bronchiols for long pertods and creates the
preture of progresanely mercasing obstruction of thewe small mr-
nays

A ~econd whick occurs Iy and adds to
1he retention of seeretion 1s hronchospasm, oeetrnng as a result
of enstant irmtation and overcontraction of the bronchiet mus-
eitature on expiration Such contractians have been shown to be
wregular i pature producing Jocahized eonstrictions as well as
generalized narronmg of bronchr In fact both tapes of bronecho-
tonstnietion mav oeeur side by stde m the same indnadual The
result of exther 1s retention and a fasture of expulsive mechanisms
A secondary result v that uel fropehospasm may continue
thsough mepration as well adding further of <enous mterference
to the pateney of the airway

Both mternal obstruction and constriction of the lranchs nter-
fere with the expansion and contraction of the lung it<elf, reflected
not onhv m the mavements of the chest but m the excursion of
the diapbragni Smee the lung does not retraet as fully av nor-
mally the diaphragm eannot rse 1o its testing position Thus,
when anepiration hegias the diaphragm s fower with g <maller
downnard eveursion The may progress to the pamt where the
draphragm s fived 10 the depresced position

\ thard ~stuation s preseat wheeh affeets both ventdation and
the elastseaty of the lung parenchyma, namely, the presence of
mfeetion mthe lung as well aw i the bronehi. The alveoli mny
become imobarl by diroet evtenvion donn the tumen of the
broneht The parendhyma becomes wfected to a geeater etent
tn cextension through the walls of bronceluoli to the mteralycolar
spares whieh are eontighous The fatter type of mfiltration 1 the
mire scrrots hecause it 5 more ditficult to detect, haeder to el
mave and heeanse ot werease the rgdity of the parenchy mal

1 §
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structure The resultant loss of elasticity diminishes both the
volume and the velocity of air passing through the bronehi of the
region with impairment of the mechantms responsible for elimi-
nation of seeretion that may be present.

Accompanymg this complex picture is cough, aliways trouble-
some and spasmodic in nature, frequently causmg more damage
and interference than the imperfect benefit it provides of partial
bronehial clearing The conditions previously discussed operate
to impair the efficiency of cough as & mechanism for expulsion of
bronchial contents Edematous mucosa, bronchospasm and the
seeretion itself obstruct the airway while the diminution in hing
elasticity so drmmishes the flow of air that even in apparently
vigorous cough, the velocity of the air current is relatively slow,
espeeally in the small broneln where much of the obstruction
situated

The result is that in the patient with emphyema there is not
only bronchopulmonary infection, hut retention of secretion deep
in the bronchial tree Because of the nature of emphysema and
the physiologte mechamsms whieh are set up, secretion is retained
whether or not the patient coughs and whether or not the cough
appears productive

Treatment of this mfection follows the principles of manage-
ment of mfection and bronchodilatation w hich have been discussed
in previous chapters of this volume. In many cases, because of
the duration and chronicity of the condition, 1t is necessary 10
use the dwect approach of combined aerosol therapy and exsuffia-
tion with negative pressure

Aerosol therapy accomplishes certain definite ends Tt 1s an
sdeal method of adimmstering bronchodilator drugs when rapid
improvement 15 desired, often an essential part of treatmeat. I2
addition, aerosols furnish a velucle and a technique for.(opxml
application of antimicrobial materials directly to the mfec(efl
mucosa of the involved bronclu The third beneficial effcet =
related to the material of the aerosol itself, which being mtmfluccd
into the tracheobronchial tree as airhorne particles, remains 0
add liquud to the bronchiial secretions and enables them to be more

easily eltminated
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The pathologic changes n emphysema, both anatomic and

phy s10logic, make the use of an aerosol a logical approach to the
1 hopul y nfeetion 1n this condition As

m all chronxc mﬂammmnom the actual blood supply to the in-
fected area 15 dimmmshed This, again, 12 demonstrated by the
frequent absence of signs of infection 1n the blood preture and the
normal level of ure Cons 1y, esp 11y 1n the chim-
cally quescent stage, antimicrobial drugs carried by the blood
stream may have little effect unless the orgarusms in question are
particularly sensitive to the drug used

When antimerohat drugs are admmstered by acrosol there is
an opportunity for the medication to reach all areas that are
reached by air The droplets settle on the mucosa to inhibit the
further growth of hactena present, and probably actually destroy
the sensitive strains

It 1s true that the infection 1~ not only piesent on the surface,
but alse euists in the submucosal regions, which are 1 part ulti~
mately reached by local absorption and by the blood concentra-
tion achieved by alveolar ab=orption As demonstrated by Barach,
Olsen, Segal, Levine and other, and as borne out m the actual
experience of many workers, this tvpe of treatment 1s very effee-
tive 1n this type of mfection

The vmph and blood channels of the bronehu are to some ex-
tent 1solated from the areas of chronte inflammation which dran
nto the bronehal lumen As the aerosol destroys the actrvity
and eventually the bacteria on the mucosal surface. the batance
wineh has been established 1s destroyed There 1s less irntation
and iflammation of the mucora, permutting a more normal linng
With less infection the body defenses regain an advantage needed
to It ton In broneh pie studies made on sueh
p-mem% the mtial pieture 15 of reddened, inflamed mucosa
throughout the entire field .After four wecks of acrosol therapy,
the mucous membrane appears grossly normal with wolated
reddencd, inflammatory areas wluch later disappear It would
seem that the clearing of the hronchial mfeetion is not a umform
process, but proceeds locally wherever the infection is reduced

The trachea and major bronchi recenve niwost of the acrowol




\\'he{\ large sized particles are produced However, with an average
particle size of 25 » (Vaponefrin nebulizer) and 3 0 #, (No. 40,
Vilns), deposition on the smaller bronchi takes place, with cor-
respondingly Ingh sputum levels. as seen in Chapter 6 by Bicker-
man It follows also that those portions of the hing which receive
most of the ventilatory air current will receive most of the aerosol
In the patient with emphysema, since ventilation is irregular m
distribution, the actual amount of the aerosol which reaches the
discased smaller bronehi is variable For tins reason, the aerosol
must be sufficent in potency, frequency and must be continued
for a sufficiently long time to accompfish its purpose
Penrcillin is the best antimucrobial drug for general use. As in
other chrome bronclnal infections, 1t should be used in solution
contamng 50,000 units per e¢ One or two ¢ or more of the solu-
tion may be employed 1n a single treatment. Although all ergan-
1<ms found 1n the bronehi are not sensitive to penicillin, 1t has
heen found that most of the hacteria actually causing trouble are
pentellin sensitive The remainder are generally of low patho-
gematy and frequently are not responsible for any of the changes
mentioned above
In exceptional cases, in which gram negative or otber penicitlin
resistant organisms are present, the addition of 100 mg. of strepto-
mycin per ¢c to the peniciihn solution is an effective means of
controlling the infection
Whether water or normal saline is used as the solvent seems
immatenal since there 1s no noticeable difterence when using exther
one If the patient 15 sensitive to penicillin, as an increasing num-
bher of peaple scem to be, other antimicrobial drugs ean be used
Polvmyxin and tyrothricin are sometimes effective, but have a
rather himited scope and may be troublesome in long term ad-
ministration Most of the broad spectrum antibiotics are rather
. [t Ve T tloee T hava howarer found Erythro-
iminating
-effective

when staphylocoeet are an important part of the pronchial flora

One of the objections to aerosol therapy is the arntation of the
mouth, tongue and pharynx which is so often reported follosing
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it use, If careful attention is pard to technique, this complication
may be avoided i all but a very small percentage of cases

Techmque becomes more ymportant in treating the patient with
emphysema beeause the infection to be treated 15 deep in the
~matl branehi and broncluoli rather than w the trachea and large
Dranelu a« 15 the case in brouchitis wn otherwise normal individuals

The nebulizer rust be capable of deliveriag an aerosol 1 which
30 per cent or mare of the particles will have a drameter of ap-
proumately 25 u This 15 umportant to ensure the delivery of
thewr particles as far mto the bronchial tree as the inspired air
wtll travel The small «ized apparatus made to hold a few ce 1~
preferable to those of larger size Whether or not there 1s an open-
ing n the body of the nebulizer 1s ummportant There 14 netther
virtue nor danger m the use of ovygen in this technique, »o
whichever <ource of gas under pressure 1+ most easily available
should be used .\ Y-tube is often used so that a patient, placmg
s thumh over the open end of the Y at the begnning of inspira-
tion, may «tart the aero~ol At the beginning of expiration or dur-
g cough, he removes his hager thus ending aerosohzation and
~aving olution

‘This i~ effective when the coordmation of patients 1< sufficiently
good and their time reaction rapd 1t has been found 1n actual
practice, especially with older patients, that <uch exact coordina-
tion is rareh present Furthermore, 1n emphysematous patients,
wspiratony time, durmg whieh the acrosal 18 to be delivered, 1s
quite ~hort ranging fram g to 3, second, and epiration takes
wach longer With an average tume reaction of 0 75 seconds and
with muscular confuston swhich frequently occurs, the majorttt
of patients lose from 1, to the entire time of nsprratron before
they place therr thumis on the Y-tubes The beginning of mspira-
tron, the air that will penetrate deepest into the lung, 1< lost
and the value of the acrosol considerably dimnr-hed

Tt ~cems an the emphvsematous patient at least, that it 1«
hetter to cimunate the Y Aube despite the obvious waste during
evprration The mouth and the pharymy will be full of acro~ol at
the begimiong of msptration anid perhaps deln er more to the small
bronetn thn would oceur othernre
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If the nebulizer alone 15 used, 1t should be held just at the hps
of the open mouth or shghtly away from it. The lips should not be
closedd over the barrel of the apparatus because this interferes
with decp mspiration and tends to encourage precipitation of the
solutron in the mouth and on the pharyngeal walls, There are,
however, spectal apparatuses which aid in maintaming a high
concentration of aerosol in the respiratory tract.

The most important of these are the nehulizer attached to 2 tube
with a rebreathing bag desesibed by Barach; the nebulizer inserted
mto o face mask and used with o demand valve (Barach), nebu-
lizer with the face tent (Segal), and that assoctated with I P.P B
Anvyone of these apparatuses and techniques, properly used, are
effective from the simple nebulizer alone down to the IP.P.B.
machme, The highest concentration of nebuhzed particles is
maintained mn the tracheobronchial tree when the rebreathing
apparatus of Barach is used

In most eases, bronchodilation should be used as well as the
antibrotic material This 15 more effective if it precedes the anti-
iotic aerosol by 10 to 20 minutes than if both are mixed and
used as one aerosol The flow should be regulated so that it takes
about 8 munutes to nebulize 1 ce of solution. A more rapid flow
1 wasteful The patient should be instructed to breathe easly
and to mhale as deeply as possible on each fourth or fifth nspira-
tion This will avord the fatigue commonly eaused by the attempt
to overbreathe When the solution lias been used up, the same
nebulizer should be filled with 2 to 3 cc. normal saline and this
aerosol should now be wnhaled. This will remove any of the .nnfl-
biotie which has been deposited in the nebulizer and alco aid in
washing down any excess depostt in the Jaryns and traches and
also add more hqud to the bronchial contents. Following ths,
the mouth should be well washed out and the patient should drink
a glass of some hrquid mn order to wash the back of the topgue and
pharyny .

This attention to detail may seem troublesome, but it is peccs-
sary to ensure the efficacy of the treatment and to avoid jmta-
tion of the mouth and pbaryms This aerosol therapy, Yo be tfiee-
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tive, must be eontinued for a long period and is thus more lable
to complieation

The munimum period of therapy should be six weeks During
tits time, the patient should take three treatments a day In
many cases, 1t 1» desirable to continue treatment for a longer
period changing the frequency to twice or even once 2 day

The antibiotie aerosol is always a hquid The various micro-
powders of antimicrobial drugs that may be mbhaled as a dust
have heen found to be more wnitating than efficacious In addi-
tron, adding hquud to the bronchial contents helps m eliminating
thrs matenal and, by furmishing 2 Ingh humdity m the wmspired
gas, ts soothing to anarntated mucosa

Aerosol therapy can also accomplish hquefaction of bronelual
contents ar the addition of Hqud as a vehicle in which the thicker
mucus may be carried up to the trachea and expectorated

Normal saline in adequate amounts sill frequently be an ef-
fectrve substance Where the matenal is particularly viscous,
irritating and produemg bronchospasm, detergent acrosol may
merease the penetration of the hiqud into the mueu- Alevaire
{Milter) hias been used and more recently a detergent -olutton
contmming K1 (Levine) When the mueus s Yiquid, 1ts viscouty
mav he dimmshed by acro-ol therapy  However, if the mucus
s become mspessated or is rubbery mn conastenes ., 1t does not
become hiquid even when placed 1 a detergent ~olution overnight
It 15 thus unreasonable to expect that the inhalation of an acero-ol
of such a detergent will hquefy this type of mueus

The effeet of the acrosol here ~ to work the mucus loae from
the bronchial mucosa, make 1t easter to move it up along the
bronelual tree and eventually gt it into a position where st can
be coughed up, stilin a relatinely <ol form

Thes tape of acrosol mav be admunistered by any of the ap-
paratuses previously mentioned, using 3 to 3 ce for each treat-
ment One can al-a u-e the Jarger tape of nebulizer which pro-
duces o thicker *<mohe ™ With these, the treatment period is 14
hour 4 tumes a day

Thes mas be covabweed with, antuwoserabual therapy , s presi-
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ously mentioned When this 15 done, it is better to uce the anti-
microbial drug in the manner deserthed and to use the larger
volume of liquid as aerosol at another time, not less than an hour
later. When antimicrobials ate wsed, setention is important When
hiquefaction 1s sought, the result 15 generally rapid expectoration

Another method of hquefaction of secretion is by enzyme aero-
fols These are undoubtedly effective, but complications of 5
feriots nature are so hikely to oceur that it 15 best to uce other,
safer methods which are available for bronebial drainage.

The major reason for treating bronchopulmonary infection is
to wmprove ventilation of the lung, since the infection in the
majority of cases eauses no toxicity and is not a problem of itcelf
Bronchial drawage and a clear airway is therefore the goal As
the infection 15 controlled and the secretion made more ltquid,
the patient will cough more and enpeetarate o large volume of
sputym

1t is, however, necessary to remember that this cough is very
meffictent regardless of how productive it appears. Freql{ﬂnfll
the patient 15 expectorating only that material formed fugh in {he
bronchial tree leaving material 1n the small bronehi and bronchiolt
to remain where it 1s This latter area may not be affected to any
great extent by aerosal therapy 1f partial or complete obstm{tlon
stops the continung air current which eatries the nebulized
particles. Consequently, although aerosol therapy may be neces-
sary for adequate bronclnal drainage, adequate bronchial drainage
1 essential to the effectrveness of aerosol therapy. Both types of
treatment must be admunistered sxmu]taneousl\y !

There are two approaches to bronchial d pp
nerosol therapy postural drainage and exsufflation Of Ihg:e.
exsufflation 15 the more important. This is because the seeretion
to be drumned 1s in the smaller bronchi, 1< thick and adherent and
thus 15 unlkely to move much by change of position E““mf"
tion, which creates an air flow of mereased velouty, Wilt “‘.";e
secretion along in the bronclual tree to a point where it may be

asily coughed up by the patient X
© Eipcrie%we “ul;‘ ci*uiﬂalzion sugrests that this technique ‘);0;}:‘}
pe used 1 emphy<ema whether or not there scems to be materia

ble fo
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material mto larger bronchi, posture can be used to facilitate 1ts
further removal

Placing the patient in the head-down position as deseribed by
Barach should be used in all these cases, for jmproved drainage of
the bronehi as well as improved excursion of the diaphragm

As a Jogical development of this idea, we have recently varied
the head-down position by the use of an osallating bed* designed
to have a very slow cycle and to pause in the head-down positien
for predetermined periods of 5 to 30 seconds, This is kept running
almost continuously, and particularly during the period when the
patient 15 asleep The effective action is the same as the head-
down po~ition, using the weight of the abdominal organs to ele-
vate the draphragm. Oscillation seems to add exeursion to the
diaphragm, changes in blood return to the chest, preventing the
secretion from settling anywhere in the bronchial tree, in addition
to allowing the patient to use ths treatment throughout the night
and for whatever portion of the day is deemed desirable

It should be noted that this treatment is most rapidly effective
when combined with acrosol therapy and exsufflation with nega-
tive pressure If the bronchi remain partially obstructed by spasm
and secretion, the elevated diaphragm only causes pressure on the
retamned atr and cannot nse as far as 1t should.

Eight patients have been treated on this oscillating bed at the
Edgewater Hospital They were selected because they had these
characteristies m common They were males over the age of
fifty, with one exception He was a man of 30, with extensiie
bilateral fibrosts from an arrested far advanced tuberculosic of
twelve years duration Each patient showed emphysema and
fibrosts with evidence of diffuse bronchial obstruction In every
case the diaphragm was depressed and immobile during the deep-
est respiratory effort

Two of these patients were placed on the bed with no other
treatment than broad spectrum antibrotics given by mouth The
bed was set in motion so that in one complete cyele, the fce_t uoull?
be lowered to a 12° angle and then the head lowered to 15° T“’;
was continuous durng the night and during the day, interrupted

*J H Emerson Co, Cambridge, Mass.
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for meals and certain rest periods The patients felt comfortable,
breathed more easily, and slept well However, at the end of 2
week, the motion of the diaphragm had improved to an excursion
of ot more than one mch Subsequently, these and the other iy
pattents recerved aerasol therapy and used the exsufflator for
four pentods cach day The first noticeable change was that the
patients no longer found 1t necessary to congh violently m the
morning to elimtnate seerctions which had collected overnight
Beeause of the contmuous rocking motion of the bed, there had
been steady elinnation and no collection of material

At the end of one weck, the patients reported that they were
breathing more deeply and with greater ease, Therr diaphragms
were ~een to hate an excursion ranging from 2 to 3 inches What
was probably more remarhable was the unconscious use of ab-
domunal muscles 1n breatlung This Yatter fact was taken advan-
tage of by making the patients practice abdominal and manual
exercrse white uing on the bed

The treatment period of this Edgewater bed ranged from 10
davs to two weeks Increases i vital capacity ranged from 700
ce to 1600 ce The maximal breathing eapacity <bowed mmprove-
ment with imerease ranging from 10 liters in one of the older and
weaker pattents to a 42.hiter werea-e in a more vigorous man The
mont remarhable change was seen m the ease of breathing Tlus
was best demonstrated in the improvement 1o ability to evercive
Patients who had heen dyspnete when walking on the level, non
were able to walk up and down two fiighte of stairs without serious
M spnea

In reviewing these cases, it i~ apparent that more than one
approach I~ neeessary in treatment  Aerosol therapy furmshed
bronchodilatation, antimierobial effect and adding of hquid to
bronelnal contents Exwufflation with negative pressure adeed
the all-important factor of moll and moving up the seere-
twn present deep an the | heal tree Postural ds e tn the
head down position, wnpraved by the exehing bed, prevented
colleetion of seeretion, aided ain dramage, and stimutated funetron
of the diaphragm

Therapy of the bronchral infeetion i the emphy ~ematous pa-
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trent m}xst be part of the total treatment, synehronized with it
and designed to accomplish the same ends. Its essential parts are
aer9sol therapy, exsufflation with negative pressure and postural
drainage

These three should always be used together. There is no ea<e in
» lich a better result will be obtained by eliminating one and there
is no danger m the use of any one of these in any patient

A theoretical objection has been rmsed that the pressure changes
of exsufflation might be contraindicated in patients with em-
physematous blebs or in mdividuals with cor pulmonale. This
has not been borne out in our experience

Patients with blebs demonstrable on hody-ection roentgeno-
grams have been treated and no untoward incident occurred
None need be anticipated Sinee the blowing phase of this treat-
ment 15 simultaneous with inspiration, the actual pressure 15
either atmospheric or a few centimeters of water above it During
the negative expiratory phase, the actual pressure 1< not very
great since the air is rushing out at a high velocity and the time
of expiration is not long enough to evacuate all the supplemental
ar Even if all of the pressure for which the machine is set were
applted to the brouchial tree, there should be no trouble The
pressures of 40 mm Hg exerted for 115 to 2 seconds at the mouth
would probably be greatly dimmished by the time they reached
the alveol and 1t 1s well to remember that the average cough ex-
ceeds this pressure and a severe cough may ereate a pressure three
to four times as high

The same has been true for cases of definite cor pulmonale.
There has been no sign of increased pulmonary artenal pressure
or embarrassnient of the right ventricle. Experience has shown

quite the opposite effect This 1s best demonstrated he ~tudies
before treatf ~ < very

on an emphy:ematous m
dvspneic His mlmonary <sure was 37 N t‘am‘l
48,20 with v | 1ever diac outp liters
at rest andt 090 rtion. AT ted,
including ex. vith ure fou r,
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artery pressure was 26/9 at rest and mcreased with the same
evercice to 36/18 The cardiac output nas 3 89 liters at rest and
mereased to 67 with exerctse It is interesting to note that his
resting oxygen consumptioh changed from 394 cc /min before
treatment to 280 cc /mun afternard These figures indicate that
the work of the heart was actually eased by the therapy and
that the work of breathing was consderally diminiched

It can properly be said, therefore, that any patient who ean
cough without noticeable damage to lus lung or excess stramn on
I~ heart may be «afely treated by the combined therapy, includ-
g exsufflation

The treatment of bronehopulmonars infection 1n the patient
with emphy-ema <hould bemn with a bronehodilator aerosol On
the ~ame das, following this by 10 to 20 minutes, an antibictic
aero~ol can be started Antimicrobial and hronchodilating drugs
mav ako be given arally at this time 1f the indieation exints

From tlu~ point, treatment will he varied by the needs of the
mdividual patient If there 1x a large amount of faily thin expee-
toratinn, exvsufllation shoukl he started mmmediately and con-
tinued until less material s formed If, however, there 1s very httle
obvious ~eeretion, the acro~ol therapy ~hould Lie given for <everal
dav~ hefore evsufflation 12 started In these cases, 1t 15 advisable to
add an aerosol of normal raline or of a detergent solution to add
hiquid to the bronchial tree

After three or four days, exsufliation should be «tarted, whether
o1 not expectoration has begun It 13 1n these cases that long re-
tained inepreeated matenal begins to appear on the ~econd or
thurd day of the use of the exsulilator The evpectaration of this
material i greatly aded by using 3 to 5 ce of ~aline or a detergent
solution acro~ol, 13 munutes to onc-half hour hefore wung the
ex-uitlator

When the bronchial secretion 1~ tluck and viscous, as indicated
I rhonchi heard in the chest and the obvious difficulty of cough
amd expectoration, an attempt should be made to hquefy 1t
Potassum todide by mouth <hiould be used whenever pos-ible
A~ a directapproach, 3 to b ce of normal saline or Alevaire <hould
be mhaled as an aerool four times a dav The n¢ of a <olution
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containing tergitol 0125 per cent and potassium iodide 0 1 per
c:ent has recently been found to be less irritating and more effee-
tive than ‘otl\er acrosols Whatever else is being done for the
pattent, this aerosol should be contmnued as long as there is any
evidence of thick, sticky bronchial secretion

In. this type of pattent, essufflation should be started im-
mediately, although for the first few days 1t will be difficult to
determing that any direct benefit is being derived since this type
of mucus 1s most difficult to chiminate in any patient With the
rest of the pieture of emphysema, it is certain that bronchospasm,
edema, bronchial collapse and complete obstruction are alf
present at one time or another Consequently, eough will not only
be mefficient, but will produce irritation, pressure, bronchiolar
collapse and may result in further lung damage Cough must be
kept to a mummum v hile drainage is accomplished at a mavimum
rate
Exsufllation 1s established, following the aerosol treatment by
about one-half hour Sometimes, m particularly thick secretion,
aerosol with salire or detergent solution should also follon ex-
sufftation

Drainage should be arded by placing the patient i the bead-
down position  Aithough in simple bronchiectasis and hronchial
mfection with ather types of pulmonary pathologic conditions,
drainage is to be done m the pesition which produces most cough
and evpectoration, d 1n the emphy tous patient should
always be with the patient m the head-down position

There are two reasons for this First, the areas of faulty ventils-
tton, spasm and most retention are at the bases of the lung, "“"f}
these are the areas to be drained. Secondly, the head-down posi-
fon 15 a valuable method of regaining diaphragmatic function,
When this is accomplished, the drainage of the bronchi in the
hase of the Jung 15 very much more effiefently carried out

The patient should be placed in thus position only after there
has beensome bronchodilatation and after some of the obstructing
secretion is 1n a position to be removed 1f this is done before the
bronehd ave open and dramage 15 possible, the diaphragm cannot
rice s desired and the patient may become uncomfortable If the
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rg&glrafory movement of the chest and belly tends to be antago-
nistic

To withstand the higher ambient pressure, the diaphragm must
he arched with convenity toward the lung; it can pull but eannot
push  Moreover, tins design admirably serves to integrate its
function with ribs and belly wall The same relationships obtan
in all mammals including man, but are easiest to study m fleet
footed quadrupeds having numerous free ribs on which the spinal
hinges 1mpose a lateral inspiratory movement. The edge of the
long diaphragm attaches to the antertor ends of these nbs and
most of 1ts gh arc faces dorsally rather than cephalieally. The
ahdomen lies within the embrace of the thorax and each costal
segments demarks a functional mechanical umit (Fig 91) In
man there are only five free ribs, of which number 8 can be con-
sidered representative The erect posture of man imposes a down-
ward slope to counterpoise the added vector of gravitational force
Employing geometric figures these relationships can be projected
m a single plane without introducing serious mechameal distor-
tion (Fig 92) During inspiration diaphragmatic traction assists
in everting the nib up to a point where the directron of pull lies
medial to the radius of rotation Further inspiratory movement ?f
the diaphragm then restricts lower thoracic expanston. This
normal sequence can he demonstrated by sensitive recording of
costal mosvement when there 15 no other ventilatory impediment
than paralysis of one diaphragmatic leaf (Fig 93)

INSPIRATORY EXPIRATORY POSITION

Fic 92 The mechameal relationships of functional respiratory unzt, "

A Subdiaphragmatic space, B Belly wall ¢ Costalarch D. Dmphmim‘ n'n
arch, L Lung space DV Veetor derned by durect traction of diaphragm

costal margin.
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Tt can be seen i Figure 92, that the deaign permuis great
fleuhtlity in ventilation For abdomynal breathing alternate con-
traction of diaphragm and belly wall ean ventilate tungs mathout
tharnete participation other than anchorage, and without altening
static subdiaphragmatie pressure  Considenng the inapiratery
position 1n Frgure 92, and assuming a constant pressure in the
thoras, subdiaphragmatic pressure can be elevated by simultane-
otts contraction of the dhaphragm and helly wall whieh necessarily
makes the enclosed space ewrcutar This 18 readily dermonstrated
e a trained subject by a drawing i of the lateral costal margin
Shape must conform to pressure

It can also be elevated wrthout contraction of the diaphragm
or belly wall but contmpent on passive tension of the-e clements,
the struetures to which they are attached, or on which they abut
Four methods are used head down poition, employing the force

T

ey nwsnpns. QuET

J WLWU ’\/\J RT

FI693 Lffect of draphragmatic traction on costal moyement
smohed diim yecordings of the movement of wands held with comstant
pressure agunst the anteroliteral uspects of the rbs number 8 The left din-
vhragmatic leaf 15 parslyzed Re<piratory purticipation of the intact nght leaf
sete sih movement w guiet breathsog, Testriots 1t w deep breathing
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of gravity, the instillation of a gas into the peritoneal space, the
contraction of lower abdominal museles; and the pressure of a
lower abdominal belt The resulting increment of subdtaphrag-
matic pressure s small, often less than 10 per cent of that attain-
able by expiratory muscular effort, but with each of the above
methods there 15 an associated increase of subdphragmatie vol-
ume to fill any space vacated by upward displacement of the dia-
phragm or expansile displacement of the lIower chest wall, These
changes improve the integration and efficiency of costodiaphrag-
matie function

The nature of the mechanical ehanges in emphysema and the
subjective response to therapeutic use of the above methods,
often without volumetne evidence to explain it, strongly suggests
that economy tn the work of breathing is an important therapeutic
aim. In the untutored patient, expiration can evoke the most
violent muscular effort of which the human body is eapable
Breathing produces dyspnea Thoraco-abdominal pressures reach
an extreme range Assuming a cross section area of 400 sq cm, and
pressure of +110 mm Hg, the upward thrust of the abdominal
contents aganst the lung bases amounts to 125 Ib for every ex-
piratory effort

By contrast, subdiaphragmatic pressure in health is meely ad-
justed close to ambient pressure except during forced expiration
It is readily measured m patients receiving therapeutic pneurno-
pentoneum A sharp smiff causes checkvalve narrowing of the
nares and thoracie pressure drops to —40 mm Hpg or lower, set
a shift 1n abdomnal pressure is scarcely detectable Witha sharp
expiratory effort, espeeially if the glottis 15 imtially narroned
(*“Clear your throat gently please™), abrupt rise in pressure ¢
liably indicates that the exploring needle communicates freely
with a gas containtng intra-abdominal space (Fig 94).

During quet breathing, in health, abdominal pressures ofter
rise about 1 em with inspiration The same is true during quict
breathing in emphiysema, but if 1t becomes at all Iabored ont;
observes first a dicrotic pressure wave then a dominant sus(mne‘r
expiratory nse of pressure In advanced disease tactile sense ©
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SNIFF o 5em 10

—~ 0 PRESSURE
10¢m  PRESSURE
_2._",_/‘\-—~,.__
° l Nsp l EXP,
Fie 94 Upper abdommal pressure
Upper abdominal pres<ure sn a supine tuberculous pitient under treatment
with pneumepentoneum of moderate size which elevates the general lesel of
pressure by about 4 (m ILO abore normal Smff, slow mspiration, sharp ex-
piratson recorded
In the man, subdaphregmatic pressure 15 held quite constant except (1}
During expuratory effort i the presence of respiratory obstruction (2) During
strenuous exertion when the glotts 15 closed 2nd high thoraco-abdaminal pres-
sure contnibutes ngidity to the trunk (3) During sumalar efforts or straming at

stoal, ete , when the glottis may remaimn open and elesation of pressure 15 thas
confined to the abdomen alone

the exammer suffices without cavil The belly wall 1s hoardlike.
The examimng finger placed 1 vagma or rectum 15 firmly com-
pressed durtng exprration

Advanced rases alse mamfest 2 pronounced inspiratory handi-
cap due ta thoraco-abrlominal antagonism. The draphragm s not
only flat, fluoro~copy regularly <hows that one or more quadrants
are inverted These areas become even more mverted on forced
evpiration and move paradouically upward on sniffing With all
forms of breathing, the diaphragm constriets the erreumference
of the lower thorax duning mspiration (Ig. 9.5)

Meanshile powerful accessory muscles of respiration acting
throtugh the upper ribs which have great mechanieal leverage can
violenthy agitate the thoracie cage m a rectproeating cephalocaudal
ireetion, creating for the unwars climewan the entwely falacious
impre~sion of hy perventilation Moreoier, the abdomen is ohliged
to follow thrs movement by alternate paradoxieal collape and
protrusion The events on in-piration are cephalic thoracie move-
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INSP.

[ P I§.
Fie 95 Left postenior quadrant of diaphragm in a patient with adsanced

Small space present

ment, constriction of lower thorax, collapse of the abdomen On
expiration, the sternum moves caudally, the lower thorax expands,
and the abdomen protrudes A similar phenomenon oceurs m
chrome poliomyelitis with total respiratory paralysis except for
neck mucles Here the soft demineralized loner ribs, unsupported
by muscle, eave in beeause of agher ambient pressure mstead of
diaphragmatic pull Both situations exemplify the disastrous ef-
fect of lete pul 'y in negative pressure
breathing vertebrates .,

Should an emphysematous patient be instructed to sy nchronize
the movements of the upper thorax and abdomen, the lower
thorax becomes further constricted on inspiration, a dubious ad-
vantage Frequently, this vicious crrele cannot be interrupted hut
there are occasions when the above mentioned principle of upper
abdominal filling can be applied, with immediate cessation of
thoraco-abdomnal antagenism The shght elevation in presure
1tself could hardly account for this change
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Sratic Asprcts oF Lixe DisresTioN

At birth the lungs begin to inflate Thereafter no physical proe-
&5, athing inside of outsade the body, ean again sender them totally
ardess, with the notable exception of atelectasis because of the
combined effect of blocked airnays and aborption of all vestiges
of air by an mtact cireulation Pressure 1s required to inflate the
lungs Assuming a <tate of postnatal atelectaws, hgh pressure is
firt required to disrupt adhesion hetween apposed bionchial
walls. During open thoracotomy, pres=ure of 30 mm. Hg or more
uay be necessary to mtiate mflation Thereafter a lower pressure
suffices to cause air flow and to overcome the viseouty of tisue
deformation, but when mflation reaches the zone of the expiratory
reserve volume, the fung 13 placed under tension, called Lung Ten-
ston This 1s a <tatie factor, and 15 here expressed as pressure,

INTERSTITIAL FIBROSIS

NORMAL RANGE

LUNG
TENSION EMPHYSEMA RANGE

1 2 3 4 6 UTERS
' ALUNG VOLumE
S MAX

INSPIRATION

COMPLIANCE RELATIONSHIPS
Fic 96 Lung T lung volume rel,

General range 15 shown The actu 1} cures 1 health gnd in interstitial brows
are exsentully strght Those in emphysens <how yarious sgmed yaniations
See references for omigih of data Lung < olume, the ahscisat, refers to the volume
extialed from & position of mavimum mspiration, the only feasible common
pomt of reference 1 View of uncertainties about tneysurement of tota) capacity
n emphvsema
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Fia 98 Alveolar h Jung structure at tion (left) and et

Piration (nght) in mouse lung (same magmfication}

Mouse hung, being small, epitonuzes the structural changes m & single radial
section Prepared hy the method of Yegian, the trachea of o shinned mouse was
obstructed at the desired respiratory phase Then the ammal was guekly dis-
patched and the entire carcass fived with organs an st On expiration the alve-
olar space 15 hemuspheric. Distention of the lung broadens the mouth of the al-
veolus but the dome cannot distend radislly since 3t Les back to back with
other alveoli under the same stress. Only a5 the dome flattens can its elastic ele-
ments come under dicect tension The distending umt, whether alveolar duct or
sac, thus has an accessory system of recorl which comes mto play more and

more a3 the unit wfiates.

alveolar volume decreases on 1nspiration As alveolar shape
changes from that of a cup to that of a saucer, elastic elements
across the dome come under more and more direct stress “’ere. it
the intent to construct a system out of perfectly elastic material
wheretn volume would parallel pressure, this adrurable desgn
would have to be employed in one modifieation or another .
To distend the lung so that all segments under static conditions
retainthe proper amount of air, Lung Tension must increase equa'Hy
10 all segments to which air 1s apportioned This, togeth‘er with
the dypamue aspeet of equal resistance to air flow in the airsay
copstrtute the two factors governing distribution of air ’I:I:e statie
factor may be applied more generally by stating thata unit change
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1m volufle, for 1 unit amount of normal lung, gives a unit change
n Lung Tension. Although the yolume required to elicit & grven
tenwon 18 necessarly small for animals the size of a guinea pig,
the range of Lung Tension is the same a~ that for man, Similarly,
n patients with severe chronie respiratory paralysis, the volume
of air which must be mechantcally insufllated to produce a given
Lung Tension vartes durectly with the height of the patient and
mversely with the amount of atelectasis To produce s given ten-
sion, the volume needed for one lung s half that required for two
lungs In the case of wnterstitial fibrows, Case R 8 (Fig 96), a
umt mnerement of volume produced seven times the normal mere-
ment of tension, reaching 40 em H,0 at a posttion of maximum
mspiratton, a dangerous transpulmonary pressure close to that
which sill regularly rupture mammahan pleura Fibrosis must
have heen unnversal and continuous The patient died of Inlateral
s horan  Congl silicosss e
discontinuous fibrows which imposes undue inspiratory stramn on
intervemng parenchyma leading to anatomic emphysema, me-
chanically the reverse of Case R &

‘The «eparate effects of static and dy namre factors are )lustrated
i Case E F (Fig 59) Thiw 1 an example of local obstructive
emphy~ema with intact parenchyma The mechaneal prinesples
et forth m the legend ean he apphed to elcit signs of local bron-
clual obstructron m tumor, mflammation or foreign body. Local
unatomic emphveema, hy contrast, 15 exemphfied 10 the emphy-
rematous bulla Thewe fambar excrescenses are obvious near the
apices of emphysematous Jungs At the baces they more clearly
illustrate the transition from normal parenchyma but are readily
overlooked in deflated hung They protrude on mflation and often,
being multiple, deep clefts intervene between them The~e clefts
1 stthouette constitute the so called “diaphragmatic tents"” on
the roentgenogram The space invide the bulla 1s traversed by a
lacy network of parenchymal fragments and threadltke vaseular
remnants Colored gelatin instilled through the bronchial tributary
find~ a tortuous channel through fragmented parenchyma wnto
the space There is no direct bronehial commumeation Figure 9 10
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showed suspicious minute seattered areas of rupture rather than
large torn apertures, and overall Lung Tension was not decreased,
In tuberculons guinca prgs the noncompliant foci of disease in-
pose additional strain on neighboring healthy parenchyma 2nd
obvious tearing results, e<pecially between two adjacent lesions.
If a linear elastic system is severed in one place counter-tension is
1mmpossible Two and three dimensional systems are less vulnerable
Insuch a system there 1s packing of parenchyma about the periph-
ery of the tear which offers some protection. The eversion of tis
sue surrounding the bulla (Fig. 9 10) is 2n example. It can also be
demonstrated microscopically in acute experiments.

The facts remain that severe parenchymal tearing does reduce
Lung Ten<ion, many small tears properly distributed throughout
the parenchyma should reduce 1t, and in human emphysema re-
duced tension 1s associated with demonstrable parenchymal
dehiscence Lossof Lung Tensionisa result, nota causeof anatomic
emphysema The precise relatronship to volume is not elear be-
cause total capacity measurement by gas dilution methods can-
not sen<e the numerous areas which are poorly ventilating or
non-ventilating In sprte of this, there is no question that in ana-
tomic emphysema the lungs do not come under tension \m}\l s
volume much larger than normal is in<ufflated. This feature md}-
cates that elements of the normal system have been torn from their
moormgs There bemg no stress upon remaining elements ne
counter-tension v exerted, and “loss of elastinty” is not to he
inferred

The small range of volume over which emphysematous lung<
do exert tension, often within one hiter of maximum inflation, i
characterized by a vanable Comphance pattern In some ces
tenston rises sh'nrply (low Comphance) followed by a plateat
(high compliance), not unlike the pattern for a rubber Im\)?nn
Considering the many factors affecting tcmion/\’o]u‘mc rvlatmn;
shup this 1s to be expected, and the slope of the curve in any e‘\:cn
is not o measure of “clasticity™ for the structures under stress -

When fully mflated the tension of emphysematous iung~ *
{ower than normal, often below 10 em 1.0 pressure This pmpc[r‘)
can be attributed to loss of parenchyma rather than loss of elas-
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Dyxayic AsrecTs

Previous seetions dealt with the mechanics of the musculo-
skeletal bellows, the static responce of lung, and in general the
respiratory application of Pascal’s principle Ultimate resultant
of these actions and indirectly of the neural and humoral factors
which govern them, 1s volume rate of ar flow, symbol V', or in
some of the illustrations FI Flow 1s distinet from linear velocity,
nules per hour We have been prone to regard ventilation as rela-
tively effortless, and o st 3s for quiet breathing in health But to
achieve hugh rates of flow, or to surmount obstruetion, the human
body whether bealthy or diseased may have to bend every effort
to the purpose of breathing The dynamue aspects of fow wsell
can exact the greatest expenditure of cnergy

To cause ventslatory air flow, ambient pressure must differ from
pulmonary pressure {PuPr) the pressure in the termnal arr spaces

Fi 911 Lung steucture (Seale shows actual size)

Case G N (A) Miffuse uniform breakdown found mn much of left upper lobe
Normal parenchymal components could not be sdentified 10 200 senial seetions
Luog Tenston for this segment very low, Comphance ecurve snhnown

(B) Normal architecture present m left Jower lobe of same lung Included
m ilustration are first and xecond onler resprrutory bronchioles, atveolar ducts
and saes Left upper coraer shows some {ragmentation which occured dnring
preparatron Infated lung tresur 1 ro delicate that technacal artiacts are aloays
present, hence serm! eections are needed to help wlentsfy them. as well as to
provile the basws for three dimenvional evaluation Tue hunrdred seral <ections
prepared from this block This exeiserd Jobe had a normal Complance Lung
Tenmon was eamicd to 29 em - of water preseure withont rupture of the pleura

Both sperimens were iflated with Axatie at same pressure Maguficition
<ame for both

Case I 3 There are numerous sears with penfocal emphysema, 2 late result
of widespread dispersion of contanunated Blood from a tuberculous casnsty
Chmcally breathing was nonobstructive Normal Comph ince retamned in everwed
specimen Maxmum tenson 26 em O

Cose B 1 Focal emphvsem«. Norraal architecture in wany areas Death
from other cause Lung Ten<ton prebably somenhat reduced Comsplance pat-
tern unhnown

Cie A B Representatrve azea i aesere, widesprend anatomue emphs sema,
maxinm Lung Tenvion 2 em 3,0 pressure Extremely fragie, note wrnhhag
of truuaur walls and plenra (nght lower caruer),
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eopees
Fita 912 Dynamie pressures i ventilation
An erratic mspuration 1n a healthy subject was sclected o emphasize vam-
bility Air flow and dynamic pleural pressures were recorded by an optieal
method previously reported The breath began a¢ rates of flow encountered in
quiet breathing, then suddenly mercased to nearh three hters per second
Increments of volume were plotted from the air fow tracing at f, second m-
tervals Total v olume of the breath was 1430 cc For thes change in volume there
was 82 em change in pressure, giving Compliance of 0 171 per em H.0 pres-
sure A series of breaths on this patient confirmed this value and the rectihneir
nature of Complunce Successiie inerements of solume could then be it
grated, and since mir flow was erratic, the corrected curve for volume departel
considerably from thit derned by assuming air flow to be uniform A smular
curve was derned for LT by integrating successive increments; time correction
a-b equals a*-b and ¢~d equals ¢~-d* Smce LT acts in the opposite direction
to PIPy, LT bears a + sign in the equation, Pul'r = LT + PiPr The vuhqlrs at
b’ are —5 em PuPr for sprratory flow mate of 2330 cc /sec, gving 197 em
pressure per L /sec as the numerical value for reststance to flon
Duning expiratory flow calculations are the same escept that PuPr is positines

t ¢, above ambient.
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It equals the algebraic sum of Lung Tension and pleural pres-
sure, PlPr

PuPr = LT + PIPx

Only during apnea, such as the static interphase between breaths,
when pulmonary pressure 15 zero, does the numerical value for
pleural pressure express the equal and oppoite Teaction to Lung
Tension

Figure 912 1illustrates the calculatrons and emphasizes the
vast difference between dynamic and static pressurex The reader
will note obvious limtations in the method At low rates of flow,
pressure= are so small that even heart beat causes aberration No
«ngle value for pressure can be completely valid m a complev
dynamic system It 1s a generalization at best

Fimally, the method disregards viscosity which must play <ome
part although necessanly a small one i emphyretna Parenchyma
in this disease 1< extremely dehcate, and there 1= literally less of 1t
{Fig 911) 1t cannot be handled without special precantion~ to
prevent deformation Laennec dried the emphysematous lung
before seetioning 1t [illing with warm gelatin followed by elilling
helps to mamtam structural ntegrity under the kmfe Even then
1t presents one of the most vexing problems confronting the microt-
onust

The viscous resistance to deformation, gram for gram, 12 un-
known but response to grows handling and the morphology will
convince the most critieal observer that overall visconity 15 cate-
gorteally lower than normal, and most certainly viscouty cannot
account for the fact that high dynamie reswstance is confined to
exptration 1n advanced uncompheated anatormic emphysema By
contrast the tissue m Universal mterstitial fibrows mught be ex-
peeted to offer lugh v1scous resistance The airnays are eapacious,
expiratory rate of flow 15 lugh  High Lung Ten<ion would be anti-
cipated and 1s demonstrable, Caes R § and A C, (Fig 921)
But wprratory flow Tate 1~ usoally pood enough to be m accord
with the ligh Lung Tenston Even in interstitial fibrows the evi-
dence docs not clearly inerniminate Viscosity
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Regardless of the state of health, certain aspects of resistance
suggest a cause quite different from viscosity, Inspiratory resist-
ance is umform over a wide range of flow rate, Under like clinical
conditions 1 the same subject expiratory resistance is higher, and
1t increases as lungs deflate Curves relating pulmonary pressure
to flow, tend to be straight Itnes on inspiration and loops ont expira-
tion, (Figs. 913 and 9.14)

At the inception of a breath there is a brief period when resist-
ance is low It is most conspicuous on expiration where it invites
the lusion that leration of pul ¥ I causes
first a lover resistance, then an elevation above the general range
The shift is more pronounced the more rapid the acceleration
partreularly m advanced anatomic emphysema This phenomenon
is a necessary sequel to the crperatory chechvalve mechandsm. Flow
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T 913 Inspiratory resstance - don

Dunpg whepirstion pulmonary pressure retans a linear refation to air o

throughnut a wide range of rate Line A 1 that of a large man, Cae T. !;X ,t‘;f »

normally functionng lungs B js that of a small woman m health C s tha 4

man with bronchitis and advanced anstomic emphysema Ca\m\a\\m’wuo
hased on data reported w1951 Line B s plotted from the compoate poin

four breaths The others are single breaths
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15 momentanly augmented by dead-space air extruded from major
intrathoracic arways on expiration, and returned on mspiration
as the ainways open This mechamsm has been repeatedly ob-
served and meticulously described for nearly a century, but until
1951 1t was consistently musinterpreted under the formerly prev-
alent belief that expiration must be “passive

Even 1 quiet breathing there 18 a change of airvay diameter
during acceleration of flow, due to the factors of bronchial tenwion
(BrT), and canahcular pressure (CPr) It 1s often detectable m
the resistance curves although difficult to sense by direct mspee-
tion of the large airways Aiwrway dhameter varies according to

EXPIRATION

sanow
o ren
skoomo
e we  Wos W s fem  reen

Fia 914 Dxpimatory resistance

These are the corresponding expiratory curves for pitients listed 1n the pre-
vious illustration Each eurve represents one breath The tequence of pints 15
wdicited by the direction of the aniows Points were determned at 1,4 ser m-
tersals during the course of the breath, Therefure the acceleration or flecelera-
tn of pressure or air flow can he gauged by the distance hetween punts and
the slope of the line at that range Obserie that m advanced anatome emphy.-
semn, meressed expiratory pressure only enhances flaw durng the mtal phase
preceding chechvalve closure Thereafter flow 15 ennfined to low rates regardless
of pressure Resistance 15 nfimte exeept for leakage flow
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the following relationshup;

Airway diameter = f—-.—_l_‘._..
BrT — CPr + (PuPlr - LT)
But-
PIPr = PuPr -LT
Therefore

) 1
D ter = f—__
e = T Bet = Cpr 4 Ty

As a corollary, extrinsie pressure acting on the arrway (perthron-
chial interstitial pressure) equals PIPr. During apnea, BrT equals
LT
Duning aceeleration of nspiratory flow the airways widen and
the cahber tends to be mmntained by enhanced Lung Tension
Similarly, expiration is initiated with concurrent narrowing of the
atrsays which tends to be maintained as Lung Tensionis dccrcaeeq
Airway diameter is not just a static phenomenon, it is predomi-
nantly related to the dynamics of flow.

So mnstructive and readily discernable is this aspect of the
checkvalve mechanism that the student of chest discase can
profit by personal observation in one or more of the following
experiments on tracheobronchial dynamics.

Fluoroscopic Study

Sclect a slender subject who presents a clearcut fluoroscopic
silhouette of the major arways, and can perform the brm!hl'n;z
mancuvers listed below Fluoroscope the subject standimg, with
the left anterior aspect of the chest toward the sereen Other
projections can be added Have the subject n}nke a s\xi(nll]mtl
powerful effort to exhale agamst a closed glottis and not? t ha
the cervical trachea bulges slightly, but the intrathoracic air-
ways do not Have the subject make the same effort but suddenly
open the glottis to establish flow and note that ('heck\'ul\'c] ""!ll'
rowing 1s momentary and occurs ammediately after the ;(:I TT(‘:
opens Request complete expiration at gentle pressure to di



MECHANICS OF BREATHING 275

entiate between checkvalve narrowing and the effect of depleted
Lung Ten~ion Have the subject, cough foreefully and gently, in
alternation, to relate checkvalve narrowing to dynamic ntra-
thoracie pressure Measure the maxumum pressure by the Valsalya
techmque Ask the subject to employ a panting hyperpnea em.
phasizing rapid acceleration of expiratory effort Note that check
valve narrowing 15 less marked Qutflow of air through the open
glottis precludes the higher pressures attamable i cough, which
15 begun with the glottis closed

Bronchial Dynamucs 1 the Excised Specimen

At necropsy remove thoracie organs without perforating the
visceral pleura Stnp off esophagus and aorta, and remove nodes
1f they obscure the postertor tracheobronchial membrane Remove
the heart by cutting pulmonary artery and vemns Tie into the
trachea the largest cannula that will it Suspend the lungs partly
from the trachea, partly by floating in a pan of water, and »f
necessary employ soft cord to suspend gently the apices of upper
lobes Keep pleural surfaces wet as much as possible Attach the
tracheal eannula to a pumping device which can deliver high flow
rates at pressures up to +30 cm H:O on mspiration and —100
mm 1 on evpiration Hand bellows, vacuum cleaner pumps, and
synthetie coughing devices ave reachly adapted The system must
be valved to perout sudden <hift from inspiratory to expiratory
pressures Observe that for healthy lungs wudden applieation of
tugh expiratory pressure (~80 to —100 mm Hg) can cause tra-
cheobranchial checkvalve collap-e at any lung volume Moderate
pressure apphed when such lungs are full first cauces rapid defla.
t1on and then checkvalve closure If expiratory pressure 1s imtially
applied when the ~ame lungs are only partly inflated, closure is
unmediate If the lungs are <everely emphy<ematous, checkvalve
effect 15 immediately ohserved regardless of pressure or the stage
of nflation at whichat 1s applied

Study of the exersed specimen etablishes the fact that intra-
thoracie arrwats are, indeed, expiratory checkvalves, and that the
mechamsm operates independently of neural and humoral in-
fluences At the same time 1t 12 apparent that parenchymal changes
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the following relationship-

Airway diameter = [“_l____”
T BT —CPr + Gapr — L)
But
PIPr = PuPr -LT

Therefore -
1

Diameter = 4
Wmeter =7 Bet ~ Cpr 3 TIPr

As a corollary, extrinsie pressure acting on the airway (peribron-
chial interstitial pressure) equals PIPr. During apnea, BrT equals

During acceleration of nspiratory flow the airways widen and
the caliber tends to be mamtamed by enhanced Lung Temion
Similarly, expiration is mitiated with concurrent narrowing of the
arways which tends to be maintained as Lung Tension 1s decreased
Arrway diameter 1s not just a static phenomenon, it is predomt-
nantly related to the dynames of flow.

So instructive and readily discernable is this aspect of the
checkvalve mechanism that the student of chest discase can
profit by personal observation in one or more of the folloning
experiments on tracheobronehal dynamics.

Fluoroscome Study

Sclect a slender subject who presents a clearcut fluoroscopic
stlhouette of the major airways, and can perform the Dbreathing
maneuvers listed below Fluoroscope the subject standing, with
the left anterior aspect of the chest toward the sereen. Other
projections can be added Have the subject make a sustained
ponerful effort to exhale agamst a closed glottis and note that
the cervical trachea bulges slightly, but the intrathoracie mr:
ways do not Have the subject make the same effort but suddenly
open the glottis to establish flon and note that checkvalve ll:‘ll’:
rowing 15 momentary and oceurs fmmediately after the glottis
opens Request complete expiration at gentle pressure to differ-
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entiaty bet“een checktah’e narmmng and they effect of deple
Lung Tension Have the Subject cougl, forcefu”_) and sently
allemntmn, 10 relage L’heck\'nhe narm“mg to dyp, Mie ingp,.
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do affect 1t even in the lifeless specimen. The relation between
lung volume and checkvalve closure which prevails in health, but
not m emphysema, js attributable to the influence of Lung Tension
on bronchiolar pressure graents,

When air flows through a tube or tubular system there s 4
decline of pressure downstream. As employed here, downstream
always designates the dircetion in which a column of air 1 mov-
my The rate of dechine or gradient of pressure varies directly with
rate of flow and with resistance to flow, Figure 9 154 tustrates
these prineiples m a tubular system,

If pressure at entrance te the tube is common to a space en-
closing the system (Fig 9 15B), the tube is compressed by a foree
proportional to the gradient and to the distance downstream At
a given pomnt compression equals the difference between canalict-
lar pressure within the tube and that of the enclsing space Com-
pression varies with rate of flow, when other conditions are con-
stant Resistanee (R) causes more compression downstream Lut
loss upstream conforming to reduced air flow, Resistance located
at exst from the system minimizes campression upon the ex}c!wd
portion Ta this end, emphysematous patients purse the lips (or
more frequently the larynx) during expiration

Resistance located upstream at entrance fo the system mahes
the enclosed tube most vulnerable to compres-ion and if the walls
cannot withstand the stress the tube collapres, cutting ofi flos.
Al checkvalves embody the above principles. The rubber 1abve
from a conventional ha<al metabolism fester i s typieal e‘fﬂm?‘e

Intrathoracic airways are potentially checkval\'esonew’pxmh.m;
They hraneh ultimately into a multitnde of terminal spaces whie!
can be considered an entity, a terminal air space enclosing the
tubular system Serious elosure is averted by 2 numlmrfxf cireunt
stances of which two are outstanding. Structureand Xac:m‘on equips
the bronchioles to regulate pressure gradsents for the entire TRNpit-
atory tract The muscular walls are delicate; teased free of sur-
rounding parenchyma, bronchioles can be erushed by less “‘“:
1 em of water pressure, but situated np-tream where ct)rrlllpl'{c
sion is shght they can be supported against checkvahe collap
by adequate Lung Tension
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In the previous section we observed the pareliclism between
bronelnotar diameter, Lung Tennion, and lung volume (Figs 8.6
t0 9 8) If Lung Tenston 1 physiologseally depleted by exhalation
or 1s lost through anatomie emphysema, bronchioles thus uasup-
ported should collapec under shght compression In such case all
dosnstream airways, to a point where the trachea emerges into
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DiaTance oravance
A B
Fra 9154 Flon through a tabe

Inrection of flow 15 4 to @ The graph depiets a smal) gradient duriag lon
rate of flun 1 oF! To double the flon, pressures ak every pont along the tube
must Bkenie be doubled, HiFl This doubles the grachent If conditiona of
kL are otherwise unch T but intrnae ob poced at R offers
reantance of <oth magmtude ay to reduce flow by half, the gradients are indi-
cated by the dotted hine, IUR  LaF! gradieats then prevail i anobsteucted sog-
ments a-b and c-d¢ The gracdient b~c 1« hugher That for the total distauce,
a o, w three times that of LoFl, but the volume rate of flos for conditions of
TR and Lok are the xame

Fia 9153 The enclonedt tube

Pre<sare t entrance o a tube and common to a spare surrounding it exerts
compression on the tube proportional to the length of the areows. Conditions of
fagh flow (FHFD gne hagh comprescon solid arrons at b, e, d Resistance in-
terprsed at R reduces cumpresstun apstream epd increases it dow pstream. dotted
curve and dutted arrone Chechvale elosure rosulte when the tube carnot withe
statd the compression dotted outling
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the neck would be subjected to crushing by the full force of intra-
thoracic pressures, which eould therehy extrude dead space arr
(bronchial milking) but could not deflate the parenchyma except
through leakage flow Greater expiratory effort would give tighter
occlusion, without improving flow.

In advanced uncomplicated anatomic emphysema the ngid
restriction of expiratory flow, unresponsive to adrenalin and un-
remitting in the subsequent history of the Hliness, is preenely ac-
countable to the inflexible properties of a checkvalve resulting
from bronghiolar collapse. This mechanism fires the ceiling en
breathing capaeity Abnormal intrinsic resistance in the airnays
caused by allergy or mfection can, and often doe~, aggravate the
handicap, but absence of this complication cannot alleviate it
The same range and pattern of espiratory air flow results when
Lung Tension 1s phystologically depleted, By contrast, adequate
Lung Tension affords considerable protection against expiratory
checkvalve closure when abnormal intrinsic resistance i present
Flow is more arple during an acute, uncomplieated asthmatic
sefzure than 1t 1s in severe, but “dry”” emphysema

The second outstanding protection is cartilage in the walls of
downstream airways, which by lacation arc subjected to greatest
stress Withm a certain range of compression, structural design
enables them to respond by partial rather than complete collape
(Fig. 916) However, Valsalva pressures wiil tightly close the
normal trachea, and in poliomyelitis with respiratory paralysis we
have observed total collapse at less than 30 mm Hg pressure due
to atrophy of the tracheal eartilage. Under pressure U}l‘ membrane
herniates nto the lumen By contrast, mere encircling consiric-
tion, as with a strong cord, cannot occlude the trache:f mth?ut
causing wrinkling or overlap of cartilagenous plates, a point t‘,h“‘;’
emphasizes the dubious meaning of the term “bronchospasm ‘~'"‘
directs attention to the bronchioles as the primary site of pressure

egulation

" %uheck\'alxe narrowing of the major airways is necesary ftoxr
effective cough It reduces flow but imparts a high Iinear “elfﬂni
and gh kinetic energy to the stream, which sweeps out W‘cm i?m\
Itke projectiles from a gun Knowing rate of flow and cro~s sec
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Fi6. 916 Tracheobronchial dy pamics, movie sequence of Buoroscopie image

Tught consecutrie frames <howing tracheobronchial outhne during cough
from a sequence taken at rixty frames per second, courtesy of Unuersity of
Rochester X-Ray Department and Dr Herman Rahn Subject nas a noman,
age 30, hiptodol bronchogram: Inspiratory filling termumated at frame 1, and was
followed by bref glottic clore At frame 3 the glotts was beginning to open
At frame 4 the sirwass namowed by 13 (pomt of closure), and remamed parron
Tnsprzation was qust heguotung at frame exght

There was 3 bolus of lipordol 1n the bronchus stermediue The distance 1t
extends toward the perphery apy 1 wmdicates the 1espiratory phae
Because of ta s ixcosity hpoidol cannot be swept out as eaaly as air and where
u holus tills the lumen the armay cannot collapse In such cases collagre occurs
above and below the bolus, mose #o the former Tha accounts for the erronsous
mpression that broncht exhilit. persstalsie

Asuming & traney erce internal tracheal diameter of 15 mm (v-ray silhotette
m 10adultwomen, mean 15 mm , range 12 to 21 mm |, for 9 adult males, mean18 3
Tange 16 40 20 mm ), and & sorucireular cross rection, the aren 1n frame 3 would
he i the order of 100 5 mm , and in frame 4, 40sq mm With these diameters
petk fow of 71 /«cc at frame 3 would have a hnear velouity of approvimately
150 n) i Five Nters por second flow at pont of closure apphed at frame 3,
would give a hnear veloots of 300 m} hr See case reports at end of thie section
for flow rates duning congh Thewe approximations are of the same order of mag-
mitude demved by Rahn from svnchronmus record of flow, esophageal pre-sure,
aid tracheal aren

area of the trachea, Rahn caleulated Yoear veloctties in hundreds
of mules per hour dunng tie period of chechvalie narrowing
(Fig 916) Highvolume rate of flow canbe ey oked by as simple a
maneuver as sudden manual compression of the thorax but with-
out «uffictent pres-ure to narrow the airnays it lacks the efficacy of
cough Cough 1s not just a blast of air, but a complex mechanim
mcely designed to clear the major airways of ~ecretions Bron-
chiolar collapse 1n emphysema or excessty e pligging upstream in
ateleetavis seriounly nndermnes the efficacy of congh.

All checkvalves, mtrathoracie airways ncluded, are opened
when flow s reversed Thns a bronchul tumor may not cause
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detectable obstruetion on inspiration yet occlude the airnay com-
pletely on expiration. This is the mechanics of local obstructne
emphysema in Case E F (Fig 99), and the basis for the localized
palpable wheeze in tumor or stricture Similarly, intrinec obstruc-
tion, mn bronclnal asthma, reduces expiratory more than inspira-
tory peak flow

Checkvalve phenomena do appear on inspiration but they anse
in the upper respiratory tract. Diaphragmatic spasm chuses the
larynx to click shut in kiccough. Qcclusive inspiratory collapse of
the pharynx causes snoring. Checkvalve narrowing is physiologi-
cally solicited in smyffing, and through the same mechanical device
Iugh pressure, made possible by abrupt acceleration, causes check-
valve narrowing of the nares which directs a high velocity stream
into the nasal passages to clear them of secretions.

A continuous record of air flow is known as a pneumotachygran
In 1t one can demonstrate the effects of certnin mechanical factors
by employing breathing efforts designed to give them indrvidual
emphasis. We have found it helpful to include quict breathing ft?r
comparison and for judging breathing reserve with respect to alr
flow
The pattern of flow for inspiration of maxinium amplitude an?
speed (mazimum wnsprration) 1s studied for acceleration :{nd peak
flow, (V) which reflects the pressures apphed by the subject, an_d
indicates the more severe grades of intrinsic resistance 'Ched.r
valve phenomena, 1n the upper respiratory tract may impote
variable changes 1 the range of peak flow (Vr), but fixed altera-
tions are associated with pathologic states such as abductor
laryngeal paralysis f

Mazimum expiration is the pneumotachygram counterpart 0
the vital capacity spirogram. Acceleration and peak ﬂou‘. .Zfé.‘
normally greater than those for inspiration; rc:versnl usually T’ :1
cates airway obstruction In health the duration ‘Z‘ deceler:tl lrU2€
always cxceeds that of acceleration, and obstructive condxdl;l‘.n
increase the disparity Checkvalve closure 1» indlcut‘ed by SUX :
reduction of flow folloned by the slower decc{cmtmn of Iea ';!d
flow The angle in the tracing is designated Point of Cfotur.c Tm-
‘under comparable conditions its must be present in every etp
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Fio 017 Caxe G 8, asmall, young woman, age 27, with no breathing handicop

Quaet breathing Normal flow rates were present with aberrations due to

heatt beat Mazimum inaperation. Peak fion, Ve (downward defiection) 48
1xe Warimum expreatton Rate of aceeleration was J00 1 /see, Vp = 62
| <ec, no POC bLut note that the pattern of deceleration cannot be altered hy
grewter preaire {see cough) Hypeepuca Surgestive POC was present on eypira-
tion Larsngeal stndor probahly sfectad wepiratory petkh flon  Swereesire
cough Vi % 4 41 0c, hrancdhiat rebound was present Note that the pattern
of Teakage flow was the fame as that for deceleration ain mvomum expimtion
Intirpretation. The patient cooperated 1 the test Lung Tenwon was nomel
There was no abnormal airway resistauee, resprratory neuromuseular function
& 1y good
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Fig 918 Case H G

MeTiob Stram gauge Male, bt 637, age 43, severe anatomie emphy sema
with complicating broneluectasis, workimg full time M M. V nas 30 to 40
[ /nun depending on type of breathing effort The pattern of expiratory air-
fiow was mfleable in more than 300 expirations analyzed over the eourse of four
years
Quiet breathing Suspicton of expiratory POC was confirmed by more forceful
efforts Mazimum insprration Inspiation Vp = 441 fsec , but volume was fow,
acceleratton was good Aactmum expration-Vp = 181 jeee, Vpoo = 11/0e¢
POC occutrerl almost immediately Leakage flow quickly dropped to 041 /se¢
or lower Hyperpnea (A) Sharp expuatory effort produced early POC. (F)
Gentle effort augmented volume output of air The patient could mmprose
M MV by 25 per cent through this maneuver Succeswire cough POC immedi-
ately followecl brief extrusion of dead space mr. Bronehual rebiound caused sl
mspiratory flow duning an expiratory effort showng that obtruction was present
upstream to the large airnays Note how the pattern of leghage flow reucrp”ﬂl
that of maamum expiration Interpretation Severe loss of Lung Tension is €%
hibited In spite of the history of bronchiectasis there was no sppreciable geaer:
alized mtrinsic airway resistance Inspiratory mechanics of the ‘museulo-sheteli!
bellows was still good One would not anticipate response (o bronchodiliter®
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Fig. 920. Case E 8.
Method Strain Gauge Male, age 64, was referred for treatment of emphysema
Maamum expiration and successive eough was marked by erratic flow but st
POC it was 1 7and 201 /e respectively, Leakage flow progressively declined
as the lungs deflated Treatment with a bronchodilator aerosol mproved flon.
Findings indicated that appreciable Lung Tension was sill present, that some of
the dyspnea could be ascnibed to mrway resistance After treatment with bron-
chorhiators the patient was able to work 1n comfort

i Lﬁh -

Fio 921 CaseA C. -
Method Strain Gauge Male, age 75, ambulant and ‘“.ﬂrhng a9 an ?I!BT@;}:
but with considerable dy<pnea due to universal interstitil ﬁbr}sm ln:prmi K4
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ton of threshold ar greater force to differentiate 1t from erratic
low  The \volume exhaled before Pomnt Of Closure, the flow at
Point Of Closure (V,0) and the pattern of leakage flow aid 1n ap-
srarsing Lung Tension when comparison is made tn other breathing
naneuvers

That referred to as kyperprea mvoltes 2 panting type of breath-
ng which emphasizes acceleration This produce~ marked and
ind sudden changes in pleural pressure Since tidal volume 1s
mali, Lung Tenston 1+ relatively constant
, Suceessive cough beginning at position of maximum insptration
5 essentially a mavimum exprration nterrupted by glottic clo-
sures, but the Iatter enables the subject to mount the highest at-

{ o _{_
L e
L B R E A et I

Fic 922 CaeR 8

Method strun Gauge Male, age 64, one of three «iblings to die of interstitial
fibrows i the ~eventh decnde of hfe When tests were made the patient was
bedridden and spproaching fatal termintien of the dheense Weahness aceounts
for ponr aeceleration and overall reduction of peak flow But the relationdups
were nevertheless distmetive, The prnerpal handicaps were <mall lung yolume
and lzited m~piratory flow  Cough (lower treimng) was mitiated at something
less than the position of maximum tepirstion with the result that he ran out of
mir, <o to tpeak, with ane cough, and ths conld not eough succesavely without
nterpeung inspitations
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tainable pressure In conditions where airnass are unobstructed
and Lung Tension is high, this may be the only way in which Pomt
Of Closure can be detected. The general pattern duplicates that of
maximum cxpiration, confirming the fact that the deceleration
pattern 15 valid and cannot be altered by greater pressure, since
it 15 defined by the checkvalve mechanism,

The case reports in Figures 9.17 to 923 illustrate effects of
normal and abnormal breathing mechanics on the pattern of air
fow Some pneumotachygrams were made with a slow frequency
optical device which damps out brief extreme peaks of flow.
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Fic 923 Cace A W. "
Method Stramn Gauge Male, age 56, har seyere anatonue emph\sc,m; gm‘
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Others were made with a Statham P97 transducer and a Sanborn
amphfier/recorder, which mtroduces artifact from turbulence,
voice, vibration, etc Type of apparatus is not so important as
the observers understanding of 1t It has been rewarding to find
that the hygraphy gives to many clinical
mamfestations of chest disease. The reader should view them asa
means to this end
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ourselves quoting hum verbatim, usually without recalling the source Un-
fortunately certain errors persist to this day as well. A student who wihes
to trace the thought on i breathing 1n emph should begn
by analyzing the paragraph by Laernec which follows (page 167)

“Pulmonary Emphysema supervenes almost alnays to an extenuve snd
severe dry catarrh These facts Jead us to & simple explanation of the mech-
amsm of dilatation of the mir cells It has already been shown that, in the dry
catarrh, the smaller b tubes are ! letely obstructed
exther by pearly sputa or by swelling of their 1nner membranes Now since
the muscles of wnspiration are numerous end powerful, while ezpuration, on fhe
other hand, 13 produced merely by the elasticily of the parts and by the fecble con-
traction of the ntercostal muscles, 1t must frequently happen that the mr,
which duning inspiration had overcome the resistance opposed to 1ts entrance
by the tumtd state of the bronchial membrane and the sputa, 13 unable to
force the same obstacles during expiration and remains therefore imprisoned
1 the cells by 2 mechamsm somewhat stmilar to the talve of an aurgun The
succeeding inspirations, or at least such of them as are energetic, ntroduces
a fresh supply of mir into the same cells and thereby necessanly occasions
their dilatation, and providing the obstruction 18 of some continuance, the
dlated condition of the cells will be rendered permanent

Meap, J, Avp WrirTenBERGER, J L Physical properties of human ungs
during J Appl Physiol , 5 779,

This report deals with quantttative aspects of Comphance and rewistance
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Chapter 10

ADMINISTRATION OF BRONCHODILATOR
AEROSOLS AND TIIE USE OF INTERMITTENT
POSITIVE PRESSURE BREATHING (Irrp)

R DREW MILLER, MD, WARD S FOWLER, MD, asp H FREDERIC
HELMHOLZ, JR, MD

The use of intermittent positive pressure breathing (IPPB) to
administer O; and bronchodilator acrosols, as introduced in 1948
by Motley, Lang and Gordon, has created considerable clinical
interest. However, agreement has not yet been reached on vanous
problems that arise in the appheation of IPPB to the therapy of
pulmonary emphysema. Some of the effects of IPPB, particularly
in patients with pulmonary disease, are as yet incompletely under-
stood. The eventual role of IPPB jn the treatment of emphysema
will be clarified as further clinical studies become available

Puysioroaic CoNSIDERATIONS*

Intermittent positive pressure breathing (IPPB) customardy
consists of the application to the upper airway of gases at pres-
sures which exceed the ambient atmospheric pressure by penod-
cally varying amounts This may be tone 1 either of twa way>
Pressure-tight masks or mouthpieces may be connected te &
mechanical valve whieh periodically delivers compressed gase>
from an external source, usually & gas storage cyhnder, and this
procedure ts customanly known as IPPB, Anoth.er protf‘d“‘::
which with certain qualifications 15 the physieal equivalent i3 l’ ¢
use of a tank tespirator In the latter case the pressure at N‘w:lfc

* Ve rtaming to pressure breathing and aero-ols hav
B T e i i

200
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way remams atmo-phene, but the pressure around the body i~
peniodically reduced below atmospherie In both cases a difference
of pressure 15 created between the upper airway and the outside
of the thorax

With estabhishment of a positive pressure difference, that 1s,
airway pressure exceeding extrathoracie pressure, the lungs tend
to expand However, the events that oceur thereafter depend on
the characteristics of the apparatus and also of the subject The
major characternstics of the patient are the resistance to flow of
gases 1n the airway and to motion of the pulmonary tissues, the
¥ y d Inlity or liance, and the charactensties
of the thoracie wall The latter i turn depend both on the com-
phance of the nonmu-cular tissues and on the amount and direc-
tion of muscular activity ‘The major pertinent characteristic of a
mechameal valve for dehvering compressed gases 15 1ts own flow
resistance, wncluding opening pressure, which determines the rate
of flow of gas that is dehvered for a certan pressure difference be-
tween the line pressure and mask pressure When, during inspira-
tion, pressure m the valve-mask sy<tem reaches a certamn level, the
mechameal valve eloses * During expiration the flow of gases from
the lungs 1s agmnst the resistance of the airway and the expira-
tory valve of the apparatus, and may he produced by the elastic
recol of the lungs (and probably of the thoray at near-mavimal
lung volumes), expiratory muscular effort or both These points
emphasize that the performance of a particular IPPB machine, or
the mash-pressure eurve obtamed with 1t= use, depends ta a large
extent on the respiratory charactensties of the perron to whom 1t
1 attached The principal apparent feature of IPPB is that 1t can
reduce or elimnate the work normally required of the respiratory
mcles to achier e an inspiration, if used properly

Pulmenary Qrerdistention
Application of positive pressure breathing requires considera-
tion of posable traumatic overdistention, with mtertitinl emphy -
sema. pneamothorax and artenal gas embolism Rupture of the

* Functionl characteristies of valves made by different mabufacturers vany
»ontew hat
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lungs 15 not produced by high levels of alveolar Ppressure per 8¢,
but by excessive stretching. Alveolar pressures as high a< 130
mm. of mercury are reached during a cough, but the lungs are
not overdistended, for the intrapleural pressure increases almost
as much beeause of expiratory muscular activity, which “splints”
the thoracic wall It 1s apparent that the amount of pulmonary
distention produced by applieation of a certain positive pressure
to the airway depends on several factors. These are mainly the
flow resistance in the airway, the distensibility of the lungs, the
state of the thoracic wall, and how long the pressure is applied
Flow resistance dissipates some of the applied pressure, and al-
veolar pressurc during inspiratory flow will be less than mask
pressure. The thoracic wall may, by voluntary or reflex muscular
activity, erther assist or oppose pulmonary inflation. The amount
of distention resulting from the interaction of these factors will
depend on the imtial volume of the lungs, the rate of inspratory
flow and how long it is maintained. With the presence of regions
of the lungs having different compliances and resistances, such 8¢
is probable in pulmonary emphysema or bronchoconstriction o
both, the situation is more complex A relatively large pressure
applied for a certan period may inflate a region with llxroncho-
constriction only moderately, but may dangerously d}s{eml 8
region of low resistance and high compliance The safe limits (0;
a matntained pressure difference across the lungs (airnay to PI‘»‘U”:{
space) are not well established, either for normal or for (lx>eu<("
lungs, but are customarily regarded as 20 to 30 mm of mercury

Circulatory Effects

With normal nspiration, tntrathoracic pressure lfecom i
negative relative to atmospheric pressure, and increases .
venous-pressure gradient between intrathoracic and extrathorngd
vessels, thus producing a transient increase of \ex:'ous reh{m‘:;rv
assisting the mamntenance of cardine output \\_1th 1{1*;}":{ l);
positive pressure, part of the mereased pressure 35 absor! Wc ﬂ";l
the lungs, but part appears as an elevation of mtrathor;m‘e‘er‘
right atmal pressure, o that venous return is impeded. Ifm o
with & normal eirculatory system, a compensatory fise of pel P

s more
the
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eral venous pressure oceurs, with peripheral vasoconstriction, and
venoux return and cardiac output tend to be restored. When the
cireutatory s3stem 1s impaired, as by a reduced blood volume or
meffective vasoconstriction, the compensatory increase of periph-
eral venous preseure 1< imited, and cardiac output is reduced The
impeding effect of positive intrapulmonary pressure< on the y=-
temic arculation 1s roughly proportional ta the magmtude of
positne pressure and the fraction of the respiratory cyele during
which 1t is present If mask pressure returns to near-atmospheric
pressure during the expiratory half of the respiratory cycle, the
embarrassment mposed on a normal arculatory system 1s prob-
ably not of great practical importance

The effects of vanations of intrapulmonary pressure on the
alveolar capillaries are not well understood, and depend on local
or intrathoraeic events as well as on the cffects secondary to
changes of the systerme mirenlation Although there are recurnng
suggestions that positive alveolar pressure compresses ahvcolar
capillaries, the presence or magnitude of such an effect 1s uncertain
and in dispute

Respratory Effeets

1PPR causes n vanable merease of respiratory minute volume,
uatally by an wereased tidal volume, bioth i normal persons and
in patients with pulmonary discase This re<ults in & deerease of
the alveolar aud artersal CO; tension, an mcrease of artenal pH
and oxygen tension, and an mtial peniod during which there 15
“blowing-off”" of COy However, after some munutes, even though
hyperventilation contimuex, the alveolar concentration of CO,
approaches a new and reduced level, wlneh when multiphed by
the mereased rate of alveolar ventilation, yiclds a value for rate
of CO, elimmation which 1= equal to the rate of COs production
by the ti-ues, and thereafter “blowing-off” of CO, 1~ not accom-
plshed, althiough lower artenial COy tensions are maintmined It
1~ of mterest that the respiratory center, which normally main-
tons arterial pCO; within narrow hinuts, permats a marked re-
duction to oceur during IPPB, even though it would appear ~til}
to have control over the depth and frequeney of breatling
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It is difficult to generalize as to the respiratory pattern which
may oceur after cessation of the period of hyperventilation pro-
duced by IPPB, and which determines the extent to which the
previously reduced levels of CO, tension are maintained The
ability to reduce artenal pCO; with a 10 to 20-mmute period of
IPPB 15 no guarantee that it will remain reduced, and the escess
amounts of CO; that may he eliminated during a short period of
hyperventilation are not umpressively large relative to the hun-
dreds of liters of CO; that are normally produced and ehminated
m a day

Inspiratory positive pressure, if of sufficient amount and main-
tained during a sufficiently long mspiration, will inflate the lungs
to a greater evtent than s usual at the end of a normal mspiration
With pulmonary ipflation, achieved either by 1PPB or by natural
muscular activity, the bronchial tree also enlarges, with increaced
chameter of the varous bronehi * However, even normal pul-
monary 1wnflation 1 not umform throughout the lungs Sqme al
veolar spaces receive more fresh air, relative to their preinspu_utof."
volume than do others Unevenness of alveolar ventilation 15
greatly mereased n pulmonary emphyrema, and large fractions
of the total lung volume receive very small amounts of frgsh air
suth each breath during natural breathing at rest The physiologic
mechanisms that are responsible are not welt undex:stnod It
therefore difficult to predict whether or not the relatn'gl}' under-
venhlated regions of the emphysematous lung are \ent.ﬂat(’d dl;
ferently when inspiration of a certain total volume is achigved wit
or without IPPB .

In emphysema, there arc alse abnormally Iargc' vnnatmmﬂm
alveolar ventilation/perfuston ratio When the SU.()JQct 15 hrea l:(
ing arr, this leads to a lower artenal ovygen tension than “‘:};ﬂv
reult from the same amount of alveolar ventilation if \';l;alm
tion perfusion ratios were more umform. The effect of 1:’ o
these abnormalties, as studied in coal mpers by Mat! 0), ﬂ(m

“alg

b 23U
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awocates, appears to be vanable In our opinion the changes
folloning IPPB do not represent significant improvement in pa-
tients with abnormally large residual volume ‘total capacity ratios

1t i~ appropriate at this point to mention acrosols, since IPPR
has been widely wsed in an attempt to facihitate the delwery of
aerocols of bronchodilator and other drugs to poorly ventilated
regions of the lungs The delivery and depoution of aero-ols within
the lungs are subject to many factors, some of which are particle
stze, mternal diameter of the respiratory passages, presence of
secretions, and velocaity and type of air flow through the passages
Although with decreasing particle size the depth of penetration of
an acrosol inta the smaller air passages mncreases, the percentage
of particles that are retamed and not exhaled decreases. However,
the retention can be increased by holding the breath for short
periods at the end of mspiration, thereby {acilitating deposition
of the particles on the walls of the air spaces The intrapulmonary
distribution of the type of nerosols that 1s generated by the most
wudely used nebuhzers from ~olutions of hronchodilator drugs is
largely hmated by the flow of mir into the various regions of the
lung~, but need not comcide with it The uncertanties as to the
effect of IPPD on improving the umiformity of alveolar ventilation
m emphysema have been noted above, and apply sinularly to its
cffect on the delivery of acro~ols However, 1t seem= reasonable
and 1~ consstent with clinical expenence that deposition of nerool
can be augmented by any method that increases the at least po-
tential delinvery by adequate charging of the inspred gases with
aero~ol, by increasing the tidal volume, or Iy imereasing the dura-
tion of the peniod of mhalation

IPPB has been ~md to provide hreatlung exercises and to im-
prove muscle tone Both the defimtion of these effects and the
manner m which they are achieved are not elear An abnormal
pattern of use of the respiratory museles 15 frequently obeerved
m emphyvsema To what extent this is a result of altered reflexes
for example from ~ensory receptors in the lungs or thoracic wall,
and whether such reflexes are aficcted by IPPB remain to be
demanstrated
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dication to the use of sympathomimetic bronchodilators, Patients
with severe angina pectoris or other types of cireulatory msuffi-
ciency or cardiac irritability should not use Jarge doses of these
drugs

Adminestration of Bronchodilator by IPPB

IPPB apparatus is made by several manufacturers. All will
pravide IPPB, and each has certain relative advantages and dis-
advantages. Our principal experience has been with the Bennell
apparatus (Tig 1), which has been quite satisfactory.

In practice IPPB has consisted of having the patient breathe
oxygen, under postive inspiratory pressure, into which is mftro-
duced 2 contiwaous aerasol of hranchoddator or other drug Dur-
mng the expiratory phase some models of IPPB apparatus allow
loss of the undeposited aerosol in the expired air and also loss of
the aerosol gencrated mnto the apparatus by the nebulizer during
exprration  The latter, of course, is avoided with any methed
using insprratory nebulization only Except for the loss of an un-
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determined amount of rather expensive medication, the loss in
the expired air 1+ of httle practical importance as long as the pa-
tient 12 benefited

The same haie principles of deep, slow breathing used in sim-
ple acrosol therapy also apply in IPPB It 1s important that the
patient be informed of the purpose of the treatment, the manner
of operation of the apparatus, and how fo adjust and clean the
uebulizer He should be instructed to breathe in a manner that,
so far as possible, allows the pouitive pressure to take over the
major work of mepration and allows the valve to cyele with
mimmal effort Close supervision by trained personnel, preferably
the physcan, during the early phase of treatment 1 of utmost
importance The use of only a few em of water pressure on the
first treatment and gradual merease to tolerated pressures in the
range of 10 to 20 em of water facihitate the patient’s adjustment,
to the apparatus Tense patients who are not well indoctrinated
may be frightened by the apparatus Tlus obviously detract~ from
the benefits that can be denved

The dove of bronchodilator drug used with IPPB 1~ similar to
that 1 sample aerosol therapy The duration and frequency of
treatment are al<o essentially the same

Complications

The untoward «de effects enumerated wnder acvosol therapy
also apply to IPPB Additional compheations that have heen
reported during therapy with positrve pressures have been pneu-
mothorax and appearance of frank congestie failure with periph-
eral edema The first of these ¢amplications may be eomncidental
or may be related to the wse of excessive levels of positive pressure
without adequate prelinunary e of gradually mcreasing positine
pressure 1o determine the mdividual patient's tolerance By -
tiating treatment with lower pressures we have not per<onatiy
oherved acute complieattons Progressive nght heart fatlure with
peripheral edema presents a moﬂ diffieult problem The varnious
cheal, genologe and  clectrocen e «gns of cor
pulmonale mav be ab-ent or equivoeal until fnuk edema appears
Afthough IPPB miay not anpair the function of a normal eircula-
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tory system, the periods of positive intrathoracie Pressure me
impair venous return sufficiently 1 the presence of a failing ngf
ventricle that marked peripheral edema appears, IPPB cannot |
considered the sole cause of this complication but may merel
hasten the inevitable sequence of events We have noted th
complication 1 several patients while they were on IPPB b
al=0 1n numerous patients on other forms of therapy.

Contraindications

The use of IPPB may actually be detrimental in the presence o
pneumothorax or mediastinal emphysema Recent hemoptysis v
a relatne contraindication to IPPR. Careful attention must b
given to possible circulatory changes when patients with CO
retention are treated

Selection of Patrents for Varous Types of Acrosol Therapy

Some wnters have advocated the use of IPPB for all patients
with emphysema This is not a generally accepted belief, honever.

Diffuse pulmonary emphysema, although a disease enbty, fre-
quently accompanies many other chronic pulmonary conditiont
such as chronic bronchitis, prolonged bronchial asthma, preumo-
comioses (particularly silicosis), tuberculosis, bronchiectasis ?lm{
some ndetermmate forms of pul ry fibrosis C quentiys
patients m whom a diagnows of pulmonary emph?'sema is mnd:
may present a wide variety of chinical problems This may accoun
for some of the variety of vflcets reported with the use of IPPBn
patients diag) i as having pul vy emphysema The tF«:‘
tient’s psycholome make-up, as well as the canhovaccu}ar ata u},
also influences the chnieal response Ambulatory pntlenﬁ ‘“” ;
moderate pulmonary disababty due to emphysema hut l.ntc o
none of the afore-mentioned associated pulmonary cundmon;, :l"]
our experience derive smilar subjective and t:'bjeclne henefit fro
daily use of acrosol bronchodilator with or witheut 1PPB -

P;oponcnts of IPPB have reported subjective xxrx.pmx:e'r;}::)b]&
about 70 per cent of their patients (Smart and associates; i
and Kieran) Our studies confirm this incidence of‘rmprm cﬁcnh
It is of interest, however, that in our control series of pa
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using a sunilar program of bronchodilator aerosol, but without
IPPR, 70 per cent also obtained subjectine improvement. The
nature of improvement o the two groups of patients was ltkewse
simitar Moderate relef from dyspnea usually wa< noted on the
first day of treatment, followed 1n several day s by decreated cough
and volume of sputum, decreased fatigue and varying degrees of
unprovement of appette, tleep and sense of well-leing
Immedmte hut transient improvement in sital capacity and
masimal breathing capacity of similar degree was usually noted
after the mhal aerovot treatment with or without IPPE (Table
1) Wu and aswoctates reported simlar findings in patients who
do not have exeessne ~ecretrons, but reported a more lasting
immedrate effeet on the timed vital capacrty and maximal breath-
myg eapacity with IPPB Regal and assoaates stated that an aero~ol
with 1PPB 1~ supenior to bronchodilator acrosol alone a-~ meas-
ured by immediate improscment m the vital capacity
Vital-capacity and maumal breathing-eapacity measureruents
after 8 number of weehs of treatment showed only occastonal
mprovement m our study when an aetesol with or without IPPR
had not licen administered since the presvious day (Table 2) If

Tasts 1
Tumedate effects of ssoprotersnal hyptrehlorsds Jauprel bydrochloride)® acronal
on 31 pahentsy

Aerow] with IPFB

Aerowl withost tPPRE |

T .
Hefore treatment  UTHMENL  pojore ppratment | Lreatmeat,
e et
Vitabapaeity 247 x O D 1T £ 3T2H20UL 12 230
[ um e 37
Aavma?l breathing o WMWa 21 1WE4N WEL24 1430
DPuciy L min %) L span 1371
51 37

* The Lusprel man furmehed i part by Wanthrap Laboratorues, Ine

¥ Erom Shilter, & 17, Fawler, W & and Uelmbolz, i 1, Jr

3 IPPH = termittent pacitive preesare bresthing

# Vatues icted are the mean and ity standand error Number of olweryations 1n
irrenthess
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TaBLE 2
Results of putmonary function tests before and after 2 weshs of treatment wuth fsupeel
aerosol, with or without IPPB

Test Before Trestment ! After Treatments
Vital capaaity Reduced Unchanged
Residual volume Increased Unchanged
Maximal breathing capaeity Reduced Unchanged
N2 washaut index Abnormal Unchanged
Artenial O, <aturation
Rest Few reduced Some improved
Lxercise Many reduced Some mproved
Exeraise tolerance Reduced Unchanged

“ No treatment for at least 12 hours befare this test

the tests were repeated at that tune after another single treatment,
the nmmediate response was wwually stmilar to that after the imtial
amngle treatment Segal and associates have also reported results
of this type Despite the lack of improvement in objective meas-
urement, some of the subjective improvement deseribed above
usually persisted

The 1deal goal of treatment would be both subjective and ob-
Jective improvement. IHowever, maintenance of objective findings
at a constant state over a penod of months and years should be
encouraging to hoth the patient and the physician, for the natural
Instory of diffuse pulmonary emphysema is one of relentless pro-
gression We have noted this mamtenance of objective findings at
a constant or sometumes improved level 1n patients treated for
long periods with bronchodilator aerosols with or without IPPB

Of our patients who obtamed subjective benefit from broncho-
dilator aerosols with or without IPPB, about one-third had a
personal preference for the IPPB, stating that they “opened up”
more at the time of treatment, another third preferred the effects
of the aerosol without {PPB, and the remaiming third had no
preference

In ambulatory patients who have excessive bronclual secretions
IPPB may 1n some nstances offer significant additional benefit
The only wstances mn wlach we have noted significant objective



BRONCHODILATOR AEROSOLS AND IPPD 303

improvement with IPPB winch suggests posable superionty to
acro~ol alone have been in younger patients, particularly thow
with more than !4 cupful of mueord or mucopurulent sputum
daily. This type of case represents a nunority of the patients whom
we see chmcally with pulmonary emphysema In practice, it has
heen our poliey to have younger patients with emphysema, and
who have excessive sputum, try a penod of <uperviced treatment
with aerosol bronchodilator alone and subsequently al-o with
IPPB If the latter method results in ohjeetive or subjective
improvement beyond that of aero-ol alone, arrangements are
made for lenger use of IPPB Some type of bronchodilator aerosol
therapy with or without IPPB should be continued t patients
with subjective improvement for many months te achieve a mai-
mal effect on the reveruble aspeets of the chrome disease process

Curonic CO: RE1EM110N WiiH RESPIRATORY AcCIDOSIS

Much has been wnitten about the problem of carbon choxide
retention in hypoyeme patients with emphysema The respiratory
center may become relatively insensitive to elevated CO, tension,
and the hyposemie stimulus to breathing gains m relative impor-
tance Barach, Comroe and asociate~, and Lovejoy and associates
have described the biochemienl and eltnical consequences of the
removal of the hyposenue stimulus by admimstration of high
concentrations of oxygen Hyposentilation develops with marked
increase of CO:; tenston and decrease of pH of the artenal hlood,
resulting m central nervaus system depression and even death
Baraeh has advocated a simple and usually effective method for
combating these acute con-cquenees of oxygen therapy Ovypen
1= adoumstered by nasal catheter imtially at a fiow of 1 hter per
munute This iv gradually inereased to levels which relieve hypox-
emia but do not result i exeessive depression of ventilation If
more rapul relef of hypoverma 13 desired, mechamenl aid to
resprration is of value i mamtaimng ventilation adequate to
prevent further CO, retentton Tlis can be aclueved with either
a bady -type or face-mash respirator

Lovejay and avociates reported disappointing re-ults using one
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Tapue 3
. Pulmonary cmphysema, changes in artertal blosd*
: -~
Arnteral

I T oy | O Coment €O | Pacoy
;J:.,‘ rol ¥, (% qat} vol 0§ mw d¢

Breathing air 7R { 21t 18 1 (§4%) 612 54

Oy mask for 10 mia T3 W3 | 2T (100%) | K30 | 60

O, IPPD for 8 min ] 7140 2 27 { 2B Q005 | 530 5t

O - GRS SO AU,
* During breathing of oxygen by mash and dunng intermsttent positive pres-
sure breathing

type of mask respirator in this syndrome, and expressed preference
for the use of & body-type respirator Segal and nssociates and
Cohn and associates deseribed the effective usc of & mask type of
resprrator if s use 18 under close surverllance of tralned person-
nel. As have others, we have found IPPB to be effective in pre-
venting an acute retention of CO. following administration of
high concentrations of O; Table 3 shows the merense in arterial
CO. tension m & patient with severe emphyserna, while hreathing
oxygen by mask In contrast the CO, tension 18 decreased while
using IPPB-ovygen without a bronchedilator. The maintained
prevention or rehef of CO» vetention. however, requires numerots
periods of asssted respration Of equal or greater importance 3s
wigorous wse of bronehadilators and often antibiotics, with addi-
tional use of digatalis and diretics if congestive farlure is present
Duarettes should be used with consideration of the effects on renal
compensation for electrols te disturbances in such cases

Proaxosts

Despite these numerous measures n managing C0; retention
and respiratory acidosis the ontlook 1s poor, chiefly beeause of
the irreversible anatotme changes m the lung in this advanced
stage of emplysema If the CO; retention 15 precipitated by an
acute compheation sueh as bronchopulmonary infection, then 2
prolonged remssion ean often be achteved by utthzing same fea-
tures of the above therapentic program
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Chapter 11

PHYSIOLOGIC CONSIDERATIONS IN
MANAGEMENT RELATIVE TO THE
DEVELOPMENT OF ACIDOSIS AND

TO THE WORK OF BREATIIING

JAMES K ALEXANDLR, MD

Tue DEVELOBMENT 0F ALiDosis

The apperrance of COy retention in the arterial blood is o rels-
tively late mamfestation in the naturhl hisiory of chrome pul-
monary emphyrema, ususlly mdicating advanced disense. Al-
though certain aspects remam conjectural, at present the
sequence of physiologic events leading to respiratory acidosis in
emphyrema can be at least partinlly defined In this section the
nature of these events will be outlined, together with certain of
their therapeutic implications

Broadly speakmg, the partial pres<ure or tendon of £0O; in the
aheoh of the fung 15 dependent upon the rate at wluch CO, dif-
fuses 1o the alveoli from the pulmonary capillaries, and the
rate at which the alveoh are ventilated with fresh gir. Thus the
€O tension of the arteral blood, in equilivenm with the ah eelas
CO, tension, varies directly with the CO, production of the body,
and inversely with the alveolar ventilation In advanced emphy-
sem €O, produetion may be slightly increased because of the
additional energy expenditure necessary to ventilate the tang
However, the arterial CO; retention st rest oheersed in the h'it‘r
stages of the disease is chiefly the tesult of alveolar hypovonh}m
fion This reduction i cffectrve alvealar ventilation occurs depite
the presence of blood chemcal stimull normally bringing about

306
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garding e sequence of p\\ys\o\og'lc events Jeading to the develop-

ment of CO,re\emion m emp\\yscma\(ms patients This l\ypothes‘\s

18 outlined in Tigure 4 At some point in the couTs® of the diseast
v s
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maximum breathing capacity, and (2) the energy expenditure by
the muscles of respiration necessary to achieve a given pulmonary
ventilation, or the work of breathing Dyspnea 1s favored by any
crcumstance making for an xmbalance between the breathing
and resp hanical performance Such an
mmbalance may be effected by hyperventilation on the one hand,
and by reduced ventilatory capacity or increased respiratory work
on the other Chronic pulmonary emphysema may give rise to all
three of these situations In this section discussion wall be Iimited
to a consideration of manner 1 which disordered ventilatory
function 1n emphy sema brings about increased respiratory work,
the magmtude of the increment, and therapeutic reduction n
the work of breathing
Estimation of respiratory work may be approached i various
ways The amount of work done may bhe roughly approvimated
if mformation 15 available regarding the cross sectional area of
the respiratory muscles, the degree of shortening which occurs
during contraction, and the magmtude of the forces mvolved A
second approach 1» measurement of the increased oxygen utihiza-
tion brought about by voluntary hyperventilation In this way
the total energy requred for breathing may be estimated as a
funetion of oxygen consumption Frnally, the work of breathing
may be expressed mechanically a- the sum total of the energy
developed to distort the lung and chest wall, a< well as to provide
motion to these structures and the air within the lung Analyzed
1 the conventional manner, the mechamecal resstances to be
overcome by the respiratory museles in producing lung ventilatron
fall into four eategories (1) The 1estoring force exerted by the
lung and thorax when the structures are mflated This has been
termed clastic resistance or complance (2) The force required
to overcome frictional reswstance in the Ining trssue, or “tissue
viseance ” (3) The force required to overcome resistance to air
flow within the respiratory air passages (4) The force 1equired
to overcome nertia of the Jung and thorax and of air and blood
within the Jung This latter foree 15 presumably very small
That chronic obstructive emphysema may lead to a considerable
increase m the work of breathing 1= well extablished Cournand
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VENTILATION  IN  LITERS /MiN./ M2
Fie 11.5. Ovygen cost of hyperpnea m chronic pulme ph; « The
open orcles and dark cucles represent observations at reapxmtory {requencies
of 20 and 30 reepectively Measurements were obtained before and after partial
relief of bronchual obstruction Normal values for companison at respiratory fre-
quencies of 20 and 30 are mdicated by the broken lne and solul line curtes re-
spectively (From Cournand, Richards, Bader, Bader, and Fishman }

and co-workers found the oxygen cost of breathing in a patient
with emphysema higher than normal by making direct measure-
ments of oxygen consumption at varying rates of voluntary hyper-
ventilation

These findings are illustrated m Figure 5, showing the oxygen
cost of hyperpnea mn this patient as compared with the normal
Tor an inerease in ventilation of 5 1./mm , the patient required
an ncrement in oxypen uptake compatable to that required for
a ventilation ncrease of move than 56 1 /min by the normal sub-
ject From the therapeutic standpoint, the resufts of measure-
ments obtained on two different occasions in this emphy=ematous
patient are noteworthy Following partial relief of bronchial ob-
struction, the oxyzen cost per hter of ventilation over the resting
level fell to approximately 25 per cent of its previous value

Similarly, estimation of the mechanical work necessary {o venti-
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late the lung in emphysematous subgects hy Mellroy and Christie
ndheates that the work rate per minute necessary to achieve a
gicen ventilation may be mnch greater than normal. A patient
with emphysema may have to do as much respiratory nork while
breathmg at 151, min av 2 normal subject breathing at 30 or 40
1 /min

Further anatysis of the augmented respiratory work i emphy-
sera with reference to the resistive forees previously mentioned
has been at least partwlly successful Thece obeervations deal
almost entirely with the work of ventdatmg the lung alone, ns
estimatton of the work required to move the thorax and abdomi-
nat contents in these patents s difficuit s a convement approach
to the probiem, the total energy expenditure required to ventilate
the lung may be subdivided mto two clief components, That
portion of the tutal required to overcome resistance to tisue de-
farmation and air flow i the lung may he conudered the reshive
component That portion required to overrome the elastic resnt-
ance or restonng force of the lung may be considered the elastie
component In normal mdividuals the elastie component of re-
spreatory work aceounts for approuimately two-thirds of the total
at rest, and wathin hmats 1 independent of respiratory rate On
the other hand, the resistive component saries direetly with re-
spiratory mate This relationship hetween the twe eemponents
does not hold in emphy-ema, however A~ pomted out by Mead
and awoctates, wath tugher respiratory {requencies the flow re-
wstiie properties of the lang exert o greater effect upon the -
trshutson of flow to 1t~ vanous parts, <o that a progressively smaller
tung v otume i effectinely ventiated This results i an apparent
merea~¢ 1n the elao~tic component with Ingher respiratory rates
and makes differentiation of total work mto two components a
rather arbitrary thing, Measarement of elastie work required 1o
mflate the emplusematous tang under statie conditions or dunng
et breathing over the range of the tudal y ofume y1elds a normal
ot shghtly mereased value On the other hand, rewstive work m
emphysema 1o striingly increased over the normal at any men
frequency  In Figure © and Figure 7 are <honn contrasting pul-
monary pressure volume laops i the normal and emphy ~ematous



316 ALEXANDER

a(.mcs, which permit estimation of the Tespiratory work for a
given !)rcatll, and differentiation of its two m:\jo; components
If, during a single breath, simultancous measurements are mmic
of the change i the volume of the lung and the change in intra-
thoracie pressure necessary to aecomphish this, a dynamic pul-
monary pressure volume foop may he construeted, Using intra-
osoplmgna( pressure as equivalent to intrathoracic pressure, such
a loop is plotted in Figure 6 for a normal subject brenmin;: ata
resprratory frequency of 20/min The pressure observed at the
pcal} of mspiration when »o air flow is ocenring represents the
static pressure necessary to overcome the elastic forces in the Jung

VOLUME, ML
1000
JEXPIRATION,
500
/
47
¢ INSPIRATION
/
/
2z 2 ) 5 )

TRANSPULMONARY PRESSURE INCREMENT, CM H,Q

Fia 115 Dynanue pressure volume loop for s single breath at a respiratory
frequency of 20 10 & normal mdividna) On the ordinate is plotted fung volume
change in ml Transpulmonary pressurc increment on the abseises indicates the
Ailfecential pressure 1n em water between mouth and intraesophageal pres<ure
taking the latter as equivalent to intratlhoraec pressure Zero on the abeersy
refera to 1ntraesophageal pressure at the end-expiratory position, and posititity
or negatiiy to change relative to this vatue See text {or discussion *
a nccotnt of the work necexsary to expand

and therefore the eafeufated elastic sork
£ contrasting the nomal

* This type of representation taked n
the lung ta the end-expiratory position,
y41naccurate It affords, however, a convenient means of
and emphy zematous states
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at that volume. Such a relationship, obtained at varying lung
volumes, determines the static pressure volume curve, or compl-
ance of the lung, and 1s designated by the line within the loop
At a given instant in the respiratory cycle, the difference between
the observed pressure and the comphiance curve will indieate that
pressure increment required to overcome the frictional resistances
ascociated with movement of air and tissue It will be recognized
that the areas described by a diagram of this kind are directly
related to mechanical work performed, and may be expres<ed 1n
umts of work Thus the elastic work for the breath shown in Figure
615 defined by a tnangular arca bounded by the comphance curve,
a line drawn from the peak of the comphance curve perpendicular
to the ordinate, and the ordmnate 1tcelf This area al<o represents
potential energy stored during mspration which 15 presumably
available to aid 1n overcomung expiratory resistances The mspira-
tory fricttonal or re-istive work 1s shown in the shaded area
bounded by the inspiratory portion of the loop and the compliance
curve The ewvpiratory rewistive work, deseribed in the area

VOLUME ML

BEFORE
BRONCHODILATOR

— —r ™ - -
. - 2 . ‘ . 3
TRANSPULMONARY PRESSURE INCREMENT, CM. RO
Tt6 117 Dynamic pressure yolume loop for 2 single bresth at a respiratory
frequeney of 16 1  patient with obstructiye emphysema The physiologie 1 ana-
Bles are platted as indicated i Digure 11 6 See text far discussion
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bounded by the expiratory portion of the loop and the compliance
curve, is unshaded. In this case, the potential energy stored in
accomplishing the inspiratory elastic work is more than adequate
1o overcome the expiratory resistance and no additional work is
done during expiration. Therefore the total work for this hreath
is represented in the area bounded by the inspiratory portion of
the loop, the line from the peak of the loop perpendicular to the
ordinate, and the ordinate itself The lung compliance in Fiygure
6, defined by the slope of the line within the loop, is 0185 1 /em
water pressure The total caleulated work for the breath s 14
kilogram meters X 10-%, of which approvimately 70 per cent is
elastic and 30 per cent resistive.

In Fig 7 1s shown the pressure volume loop for a breath of ap-
proximately the same volume at a comparable respiratory fre-
quency in a patient with obstructive emphysema, It ean be seen
that the lung compliance, and therefore the amount of elastic
work, are nearly the same as the normal. However, an enormots
increase 1 the total work has aceurred by irtue of increased re-
aistive work The potential encrgy stored during inspiration 1 ne
longer sufficient to overcome expiratory resstance, which has now
become the predommant factor m conditioning the overall work
requirement There is a complete reversal of the normal relation-
ship, so that the resistive wark constitutes 86 per cent of the total,
and the elastic work only 14 per cent The total caleulated work
for this breath1s 11 5 kg m. X 10-2 or over eight times that done
by the normal subject

In Figure 8 15 shown the pressure volume loop for a breath of
comparable volume at identical frequency measured in this same
emphysematous subject following bLronchodilator* therapy Al
though the total work is still very consderable, and the relation-
ship between elastic and resistive work 1s essentially unchanged,
there 1= nevertheless a significant reduction in total work This
comes about largely as a result of decreased resistive work, though
the apparent compliance 15 somewhat greater al-o Caleulated

* «Vaponefrin,” 82 25 per cent solution of racemic epinephrine a3 hydrachios

nde
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TapLE 121
Frequency of associated pulmonary diseases tn cases of chronic byperlraphic
pulmonary emphysema diagnosed elinreally and at autopsy

Chiniea! Study Autopsy Study*

Diagnostic Classification Bhatscla, Siote and Spam and
1952 Garvm, 1933 | Handler, 1945

No Ifercent| No [Percemt| No |Percent

Emphysema, usually with bronclunis, | 54 |52 4
no other recogoized pulmonary dis-
ease, including four cases rapudly
fatal sithout apparent wnfection

Emphysema, onset follontng pneu- [ 10 97

25 [543] 40 [7v01

momg tion tion
Emphy sema and bronchicetasis 7 69 7152 6 (105
690 693 806

Emphysema and tuberculosis (some | Intentron-

wath wheoas) ally ex-
cluded
from con-
aderation
Emphysema folloning bronchial 19 |18 4 |Noobserva-] 6 [105
asthma { tron o
Emphisema and wicoas J 3 29 7 | 152 | No observa-
tion
Emphy sema 1n patsents “gawsed” dur- | 10 | 9 7 |No ohserva-| No observa-
tron tion

g war and one ca-e of exposure to
sulfur dioade fumes

* Thewe cases constituted 103 of 108 eases of cor pulmenale studied at post

mortem

data n the table are surpri=ingly uniform on this point, consider-
1ng the wide geographic and time duffercnces 1 the studies, in ad-
ition to the fact that in Whitfield’s report diagnoses were based
on clinteal studies, and 1n the others the lesions were identified at
autopsy. As an incidental finding, 1t was shown that among cases
of chronie cor pulmonale detected at autopsy, the majority oc-
curred 1 patients with chronie pulmonary emphysema, suggesting
that the major cawse for chronie cor pulmonale may he pul-

monary emphysema



ROLE OF INFECTION 323

There was a consistent low rate of occurrence of bronchreetass
m patients with chronie pulmonary emphysema, ts madence
ranging only from 69 to 15 per cent in the three series This s
logreal sinee hronchiectasy tends to be a localized disease, and
even severe cases large areas of lung may be entirely unmvolved
Localized emphysema may be found i lung segments distal to
areas of bronchiectasis but this disease 1s distinet from the gener-
alized type of emphysema presently under discussion

In these studies there was a frequent association of chrome
bronehitis with emphy<ema This relationship has led many ob-
servers to attach an etralogic role to chronie bronchrtis in emphy-
sema, In support of this view 1s the fact that in infants and chil-
dren an acute bronchiohtis, often caused by cneapsulated strams
of Hemophilus influenzae, occurs, i which acute emphysema de-
velops with a picture of pulmonary insufficiency very similar to
that m chromie pulmouary emphyserma (Woord and a-socuates,
Nelson and Smith} In these cases tuprovement from the infection
coincides with relief from the acute emphysema Moreover,
Amberson and Spam have desenibed clinical and post mortem
findings in a case of chronic bullous emphysema in an adult which
they feel arose from recurrent eprodes of bronchiohtis It was
their concept that a chronie, orgamzng, constrietive bronchrohtis
and peribrenctuahtis occurred, and stiffened and narrowed the
lumens of the bronchioles They postulated that these changes
led to the distention of alveoli and the other manifestations of
chronic progresstve pulmenary bullous emphysema mn that case
and others of the same type

It 1y most logcal to believe that in a definste proportion of cases
of chroni¢ pulmonary emphy scma, infectious broneholitrs has lerd
to chronie constriction of bhronchioles with the later derelopment
of emphysema Whether such an occurrence may depend upon
some mherent host susceptinhty 13 not known, Lut 1415 reasonable
to suppose that age, sex, general health, wheritance, occupation,
or other factors mught lead to a greater proneness of one per-on
over another to emphy~ema following episodes of bronclhuoliti-

Bronchitis 1n patients with emphy cema s considered to be
predonuaantly of wieetious ongn, but physteal or chemreal jrn-
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tants, and allergi, Teaetiong may- initinte Attacks of the disease
Receny], Loweyf and hig 2880ciatey have Suggesteq that Smoking

Wy
Mmay e an unpommt predisposing Cause of pulmonm-y €mphy-.
fema R, 1S may aleq be g anj, tion of any othey kings
f pulmomzr_y disen, t ‘Quent]y Present i Dbatienty with
m Yy nomg, heart fa Iure, angd reulo; my cotip
Infectjo, Mportans 10t to gy - Dossip), ce
of these d €S I atients With brop, chit

PA’I‘HOLOG)' oF Bnoxcm'rw Lesioyg i E\IPIIYSEMA

he lesiong of bronchitis at topyy- shoy consizlemblc Varia.
tion 1 thejr Severyty- and locanon in the respiry ory tract It is
also beheved that dun'ng the course o, Progressiye mpliyseny
Consecutyyg €pisodes of bronchllis may- involye Widely differeny

Kount eXander have deserjp, Patholog;e lesions
of brnnelut N cases of very heed g associateq with
ronchtys 5 Psy I naller onchj ¢, ey found
eston, re~emblmg b chiol, erans yj, obstruction of
Umen, | Y chrop, Mmatop I e large, broneh;
there appeareq COnicentrj, ingrowth of inﬂammatorj ele.
ents towarg the Tumens, and jp others ; Was €ccentricaly,
locateq the J, hia) Tueture, showeg atrophje changes
Muscle i Unned g9 Dbatehy gpg ot Ipletely encirele
bronep, Glang, Were Jogg Mumeroyg than p, he epitheliym
Was loy o lal ang atrophye o, col, r ciliated, Ty,
subepxthehal I N oceanion S INcregsed i thickness and
infiltrageqy Ymphocy e, p brope, Were dilyy n areas
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section of lung tissue obtained at autopsy, The arrow indieates
th'e Iumen of a small bronchus which is filled with exudate con-
taining many polymorphonuclear leukocytes The infeetious lesion
1s largely contaned 1 the bronchus, and the surrounding Jung
parenchyma shows changes characteristic of emphysema.

PossisLe Preciritating Facrors v Broxcurms

Bronchitis 1s 2 regular part of the evolution of illness with the
common acute respiratory dieases in the general population It
is not usually severe and lasts only a short time Many observers
have also noted that one of the common acute respiratory diseases
often precedes bronchtts mn patients with emphysema, bronchial
asthma and other chronte pulmonary diseases, but instead of a
benign course, profound disturbances in pulmonary function may
result and the dlness may be protracted These observations sug-
gest a precipitating role of the common acute respiratory infec-
tions in chrome bronchitis and further support for this porat of
view 15 obtamed when the ~easonal incidence of the two diseases
15 examined

Studies have been made of the frequency of recurrent episodes
of bronchitis severe enotigh to warrant hosprtalization in a group
of patients with chrome bronchitss by Stuart-Harris and his ss-
soclates Among 85 patients followed in an outpatient depart-
ment, hospital admussions for bronchitis and its complications
were two to four times more frequent among the winter months,
Qctober through Mareh, than n summer Of the total of 101
hospital admssions during the five-year period of observation,
76 per cent occurred n these winter months

The seasonal incidence of the common acute respiratory dis-
eases lias been studied by Dingle and his associates in a group
of Cleveland famulies They found there, too, that the incidence
af respuatory illness was greatest during the winter sea~on with
cpisodes of infection occurring at an annual rate of ~ix to vight
per person per year, in contrast to 2 rate of approvimately three
per person per year during the summer months The wives m the
households had 33 attacks per person-ycar on the aiverage, and
the husbands had rates of 4 1 per person-year. These were youny
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adnlts but Von Valkenburgh and Frost in the Hagerstown study
have found very little decrease 1n the frequency of acute respira-
tory disease among adults 1n the age range 30 to 60 years Thus
15 feen a close correlation m the of the
acute respiratory infections and hospital adnus~ions for recurrent
bronchitis  Although admuttedly this assoctation is not proof of
a relationship between these illnesses, 1t fits well with the climeal
obiservations of many physicians that acute respiratory infections
often precede and appear to precipitate attacks of bronchirs

Should these diceases be a factor 1 1mtiating broncntis, then
1ts prevention would depend upon preventton or prompt treat-
ment of the common acute respiratory dicgases In this connee-
tion it 15 of great interest to review some of the studies on the
ctiology of the common acute resprratory diseases They may be
summarized briefly as follows In Table 2 are shown the diagnostic
categories of the acute respiratory diseases Thewe were taken
from the Cleveland study by Dingle and his co-workers and are
representative of those of other groups of investigators

Among the siv diagnostie eategories listed, only two, strepto-
coceal pharyngitis and bactemal pneumoma, are of bacterial
ctiology and they account for enly 2 5 per cent of the total eases
which oceurred n this large, carefully conducted, three-year
sty Amone the other dreeases, influenza and the common cold

Tame 122
Cleveland famly stuly (Dingle and associates)
Number and porcentaye of respiratory winesses according to diagnosts, 19481950

T ]

agnoss [Tatal Infections!  Pee Cent
Dugnos SYencbenod {  of Toral

Common respiratory disenseat

‘ 4200 ' 919
Streptoenceal tonullitis and phary ngitis | 07 24
Nanstreptocoecal exudstive tonuliuis and phary ngitrs | 2 16
Prmary atypical preumoniy | 07
Pueumococeal preumonta : 3 | 01
Influenza , w o[ o4

*The common eotd accounted for approsimstely 60 per cont of the<e ilinesrs
and the ather 40 per cent were made up of the vuried acute resprratary illnesses
of Ahe undifferentisted 1y pe fsee text for Turther explanition)
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have .b?cn known to have a viral etiology for many years In the
remaining thr'ee categ‘on'es (nonstreptococcal exudative pharyn-
g}tlS and tunsﬂht‘ls, primary atypical pneumonia, and undifferen-
tiated acute respiratory dicease) which account for approximately
40 per cent of cases, a viral etiology has long been suspected Re-
cently a group of viral agents has been isolated independently
by Huebner and lus assoctates and by Hilleman and his eo-
workers which appears to be the causc of these diseases In Hueb-
ner’s report they were called APC viruses beranse of therr isola-
tion from adenoid tissue, pharynx, and conjunctiva of various
persans They have been designated ARD viruses by Hilleman
and his associates on the basis of their isolation from patients
with acute respiratory disease (ARD). Thus, almost all of the
common acute respiratory infections appear to be of viral origin
On a theoretical basis, 1t would not be anticipated that any of
the avaiable antimuerobial drugs would prove useful m the pre-
vention or treatment of these viral diseases since, with the excep-
tion of the large particle, lymphogranuloma-psittacosis viruses,
no active antiviral compounds are known. Furthermore, in a
practical way, except for 1solated reports of effectiveness of anti-
{noties i primary atypreal preumonia (Meiklejohn and Shragg),
and an apparent reduction 1n nonbaeterial acute respiratory di<-
ease in an epidemic following treatment with sulfadiazine (Gezan
and associates), there is httle encouragement for the prevention
or treatment of these diseases with antimicrobial drugs It has
been suggested that such beneficial effects as have been observed
have derived from the effect of the drugs on as<ociated bacterial
pathogens 1 the treated patients The subject will be connidered
further in & subsequent part of this report.

The mplications from these reports seem to be that the com-
mon acute resprratory infections may be responsible for mitiating
seeurrent episodes of bronchrtis in patients with chronie Qulmo-
nary emphysema, and that present prospects for prevention or
treatment of these predorminantly virel diseaces ave not very good
‘Therefore, if these anferences are correct, any measure of camr.ol
of bronehitis in patients with chronic pulmonary emphysema will
depend upon the degree to which bactersal pathogens complicate
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bronehitis and the extent to which their treatment with anti-
microbial drugs is beneficial

Tue Roik oF Bacterts 18 CrroNIc BRONCHITIS

It is the opinion of many investigators that certain bacterial
species may be responsible for much of the important symptom-
atology of chronic bronchitis These species n order of their im-
portance in several published reports are Hemophilus influenzae
(unencapsulated strains and infl bacillus), the pi
cocei, Staphylococcus aureus, and Klebsella pneumoniae (Friedlan-
der's baaillus) Moreover, following treatment with antimicrobial
drugs 1t 1s frequently observed that coliforms and other gram-nega-
tive baeilli, and occasionally Candida allicans, are cultured from
sputum The role of these mreroorganisms mn the course of infectron
18 ocepsionally uncertain, but a number of observers believe that
they, 100, cause bronchttis, e~pecially if the microbial population
15 very large Streplococcus twridans, nonhemolytic streptococei,
Neisscria catarrhalis, and Corynebacterta spectes may appear mn
cultures fairly regularly, but these are generally contidered to
be saprophytes, although Lepper and Ius colleagues have imph-
cated Streptococeus tiridans as a participant in pulmonary infec-
tion of patients with severe disability from poliomyeltis who
have functioning tracheotomies

The designation of pathogenieity 1s hased on somewhat inde-
cinve entena Mulder and Ins colleagues have deseribed unen-
capsulated Hemophilus nfluenzae a< pathogenie on the basis of
the presence of the organism m the sputum of patients with
bronelutis before treatment, and chimeal improvement with re-
duetion in volume and purulence of the sputum and disappearance
of I influenzae from cultures dunng treatment with antimierobial
drugs such as pemoilhin and streptomyan, or ehloramphenicol.
Similar eriteria are deseribed for pathogenteity of the species histed
before as potentially pathogeme by several authors (Wintficld,
Stuart-Iarns and a~socates, Barach)

This concept 15 supported by the mvestigation of May who
compared the baeterial flora of specimens of sputum which were
mucoid or purulent in character. Ihs material was obtained from
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patients v.jnth bronehutis In earlier studies he had detected in-
consistencies in the results of sputum cultures in cases of hron.
chitis which resulted from an wregular distribution of bacteria
in the sputum, For that reason, in the study referred to he deviced
a method of multiple cultures from each specimen, in which areas
for culture were determined by random selection. He also cave-
fully minsed sputum specimens i stenle saline 1 order to mini-
mize the possibility of contamination from nasopharyngeat fiora.
After treating a large number of specimens in this way Le found
potentially pathogenic bacterta (H  influcnzae, pneumococe:,
Staphylococeus aureus, and K pneumoniae) in 90 per cent of puru-
fent sputa and in only 54 per cent of mucoid sputa. His studies
further mdicated that there was an frregular distribution of po-
tentiafly pathogense and nonpathogenic bacteria in sputum, and
that at least five cultures from randomly selected arens of each
specimen were required before representative samples of flora
were obtained,

Stuart-Harnis and his co-workers have panted out that pueu-
mococel pecur m the sputum of patients with bronebitis i about
the same frequency as in cultures of the nasupharynx of normal
persons In both groups they were about equally distributed
among low, intermediate, ned lngh-numbered types of pneu-
moeoce: This 18 1 contrast to the situation in pneumococcal
pnewmonia, in which approumately three-fourths of eases are
caused by pneumococet of types I to VIII On the basis of these
studies they reasoned that the pneumocoeel m the brouch: in
bronchitis are probably denved from the adjacent nusophary a-
eol flora as o consequence of interference by the disease with
the aetion of the cihated bronehsal epithelinm and other mecha-
misms which keep the normal respiratory tract virtually free of
hacteria In thew work the speetal methods required for cultivat-
ing the more fastidious strains of H wifluenzae were not employed.
On the bass of Mulder and s wesoriates’ observations, lm\\e\'c)r,
that unencapsulated stramns of H. influenzac wete found 1n §4
per cent of patients with chronic bronchitis, and the ﬁndmg‘ in
throat cultures of normal persons (Commuwion on Aeute Respira-
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tory Diseases, Straker and a~-ociates) of similar hugh percentages
of the same kind of bacteria, it is logical to suggest that these
organims, when present m bronchitis, are probably also denved
from the usually saprophytic flora of the nearby nasopharym
Similarly, an esammation of the frequency of occurrence of
TFredlander’s baeillh and S aureus stramns mn throat cultures of
normal per-ons reveals in both a low percentage occurrence (less
than 10 per cent)* (Straker and associates), a finding which cor-
responds to the mncidence rate of bronehitts with these organtms
(Stuart-Harns and associates)

In Stuart-Harrn’ and Iis associates” studies, there was concern
that mechanical contamination of sputum m passage through the
nasopharyns may haveoccurred Subsequent observations (Brown
and associates) were made, however, in which bronchial aspirates,
sputum speermens, and nasopharyngeal cultures from the -ame
patients were compared, and the evidence wuggested that me-
chameal contamination of rputum speeimens< dit not occur <1g-
mficantly m pa~age through the na~opharyny

The foregomng evidence, although not constituting proof that
the bactenal flora of the broneht in bronelutis have been endog-
enonsly demved from the nasopharymy, nevertheless suggests it
so strongly that defimtive studies of the pathogenie agents re-
~ponsible for bronehitis must take cogmzance of this possbility

Mulder and Inx asocrates reemphasized that secondary nfee-
ton with unencapsulated strans of JI influenzae may follow in-
fection with influenza virus, measles, and pertussis, and that at
would be dificult te exclude a pnmary nfection with a Lroncho-
trome virus an cases of apparent primary M influenzae hronehtic
They felt that the answer to thi= problem lay with the detection
of virusinfection m the bronelnal epithebum i eaves of bronehitis
asoriated with I anfluenzae Based on techmques presently
avalable they were unable to discover any alterations m the
bronclual epithelium suggesting primary viral mfection exeept n
the few cases when influenza viral infection had heen identified

* L recent studics by the nuthors onh 7.5 per ecnt uf almast 2300 throat eul
tures were postive for Staphylocaceur aureus { Micrococcus pyogenes var aurews).
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TaBLe 123
Anlimtcrobial therapy of chronse bronch with Hemophtlus infiuenss
(Mulder and associates)
Disappear | Reduced
. Spurum
Number of J anieof | Quinugy | Sputar
Sputum 27 | \ emas
fmber < Trestment ,5,,_‘;?,“ "'i‘:.‘sE,:.m pun &
Growing (ot Gmwm
—f—— e
percest | percent | percent
15 | Penienllin aerasol 20 80
18 Intramuseular penicilfin 61 28 1
8 Streptomycn (aerosol and 1njectron) 63 v
92 Penterlltn and streptomy ein, both by in- | 80 5 15
tramuscular injection
23 Chlaramphenicol 83 17
100

6 | Sulfonamides

* Relapse n six pattents within 1 to 2 weeks Initial treatment for 5 to 10 days.

It was their conclusion that it is probable that H. influcnzac
may be a prmary cause of bronchitis

Before this hypothesis can be accepted, however, study will
be required of the possible relatronship of the ARD (or APC)
virnses to ehrome bronclutts These viral agents may well producs
lesions n the respiratory tract which have eseaped detection
and strong eptdenuologic evidence previously presented suggests
that they may play an important role in this disease

Mulder and his assoctates felt that clinical improvement during
treatment or di ance of il and change from
purulent to mucoid sputum, was sound evidence of participation
of these bacteria in the bronchitis, erther as a prumary infertion,
or as a secondary invader from the nasopharynx Such a chain
of events has occurred often in his and others” experience. THus-
trative of the effect of antimwcrobial therapy in patients sith
chrome bronchitis assocrated with H. influenzae and other hac-
terja are the chnieal reports which follow.

ANTIVICROBIAL THERAPY IN CHRONIC BRONCHITIS

Effect
Mulder and fus colleagues have reported observations with
various regunens mn the treatment of 163 cases of bronchitis as-
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«~ociated with H tnfluenzae in the sputum Their eritera of 1m-
provement were those deseribed above and a summary of this

experience 1= presented in Table 3
In a group of 15 cases treated with small doses of aero-of peni-
cillin 1mprovement occurred i only 20 per cent By the intra-
muscular route with doses of pemeiln as high as four mlhon
umts daily, however, improvement was observed n 61 per cent
of 18 cases Similar good results were achieved with streptomy ein
alone, but greater and more permanent benefit was observed
when these two agents were combmed 1n treatment (strepto-
myem 20 grams per day, pemeillin up to four nullion umts
per day) Chloramphenicol nas lughly effective immediately (83
per cent of eases) but 25 per cent of the total group relapsed
a few days with positive cultures for M. influenzae The tetra-
cyeling demvatives were also found to be effective by those m-

vestigators moa small series of cases
Garthwarte and Barach reported the results of admm-termg
21 courses of treatment to 16 patients with chrome bronelutis
The principal organisms cultured from the sputum before treat-
ment were pneumocoect, beta-hemoly tie streptococer, S aureus,
and, on two occasons, strans of H influcnzae One eprsode was
assoctated with Proteus baeilli in the sputum Following treat-
ment with acro~ol, oral or mtramuscular pemeillin, “marked 1m-
provement” oceurred on 12 occasions, “maoderate” i 8. and
“hght™ or “none™ m 4 Cases with slight or no mprovement
were not characterized by a predomi e of cultures of any one
baeterial speetes A most interesting finding 1n the study was the
nppo.xr'\nco m post treatment eultures of gram-negative bacteria,
1y the coli renes group, on 13 oceasions (33 per

cent)

Chowce of Agents

From the previous reports it 1~ apparent that a humber of dif-
ferent hand~ of bactena may be a~octated with purulent sputum
and othier evidences of acute or chronte bronchitis Appropnate
therapy may often be selected from a knowledge of the predom-
nant flora of the sputum, in some case~ indnrdnal antimcrotual
suseeptibility tests may be needed
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TaLe 124

In witro susceptibihity to antimicrobial drugs of bacteria potentially pathogermic 1n
chronic bronchitis

Orgams ‘ Pemciltia ( Ssbte [gneorMorel Qo | Refersace
se/ml | ugimt | ugimt | ugjml
Hemophilus Range [ 02-6 3 | 0 2-6 3% 4-12 5°0 25-3 Of] *Finlsnd
tnfluenzae Mean + 4 16 16 - tMulder
No of 120 150 120 72
strains '

Preumecocei Range 100050081 6 2200102630263

Medan 001 25 08 31 Jacksan
No of 313 81 139 65
strains
Kicbssella pneu- >50% | 1-20* | +30f | 260 | “Dowhng

montae Hiaght
(Fried- [EY)
lander's
bacillug)

In Table 4 15 shown the general pattern of susceptibility of
three spectes of bacteria regarded as potentially pathogenic
chronie bronchitis It may be seen that penicillin, streptomyein,
the tetracychnes, and chloramphenicol are 2ll significantly active
against H influenzae. No one regimen has as yet been generally
accepted, although the combination of penicillin and streptomycin
was very suceessful in Mulder and hiv assoeiates’ stuches Bacteri-
alogic relapses were described after chloramphenicol, but both it
and the tetracychne derivatives were immeduately effectrve In
our own expertence the addition of streptomycin to the tetra-
cychines or chloramphenicol has proved especially useful against
many kimds of infectron with gram-negative bacith, including A

z NSRRI s

ol s 28 bencdamrein

L Lann 2uvany o

other species With the exception of Jow doses of acrosol peaicithn,
selection of treatments among the regimens listed in the 1."!‘:1(!
for infections with # influenzac may depend more upon possible
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ri-ks of oral intolerance, hypersensitivity, or other untoward ef-
feets, rather than any mmportant difference 1 the antimcrobial
effect  Aerosol penicillin was not effective in the treatment of
I influenzae infeetions (Table 3)

Pneumococei of all types, so far as 1s known, are mvariably
highly susceptible in nitro to pemalln, the tetracychines, chlor-
amphenicol, and erythromyen as mdicated m Table 4 These
data have been assembled from studtes by Fmland, Mulder and
associates, Jackeon and associates, Dowling, and Kmght (\)
Turthermore, tliese agents have proved laghly effective 1n treat-
ment Streptomycin 13 only moderately active aganst pneumo-
cocer and 13 not used i treatment of this infection

K pneumoniae (Friedlander’s bacillus) 1s best-known as a
cause of severe and frequently fatal necrotizing pneumonia In
addition, 1t 15 not nfrequently found in the throat or sputum of
patients with bronchiectasis as an apparent saprophyte These
baeilli are usually susceptible to the tetraey clines, chlorampheni-
col, and streptomyein wn wfro, and examples of this hugh activity
may be seen in Table 4 Pereillin 15 only <hghtly active aganst
K pneumoniae 1 wifro and 1+ not cffective m treatment of K
preumorae infection,

The problem of handling patients wath this orgamsm m their
sputum and signs of pulmonary infection 15 to dectde whether or
not there 13 pneumonta developing or merely the more discrete
and Dbenign bronchitis Cases of this sort should be treated as
though they had pneumenia for 2 few days until the evaluation
15 complete Regimens which have Deen tried by several mvesti
pators with some suceess for K pneumomae are. (1) a combina-
tron of ~treptomy cin and sulfadiazine, (2) one of the tetracy chines
alone, or I combmation with streptomyen, (3) chloramphenteol
alone, or with streptomy e The chimeal varability of these cases
1= ~0 great and their oceurrence o infrequent that mformation
to determme the relative efficacy of these regumens 15 not yet
mvatlable Probably no very important differenees exist from the
pont of view of antinuerolnal therapy, although many cluneians
prefer the combmations of antiiotics over the regimen meluding
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Tarre 124
In itro susceptibihty to antimicrobial drugs of bacterta potentially palthogemc tn
chrome bronchites

Steepto JOne o More] Chloram

Organism Pemaillin | TR Retesereime] poaerems | Reference
ugimt B /ml wg /m ug [mt

Hemaphilus Range 0 2-6 3* [ 0 2-6.3%0.4-12 5*'0.25-3 0ff *Finland
&

nfluenzae Mean x4 16 1 — | PMulder
No of 120 150 126 72 )
stramns

Pneumococe: Range DU03-0D5) 8220102630263

Medtan oo 2 08 31 | Jackeon
No of 313 81 139 65
strains
Klebsiella preu- >50° | 1-20* | +30f | 460t | *“Dowhing

momae Kmght
(Fried [78)
fander’s
bacullus)

In Table 4 is shown the general pattern of susceptibality f’f
three species of bactena regarded as potentially pathogeme in
chrome bronehitts It may be seen that penicilin, streptomycm,
the tetracyelines, and chloramphenicol are all significantly active
agamst H influenzae No one regimen has as yet been gcnernl}y
accepted, althaugh the comhmation of penicithn and st'reptcmycx.n
was very successful m Mulder and his associates® studies Bacteri-
ologic relapses were described after chlorampbenicol, but both 1t
and the tetracyeline derivatives were immediately effecttve In
our own expenience the additien of streptomycin to the tetra-
cyclines or chloramphenicol has proved e:pecinl!j"lxreful aginst
many kinds of infection with gram-negative bacilli, including {1.
irfluenzae 1t should be further noted that the use of streptomyein
alone may be followed in a few days by the emergence of strt‘piul-
myecn-resistant mutants of H, wfluenzae, K. ]mz'umomm',’i;}l(
ather species With the exceptian of lon do~es of aerosol pemcill nI).
selection of treatments among the regimens histed m the (:gblc
for nfections with & wnffuenzac may depend more upon possible
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risks of oral intolerance, hypersenaitivity, or other untoward ef-
fects, rather than any important difference in the antimicrobial
effect  Aerosol penucillin was not effective m the treatment of
H influenzae infections (Table 3)

Preumococer of all types, so far as 14 known, are invariably
highly susceptihle in 2tro to peniaillin, the tetracychnes, chlor-
amphenicol, and erythromycin as indieated 1 Table 4 These
data have been ascembled from <tudies by Finland, Mulder and
aswociates, Jackson and ascociates, Dowlng, and Knmight ().
Furthermore, these agents have proved highly effective mn treat-
ment Streptomyein is only moderately active against pneumo-
cocer and 1< not used 1n treatment of this infectron

K pnreumoniac (Friedlander’s baeillus) 15 best-known as a
cause of severe and frequently fatal necrotizing pneumonia In
addition, 1t 1s not infrequently found m the throat or sputum of
patients with bronchicetas~ as an apparent saprophyte These
bactlls are ueually susceptible to the tetracychines, ehlorampheni-
col, and streptomyein tn rufro, and examples of this lugh actnaty
may be reen i Table 4 Pewethn s only <hghtly active agamst
K preumoniac tn rifro and 1= not effective mn treatment of A
prcumontne fection,

The problem of handling patients with this orgamsm in therr
sputum and signs of pulmonary infection 1s to decrde whether or
not there 15 pneumonia deyclopmg or merely the more diserete
and benign bronelutis Cases of this sort should be treated as
though they had pneumonia for a few day< until the evaloation
is complete Regimens wineh have been tried by ~everal mvesti-
gators with some suceess for K preaumoniae are (1) a combina-
tion of «treptomy e and ~ulfachazine, (2) one of the tetracs elmes
alotie, ar 1n combination with streptomyem, (3) ehloramphemcol
alone, or with streptomyem The chineal vanabiity of these cases
1% #0 great and their vecurrence so nfrequent that nformation
to determine the relative eflicacy of these regimens 15 not yet
mualable Probably no very important differences enist from the
pomnt of vien of antimerobial therapy, although many elinioans
prefer the combinations of antilioties over the remmen melading
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TapLe 125
Busceptestlety of 647 strains of Staphylococcus aureus from hosptal Tatienls Ip
aniimicrobial druge, Nashelle, (955
!

Chloram. | Erythro

”
Pemcdllin | Tetracyel
| Pemc racyclne [Streptamycia| Shloram: | Eryth

B R ) S UUU DRI A i B
| bereent | percemt | pereemt | gporceal | percent

Susceptitle® 20 48 3 8 a2
Intermediatet 21 2 45 91 L3
Resistant} s ) o 52 1 2

* Intututed by 01 45 /m! pensedlin, 63 ug /ml tetracy chne, streptomsern,
ehioramphemeol, 1 2 pg /o3l ery thromyein

1 Intubtted by 10 ug /m) pemcillin, 25 ug /mi. tetracyehne, streptomyern,
chioramphenicol, and erythromy ein

1 Not inhibyted by 10 g /mt pemeilin, 25 ug /ml of remaining agents

the sulfonamides If bronehitis only is present, a combination of
antibiotics mn treatment 1s probably unpecessary, and treatment
with one of the tetracychnes or cliloramphenicol may be satis-
factory

Staphylocoeei have become mereasingly resistant in tecent
years to several anfumicrobal drugs in frequent clinteal use This
phenomenon has been most apparent sn staphylococei obtained
from hospital paticnts and much less so among cultures from the
general population In Table 515 shown the susceptibility of 647
strains of staphylocoeei obtained from the respiratory traet of
hospital patients w Nashville m 1955 (Knight, B) It may he
scen that one fifth or less are susceptible to pemeitlin and strepto-
myein with a half or more of steamns falling into the resistant
category A larger proportion 1s susceptible to tetracychne {and
its other denvatives) whule o majority fall into the intermediate
category of effect to chioramphenicol, Although these m wire
susceptibilities to chloramphenicol are not ampressively great,
they are in a range of drug concentration which is easily obtained
in the <etum with usual therapeutic doses Erythromyein, one of
the mo-t reeently introduced autibioties, is highly active sgainst
a large majority of staphylococer obtained from ho-pital patients

or from the general population . .
From the table one can sce that the greatest activity sgainet
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staphylococei 2n witro was exhibited by erythromyem, chloram-
phenicol, the tetracyelines, penicillin, and streptomyein in that
order In treatment of staphyJococeus infection selection of agents
should be based on known or expected high tn taére susceptibility
of the organiem, hut treatment with such agents may not always
he suceessful since stuches have shown that the use of erther
pentaillin or the tetracyclines 1n cases with drug-susceptible stramns
may he folloned i hospital practice by the acquivtion of strains
resistant to both drugs (Knight and Holzer) Furthermore, these
staphylococer are usnally also resistant to streptomyen Such
multiple drug-resistant staphy lococer are often referred to as
no-comtal or “‘ho-pital” staphylococer For this reason many -
feetions with staphylococer 1 hospitals are now treated with
combinations which include chloramphenicol and erythromycmn
None of these regimens 15 mvanably succeseful, and i severe
cases several drug combmations may be tried before success or
falure of the treatment en<ues In the treatment of patients out-
«ide the hospital there 15 a greater posstbility of encountening
strams of staphylocoeer winch are susceptible to pemeilin and
the tetracychines For that reacon these agents may be u~ed more
suceessfully m home treatment

It was ponted out carlier in Barach's studies that members
of the coli-aerogenes group of bactena frequently are eultured
from the sputum or throat followmng treatment with pemellin
Mulder and associates have desenbed this i ther studies and
have reported that thewe orgamisms may be present under very
hiemgn condrtions without purulent sputum or symptoms of bron-
clitis They are not mnvanably bemgn, however, and followmg
treatment with streptomyen, the tetracyelines, and chloram-
phenicol, the gram-negative bacterta may achieve predonunance
Proteus <pecies and Pseudomonas aerugtnoss mav appear and be
a~octated with <evere purulent bronelntis Many obcenvers have
desenibed these occurrences following treatment of acute bactertal
pueumoma and other respiratory infeettons and the name **super-
feetions” has been applied to them

The gram-negative bacill are among the least suseeptible to
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TasLe 125
Susceplibility of 647 stratns of Staphylococcus aureus from hosprtal patients lo
antimicrobial drugs, Nashuille, 1955

1
o | Chionm- | Eotbre
} Pemoitln | Tetrarythoe an-wmym’ Dhenrcol Py

Q persent | pereemt | pereess | pereent | perceat

Suseeptible® 0 4 3 H 92
Tatermediatet 5 21 2 45 ot 6
Resistant} | o= 51 52 1 2

* fafntnted by 01 ug /m} peweiltin, 63 ug /ml. tetracy chne, steeptomyem,
chloramphentcol, 1 2 ug /ml ery thromy cin

t Intubited by 10 ug /m! pepieitin, 25 ug./ml. tetracyeline, strepiomyoin,
chloramphenicol, and ery thromyein

1 Not whibeted by 10 »g /m] pemeilten, 25 ug /ml of remarning agents,

the sulfonanudes. If bronchitis only is present, 2 combination of
antibiotics 1n treatment is probably unnecessary, and treatment
with one of the tetracychnes or chloramphenicol may be satis-
factory

Staphylococer have become increasingly resistont in recest
years to several antimicrobial drugs i frequent climeat use Ths
phenomenon has been most apparent in staphylococes obiained
from hospital patients and much less so among cultures from the
general population In Table 5 is shown the susceptibility of 647
strains of staphylococci obtained fiom the respiratory tract of
ho-pital patients i Nashville in 1955 (Knight, B) It may be
scen that one-fifth or fess are suseeptible to penicillin and strepto-
myan with a half or more of strains falling into the rewstant
category A larger proportion s suseeptible to tetracycline {and
1ts other denvatives) while a majority fall into the intermediate
category of effect to chloramphenical Although these rvitro
susceptibihties to chl Lenicol are not impressvely great.
they are in a range of drug concentration which is easily obtained
1 the serum with usual therapentre do-es. Erythromyein, one of
the most recently introduced antibiatics, is highly active agfnnd
« large majority of staphylococei obtained from ho-pital patient»

or from the general population . 3
From the table one ean see that the greatest activity against
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staphylococer wn mire was exhibited by erythromyein, ehloram-
phenicol, the tetracyclines, pemeilhn, and streptomyein 1n that
order In treatment of staphylococeus nfection selection of agents
should be based on known or expected Ingh tn wiro susceptibility
of the orgamiem, but treatment with such agents may not always
be successful since studies have shown that the use of erther
penteillin or the tetracy chnes in cases wath drug-susceptible strains
may be followed in hosptal practice by the acquixition of strams
resstant to both drugs (Knight and Holzer) Furthermore, these
staphylococar are usually also resistant to streptomycin Such
multiple drug resistant staphylococer are often referred to as
no~comual or ‘‘hospital” staphylococc1 For this reason many in-
fections with staphylococar in hosptals are now treated with
combinations which mclude chloramphenicol and erythromyein
None of these regimens 1s imvanably suecessful, and m severe
cases several drug comlanations may be tried before success or
failure of the {reatment ensues In the treatment of patients out-
side the hospital there 15 a greater possbiity of encountering
strams of staphylocoect which are susceptible to penicillin and
the tetracyclines For that reason these agents may be used more
suceessfully 1 home treatment

It was pomnted out earher m Barach’s studies that members
of the coli-aerogenes group of bactema frequently are cultured
from the sputum or throat following treatment with penieillin
Mulder and associates have described this in their studies and
have reported that these organisms may be present under very
benign condrtrons without purulent sputum or symptoms of bron-
chitis They are not mvariably hemgn, however, and following
treatment with streptomycin, the tetracychmes, and chloram-
phemcol, the gram-negative bactetza may achieve predonunance
Proteus species and Pscudomonas acruginosa may appear and be
asoctated with severe purulent bronelitis Many observers have
descnbed these occurrences following treatment of acute bactertal
preumonia and other respiratory infections and the name “super-
mfections” has been apphed to them

The gram-negative bacilli are among the least suseeptible to
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ﬂl}tlmlcrqblal drugs of all the bacteria which may be associated
with respiratory infection In Figure 2 is shown the antimicrobial
speetrum of the common gram-negative haeteria ohtained from
recent studies (Horton and Kmght) The filter paper disk sus-
ceptibility test which 1s routinely used in many hospitals was
employed and the results are reported as “susceptible,” “moder-
ately susceptible,” “moderately resistant” and “resistant”, Thirty
to 250 strains were tested against each drug for each year, In the
two years deseribed there 1s no suggestion of an jnerease in re-
sistance of gram-negative bacilli to the antimicrobial drugs stud-
ied. The Escherichia coli and Acrobacter acrogenes strains evhibit
very similar patterns of susceptibility as might be anticipated
from their close biologic relationship. By far the highest degree
of activity agamst the coli-acrogenes group was exlubited by
chloramphenicol, followed by the fetracyelines, polymyxin, and
streptomyemn

The only agent of mgmfieant activity against Pseudomonas
acruqnosa cultures was polymyxin B with some mbibitory effect
shown by chloramphenicol The Proteus sp were in somevhat of
a contrast to Pseudomonas strains with hitle effect shown by
polymyxin B, although chloramphenicol and streptomyein showed
some actrvity

Based on clinreal experience, 1t 15 the authors” opinion that the
agents described as highly effective sn rifro may be the moxt
effective 1 treatment In addition, it has been found that defi-
nitely beneficial results may follow chnieal use of the tetracyelme
dervatives when only moderate degrees of wn vidro activity are
shonn Furthermore, 1t 1s a not very unique experience to dis-
cover that none of the agents presently available influences to an
important extent infections caused by Proteus or Ppchomoz)av.
In this situation temporary discontinuation of nn\m}xcm'hml
treatment may prove benefiial and ou occasion combinations
of active agents may be effeetrve when a single drug is not

Another mieroorganmsm shich may eawse troublesome super-
wfection is the yeast, Candida albieans It appears in epuium

ultures more often than 1t apparently causes respiratory infec-
f1on Nevertheless, m patients with chronic hronehitis, pulmonary
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Tapre 126
Commonly used dosage schedules of antimicrobial druys 1n chronic bronchilry and
other respiratory wnfections

Drug and Dose (for Average-Sized Adult, est, 70 Kg )
Penietihin
Aqueous procaine pemeiflin 600,000 unita every 12 hours antramusculsy,
with or without probenecid 1.5 to 20 gm per day by mouth
Penieathin G or V oral preparations, 1,000,000 untts 2 or 3 times daily *
Aerosal pemeilhin (see text) )
Chiortetracychne (Aureomyein), oxytetracychine (Terramyein), or tetracycline
One-half gm every 4 or § hours by mouth In long continued therapy 0 5 gm.
one or two times daily may suffice
Chloramphentcol (Chloromy cettn)
One and pne-half to 4 grams daily by mouth Microerystalline powder i
may be mven Jarky )y m the same dosage
Streptomyetn or dihyd P » of misture of equal parts of each
One and one half or 20 gm dwly 1n divided intramuscular doses
Lrythromyein
One to 1 5 gm 1n divided oral doses daily. Lower mantenance doses may
suffice
Polymyun B
Tno and one-hall to 3 mg per Kg of body mesght per day n divided doses
by ntramuseular injection Caution® nephrotote, ohwerve for ohiguria,
protenuria and abrormal urinary sediment
Bacitracin
Do not exceed 100,000 unsts daily by intramuseular 1injection in divided doses
Nystatin
Two and onc-half million units rn divided oral doves eack day

* Oral peniesllm preparations resuls 1n fener senubwity reactions than -
1ected penterlltn and are thus often prefesred in long-term treatments

neoplasia, bronchieetasis, and other respiratory diseases, puralent
sputum may appear particularly following long courses of anti-
macrobial therapy m which a predominant growth of C albicans
may be detected None of the agents presiously described Is o-
fective against this organism, but recently a new drug, nystatm,
has been found to be of benefit n human Candida infections in
vartous parts of the body, although in severe long-standing in-
fectrons the response may be slow and ittcomplete. .

In Table 6 are listed dosage regimens of the autimicmh{n!
drugs deseribed in the foregoing seetion which may be uwed in
treating acute and chronic pulmonary mfections
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Penerllin by Aerosol

The apparent advantage of pemeilhn admunstered by this
route depends on the fact that very ugh sputum concentrations
may be attained For example, Barach and Garthwaite reported
a mean value of 461 units per ml of sputum mn a serjes of patients
following admumstration of 50,000 untt doses by aerosol. In con-
trast, sputum concentration following 50,000 umt doses intra-
muscularly were so low that they eould not be measured Although
penicillin is abeorbed mto the serum after aerosol administration
1t occurs to a lesser extent than after parenteral forms of treat-
ment

It was found that the ighest sputum concentrations were
achieved by using an aerosol m which the particle sizes of peni-
cillin ranged from 05 to 25 x Larger particles were removed 1n
the chamber of the machime or were sedimented out 1n the naso-
pharynx or trachea, and smaller particles were presumably carned
to the alveoll where they were promptly ab-orbed into the blood
stream, and 1n erther case did not contnbute to the sputum con-
centration A number of obervers have raed the point that
penteillin by aerosol may not penetrate well into areas of bron-
chicctasis and associated atelectasss where the most mmportant
infectious lesions are located No studies are presently available
on this question Climeal results with aerosol pemaillin therapy
bave been sufficiently good to justify 1ts continued use, however,
and 1t 13 boped that further studies of the distribution of aerosol-
1zed pemeilin and other agents mn the lung will be made A com-
mercially available device which 1s suitable for aerosol admmis-
tration of pemcitlin has been constructed on Barach and lus
co-workers’ design * It 1s suitable for home or hospital use

In the Che-t Clinte at Vanderbilt University ospitalt an m-
partant part of treatment of wfection complieating vanous kands
of chronte pulmonary diseases among outpatients 1s built around

* Vapoailln rehreathing apparatus, Vaponepria Company, Upper Darby, Penn-
s lvama

t This treatment was developed by Dt Hollis E Johnson, Ducector, Dr, Clar-

ence Woodcock, and others of the viuting staff of the Chest Clinie, Vanderbilt
University Hospital
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acroxol administration of penicillin and streptomyein, This is
re'presentati\'e of a fairly general trend in the treatment of these
diseases 1 many chines and the resuls are con<idered to be highly
suecessful For that renson, an ontline of these procedures 15
presented in Table 7.

Duration of Antimicrobial Therapy in Chronic Bronchitis
and Other Pulmonary Infections

CHRONIC BRONCHITIS

In patients who do not respond to treatment and who have
continued production of purulent sputum and other signs of in-
fection, one to two weeks constrtutes an adequate test of the drug’s
effect and thereafter 1t <hould be discontinued. When elearmg of
sputum and other improvement oceurs, treatment should be con-
tinued for a period long encugh for healing of the damaged bronelii
to take place There 1» no sure way to determine this, but generally
three to six wecks of treatment are sufficient Dosages may be
reduced after imitial control 1s established Discontinuing treatment
for short pertods may help to decide when 1t 1< safe to cease treat-

ment permanently

RRONCHIECTANIS

Special prablems are present in the treatruent of bronchiectasis
because of the fixed, dilated and scarred bronehi with pooling and
stagnation of exudate Antimicroinal therapy alone may not he
successful and Barach has pomnted out the folly of evpecting gool
results from anttmicrobial treatment in the presence of a large
volume of purulent «ecretton n a bronchiectatic cavity. Occ
ally bronehiectass 1s present but unsuspected in other chroni¢
pulmonary dieases The production of large volumes of foul
sputum should lead to suspicron of 1fs presence and measures to
dram these collections of pus are necessary

Postural dranage, bronchoscopy, mechanical exsufilation may
each be effective at times n doing this The effects of these pro-

edures may be improved by admimsteation of bronchodilators
hylltne, racemic hirine (Vapone-

such as epbedrine, a
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PXNEUMONTIA

Bactertal pneumonia caused by several of the organisms pres -
ously described may complicate the course of chronic bronchitis
and pulmonary emphysema The therapeutic approach should
follow that outlned for the other kinds of hacterial infecttons of
the lung

RoLE oF Bicrenia v Sputem Withour PURULENCE

Throughout this report 1t has been emphasized that the diag-
noss of a functioning role of bacterta in chronie bronehitis and
other pulmonary disease depends upon the finding of the organ-
1sms 1n large numbers 1n purulent sputum Thus an important
part of the diagnoss 1s the examination of the stained smear of
the sputum Orgamsms and leukocytes can be visualized and often
the correct 1dentification of the predominant bacterial flora can
be made from the smear Culture 1~ a necessary concomitant,
however, and with these two procedures continuous effectrne
scrutiny of the course and therapy of patients may be maintained.

Not infrequently patients with emphysema may have cough,
some signs of pulmonary nsuffictency and produce smatl amounts
of mucoid sputum Culture wall often reveal a mived flora includ-
g Newsseria calarrhalis, Streptococcus viridans, nonhemolytic
streptococet, as well as some of the strumns previously dewnb(:d
as potentially pathogenic These findings do net fulfill the criteria
set forth above for the dingnoss of infectious bronchitis, and
antimicrobial treatment 1s not usually followed by any definite
mprovement

PREVENTION oF CnroNIc Broncairis ANp OTHER CuRovic

PrLmoNamy DISEASES BY ANTIMICROBIAL THERAPY

Data were presented earlier i this report which suggested tl.mt
the pr inantly viral 1 upper rcspir?tory in-
fections may be important m mitiating recurrent episodes of
bronelntss and mfection in emphysema At present, there 1~ ¢
satisfactory evidence that available antimicrobial agents arce "f"
tive agamst the viruses which cause or are suspected to cause
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when possible becanse of the lower rate of sensitivity reactions
by this route Aerosol therapy, particularly in bronchiectass,
may prove useful when other routes of administration are unsue-
cessful Treatment periods should be interrupted from time to
time to allow reestablishment of normal saprophytic flora in the
hope that superinfections may be avoided.
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Chapter 13

THE DIFFUSING CAPACITY OF THE LUNGS IN
PATIENTS WITH PULMONARY EMPHYSEMA

RICHARD L RILLY, MD

In 1909 Chnstian Bohr expounded the physical prineiples in-
volved i the determmation of the diffusing capacity of the Jungs
and thereby gave theory a commanding lead over practice. Even
after 46 years of mtermuttent efforts to device practical methods
there are still vahd reservations regarding the accuracy and
phy siologic interpretation of values for diffusing eapacity obtained
mn the study of patients with emphysema In spite of such reserva-
tions, 1t appears, at least to the writer, that there 15 now a suffi-
cient body of reasonably well confirmed observations to make
the diffusing capacity an appropriate subject for inclusion in a
comprehensive diseussion of emphysema It will become apparent,
however, that theory has not stoad still while practice caught up,
and that conclusive demonstration of many of the ideas to he
presented remains for the future

A great controversy raged at the time of Chnistian Bohr regard-
ing the secretion of oxygen by the lung~ This stimulated intenuve
efforts to devise methods for aseessing alveolo-capiliary diffuston
in order to ascertain whether the process of diffuston was adequate
to account for gas exchange or whether oxygen secretion was 2
necessary additional process m times of need In 1915 A\Ia.m‘
Krogh published hoth a deseniption of a method for determining
diffusing capacity and data strongly suggesting that iffusion
alone 15 adequate to account for gas exchange across the pulmo-
nary membrane This conclusion has come to be generally ac-

cepted
S
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For 31 years matters stood at this point Then, in 1946, a low
osygen method for determining diffusing capactty was deseribed
by Lilienthal, Riley, Procmmel and Franke This was followed
by a series of papers on methodology and by attempts to study
the difftusmg capacity 1 disease Then Filley, MacIntosh and
Wright described a steady-state method for determining the dif-
fusing capacity for carbon monoxide, and Forster, Briscoe and
Bates presented an ingentous way to improve on Krogh’s single
breath method There are at present, therefore, steady-state
methods for determining the diffusing capaaty for both earbon
monoside and ovygen, a« well as single breath methods for de-
termining the diffusng eapaeity for carhon monoxide, All of these
methods have been applied mn at least a few cases to the study of
the diffusing capacity tn patients with emphysema

The diffusing capacity of the lung~ for a given gas 1« the amount
of that gas diftusing per miute across the pulmonary membrane
divided by the mean difference between the partial pressures of
the gas on etther aide of the membrane It 1s thus the rate at which
the gas would diffuse n response to a constant pressure gradient
of 1 mm Hg Customanly the “pulmonary membrane” 1s con-
wdered to be the tissue-fluid barrier which separates the alveolar
gas from the h dobin molecules 1 the pul 'y capillary
blood In addition to the alveolar memhrane aud the capillary
endothelum, the diffusion pathway therefore includes plasma,
red cell wall and substance within the red cell Although work by
Roughton and others raises the possibility of separating the df-
fuston charactensties of the fived part of the membrane from the
arculating portion, this subdivision will not concern us in the
present discussion  For purposes of comparing patients with
normal persons such a subdjvision 1s unnecessary if differences in
the fixed part of the membrane account for the major portron of
observed differences in diffusmg eapacity This we beheve to be
the case

The eharacteristics of the pulmonary membrane which are 1m-~
portantinrelation todifusion are its thnrkness, 1ts phy<icochermeal
properties and 1ts area The thickness determunes the length of
the diffuston pathway and, other things being equal, the longer
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the diffusion pathway, the lower the difusing capacity The
phystcochemical properties of the pulmonary membrane depend
upon the types of tissue involved, and they deternune the ease
with which a gas can diffuse through a given thicknes of mem-
brane. It 1s easter, for example, for oxygen to diffuse across a layer
of edema fluid than to diffuse across a layer of scar tissue of cqual
thickness Increase m the thickness of the membrane and altera-
tion m phystcochemical propertics are likely to occur together
when the diffusion pathway is lengthened by the presence of ab-
normal tissue such as edema fluid, fibrous and collagenous tiswue,
cellular mfiltration, or other materal.

The area of the pulmonary membrane is closely related to the
area of the walls of the capillanes taking part in gas exchange.
In the determmation of diffusing capacity, only those capillaries
which are perfused with blood and which course through venti-
lated alveoli are taken into account The remaining capiltaries,
winch are erther nonperfused or pass through nonventilated alve-
oh, represent potential diffusing surface .\s cardiac output in-
creases In response to exercise, these capillaries become perfused
with blood, take part in gas exchange, and contribute to the dif-
fusing capacity of the lung as a whole. The effective area of the
pulmonary membrane thus varies in response to physiologic
changes Structural changes such as loss of lung tissue hy surgieal
resection or disintegration of alveolar walls m empby<ema canse
permanent reduction i the area of the pulmonary membrane
The problem of distinguishing between the effects on the diffusing
capacity of struetural ehanges as opposed by physiologie changes
18 of particular concern 1n the present discussion smee, if structural
factors could be wdentified as such, the diffusing capaoity could
be used as a means of quantifying damage to the alveolar walk in
emphysema

An approach which has proved helpful in identify ing stru.ctura]
damage to the alveolar walls is the determination of the higlest
value for diffusing eapacity which can be achieved under the
combined stimulus of physical exercise and hypoua: The term,
moumal diffusing capacity, has been applied to this value be-
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Chapter 14

RESPIRATORY ACIDOSIS

REUBEN M CHLRNIACK, MD

InTRODUCTION

Respiratory actdosis, an elevation of artersal CO, tension due to
respiratory il 'y, 1> bemg 1 with g fre-
quency 1n patients with chronie obstructive emphysema The body
can tolerate a fall in artertal O, ten<ion more readily than a re
n CO; tension sinee the oxyhemoglobin saturation will be httle
affected until anovia 1s fairly <evere Although the emphysematous
patient may tolerate mld elevation of the CO, tension for long
periods of time, severe retention of CO, leads to the development
of & vicious aircle with reduction of ventilation, coma and even a
fatal termination Increased recognition of this serious condition
has led to the development of therapeutic measures which, for-
tunately, are capable of alleviating the condition

Retention of COx 15 the consequence of 1neffective alveolar ven-
tilation and 1< always associated with anovia unless the mdividual
15 mhaling oxygen with a partial pressure greater than that in
room air Although usually due to diffuse obstructive disease of
the airways, as m patients with pulmonary emphysema, 1t may
also be caysed by abnormalities of the chest eage, reduction of
lung tissue, 1nereased resistance to lung stretching and neuro-
muscular or skeletomuscular disorders In a patient with pul-
monary disease the alveolar ventilation may be sufficient to pro-
vide adequate elmipation of CO: at rest, thus mamtaming a
normal arterial pCO, However, the mereased ventilatory demand
of exererse or the superimposition of an aeute mfection or pulmo-
nary congestion may lead to retention of carbon dioude

357
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Knowledge of the physiologic disturbances associated with car-
bon dioxide retention will Jead to an early recognition of this
condition and serve as a guide to its management Respiratory
acidosis will therefore be discussed in terms of the pathophysi-
stology, climeal festntrons and gement,

PATHOPHYSIOLOGY OF RESPIRATORY Acinosis
Alvcolar Hypoventilation

The normal function of the respiratory system 1s to supply
oxygen to the blood and to regulate the arterial CO; tension The
volume of air which 1« moved mnto and out of the lungs is termed
the ventilation and 1s expressed in Jiters per minute At a constant
trdal volume 1t 15 equal to the tidal volume times the respiratory
rate The total ventilation per manute is compoved of a dead-
space component which does not take part in gaseous exchange,
and an alvealar companent which supplies oxygen to and remaves
CO: from the pulmonary capillary blood

The dead space component normally consists of the actual
dead space of the conducting arrways (anatomic dead space) In
addition, however, there may be alveol which, although ade-
quately ventilated, are poorly perfused with hlood (dead-space-
hke ventilation) The *phy-ologic dead space” represents that
part of the ventilation which does not take part in gascous ex-
change However, the measurement of phywiologic dead space
does not differentiate ventilation of the anatomic dead space from
that part of the ventilation going to poorly or nonperfused atveoli
Any ncrease of the dead space component will reduce the propor-
tion of the total ventilation heing used for gascous exchange

In emphysema three factors contribute to the alveolar hypo-
ventilation The structural abnormality of the lungs increases glm
physiologic dead space so that a large portion of each xneplrntfon
1 wasted in ventilatmg poorly or nonperfused alveol:, resulting
1n arterial anovia and elevation of CO; ten<ion .

Tha wnereased functional residual capaerty n e{nphy*e_‘r{lg in-
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tion to an inereased dead space, there 1s impaired usage of the
alveolar component

In addition there 1s uneven distribution of msprred gas mn em-
physema mdicating poor ventilation of a sgmficant number of
alveoll Perfusion of the alveoll which are poorly ventilated re-
sults 1n arterial anoxia as well as a tendency towards CO: reten-
t1on hecause not enough ovygen 1s added to, or CO; removed from
the blood perfusing these alveoll

Tmtially these disturbances can be overcome by ncreasing the
total ventilation and hyperventilating the remammg well-venti-
lated, well-perfused alveoh In thus way the patient with muld or
moderate emphysema 1% able to maintam a normal CO; tension
by an increased minute ventilation

The alveolar CO, tension 1s intimately related to and dependent
upon the alveolar ventilation For any gven level of metabolsm
and CO: production, a change i alveolar ventilation will cause
an inverse change 1 alveolar pCO: Since the arterial pCO: 15
wirtually 1dentieal with the average alveolar pCO, , a decrease n
alveolar ventilation with no change m CO, output will result m
an merease of artertal pCO: Sinularly an mereased CO; produc-
tion without comparable mcrease 1 alveolar ventilation will re-
sult 1 an elevated artertal CO, tension Thus it can be seen that
there must be 2 fine regulation of ventilation 1f the artertal pCO,
15 to be maintamed at a normal level Alveolar and artertal pCO,
do not r1se to compensate for a fall 1n alveolar ventilation but rise
as a direct consequence of a reduction of alveolar venttlation

Work of Breathing

When bronchospasm, secretions or edema narrow the air pas-
sages, or the lungs are congested, the work of breathing becomes
great, and the maximum breathmg eapacity 1s frequently grossly
reduced, indicating a reduced ventilatory reserve At this stage
even the mild increase in ventilation necessary to maintam a nor-
mal artenal CO; tension at rest may give rwe to consderable
dyspnea CO, retention oceurs in the emphy<ematous subject,
when the compensatoty increase in ventilation fails to achieve
1ts purpose
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Riley has recently stressed the important concept that an in-
crease in the work of breathing 1tself adds to the aceumulation of
CO0: in the body Since the body tolerates elevated CO, tensions
to spare oxygen for nonventilatory work, he has suggested that
resprratory acidosis be viewed as an adaptive mechanism. Such a
hypothesis had previously been suggested by Cain and Otis who
claimed that the body tolerates a rise in CO, tension dunng resist-
ance breathing “‘in preference to expending the effort that would
be required to keep it at the original level ” Otis also showed
that with hyperventilation, even in normal individuals, there
will be a maximum ventilation beyond which alveolar pCO: will
not contmue to be lowered, but will actually increase with further
ncerease 1 ventilation When there is obstructive disease of the
broneln with increased work of breathing the volume of ventila-
tion which would be effective in lowering pCO. would be lower
than in normals Thus, Donald and Christie and Wilson and as<o-
ciates observed that patients with emphysema are unable to lower
their artenal pCO. voluntanly, despite increasing the total minute
ventilation

It 1s obvious that anytlung which increases the work of breath-
mg 1n emphysema, whether 1t be exerci<e or increased resistance
to respiration due to bronchial obstruction or pulmenary con-
gestion, will lead to CO; retention Cobn and assoerates demon-
strated a rise in artenal CO. tension in an emphysematous sub-
jeet during esercise despite an mcreased ventilation. If, due to
the ventilatory disability, there 1s 2 lag in CO, excretion on a sue-
cesston of pertods of exeraise, there will be a tendency for the pCO:
to nse and resprratory acidoss to develop The superimposition
of pulmonary infection or heart failure in patients with emphy-
sema would al<o further increase the work of breathing to ghc
point where nadequate ventilation results in an acute elevation

of pCO:
Acd-base Relationships

The respiratory control of acid-base balance 15 dependent upon
sanations in the bicarbonate buffer system. Changes in arterial
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in Figure 143, where 1t can be scen that with an elevated pCO,
the plasma chloride was low and potassium high, although the
sodium was not affected

As the condition progresses, the HCO,~ content rises and in
fully compensated cases may be at very high levels On the other
hand, if this determination 1s made shortly after the change in
ventilation, and before compensatory mechanisms have taken
place, the value will be hittle deviated from normal.

Hole of COr and Anozia in the Requlation of Resprration

In the normal individual respiration is primarily under the con-
trol of the medullary respiratory center. The activity of this center
1s affected by the CO, tension and the hydrogen ion concentration
of the artertal blood A nise in CO: tenston or hydrogen 10n concen-
tration results in immediate stimulation of this center to increase
the minute ventilation and blow off excess CO,. In contrast the
peripheral chemoreceptors in the carotid and aortic bodies are
relatively insensitive to changes in artenal pH or CO; tension,
but are sensitive to a lowering of arteral O, tension, causing a
prompt 1ncrease in pulmonary ventilation

It has been shown that the severely emphysematous subject
does not respond to the mhalation of CO, by the normal increa<e
in ventilation Donald and Christie also noted a delay in response
to CO, 1n some emphysematous subjects and attributed this to
delayed mixing of the mspired gas n the lung Although this
factor may play a role 1n the dimimshed ventilatory response to
CO; m patients with severe emphysema, it does not explain the
entire preture The possibility’ of ization of the respi ¥
center to lugh CO; tensions has been suggested by many workers
Schafer observed adaptation to a CO; environment in normal sub-
1ects, and Otis noted an elevated arterial CO. and diminished
response to CO: after exposure to 3 per cent CO; for 3 days.
Changes 1n respiratory response to COs m normal subjects w ho
had been overbreathed in 2 body respirator have also been demon-
strated by Brown and as<ociates. It has therefore been pmtu)at?d
that the respiratory mechanism adapts itcelt to protonget di-
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arterial O, tension is rmsed by the ndministration of oxygen, the
peripheral chemoreceptors are no longer stimulated and 3 further
dimunution in pufmonary ventifation takes place. As a conse-
quence, the arterial CO, tension may rise to exceedingly high
levels, and coma and even death may ensue.

It 1s apparent that many factors are responsible for the sequence
of events leading to respiratory acidosis, The primary disturbance
18 an 1nadequate alveolar ventilation relative to the metabolic
preduction of CO; by the body During exercise the patient with
emphysema 1s tnable to meet the increased ventilatory demands
The development of pulmonary infection or congestion and bron-
chospasm will also reduce the effectiz e als colar ventilation a< well
as nereasing the work of breathing and the metabolic produetion
of CO;, resulting m an elevation of arterial pCO, . The adwminis-
tration of ovygen, barluturates or narcotics to patients in whom
the medullary respiratory center is depressed also leads to dimi-
nution 1 alveolar ventilation and retention of carbon dioxide

CLiNICAL MANIFESTATIONS

Acute respiratory aeidosss should be suspected 1 any emphy-
sematous patient in whom acute respiratory infection such as
bronchutis or bronchoy ia, asthma or acute heart failure
has developed. The clinical signs which may be elicited are those
due to the primary dicease process, those due to the precipitating
factors, and those due to CO, retention itself

Climenl examination reveals dimimshed movement of the chest
wall, little or no movement of the diaphragm and signs of diffuse
bronchial obstruetion The patient is frequently eyanosed and ex-
tremely dyspneic

Although acute retention of CO: 15 frequently precipi(atﬂ.i by
an acute infection, constitutional signs of infection are minimal
or absent, the temperature bemng subnormal in many cases; t.he
winte blood count 15 low. normal or a little clevated Congestise
heart failure, which is also frequently precipitated b.y the acute
snfection, 15 often present, and other onrd'\ovz\s.culm’ signe f“fh as
generalized vasoddatation with profuse sweating and peripheral
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showed that the balation of CO; did the same. Tt would appear
that the mcreased cerebral blood flaw associated with an elevated
arterial pCO, may account for the headache and some of the men-
tal changes Papilledema may also develop although the mecha-
nism of its development 1s uncertain.

Barach has stated that the deleterious effects of CO; retention
can be avoided if the pH is kept in the normal range Although
this 1s true to some extent, the presence of hypercapnia, even
though compensated. can bring about considerable clouding of
the sensorium and severe headache Also, although some of the
clinical manifestations of resprratory acidosis may be encountered
in other conditions with loncred pH, it would appear that the
presence of by percapma 1 addition to actdemia greatly inereases
the severity of the neurologic signs and symptoms,

Laboratory Confirmation

Analysis of the arterial blood gases by the bubble technique
will reveal anoxia and an clevated CO: tension establishing the
diagnosts of CO, retention Although this may be the result of
either a metabolic alkalosis or a respiratory acidosis, the anerju\
pH w1l establish the correet dragnosis and the degree of acidemia

In acute respiratory acidosis, the total CO: content may be
httle elevated, and the CO; combining power or the whole blood
buifer base (Singer and Hastings), both indices of alkali reserve,
will be normal. In chronic respiratory acidosis, on the other hf.mdy
when compensation has taken place, the CO; content will be )n;:.h.
At thus stage the CO: combining poner will be clex'n(ed., and in
the presence of an acid urine, will aid n establishing the dz:agno#s

Artertal pH and pCO. should be determined at intervals in order
to evaluate therapy and the progress of the condition. The CO0:
combming power will be useful only as an index of the secondary
lowertng of bicarbonate as a result of the improvement of artenat

pCO,
MANAGEMENT

The therapeutic approach to respirafory | hou!
based on the phystologie disturbances present 1t is obvious

acidosis should be
that
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Fia. 141 The effect of nebulized bronchodslitor on work requsred to over-
come elastic and viscous resistanee in 18 patients with emphyserna,

Cohn, Carroll and Riley have published excellent results uaing
intensive nebuhized broneliodiator in acute respiratory acidosis
Patients who are able to cooperate should be asked to exhale
maximally before inhaling the aerosol, thus earrying the broucho-
dilator deep into the bronchial tree. Severely obstructed patients
should be given nebulized bronchodilator for 5 minutes every 30
to 60 minutes. If the patient 1s unable to cooperate sufficiently to
take a deep breath, the bronchodilator acrosols may be adminis-
tered with an intermmttent pressure breathing apparatus

Aminophyiline may be administered freely by vein or rccm.m
and is frequently excoedingly helpful in initiating treatment in
potients whose sirways are so severely obstructed that mhaled
bronchodilator cannot reach the bronehioles m appreciable quan-
tities The diuretic effect of luct 1 d

pliylime, by I
congestion, will also be beneficial 1 reducing the work of Dreatht-
ing.

Oral ammophyiline with or without cphedrine should be ad-
munsstered 3 to 4 times daily, preferably on an empty stomach
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useful in patients with resparatory acidosis and pulmonary con-
gestion in whom the adminmstration of Diamox has resulterd in &
marked diuresis

OXYGEN

All patients with respiratory acidosis are suffering from a con-
stderable degree of anovia which must be relieved. The hazards of
the admimstration of oxygen to patients who are unable to main-
tam an adequate alveolar ventilation have been emphasized by
many. Barach has suggested that coma may be prevented if a low
concentration of oxygen (30 per cent) ic used to imtiate therapy
and lugher concentrations are employed later. Cohn and associates
and Donald have recommended that oxygen be administered in-
termuttently, by removing the patient from the high oxygen at-
mosphere for at least 20 minutes out of every hour

The admumistration of a He-Q, mixture which has a reduced
density compared to air, will diminish the turbulent resistance in
the airways of a patient with mereased obstruction to air flow
Thus breathing a He-Q; mivture (80-20} will reduce the work of
breathing required to overcome airway resistance.

1f, dunng oxygen therapy, increasing mental stupor or confu-
ston, decrease i ventilation, or clevation of arterial CO: tension
oceurs, despite concomitant bronchodilator therapy, some me-
chanteal nid to resprration 1s indicated.

MECHANICAL AIDS TO RESPIRATION

Mechameal assistance to respiration is frequently required m
the t of CO;» narcosis Positive pr breathing may
be adminstered by erther applymg a positive pres-ure to the up-
per airway as with most intermittent pressure brcaﬂxin.g units, or
redueing the pressure around the body as with the Drinker type
of respirator i

The appheation of positive pressure breathing, particularly o
patients with peripheral vascular collapse, may lefzd to hmhm:
reduetion m blood pressure and eardiac output This can'usunﬂ)
be returned towards normal with negative pressure breathing d)lh
ing exprration whach can be achieved erther by applying a negatise
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F1g 143 Severe respiratory acidosis with secondary elevation of wholeblood
buffer base Noteverylow chlonde and elevated potassum associated with high
pCO: Enxsufflator resulted 1n fall of pCO; , whole bload buffer base and potas-

swm, and nse of chlorides.
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to the management of CO, narcoss This method of therapy is
particularly useful m the conserous individual 1 whom erthopnea
15 a great problem, and who therefore 15 unable to he flat in the
respirator In addition, 1t 1s much easier for the patient in the
sitting poution voluntanly to raiwe secretions Skillfully managed,
the patient-opcrated IPPB provides a means of admmstering
ovygen without diminution 1n ventilatron It also provides a con-
venient and effective means of admumstering nebulized broncho-
dilators and detergents Since this apparatus requires that the
patient produce an mitial negative pressure 1 the thorax to im-
tiate mspiratory negative pressure, 1t 1s immediately apparent
that the patient who 1s extremely fatigued may be unable to ac-
tivate the machine Also, constant attention 18 required whenever
usng IPPB since, winle hreathing oxygen, the patient may ac-
tually depress his mmute ventilation considerably The patient

S 508 ,
& o B s KW
w

Tio 144 Severe respuratory sculows precipitated by oxygen therapy Ev-
sufftitor follow e by IPPB and bronchodiltors resulted 1n marked 1mpros ement
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Fic 145 Severe respiratory acidosss which failed to improve despite mter-
mittent oxygen and mtensive bronchodilator therapy. A short course of evsuf-
flation resulted 1n striking chmeal improvement

must, therefore, be encouraged constantly to take deep breaths
as long as IPPB 1s admimstered Examples of the beneficial effects
of IPPB therapy 1n respiratory acidosis are demonstrated m Fig-
ures 14 4, 14 6 and 14 7 IPPB was administered to A W (Fig
14 4) after imtial exsufflation, while I, H. (Fig 146) and A R
(Fig 14 7) received IPPB therapy alone

Most of the mechanical aids usually result in better dranage of
secretions and ncreased expectoration When mechanical aids are
madequate 1n raising secretions, bronchoscopie aspiration of the
retained seeretions should be undertaken Rarely tracheotomy

may be requured

ELEVATION OF THE DIAPHRAGM

Pneumoperitoneum and elastic or pneumatie belts cle\'a(e’ the
diaphragm to a more favorable position Wright and associates
and Gaensler and Carter have demonstrated mmprovement i
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symptoms and pulmonary function following pneumoperitoneum
1 emphysema, Callaway and McKusick have reported favorable
results using pneumopentoneum in the therapy of respiratory
acido~is Barach and Gordon have advocated the weanng of a
<pecial support to obtain abdomnal compres-ion and to elevate
the diaphragm 1 order to improve ventilatory function and the
coughing mechanium  Although the rationale for these measures
which restore the diaphragm to a more normal position 1s a rea-
~onable one, we have not been smpres~ed with the results we have
obtamed

BREATHING EXCRCISES

Dramatic henefits following breathing exercises have heen em-
phasized by Barach, Gay, Miller, and Allan When the patient 1=
taught to hreathe with s diaphragm, with the lips pursed during
evpiration, marhed subjective improvement with inereased exer-
eive tolerance results Breathing exvercies promote the effective-
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Fio 136 Repiritory audows wlich improved rapidly when treated In
mtensie IPPB and Lronchodilfor therapy
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ness of both diaphragmatic and intercostal muscles, resulting m a
more efficient ventilation, probably due to a slowed respiratory
rate and & more efficient distribution of inspired gas. The beneficial
effect of a slowed respiratory rate is illustrated in Figure 148
This data was obtained from patients previously reported by
Chermack. It can be scen that a slowed 1espiratory rate resutied
in an increased compliance of the Jung indicating reduced elastic
resistance to respiration in 18 emphysematous patients. Since it
is weil established that slowed respirations ako reduce viscous
resistance, it is apparent that the slowed respiratory rate results
in a considerable reduction 1 work of breathing in patients with
emphysema
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Fia 147 Severe respiratory acdosy with marked improsement following

IPPB and bronehodilator therapy.
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LIQUEFYING AGENTS

The presence of bronchiolar obstruction due to thick, viscid
seeretions 13 frequently a considerable factor in the development
of anovia and CO, retention 1n severe emphysema The adminis-
tration of potassium 1odide, three times daily, nebulized hquefy-
ng enzymes or detergents such as Alevaire and adequate humdi-
fication of the mnspired air md greatly in liquefying the sticky
geeretions, making them easier to raise and thereby diminishing
airway obstruction However, 1t must be recogmzed that potas-
sium 10dude, 1f not used concurrently with intensive therapy di-
rected at reducing the CO; retention, may increase the possi-
bility of hyperkalemta

CORTISONE AND ACTH

Numerous workers have demonstrated rchief of bronclual ob-
struction following cortisone and ACTH The newer steroids,
predm~one and predmicolone are even more useful since they do

couruarca (t/om B0

L3 O O vyt T T Tt e e
siriers

Tie 145 The effect of a <low mepimation on the compliance of the lungw 1n
15 patients with emphysema

Nate marked merease in comphance wwdicating edueed elustic resictance to
respirition
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not cause sodmm retention. Although no data are available con-
cerning the use of these drugs in the magagement of resptratory
acidosts, their beneficial effect in status asthmatieus suggests thefr
probable usefulness, though the possibility of masking infection
must always be recognized

THERAPY DIRECTED AT THE ACIDEMIA

Barach has suggested that the deleterious effects of respiratory
acidosts can be avorded by maintenance of a normal pH and has
therefore suggested the use of intravenous sodium Iactate to re-
store pH towards normal. Although such measures may alleviate
some of the neurologie manifestations of respiratory acidosis, this
form of therapy should only be considered palhative since the
basie defect remauns, and the vicious eircle of hypoventitation and
hypercapnia still continues

RESPIRATORY STIMULANTS
Little beneficial effeet has been reported using respiratory stim-
ulants, although Westlake and associates advocate intravenous
mikethamide, mtravenous caffeine sodium benzoate and ampheta-
mne have also been suggested
Preventive Therapy

(1) These patients should be warned not to undertake excessive
activity The normal respiratory response to exercise is in propor-
tian to the mereased metabolic demands of the body. In emphy-
sema, Cournand and sssociates observed that the ovygen cost of
breathing was markedly elevated, particularly when the ventila-
tion was mcreased . )

(2) Each upper respiratory mfection must be treated inten-
sively since these patients tolerate even the most minor fnfections
poorly o
(3) Oral ammophylline and ephedtine preparations and ‘ncbu-
hred bronchedilators should be nsed daily in order to maintaw

patent arways.

(4) Draphragm:

atic breathung exercises should he encouraged
until diaphragmatic breathing continues w jthout co

nscious effort
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(5) Narcoties and sedatives which tend to depress the respira-
tory centers should be avoided or admimstered with the greatest
of care to patients with severe emphysema because of the Likeli-
hood that further depression of respuation will occur

(6) CO; mhalation should be avorded Although normally a
respiratory stimulant, 1t may act as 4 narcotic i a patient with
severe emphy sema and further depress ventilation

Thus 1t can be scen that early recognitton of this conditron and
the avoidance of precipitating causes is important in the preven-
tion of the deleterious effects of CO, retention Measurement of
artental pCO; and pH asust 1 the early diagnosiz Management
of the condition when 1t develops should be directed at reductng
the work of breathing and proviNon of an adequate alveolar ven-
tilation Estimation of arterial blood gases at mtervals will aid
greatly 1 assessing therapy and the progress of the condition

Stvvary

Respiratory acido-1s or retention of CO; 15 not frequently en-
countered m patients with severe emphysema, often being pre-
aprtated by infeetion, increased work of breathmg, or the admin-
1stration of oxygen The elevated artenal pCO; 1+ the result of a
reduced alveolar ventilation

Although this condition has usually been consdered to have a
fatal termunation, the application of therapy directed at improving
the phystologie disturbanees which are present has resulted 1n
complete reversal of the condstion 11 many iastances Therapy
should therefore, be directed towards elimnation of CO: by redue-
tion of arrnay obstruction and pulmonary congestion and/or by
the u~c of mechanical respirator~ to insure an adequate alyeolar
ventilatron
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Chapter 15

COR PULMONALE IN CHRONIC PULMONARY
EMPHYSEMA

DICKINSON W RICHARDS, MD, sxp ALFRED P FISHMAN, MD

INTRODUCTION

Cor pulmonale may be defined as a heart winch has a sigmfi-
cant degree of dilatation, hypertrophy or falure, secondary to
disease of the lungs In our expericnee, the manifestattons of heart
stram are confined to the nght wide of the heart, the physiologe
disturbances meident to the pulmonary disease, such as hypoxia
or altered pul ry mecl , or ed bronchial artery
flow, apparently do not cause left ventricular hypertrophy or
falure Consequently, if the left ventricle manifests stratn or dis-
ease i 2 patient with lung diceasc. 1t 18 to be ascribed to <eparate
and mtnnse hy pertensive, coronary artery, valvular, or myo-
cardial disease

Thi~ defimtion of cor pulmonale impheity evcludes night heart
involvement secondary to rheumatic valvular heart disease

It 15 worthy of emphaus that the great majority of patients
with mild to moderate chronte pulmonary emphysema do not
develop cor pulmonale, the latter being a late complication of
~evere forme of the disease The particular types of emphy<ema in
which cor pulmonale 1~ hikely to occur, and the manner of it~

develor m each, are dered later in this seetion

PmistoLogic Coxspprations Tue Ciret Laniox s
Curoxie Pruvovany Evemisevy
The circulatory changes which may develop in chrome pul-
nmonary emphy~ema stem from three distinet, but interrelated
as3
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apatomie alterations (1) A decrease in pulmonary parenchymal
elasticity caused by the chronie mflammatory, atrophic, or fibrotic
processes (2) A restriction of the pulmonary vascular bed cageed
by a combrred decrease 1 s bility and in cross-sectional area
of the pulmonary blood vessels, these alterations in distensibility
and capacity stem from pathologic changes 1n the perivascular
supporting structures, as well as in the vessels proper (3) Obstrue-
fron to aw flow by stenoses and exudates along the ramifications
of the tracheobronchial tree This airway obstruction acts, in
conjunction with the distortion, thickening and partial oblit
tion of segments of the alveolar-capillary interface, to disrupt the
vormal balance between distribution of inspired gas and perfu-
sion of the pulmonary capillaries

It seems worthwhile at this point to distinguish, on the basis of
these anatomic changes, the particular patient with chronic em-
physema who may be expected to develop pulmonary hyperten-
s10n and cor pulmonale. Obviously, the subject with nonobstruc-
tive emphysema who has lost pulmonary elasticity due to atrophic
changes may manifest augmented repiratory effort; although the
inereased respiratory excursions will, per se, affeet the flow of
blood through the lungs, they are not of considerable hemo-
dynamie significance Similarly, the mere restriction of segmenis
of the capacious pulmonary vascular bed by inflammation n.nd
searring 1n 4 patient =~ . ) o et ins
adequate to eliat th

requustte for the evoll .
hand, it is the combination of. (a) diffuse, rather than segmental
pulmonary nvolvement, causing ventilatory insufficiency, and
(b) disturbances in gas exchange—hypoxiz and hype'rc:xpne:\w
whieh 15 generally responsible for the evolution of chronie cor p}Jl-
monale Although secondary development of puimonary arterio-
sclerosis 15 sometimes a significant added factor, often it is not

Before considening in greater detail the effect of the mterplay
of these factors on the evolution of pulmonary hypertf:nsum and
cor pulmonale, 1t would seem advisable to review the isolated of-
fect of each one, per se, on the cireulation
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The Effects of Decreased Pulmenary Elastealy

In patienis with ehronic obstructive pulmonary emphysema,
the mechanical effect of respiration 15 exerted primarity on the
pulmonars, rather than on the wystemie circulation for tno rea-
sons {1} The pulmonary eirculation s directly exposed to the
mechanieal effects of the stresses and strains of respiration via the
intratharacie pressure changes (2) There 1 no equivalent m the
pulmonsry arenlation of the baro-regulative 3 stem which mm.
rmzex fluetuations 1 blood pressure m the systemie cireutation
owever, lesser degrees of change n blood pressure due to respira.
tion are detectable in the systemie cirewtation

Hemodynanuc effeets of the resprration on the arculation
intact man have been mferred solely from an analyws of pressure
pulses recorded from vanous eardiac chambers and the major
artertes. this hmtation 18 due to the Inck of any wdependent
method for quanttatively estimating eyehic changes in blood flow
in the brief periods under consideration However, from an anal.
yas of the pressure pulses in man, and by wference from animal
cyperiments, it 15 generally aceepted that m normal subjeets, res-
piration affects the circulation primanty by effecting the displace.
ment of inerements of lood into and out of the thorace vessels
Coneiderable ad in effecting pres-ure gradients favorable for flow
1 contnibuted by the ey chie chianges i ntrathoracte presaure wineh
charactenize the resprratory eycle In this hight, a revien of the
effeets of respiration on the areulation in normsl human subjects
~eenis 0 order =ince the reeparatory influence n emphysema is
quabitatively comparable to the patterns obsersed i normal sub-
jeets duning angracuted breathing The changes w the cweula-
tion imposed by one resprratory ¢y ele are schematseally illustrated
in Digure 15 1

Dunng inspiration, the itrathoracie presure deereases more
than nght atnat o nght ventricular diastolie presure. the filling
pre--re of the night beart i thus mereased  Thiv augmented
fithng pressure i~ & reflection of the mereased volume flow ta the
nght heart \Whongh the inereased distending volume m the nght
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Fra 151. Schematic representation of the ifluence of respiration on the
circulation during one respirators c3 cle of moderate depth All pressures are ex-
pressed in mm Hg Discussed i text (From Lauson, Bloomfield and Cournand
Am J Med, 1: 315, 1946)

ventricle leads to an augmented output from the right heart, the
effect of this gugmented output on pulmonary artery pressure
t1epre<ents a balance between two opposing factors (1) The in-
creased stroke volume ejected into the pulmonary- circnlation (2)
The passively mduced merease in capacity of the pulmonary vas-
enlar bed

The retentron of blood m the pulmenary cire
by the p sive m pulse § in the 1
artery and right ventricle during mspiration and the concomitant
decrease m pressure in the systemic circulation

During expiration, ntrathoracie pressures increase more than
right atrial and right ventrieular diastolic pressures; the net‘ fil-
mg of the right heart 1s thereby dimmished The pattern deseribed
above for inspiration is consequently reversed Indecd, from the

ulation is reflected
1 .
Al
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point of view of the circulation, the lung has been hkened to 2
eponge, mbibing and withholding blood from the systemic ere-
culation during invpiration, and expres<ing blood mto the gystemie
circulation during expiration

In some patients in whom expiration becomes an active process,
an actunl obstruction to venons return may obtain as posttive
mirathoracie pressures are wnpo-ed on tendral Venous presures
1t 15, however, of interest that the venous valves distal to the
thorax normally prevent the retrograde transmssion of the rie
m central venous pressure dunng expiration untl valve compe-
teney is Jost, as m central venous congestion Therefore, 1n normat
subjects and in patients with chronic pulmonary emphysema, the
rise in penpheral venous pressure during expiration reflects merely
gradual filling of o distensible system shich 15 obstructed at s
thoraaic outlet

The obcrvations on the change- m pulse pressure during the
respiratory eycle have led to the conclusion that the behavior of
the tight and left heart dunng respiration is, at least 1n a general
fa~luon, in accord with Ntarling™ law  The reverse effects on
cardiae performance, induced by arbifieal respiration with post-
tive pres<ure breatlung apparatus, have also been mterpreted
this hight Thus, wepiration prodaced by the inflow of mr under
positise preseure, by inpeding 1 enous return, results in a decrease
m net filing pressure sn the nght beart with fowered right ven-
tneular and pul 3V artery pressures, the systemie artenal
blood pressures vymuitancously mcrease, suggesting an inerease n
{eft ventneular outpuit Dunng passive expration, right heart net
fillmg prescure and nght 1entrieular and pulmonary artery pulse
prre-sures merease whereas =y stemie artertal pulse pressures de-
creae The ~cquential changes outhined above are schematically
represented m Figure 132 The therapeutic mmpheations of thie
tape of physiologre obrervation have been taken mto aecount
the devign of povtine pressure respiratory equipment, \ince, m
order 1o mauntam the circnlation. poutne pressure mspiration
cannot be unduly prolonged, and expiration mu=t be of adeguate
durstion and either unoppoed or {acilitated
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F16. 15 2. Schematic representatton of the influence of pressure breathing on
night ventnele filing and pulse pressures, Tracings from above downward in-
clude- (1) mask pressure, mspiration and expiration; (2) nght ventrictlar pres-
sure, (3} intrapleural pressure

During inspiration, as mask pressure and pleural pressure increase, filling pres-
sure at the right heart I inishes; this s 1 by a decrease
in the difference between mtrapleural and diastohe pressures in the right ventri-
cle Pulse pressure 1 the right ventricle is also reduced, suggesting decreased
stroke volume During expiration, the teserse occurs The ability of evpiration
to compensate for the msprratory deficit in blood flow is facilitated by the prompt
return of evpiratory mash pressure curie to ambient pressure, (From Richards,
Cournand and Motley Trans Am Phys, 53: 102, 1946 )

Pudmonary Hypertension and Cor Pulmonale

The respiratory swings in pulse pressure, described above for
normal subjects, oceur 1n an exaggerated fashion in virtually all
pattents with chronic obstructive pulmonary emphysema. As il-
lustrated m Figure 15 3, they are manifest at rest while breathing
ambient arr and become more marked as respiration is further
stimulated Nonetheless, they apparently contribute little to ﬂ]e
genesis of chronte cor pulmonale Of greater import from this
potnt of view are. (1) The restriction and altered distemil.n]ity of
the pulmonary vascular bed (2) The artenal hypovemma induced
by wpatred gas exhange. (3) The degree of polycythemma and
hypervolemia congesting he ™ systemicand |, * ~ ¥ vaseular
systems However, befa”. - .o further thy these fac-

tors m the developmen; “oonale, ¥ 200nALY
to establish a working «c pulmonst i
Cor pulmonale has a' T edas strain or
{ailure I - to primary The cv 2,
desif' <y of chn’ p
= ohset ye

tensy
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Ti6. 153 Tight heart pressures m a patient with emphysems anvl sor pul-
monale, at rest and dunng augmented yentilition

A-C Tressure pulees recorded from the pulmantry arters nght sentriele
and nght atnum durng quiet breathng There 1 pulmonary by pertension at
Fest (A}, with normal end-diastolic pressures m the right yentricle (B) and normal
nght atral pressure (C) indirating the absence of nght heart fatlure Lien at
Test, the effect, of breatlung upon the pressure putees s greater than normal

D-T: Prescaure pules recorded from the pulmonars arters amd nght ventri-
cle during 5 per cent €O, breathing Note the evaggerated imfluence of respira-
tion on the reul tion

In tus patient, there was an merement 1 pulmonan artery fressure durning
€O breathmg slich was a<socnted with 8 euncomtant merement . pulio
pary Llomd flow  Dicussed 1 text {From unpublivhed data by Tishman
Frtts and Cournand )

™
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mented pressure-work of the right ventricle is frequently supple-
mented by an augmented volume-work due to increased cardiae
output Both lead to right ventrieular hypertrophy and dilatation

Clincally, the diagnosis is established by the d tration of
night heart enlargement, with or without failure, in a patient with
primary pulmonary disease. Unfortunately, in these patients, the
climeal diagnosis of either pulmonary hypertension or nght heart
strain prior to definite cnlargement or failure is not readily es-
tablished For example, although an accentuated putmonic second
sound frequently occurs in these patients with pulmonary hyper-
tenston, the association s not invariable. Furthermore, clectro.
cardiographie evidence of right heart strain occurs regularly only
when pulmonary artery mean pressure is twice normal, and clear-
cut roentgenologic evidence of right heart strain becomes available
only after pulmonary hypertension is marked snd there 15 a con-
siderable degree of right heart enlargement. Consequently, the
clinieal diagnosis of pulmonary hypertension and cor pulmonale
without heart failure 1s often a retrospective one, made after the
onset of abvious right heart failure in a patient with known pul-
monary disease. Considerable insight into the development of
chrome cor pulmonale has heen provided with the advent of right
beart catheterization. The use of tins techmgue has led to the
detection of pulmonary hypertension and the establishment of
the diagnosis of car pulmonale prior to, as well g after, the onset
of right heart faiture

The Effects of Decreased Pulmonary Vascular Distensibility

In the normal human subject, the pulmonary vascular bed ot
stitutes a vol , nghly dhstensible system which 15 c.'.lpnb!v
of accommodating the same flow as the systemie cnrcu'latmn at
approvimately 1{gth the perfusion pressure T_lm<, \.vnh total
cardiae output normally ranging from 26 to 35 1 /min /=4 m
of body surface, pulmonary artery prescures generally do nof ex-
ceed a",v stohe pressure of 25 mm, Hg and & d'xaato.hc pressure ;{;
10 mm Hg Indeed, @ pulmonary artery pressure i ences of
wm Hg or a mean blood pressure in eveess of 15 mm Hg, con
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stitutes unequivocal pulmonary hypertension These Iow pres-
sures, in the face of 1dentical blood flows, indicate that the work
done by the nght ventricle ts normally less than the left; this is
reflected 1n the unequal myocardial mases The high-distensi-
bility 1nvolves all <cgmentx of the pulmonary vascular tree, and
stems (a) from the anat position of the small
arteries which are strlangly deficsent in smooth muscle, (b) from
the lack of well-defined sphinctenc arterioles, and (¢) from the pau-
aity of perivascular supporting tissue, so that tissue pressure op-
posing vascular distenston 15 neghgible

In patients with chronic pulmonary emphysema, the eross-cec-
tional area and distensiblity of the pulmonary vascular bed are
reduced and the mtravascular resistance to blood flow 1s thereby
mereased Several interrelated pathologtc mechanisms are in-
volved (1) Thinnmg-out and obhiteration of pulmonary capillares
due to hyperinflation of alveols, and atroplic degeneration of
alveolar walls, this eceurs 1n both the atrophic and obstructive
forms of emphysema (2) Thickentng of the walls of the small
muscular ves-els accompanied by obliteration of segments of the
vaseular bed by mflammation and fibrows, the role of this factor
15 determined by the presence of chrome bronelnal and paren-
chymal infection (31 Increase 1 ti~ue pressure surrounding the
blood vessels through the <ame perivaseular mfiltrations and fi-
brows (4) Loss of d bility through 1 pul
blood volume (5) Pulmonary artenosclerosis (G6) Possilile (but
not proven) pulmonary vasomotor effects

The contribution of this dimimished distensability to the evolu.
tion of pulmonary hyperten~on may be inferred from observa-
tion~ on normal human <ubjects ax well as from patients with
Testneted vasenlar heds Thns, in normal human <ubjects, an in-
erease n blood flow to three times normal can be accommodated
with only a mimmal (2 to 3 mm Hg) nerease in pulmonary ar-
tery pressure This tngh degree of distensibility is further exem.
pltficd I patients with only one normat lung following preumo-
nectomy, 1 whom a threefold augmentation i blood flow fails
to merease pulmonary artery pressure to abunormal levels, liow -
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evert even 1n the normal lung, and particularly in the presence of
restricted vascular beds, further augmentation of flow may eheit
pulmonary hypertension

Further mnsight as to the role of increased blood flow in causing
pulmonary hypertenston has been provided by observations on
the effects of acute digitalization in patients with chronie pul-
monary emphysema and cor pulmonale in frank congestive heart
failure In these subjects, the augmentation of pulmonary blood
flow clieited by the mtravenous administration of Digonin is as-
sociated with an mncrease m pulmonary artery systolic and pulse
pressure, which are responses charaeteristie of an inereased flow
into a more ngd vascular bed This response is illustrated in
Figure 15 4

These pulmonary bleod flow and pressure relations for vascular
beds of different distensibilities, have been synthesized inte a
schematic representation as illustrated in Figure 155 In this fig-
ure, blood flow through the lungs is schematically represented
along the ahscissa 1 multiples of normal pulmonary blood flow;
the ordinate represents pulmonary artery mean pressure in ar-
bitrary multiples of normal mean pulmonary artery blood pres-
sure. It 1s clear from this oversimplified diagram, that the normal
pulmonary circulation 1s capable of accommodating large inere-
ments in blood flow with little merease m pressure; on the other
hand, 1n the vascular bed restricted by chronic pulmonary emphy-
sema, the entire pressure-flow curve 1 shifted to the left, resulting
1n an abnormally large increment mn pressure for each merement
1n blood flow

It should be emphasized again that the great majority of pa-
tients with emphysema of mild te moderate degree do not dev 010}7
clinical cor pulmonale In the earlier stages there is not even sigt-
ficaut, pulmonary artertal hypertension F urthermore the tendency
to this complication 15 not necessanly correlated with loss of ven-
nlatory function Many patients with marked ventilator;" insuf-
ficfeney and even some degree of arterial hyposemia contimie 1o
the end without heart failure; i others eor pulmonale may dev OEOK’
terminally In brief, the natural history of chronte obstructive
pulmonary emphysema may b represented as a race between
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Fra 156 Schematie pulmonary artery pressure-flow curves m pormal sule
Jects and in patients with restncted vaseular beds

ventilatory and cardiac failure, sometimes terminating as a com-
brnation of both

The Effects of Impaired Gas Exchange

It 15 well established that chronic obstructive pulmonary em-
physema 13 mvariably associated with an aberration in the normat
relation between the distribution of mixed venous blood and the
distribution of mhaled air to the alveoli This impairment in
homogenetty of alveolar-ventilation and perfusion is nggmf’ated
by actual obliteration of some segments of the atveolar-capitiary
interface, thereby redueng the area available for gas exchange.
The net effect of thesc pathologie alterations js an impediment
to the exchange of oxygen and carbon diovide between .the an-
bient air and the blood perfusing the pulmonary capiliaries.

Although the steepness of the CQ; dissociation curve facihtates
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IncrEasEp Prrvoxany Vasctrar Ressstasce 1o Broop
Frow There are at least two possible physiologie mechani~ms
which may be mvolied m these patients (1) Increased internal
resistance to flow caused by the mncreased viscouty of the poly-
¢y themue blood, this is at least partly negated by the concommtant
passive distension of vesels anang from the augmented pul-
monary blood volume (2) Active diminution in the caliber of the
<maller pulmonary vessels in response to the hypoute stimulus

Of these two factors, the latter 15 probably the more important
Unfortunately, the experimental counterpart of the chinieal <tate
of hypovia, 1.e , chronie hy poua with supertmposed bouts of acute
Iy pornia, is difficult to aclucre However, some mmught as to the
possible role of chronsc hy poeria mn effecting mereased reststance
to flon may be ganed from a brief review of the extensive expen-
mental obervations on the cffects of acute hvpoua on the pul-
ntonary cireulation, m both normal subjects and 1n patients with
chronie pulmonars emphy~ema

THE ROLE OF ACUTE HYPOXRMIA I\ ELICITING PULMONARY HYPER-
TEASION

In patients with chrome pulmonary emphiysema as in normat
subjeets, exposure to acute liypoua of suflicient degree elieits an
merease n pulmonary artery pressure This responee i< Mustrated
m Figure 156 This wnerement in pulmonary artery pre-sure 1~
generally associated with a measurable merement tn pulmonary
blood flon  Howeser, v the same patients, a comparable incre-
ment m blood flow mduced by exercise fails to elieat the ~ame
degree of hypertension Tlaw type of observation has led to the
suggestion that some other factor m addition to an mereased pul-
monary blood flow is inmvolved in the pulmonary pre~or re~potise
to acute hypoxaa It has not been possible i intact nian to additce
evidence to support obseriations m ammal preparations which
indicate that a direet differential vasoconstrietor response of scg-
menta of the pulmonary svascular tree to the hypovte simulus je
miolved, nor has 1t been posable to demonstrate an active re-
sponse of the sympathietiec nervons sy~tem to the hyposvie «trmu.
las, Whether there 1~ an inerease  pulmonary bload 1olume dur-
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emua may contribute to the onset and perpetuation of pulmonary
hypertension. (1) Increased cardiac output. (2) Hypervolemia
and polycythemia. (3) Increased pulmonary vascular resistance
to blood flow.

Carp1rac Ourput. In the patients with chronic hypoxemia due

to chronie obstructive pulmonary emphysema, cardiac output 1s
erther normal or mcreased. In this group, despite the advent of
right heart failure, cardiac output may remain high. It is, how-
ever, noteworthy that there are types of obstructive pulmonary
emphysema and hypoxemia, particularly those associated with
considerable fibrosis, as in silicosis, in which the cardiac output
may be normal or low throughout the entire history of the dis-
ease.
The state of increased cardiac output, polycythemia and in-
ereased total blood volume, in conjunction with the clinical mani-
festations of systemuc venous engorgement comprises the syn-
drome of “high output failure ”

HypervorEMia AND PouvoyraeMIa It is well established that
chronic hypoverma resulting from prolonged residence at altitude
15 associated with an inerease in total circulating blood volume,
particularly in the red cell mass Similar observations have beei
made on patients with chronic cor pulmonale due to chrome pul-
monary emphysema, by a variety of methods using plasma volume
indicators alone, and simultaneous indicators for plasma and red
blood cells During heart failure, both plasma volume and red
cell mass inerease, and both recede following treatment. It 13
probable that the lungs participate in the partition of this aug-
mented volume, suggesting a greater baseline distension of the
pulmonary blood vessels, upon which is superimposed the cyc‘hc
pressure pulse resulting from each right ventricular ejection The
greater imtial volume in a system with reduced distensibilits,
would result in a greater increment in pressure per unit of hlood
added to the pulmonary airculation than would obtain in a nor-
mal, more capacious and distensible system

It would also seem that the augmented circulating Dblood vol-
ume, by increasing the ventricular distension prior to systole,
may help effect, and maintain, an augmented cardhac output
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INCREASED PriaoNARY VascUrzArR ResisTaxce 1o Broon
Frow. There are at least two possible physiologic mechantsms
which may be involved mn these pattents (1) Increzsed internal
remistance to flow caused by the increased visco<ity of the poly-
ey therme blood,, this 1s at least partly negated by the econcomitant
passive distension of vessels ariang from the augmented pul-
monary blood volume (2) Active dimnution n the eahber of the
<maller pulmonary vessels n re<ponse to the hypoae stumulus

Of these two factors, the latter is prabably the more unportant
Unfortunately, the experimental counterpart of the clinical state
of hypoua, i.¢ , chronic hypoxia with supenimposed bouts of acute
hypows, 1§ difficult to achieve However, some insight as 1o the
po-able role of chrome hyposemua in effecting merensed remstanee
o flow ay be ganed from o boef review of the extensin e expen-
mental observations on the effects of acute hypowa on the pul-
monary cireulation, m both normal subject= and m patients with
chrome pulmonary emphysema

THE ROLE OF ACUTE HYPOXEMIA 1N ELICITING PULMONARY HYPER-
TEASION

In patients with chrome pulmonary emphssema a« in normal
subjects, exposure to acute hy poua of sufficient degree eheits an
werease m pulmonary artery pressure This response 3y Hlustrated
mn Flg\m‘ 156 Tius werement n p\ﬂmon'\rv artery pro“ure 15

Q t with o w y
blood ﬂaw However, i the same patients, 8 comparable inere-
ment in blood flow mdueerd by everase fals to elicit the same
degree of hypertension This type of observation has led to the
<uggestion that some other factor in addition to an mcressed pul-
monary blood flow 1s 1nvobved 1n the pulmonary pressor re-ponse
to acute hypoxa It has not been possible in mtact man to sdduee
evidence to support observations m ammal preparations which
indicate that a direct differential vasoconstnetor respon-e of seg-
ments of the pulmanary vascular tree to the hyponie stimulus 1y
mvolved, nor has it been poable to demonstrate an active re-
sponse of the sympathetie nervous system to the hypoue stimu
fus Whether {here is an werease 1m pulmonsry hlood velume dur-
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Fi16 156 The effect of acute hypowae on the pylmonary crrculation in 2
normal human subject Winle hreatng amdient air (21 per cent Oy), pulmonary
artery pressure was 17 mm Hg systobe and 8 mm Mg diastolic, After 15 nun-
utes of breathing 12 per cent oxygen, these pressures had risen to an average of
25 and 17 mm Hg respectsvely Note the respiratory fluctuations caused by the
Inereased munute ventilaton (From unpubbshed data by Fishman, Himmel-
stem, Fritts and Cournand )

ing acute hy poxia and 1ts role i mechanieally contrthuting to the
pressor response is not yet established, Finally, there is no evi-
dence, m either ammal or man, to suggest that the pulmonary
hy pertension during moderate hyposia may he due to back pres-
sure from the left side of the heart

1t seems valid to conclude, on the basis of available evidence,
that 12 man, acute hypoa of sufficient degree will consistently

ertension, the rise in pulmonary artery pres-
i

it for
nical

elicit pulmonary hyp
sure 15, m part, due to the mcrease in pulmonary blood
However, the mcrease 1 blood flow is msufficent to accout
the total pressor response, suggesting that either other mechal
factors, such ss an increase m pulmonary blood volume, or vas0-
constriction may be mvolved Present evidence further suggests
that if vasoconstriction oceurs, 1t 15 not due to the direct action

of hyposemia upon pulinonary vascular segments Finally, ab

though <ome data have been game
the autonomic nervous system is not drrectly in
of humoral medators have not been examired.

d m intact man to suggest that
volied, the role
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THE ROLE OF HYPERCARBIA IN ELICITING PULMONARY HYPERTEN-
SION

A positive correlation exists in patient» with chronie obstruetive
pulmonary emphysema, between high arterial blood CO. tensions
and pulmonary hypertension Tl has led to conmderable specu-
lation concerning the role of the mereased partial pressure of CO»
1 effecting the pulmonary hypertension Although there are no
measurements aiailable of the pulmonary artery pressures in nor-
mal subjects chronically exvposed, as m submarines, to ambient
CO., such measurements have been made dunng acute exposure
of normal <ubjects, and patients with chronic pulmonary emphy-
<ema, to increased partial pressures of CO: 1n mnspired air Normal
subjeets who breathe 5 per cent CO; 1n air for bref periods mani-
fest no ncrease 1n pulmonary artery pressure or blood flow The
effect of breathing CO: on nght heart and pulmonary artery pres-
sures 15 1llustrated in Figure 157 In patients with chrome pul-
monary emphy<ema, three types of pulmonary blood flow-pres-
sure relationships have been observed during CO; breathing (1)
No merease in flow or pressure, (2) an increase m flon without
an 1ncrease 1 pulmonary artery pressure, and (3) an merease in
blood flow and an nerease m pulmonary artery pressure This
latter response 1~ also illustrated 1 Figure 153, D and E Al
though the h for mcreased pul 'y blood flow m
some patients 1s not clear, a likely po~~ll)|l|ty 15 the mcrease mn
the work of hreathing due to the augmented ventilation due to
breathung CO; At any rate, in the few patients with chrome
pulmonary emphysema who do develop pulmonary hypertension
while breathing CO,, the increment 1n pres-ure seems to be fully
accounted for by the inerease m blood flow mto a severely re-
stricted pulmonary vascular bed As in the ease of acute hypos-
emig, there 1s no evidence to implicate va-oconstrietion as a factor
m effecting pulmonary hypertenston

It 1 apparent that these hmuted obseriations on the effects of
acute hypercarbia can only be extrapolated with reserve to the
effects of chronte CO; retention upon the heart and pulmonary
eirenlation
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F1e 157 The effect of acute hypercarbm upnn the pulmonary - curculation m
a normal buman subject (4) Dul~ aeev
monary artery and righ
In the normal subyect,
artery pressure (From

The Physiologic Interplay in the Evolution of
Chronic Cor Pulmonale

These isolated factors may now be incorporated into a unified
working concept of the evolution of pulmonary hypertension and
chronie cor pulmonale as illustrated in Figure 15 8. The prime
nitiating factors are the restrreted distenaibility and anatomrc
distribution of the pulmonary vascular bed on the one hand and
the arterial hypovemia and chronte CO retentron due to impaired
gas exchange on the other The arterial hypoxemia imtiates a
sertes of interplaymng mechamsms, meluding increased cardiac
output and polycythema, recent evidence suggeste that it may
also be one factor in the genesis of pulmonary hypervolemia The
increased pulmonary blood flow and volume, in a pulmonary
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may ensuc. This right ventricular farlure js characterized by a
decreased stroke output, from the right heart, an increase in the
diastalic residual volume and in the end-dinstolic pressure in the
right ventricle, an elevation of mean right atrial and systemic
venous pressure, and frequently, but not abways, an increase in
cardiac output, of particular interest m this schema, is the pre-
dominant role of hypoua, a potentially reverssble proeess, av an
tutiating and perpetuating mechanism for the 1acrease in right
ventrieular work

Pulmonary artery pressures, m cor pulmonale in failure, are
wsually m the range 70/40 to 110/60

Retention of CO, and bicarbonate may be a further factor in
the development or aggravation of the congestive state, their
roles have not been defined.

Blood Flow Through Various Organs in
Chronic Pulmonary Emphysema

KIDNEY
Ta patients with chrome pulmonary emphysema and cor pul-
monale, renal blood flow 15 generally normal or increased: with
the advent of heart failure, the renal blood flow 1s decreased It
15 of interest that aggravation of hypovemia mereases the renal
blood flow, this 15 the converse of what would be expected if
appreciable amounts of epinephrine were releabcd‘ mto the oreus
lation during acute hypoverma Relief of hypov.emm by brcatll?ng
oxygen decreases renal blood flow Durmg relief or nggra\'nt‘m'n
of hypoxemia, sodium evcretion parallels rejml hlood ﬁow,_ This
sequence would suggest that in these chrum?aﬂy hyporemic pa-
tients, aggravation of hypovemia doe~ not stimulate Tenal rem}-
tion of =odium On the other hand, the results of thgac experi-
ments have to be reconeiled with the chmeal obw‘:rvanor} \hnlt.n
mote prolonged admimstration of oxygen to patients “}m t{\:
and other types of congestive heart failure has often l'mhca;t‘; .
tendency, apparent only after several dayf, to dinrests ane w;
of edema. The mechanisms underiymg this latter rc(;pc:nccx;:i
complex and unresolved The effect of gupmented COz tens
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erate pulmonary hypertenston and right ventricular Bypertrophy
The clinical course of these patients is characterized by a fairly
stable degree of diminished ventilatory capacity which is punctu.
ated by bouts of acute right heart failure following the 1mponition
of a sudden stress such as undue exertion, acute bronehitis, or
bronchopneumona  The stable course in the absence of stress,
coupled with the rapid precipitation into circulatory erisis when
a stress is imposed, identifies this group as one with a lnnited al e~
olar-capillary reserve due to a critically diminished, effective
pulmonary mass This delieate balance is observed not only in
patients with chrome obstructive pulmonary emphysema of ad-
vanced degree, but also i patients with a lesser degree of obstrue-
tive emphysema in whom there is the added pulmenary complica-
tion of silicosss or other diffuse fibrosis. A simar situation may
also oceur in the bullous, atrophic, nonobstructive type of em-
physema with small amounts of effective pulmopary tissue, in
marked kyphoscoliosis, and in old pulmenary tuberculosis with
extensive scarring, especially following lung surgery or thoraco-
plasty

The common denominator m all of these states appears to be
the critteal restriction of the effective gas-exchanging pulmonary
surface Consequently, the acute farlure of the right heart is con-
sistently i with hyp ia, frequently, though not al
ways, aecompanied by CO, retention. Polyeythemia may be pres-
ent but is usually far less marked than in patients with chronie
progressive cor pulmonale, the latter is discussed in the next

section "
Symptoms of right heart fmlure are apt to develop gradually

aver a period of several days and the specific precipxtgtmg ageni
may be difficult to identify Thus, a bronchopneumonia sufﬁm?nt
to precipitate the cireulatory crisis may be manifest only by rﬂ
shight, eyanosts, by a shght increase in cough, by 2 shight fa; er,
and by a few rales and a small pulmonary parenchymat sha(k (13\‘(
on x-ray In untreated patients, a slight swellng of the nnrcs
ond enlargement of the liver may progress to 2 frank conges! l\de
state: hydrothorax 15 uncommon. The heart is ncutely en\argec_,
the rate is rapid, and a gallop rhy thm and/or premature contra
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management is usually difficult and complex At this stage, multi-
ple bodily systems are mvolved—~pulmonary, cardmac, renal,
cerebral; treatment should therefore be thought of in the broadest
terms

Pulmonary

The fact that cor pulmonale is always heart discase secondary
to lung disease must be kept constantly in mind, and every effort
made to improve all aspects of pulmonary function Such therapy
has been covered in ample detail m other chapters, so that the
following brief outhne should suffice.

AIR PASSAGES

Patency of airways is obviously all-important for ease of venti-
Iation and for even distribution of inhaled air to perfused alveoh.
Bronchodilators, especially the vaporized sprays, and antibioties
for chrome infection with exudate, are probably the most useful
of all procedures Surface tension-reducing aero<ols, postural
drainage, mechanical aids to cough may also be of value. Whether
the so-called expectorants have more than placebo value is prob-
lematical An uncommon hut eritical situation is that of acute
asphyxia from retained exndate, in which mechanical suction or
bronchoscopy 1s life saving

MECHANICS OF VENTILATION

The various aids to breathing may be alluded to briefly: breath-
ing cxercises, postural maneuvers such as the head down position,
supporting abdommal belts In the advanced stages of cor pal-
monale with failure, these are usually not of great help Abdominal
belts, particularly, are uncomfortable when there 13 cireulatory
cangestion with liver eplargement. Pneumoperitoneum, m the
writers” espertenice, has been nerse than useless m thee cases

The important question of mechanjcal respirators will be con-

sadered m the next section
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RESPIRATORY GAS EXCHANGE

The dominant importance of hypoaa in the pathogenews of
cor pull le has been sufficiently presented in the early part
of this chapter Of equal urgency 15 the relef of hyposia as one of
the basic features of treatment Usually some form of drect oxy-
gen therapy will be needed, espectally in the more acute phases
of decompencation, m addition to the procedures already men-
tioned above for improving pulmonary function The varjous
speatfic types of ovygen therapy, the levels of arterial Wypotwa
for which each 1s indicated, and other details of treatment are
given m other chapters and need not be further reviewed here
Frequently, after pulmonary and cardiac compensation has been
restored, contintied oxygen becomes unnecessary, hut advanced
states may require continuous mhalation therapy

CO; elimnation may al<o become a problem mn advaneed stages
of pulmonary inwffiaeney Physiotogrealty, CO, output 1+ dureetly
proportional to the amount of “alveolar” ventilation (wiieh v
total ventilation mnu~ “dead space” ventilation) Normally the
respiratory center provides a sensitive regulation of breatling,
the smallest retentron of CO; with rise 1n arterial blood Pgg, and
drop 1n pli resulting 1n a2 compensating merease in minute ventila
tion This stimulus-response relationslup may continue to fune-
tion normally even in qute advanced ventilatory insufficiency
Eventually, however, with decrease in breathing capacity and
progressive distortion of alseolar ventilation and capillary perfu-
sion, hyporemra becomes more «cvere, CO» 1> retained, and artenal

o becomes mereased .As a result of this, two additional physio-
logie adjustments occur (1) .\ diminution i sensitwity of the
respiratory center which accompanies an increase n arterial
blood Peo, , this dhimimshed sensitrvity to the prime respiratory
stynulus augments the contribution of hypoemia to the total
repiratory drnve If this state of severe hypoverma and hyper-
carbia 1s not promptly relteved. permavent depression of the
respiratory center may ensue (2) The increase in artenal blood
Peo: 10 turn stimulates o retention of bicarbonate by the kidney,




408 RICHARDS AND FISHAAN

which tends to keep blood pH normal, but which may in turn
perpetuate or mcrease the increment in blood Peor by further
deprescing the respratory center.

Biologieally thewe changes constitute both a good and an evil,
one of the pomnts in discase whete homeostasis and “hyperesis”
(the “excess respons¢’”) converge. It is a good hecause the high
¢ s enables metaholic CO: to be eliminated with relatively small
total alveolar ventilation, 1t is an evil hecause a vieious ey ele
may be set up reducing progressively the respiratory stunulus,
with Peo, increasing to the level of CO; narcosis.

Therapeutically, the use of oxygen in such situations has to be
managed most carefully, because rapid and full oxygenation of
the blood will remove the anonic stimulus to respiration, precipi-
tating acute CO, retention and CO, narcosis, sometimes within a
few hours

It 15 1 these situatious characterized by CO, retention that
mechameal resprrators will be most useful, or even life-saving
Unfortunately, it 1s not possible to define concrete criteria for the
use of mechanteal respirators. However, some index may be gained
from an analysis of blood gas CO: and pH. Thus, when the arterial
CO, content exceeds 70 volumes per cent (30mM) or when the
arteral blood P, exceeds 65 mm. Hg, or the venous plasma COs

content exceeds 80 volumes per cent, and especially if there is a
i ted respiratory acidoss as indicated by

an artental pIf below 7 32, artificial respiration should be used,
ecither continuously, or i repeated applications of 13 to 3 lxo}xrs
each, throughout the day and mght. A further ind'icnlion evists
if a preliminary tral of spontaneous oxygen breathing results in
a sharp additronal nse m CO.

In most mstances of CO, retention, an intermittent po-tie
pressure respirator such as the Bennett or Emerson apparatu’
will be adequate A special distinetion should be drawn betwectt
the respirators which provide automatic cyeling, b?t‘h for expira-
tion and inspiration, and tho-e IPP {in-piratory pfﬂnwvmt&“&?
apparatuses which require the patient’s own inspiratory eﬂ'or.( f:’
trigger the inspiratory cycle The use of the latter for the ndmxmi-
tration of 100 per cent oxygen to patients m far advanced pul-
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monary failure and respiratory acidoss may be dangerous, be-
cause a few breaths of oxygen may so elimnate the anovie stimulus
to respiration that the patient stops breathing altogether and
may asphyxiate In such cases, the use of compressed air, or a
tank with 25 or 30 per cent oxygen, may avoid ths complication

The value of repeated analyses of arterial blood for oxyhemo-
globin saturation, Peo, and CO;, 1n tracing the evolution of cor
pulmonale needs no emphasis It 1s, however, noteworthy that
similar analyses during and shortly after treatment with a respira-
tor provide an index to the efficacy of treatment and a guide to
optimal time for the discontinuance of thus type of therapy

In the most severe cases, fully eontrolled respiration i the
Drinker respirator, for pertods of 12 to 48 hours, may he neces-
sary This 1s a procedure requirig most careful and continuous
care, together with repeated measurements, once or twice daily
or oftener, of arterial blood CO:,Pco,, pH, and oxy hemoglobin
saturation

In the wnters’ chinie are several patients who have been rescued
repeatedly, over the past three years, from apparently rreverstble
CO; retention by the use of the Drinker respirator

Heart, Blood, and Circulation

When the nght heart failure, and the congestive state, 1~ mam.
fest, digitalization 15 indicated, since 1t has been shown, just as
n congestive heart failure of other etwologies, that ventrrcular
emptying 1s thereby 1mprosed and stroke volume mereased The
usual indications for both imtial and maintenance therapy pre-
vail

The poly cythemia and hypervolemia of cor pulmonale 1n failure
tends to return toward normal with relief of hyposta and mprove-
ment 1n the errculation, but repeated phlebotomies accelerate the
process and are often beneficial Repeated phlebotomies of 500
cc each are better tolerated than larger amounts In chrome
cases, with recurrent polyeythemia, blood may be removed, for
extended periods, at intervals of one to two months Phlebotomy
1s mdicated only if there 15 evidence of wcreased blood volume,
1 ¢, the congestive state; poly cythemia alone, of moderate degree,
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15 not m'usclr an imndieation With return of blood volume and
l{ema(ocn} toward normal, and improvement in blood ovygena-
tion, cardiac output m the “high output failare” eases also drops
to normal values
Mercunial diuretics and Iow sodwm diets are employed as
any nght-sided congestive heart falnre
The use of Diamox appears to have a special place in treatment
of chronje cor pulmonale This drug in doses of 250 to 500 mg
daly, not only serves to maintain blood bicarbanate at Jower
levels, hut also appears to lessen the tendency to edema formation
It may be contmtted 1n the 250 to 500 mg. daily dosage for many
months Larger doses raise the problem of a clinjcally signficant
superimposed metabolic acidosis, as well as potential inhibition
of ervthroeyte carbonie anhydrase
Frnally, brief emphasis may be directed to the broad difference
m management and prognosis between the cases of aeute cor
pulmonale (mentioned above under Chnical Forms of Cor Pul-
monale), and the cases of chronic cor putmonale, or “Ayerza syn-
drome " Tn the acute form, as the precipiiating mechani<m 15
rebeved, symptomatic recovery is generally rapid and complete,
and continued eardiotonic treatment may be unnecessary. On
the other hand, m chrenie cor pulmonale, following recovery from
an episode of heart falure, prolonged therapy, in line with the
prineiples outhned above, 1s mandatory
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Chapter 16

SURGICAL PROCEDURES IN PULMONARY
EMPIYSEMA

RALPH A DETERLING, 3», MD

IntrODUCTION

In the surgical conuderation of hypertrophic pulmonary em-
phivsema, one must accept palbation rather than cure as the
measure of suecess Oceasionally dramatie results may be ob-
served following the everston of large blebs or hullae wiueh have
compressed adjacent fung trssue Some degree of protection of
the patient may be achieved by oblteration of such spaces n
the presence of hemorrhage into blebs or bullae or when recurrent
or chronte pnenmiothorax has resuited from leakage of air from
these abnormal areas

When unprovement e respratars functior is desired, the proper
seleetion of patient and procedure may be mowt diffienit Indeed.
~one surgeons have felt that surgseal measures should be confined
to the treatment of the complications of emphysema, such as
pueumothorax, hemorrhage, or empyema Nevertheless, espent-
ence has shown that there are certain patieats who can denve
~uflieient benefit to warrant defimtive surgery betng considered
Such patients should have an adequate tnal on a complete medical
regamen, meluchng in selected eases avardanee of smokang, control
of atlergens and 1ndustiial tovie produets Infeetion of the respira-
tory tract must be el 11f possible by g Y and mha.
Lational admimstration of proper antibiotic drugs. Postural drain-
age may be of benefit, especsally if an element of bronchiectass
is present Ymprovement m veanlation and in the use of function-
g lung testie may be effected by use of bronchoddator drugs,

3
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steroid therapy, administration of oxygen (at tumes with positive
pressure) Instruction in proper posture and breathing exercizes
may be most beneficial. The use of abdominal belts and of pneu-
moperitoneum may play a part in the rehabiltation program
Finally, significant rightsided heart strain or failure must be cor-
rected by rest, ovygen, therapy, digitalis preparations, low salt
diet and diwretic drugs

Ahbott and Ius colleagues (1953) reported a clinical study of
204 patients with pulmonary emphysema n varying stages and
seith varying degrees of disease. They found that 267 patients
bad evidence of bronehospasm Among the associated conditions,
tobaceo rmtability was noted in 214 patients, and suppuration
m 209. It 15 of mterest that on a medical regimen considerable
benefit was obtained in 17 patients in whom organic damage wa~
minmmal or absent

If after adherence to 2 medical program for four to siv months
a patient continues to have sigmficant dyspnea or eough, or evi-
dence of progression of his emphysema, one may be justified
evaluating him with regard to po-sible surgieal benefit.

SreciaL Diaezostic MEasURes
Radwography

In addition to standard roentgenograms in various projecﬁor‘m
and fluoroscopy, one may occasionally gain supplementary in-
formation from laminograms The extent and number of blehs
and bullae may be delineated sufficiently to indicate more eaetly
the volume of lung involvement Bronchography has heen h?lpl’u!
m some eases, especially if a localized bronebial uhctmc.lmn s
suspected, as from stenows or foreign body, or if bronchicctasis
15 thought to be present Dugan and Samson have used.bmnclmg-
raphy to estimate the amount of compressed functional fung
tissue which will re-expand following excision of grant blehs or
bullae On the other hand, some prefer to avord bror{clnograplly
whenever possible, because of obstruction of <mz§llcr air pawm‘;
and functioning alveolt by 1odized ol Also t'hc mterprerat‘wlx: Of
subsequent radiographic studies 1s at time< difficult as a result of
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Fie 181,

(A) Standard posteroanterior roenfgenogram of chest revealing diffuse by-
pertrophic and bullous emphysema, of both lungs Note the mereased radiolu-
cency of the enlarged lung fields and particulatly in the night nudlung area The
heart 13 not enlarged

Abbott has considered fluoroscopy as “the most important tool
for the proper evaluation and early diagnosis of pulmonary em-
physema ** Differences in function of the leaves of the diaphragm,
displacement, of the heart and mediastimum during expiration,
rapidity and umformity of expiration, mtensity and distribution
of vascular radicals are hmts as to the seventy and locafization
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Fic 161 (cont)
(B) Bronchogram rex ealing <light degree of cylindrical bronchiectasts in has-
tlar ~cgments of loner lobes, especsally on nght There 15 a relatne alnence of
peripheral bronchial fillng 1n the lsteral portion of the night upper fobe

of emphysematous changes smitable for surgieal procedures The
postoperative exanunation i< helpful in the appraisal of operatne
benefits in respect to ventilation

Bronchoscopy

The value of this procedure in evaluating a patient for surgery
hes 1n the exelusion of foreign bodies, stenosis or extrinse pressure



418 DETERLING

Fi16 161 (cont)
« Anmncardiogam at 3 seconds reseals fillm,
'

g of the perspheral pulmopary
. R

evpo;ure of the film

sema The presence and degree
ce 1n the estimation of the
the probability of achievng
may be improved. thus

1n the etrology of a localized empby
of bronchiectasis is of real importan
scope and risk of surgery, a3 ellasmn
lasting benefits Pre-operatne syentilation
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L;Z

RENEL

Fio 161 (ront
) Photormicrogruph of partion of bully shown 1n reentg nagranis The tung
aljacent to the huge air epace 1€ romposed of dinse fbrons fissue 10 /by h only
a fen recognizable remnants of pulmonary parenchyma e be «wen dome an-
thraroaw s present The <paces are lined by meonspicuots fattened cell (H R T
stam, 45 X)
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increasing the cardiopulmonary reserve of the patient Specimens
of matenal aspirated during bronehoscopy should be studied by
culture to indicate type and sensitivities of existing baeterial
flgra, and to exclude tuberculosis or fungus infection, should
these be possibilities

Thoracoscopy

This epecial techmque has been recommended by Head and
Avery in preference to thoractomy as a means of localizing blebs
or bullae and adhesions involved in the production of spontaneous
pneumothorax They beheve that the pleural symphysis which
results following thoracotomy may reduce further the vital ca-
pacity of a markedly emphysematous lung, although such pleuro-
desis 1 often effective m preventing recurrence of the pneumo-
thorax D’Abreu and Brock have also recognized the value in
such cases They believe that the appearance of the surface of
the lung followming spontancous pneumothorax will enable the
surgeon to decide whether the best management should he by
surgieal exploration or by chemical pleurodesis Brock favors the
latter mn the presence of generalized emphysema, porous lungs
and apical bullac with localized scarting Miscall, Clagett, Cooke
and others, honever, have not advocated thorocoscopy as a means
of deciding on thoracotomy n such cases

The mtroduction of a needle into blebs or bullae in order to
determme whether clevated pressures cxist carries definite dan-
gers The acettrence of near fatal pneumothoray as a result has
been mentioned by D’Abreu, Miscall and others Burnett believes
such information to have insufficjent diagnostic value to warrant
the nsk

Cardiopulimonary Function Fests

Specalized studies of the funetional reserve of the heart and

lungs are of real value in determming the risk of surgery, the
d the degree of

areas of mavimal dysfunetion of Itving tissue an

benefit whneh may follow surgieal therapy Although perhap- not
essential in the wiectlon of some cases with very \Mnh'ml m\"’lf’c:
rent, the values for vital capacity, mavimum breathing capacity
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lood afforg Objectve Means of
Tefits Some Authors have advocateq Wider yoe of bronehe.
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F1e 162 Standard posteroanterior projection of chest during msprration
There 15 a fine reticulation through both lungs icluding larger radiolucent areas,
suggesting areas of fibrosis and emphysema The displacement of the medias-
tinum and eardiae sithouettes mto the left hemthorax suggested inflammators
disease, particularly since increasing dyspnea began four 3ears previously sub-
sequent to an attack of penumonia At tiie of operation the Jung tissue was frm
and pale with a cobblestone appearance from multiple tiny blehs A biopsy from
the lingular portion of the left upper lIobe revealed fibrosts of lung and bron-

chiectasts,

by the anesthetist The site of exploration 1s u~ually either in the
lateral or anterolateral chest and this area may be infiltrated
with one per cent procaine before a 15 em skin incision is made.
The lung is exposed through the fourth or fifth mterspace, by
employing 2 small rib-spreader Often the most aceessible site
for biopsy 1» the edge of the Iung at the fissure, provided a repre-
sentatrve bropsy could thus be obtamed. A row of Lemontatic
mattress sutures of fine chromie catgut material i placed across
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from asthmu led to a tmal of surgery of the autonomic nervous
system. In 1923, Kummell resected dorsal sympathetie gangla
and later combined a unilateral vagal cection Kappis in 1924
claimed some successes following resection of the nght vagus
nerve below the recurrent laryngeal nerve. In 1928 Leriche and
Fountame reported some encouraging results following resection
of the stellate ganglia for asthma. In this country, Phillips and
Scott reviewed the experience with autonomic surgery and ad-
vocated surgery of the vagus nerve for treatment of asthma.
More recently, Carr and Chandler reported on the use of dorsal
sympthectomy for the contro! of asthma, and Rienkoff and Gay
and Blades, Beattie and Ehas revived interest in vagal plevus
denervation at the hilus Blades also stressed the importance of
stripping away the penibronchial and perivascular tisste, as well
as diviston of the pulmonary ligament Late follow-up studies by
the latter techmques as employed by various surgeons in Amenca
reveal discouraging results, although occasional lasting benefits
could be observed

In the treatment of emphysema, Abbott and Crenshaw inde-
pendently have mcluded autonomic denervation as part of their
program Abbott has employed dorsal sympathectomy through
the sivth lion and meludmg the stellate ganglion only if the
procedure 1s umlateral On the right side the entire thoracic vagas
perve 1s resected below the recurrent laryngeal nerve, whereas
on the left side he relies on hular denervation and removal 'of the
adventitia. from the pulmonary artery Following disappointing
results when autonomic nerve surgery alome was employed,
Abbott now combines nerve surgery with excision of blebs or re-
section of bullous areas. He employs atropine among other anto-
nomic drugs in a etfort to evaluate the putienfs preoperatiy 91)'3
noting the degree of improvement m pressure in the pulmonary
artery and 1n improved ventilation as a result of retief of bror}cluy
spasm He concludes that surgery has fatled to benefit patieats
with fixed emphysema and with little remaining _useiul tung I\N;:é
In a report on 67 surmeal eases in 1953, he claimed good (;N:lu:
1n 21 patients with bullous or mxed types of emphysema On
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other hrand, only 7 or © were helped among 46 patients with diffuse
hypertrophic emphy-ema
Crenshaw has presented 2 theory that the primary process caus-
g progressive degeneration of pulmonary tissuie is on a vaseular
basis. He believes that sclerosis of the branchial artenies may effect
a loss in elasticrty and thinnmng of alveolar walls Cudowicz and
Armatrong have alco obeerved ~cleraws of the bronchial arteries
1 pattents with emphysema Crenshaw also include~ as important
features the dettimental effects of hronchospasm and of large
Blebs and bullae A these factors are considered n his propo-ed
surgeal approach which be desertbes, as follows “An open thor-
acotomy is done, Degenerated lung is removed by segmental
resection or lobeetomy Subpleural bullae and blebs are removed
by clamp reseetion Smaller bullae and hlebs are treated by indi-
vidual mattiess sutures As far as powible, all arr leak» are con-
trolled. Complete vagal denervation is accomplished by severanee
of branches at the hlum, inctuding tho-e from the left recurrent
laryngeal nerve Pemvascular and penbronelnal tissues are di-
sected and the nfertor pulmonary higament 15 vevered (Blade's
techntque) The sympathetic ehasn iv removed from the third
through the nth 1 tuding the splanchate nerves. The
parictal pleura 1s removed from the chest wall Trngauve stenle
tale 1s pondered pver the vivceral pleura When the chest 1s clo<ed,
two large intercostal tubes are mserted to which regulated suction
i~ applied ax soon as the patient 1s returned to bus room ** In 1052,
he reported 11 eaves <o treated wrth one death, and a follow-up
pertod of from five weeks to two sears All had faled to 1mprove
on a full medieal regimen, and were convdered poor rnks for
surgery  All were dyvspnete and come orthopnere and eyanotic
He noted, as have others, the immediate tmproyement m ventila-
tion as 2000 as the ¢hest casity was opened and compreson of
the lung rebieved by eseape of bultae mto the wound
Of mportance wa~ the management durng the postoperative
period, whieh he deseribed as beng stormy The difficulty n
sutanng degenerated lung led to mir leaks for whicl contintious
~urtion was requred. Pam hnuted the respiratory exeurstons and
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from asthma led to a trial of surgery of the autonomic nervous
system In 1923, Kummell resected dorsal sympathetic ganglia
and later combined a umiateral vagal section. Kappis in 1924
claimed some successes followmy resection of the right vagus
nerve below the recurrent jaryngeal nerve. In 1928 Leriche and
Fontaine reported some encouraging results following reseetion
of the stellate ganglia for asthma, In this country, Phillips and
Seott reviewed the esperience with autonomic surgery and ad-
vocated surgery of the vagus nerve for treatment of asthme
More recently, Carr and Chandler reported on the use of doral
sympthectomy for the control of asthma, and Reenhoff and Gay
and Blades, Beattie and Elias revived imterest m vagal plesus
denervation at the hilus. Blades also stressed the importance of
stripping away the peribronchial and perivasenlar tissue, as well
as division of the pul 3 ) t Late follow-up studies by
the latter techmques as employed by various surgeons in America
reveal discouraging results, although occasionnl lasting benefits
could be observed

In the treatment of emphysema, Abbott and Crenshaw inde-
pendently have meluded autonomic denervation as part of their
program Abbott has employed dorsal sympathectomy th{uuzh
the sixth ganglion and meludmg the stellate ganghon only if the
procedure 15 umilateral On the night side the entire thoracic vagus
nerve 1s 1esected below the recurrent Jaryngeal nerve, whereas
on the left side he relies on hilar denervation and removat Pf }hc
adventitia from the pulmonary artery Following disappointing
results when autonomic nerve surgery alone was employed,
Abbott now combines nerve surgery with excision of blebs or Te-
section of bullous areas He employs atropine among other 5\“‘0'
nomie drugs m a effort to evaluate the pntien.ts preoperam'el)'z
noting the degree of improvement m pressure in the PU'm"";‘r~‘
artery and 1n 1mproved ventilation as a result of retief of bmqe ‘T,
spasm He concludes that surgery has fnx.lefi to benefit pnt.lf‘ﬂ
with fixed emphy<ema and with httle remaining _(mciu) lung “"“l""_
In a report on 67 surgical cases m 1053, he claimed good (";"‘;h;
in 21 patients with bultous or mixed types of emphysema On
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other hand, only 7 or 9 were helped among 46 patients with giffuse
hypertrophic emphy<ema
Crenshaw has presented a theory that the primary process caus-

Ing progres<ive degencration of pulmonary tissue is on a vascular
hasis He beheves that selerosis of the brouchial artertes may effect
2 loss 1n elastierty and thmnmg of alveolar nalls Cudowicz and
Armatrong have also obeerved sclerosts of the bronchal artenes
in patients with emphysema Crenshaw also includes as important
features the detrimenta!l effects of bronchospasm and of large
blebs and bullae Al these factors are considered m Ins propo-ed
strgieal approach which he desertbes, as follows “An open thor-
acotomy ix done Degenerated lung 15 removed by segmental
resection or lobeetomy Subpleural bullae and hlehw are removed
Py elamp resection Smaller bulae and blebs are treated by mdi-
vidual mattress sutures, As far as possible, alt arr leaks arc con-
trolted Complete vagal denervation 1s accomplibed by severance
of 1 hos at the lum, meludmg thoe from the left recurrent
larsngeal nerve Pervaccular and penbronelual tisnes are dis-
sected and the mferor pulmonary hgament v ~evered (Blade’s
technique) The sympathetic chain 1s removed from the third
through the nnth d luding the splanchute nerves The
pavietal pleura is removed from the chest wall Irrtative stenle
tale 1 powdered over the vieceral pleura When the chest is closed,
two large ntercotal tubes are snserted to which 1egulated suction
1< applied as soon as the patient 1s returned to his room ” fn 1952,
he reported 11 cases <o treated, with one death, and a follow up
period of from five weeks to two vears AN had failed to smprove
on a full medieal regimen, and were considered poor risks for
surgery ML were dyeprese and same orthapnele and evanotie

He noted, as base other, the immediate wnprovement w ventila-
tion a~ soon a~ the ehest cavity was opened and compresston of
the lung relieved n escape of bullae mto the wound

Of nnportance was the management during the postoperative

pertod, wheelt be desertberd as beng ~tornn The difficulty m
suturing degenerated lung led to e leahs for whieh contmuous
sttetion was required Pain himited the resprrators exeursions and
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effective cg)ugh. Two patients required positive pressure ovygen
therapy with a Bennett valve temporarily. Nevertheless, improve-
ment was marked m three patients with bullous disease Four
cases with resectton of degenerated lung (“cotton.candy lung")
had slower improvement and threc with diffuse hypertrophic
changes required up to four months before slow improvement was
noted.

Dugan and Hardy agree with Carter in that the problem in
emphysematous patients 1s primarily ventilatory and not vascu-
lar They do not favor pleurectomy and poudrage therefore, and
believe that significant systemic-pulmonary anastomoses thus
mtiated mght well increase the work load of the left heart, They
pornt out that emphysema 1s a progressive process and that it is
not slowed nor 15 lung regenerated by poudrage. They al~o be-
lieve that “denervation operations (autonomje ablation) have
nothing to offer m the surgery of pulmonary emphysema *

In reference to poudrage, Blades has recommended the use of
stertle tale for effecting pleural symphysis in the treatment of
spontaneous pneumothorax, citing evidence that shows no dinunu-
tion m pulmonary function to follow this procedure (Paul, Beattie,
and Blades) This i~ 1n contrast to the contention of Head and
Avery that pleural symphysis following thoracotomy m cmply-
sematous patients might produce further reduetion in lung fune-

tion
Localized Blebs and Bullae

Perhaps the most frequent applieation of surgery in the treal-
ment of emphysema has heen in the treatment of blebs and bulie
Although terminology has been confusing in respect 'io cyuts,
eyst-hke spaces, cystic disease—acquired and congenital, a‘lld
blebs and builae, thete have been some efforts made \? clarify
the classificatton Clagett lias differentiated eystic Jesions into two
chief types, those ansing from the bronehial tree nml. t‘l\o~e of
alveolar ongin The former usually have an epithelal lining and
may contan air or fluds alone or in combination. The cysts of
alvéolar onigin are blebs, bullae and pneumatoceles. According to
AMiller, a bleb arises from rupture of the subserons layer of the
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pleura and formation of a space between pleura and pulmonary
tissue by air escaping from ruptured alveoh. Bullae and pneu-
matoceles are located deeper in the lung, the former heing pro-
duced by continuous rupture of dilated alveolt mnto one another
Maser has defined the pneumatocele as a byperinflated 1atra-
pulmonary cavity produced by the marked distention of a defect
m the pulmonary parenchyma Isolated blebs or bullae do oceur
w lungs escentially free of emphyrema However, i the badly
degencrated lung of the pattent with advanced emphy sema, there
are generally present a combination of these eysts of alveolar
ongmn The following surgical discussion will be hmuted to this
type consequently

Aspiration of air from these cystic Jessons by needle has been
shown to be both ineffective for decompresston and dangerou~
because of the ik of mducing a tension pneumothoray Clagett,
Dugan and Samson, and others have at times emploved suction
with 2 needle introducerd into a space which could not be clearly
defined as huge bleb or pneumothorax Tlus measure has been
u-ecd usually as a temporary measure to relieve desperate symp-
toms while preparing for thoracotony

The usc of eatheters for continuous dramage of pulmonary
cvsts by Liltenthal anid Crosuetl and King led to partral decom-
preseton and relief of dyspnea and cough Rubsequently, Head
and Avery recommenced intracavitasy ~uctton by the Monalds
method 1 patients too sll for thoractoms and vet <everely
eapacitated by resprratory insufhaency

TECHNIG b

After aceurate localization of a large bleh by roentgenograms
and fluoroscapy, the overhiing site an the chest wall v infiltrated
with ane per cent procane By extrapleural esploration, the ~ur-
geon determunes whether pleural svmpliyas i< present over the
blely Sinee there generally are free pleusal ~urfaces, a gauze pack
mmeerted m the extrapleurat space to promote adhestons Fetween
the surface of the eavity and the pinetal pleurn At a second stage
several davs later the pack is removert and the wound 1 again
allasied to heal Nubsequenthy a thoracoscope 1 mtroduced di-
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rectly into the bleb with minimal risk from prneumothorax, Pres.
sare readmgs and even biopsy may be obtained A muttiple fene-
strated catheter 15 next introduced mto the cavity and simple
undernater drainage employed for up to three days If air con-
tinues to Jeak, suction of 10 to 20 em of water pressure is nsti-
tuted, in order to decompress and collapse the cavity, The pro-
gram generally requires fram one to three weeks. This type of

t is not satisfactory for epithelial-lined cysts which
should be exeised As a variation m the techmque, some surgeons
have introduced a catheter mnto the cavity by means of a trocar
at the time of removing the gauze pack Iead and Avery have
elaimed success with this method in sclective eascs as have Cooke
and Schaff, Mead, and Mosko and Baugher.

Thoracoplasty of the chest wall overlying eysts, blebs and
hullae has been tried, following the suggestion of Elocsser, hut
without success. Crushing of the phrenic nerve hins been advocated
by Allison as a means of relieving the dyspnea aswociated in some
patients with giant bullous cysts. 3

During the past several years, there have been increasing re-
ports favoring exciston or resection of lung tissue i the freatment
of blebs and bullae This approach depends on many factots, the
main one betng the general condition of the patient ‘Furﬂ\cr, i
the air spaces are asymptomatie, of they measure § em. in drameter
ot less, if they arc multiple and bilateral, or if therg 13 an under-
Iying extensive bnlateral emphysema, one would hesitate to earry
out defimtive surgery It should be kept in mind, however, that
a tny solitary bleb can suffice to produce a spontaneous pheu-
mothorax, which 1n itself demands positive measures. {“ormna(elyy
hemorthage or infection in these spaces are rare, mﬂmb’_b{fﬂ““:
of the poor vasculanty and alveolar origin In bu_ﬂae, it i “.01
uncomman ta be able to dentify siit-like openings in a broneliia
wall which act as check valves, and thus produce contx.n\xed over
inflation of the cystic space (Hayaslu,) A{Ik}un{, ,\tgmt‘zmm huge

ullae ean develop as a result of bronchial obstructy R
g Rc:‘ngval of h[egs is simply effected by unroofing the air s{m‘:
beneath the pleura by open thoractomy Inflation of .t}\i ;::Z
by the anesthetist and filling the depression of the bleb with 3
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Fic 163

(A) Standard 101 of chest of young woman te-
vealing extensive bullous emphysema and fibrosis of both lungs, The surgical
defect 1n the night eighth rib was associated with 2 drainage of an empyema sub-
sequent to a spontaneous pneumothorax The patient also had simultancous
spontaneous pneumothornx with subsequent empyema on the opposite sie
Note the marked decrease 1n lung markings 1n the night raid and upper lung fields

carned out with RAT i January 1951 to this, p

was carried out without lasting benefit in February 1954 In July 1
bullous area deep to the seventh rib on the night was unraofed and the bronehial
opemings closed with approxmmation of the walls of the space (fig 163c) Al
though only partial correction was possible because of the extremely extensive
bullous degeneration and actual destruction of lung with fitrows, there was sig-
mificant syraptomatic impravement for eight months During this perod of time
she was at home and able fo tolerate mereasing periods of time without oty ger

051 o Large
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Fia 163 (cont)
{B) Chext film subsrquent to a tno-stage avernostony and intracavatars
closed suetin dramage (Monali) af bulla m right apex

therapy Thete was a rapid cogresston subsequent to this, newessitating almest
contimpous hospitahzation subeequently and w December 1955 a contimmots
admmetmtion of axygen at 7 to & bters per munute was necersary  Her course
Wutrates the progressive deterioration which ¢ in be modified ondy. temporanily
by srgieal procodures 1 some patients

The <urgieal management of bullae may require mote extensive
resection than 1s necessary with blehe In general, they ean not
be exei~ed because of the absence of eleavage planes

Abbott and awoesates have deseritbed o techmague of wedpe
resection over a Potts’ conretation elamp thus minmzing evtray -
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chapters by Barach and Beck, support the argument for permit-
ting expansion of remaining lung and against the use of space
fillers.

The following case report 1s a representative example.

CASE K C

This 66-3 ear-old winte male ( %122990) had first noted dyspnea on exertion
about 16 years prior to admission .Approvumately 10 years hefore admison
he had primary aty pical pneumonia subsequent to which there was a much more
rapsd progression of dyspnea A few years later he was told he had emphysema
which involied the nght lung primanly (fig 16 4a) All medical management,
including a course of cortisone had failed to mprove him with the exception of

Fic 164

of chest with bnum 30
5 in the

{(A) Pre-operatne |
esophagus Note radiolucency
nght upper lung field in particufar

and abeence of bronchos ascul i marhang
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Fic 164 (cont)

(C) Left lateral projection of chest reyealing the Ivalon pach in an apical po-
sition The positton of the oblique fissure betw een the remaining right nudidle and
Iower lobes indicates that there 15 an increase 1n yolume of these Jobes as re~ult of
emphysema,

well and contained several bullae Function did improve after removal of the
upper lobe, however A block of Ivalon sponge was placed m the apical region to
prevent over distention of the emphysematous middle and loner lobes (R
164b and ¢) Despite a period of improvement, the patient developed ey wdence
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o 16 4 cont)

1)) Overexposed anteropisterior projection of et reveals a moderate angy-
Lition of trachen to the right with evilence of hinking of the bronchn to the middle
and lower Inbe, purticutisly to the Ingter It was felt that the Ivalon pack per-
baps preventat svenditention of rematming lung tistie but also contributed to
the devlopment of partial obwtruction to the brondhi to the muddle and lower
Tobes, ax determuned by chnical signs and fuoroseopy

ot ointructive emphizema in the nght naddle lobe and right lower Jobes Al-
though 1t was felt that there had been a logieal hasis for trving to present over-
distention of the rendual Jobes partnl angulition of the broncht produced 1n
effert obatructine emphysemy «ith further decrevse in ventilaton function an
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this side (g 16.4d) Additional resection of lung tissue was not entsidered
reasonable and desplite continved use of medscal adjunets, the patient died
five months following the lobectomy, At autopsy there were noted severe
sclerosis of the hronehial arterres and severe bronchomalama In addiion there
was seyere progressive bolus emphysema with definite obstruetive features, un-
doubtedly the result of the lionchomalacia It could ot be stated positinely
shether the selerosis of the bronchial artery had a direct degenerstive effect on
the pulmonary parenchyma itself as claimedl by Crenshaw, and Cudowicz and
Armstrong

The postoperative course with excisional or resection therapy
may he difficult, and close ohservation is demanded of the medical
staff In addition to admumstration of antibiotics, evpectorants
and bronchodilator drugs may be required Oxygen therapy, by
catheter, tent or mask, 1s a necesstty. At times intermittent post-
tive pressure is very helpful, as well as use of ovygen and helium
Oxygen therapy may be needed for several seeks or even longer.
The serum electrolytes and blood pH may deviate widely from
normal, and correchive measures may be indicated, Intravenous
flwds ave administered sparingly and usually the patient can take
fluids by mouth later in the day of operation. The control of pain
18 mportant in reducing splinting and in permitting greater cough-

B Lot et

= e laseln nnct inctanees.

be given to suction drainage apparatus, so as to note muaug »
tubes or hanical failures Ixpansion of residual lung should
be maintained so as to afford maximal respiratory function ,\l~p,
cffuston should be kept to a nunimum for the same reason i n
order to dmunish the chanees of empyema developing In general,
drainage catheters moy be removed in from two to five days
Early ambulation 1s to be encouraged if the (‘ondxtlop of the pa-
tient 1s satisfactory. It is most important to emphasize e cl'o«:
coordination of the medical and surgical teams d\llrmg the im-
mediate pre and post-operative periods of these patients

Spontancous Pneumothoraz
The collapse of 2 Iung as a result of air le:_aking from a bleb ::
bulla may be gradual or sudden, In the later instance, the patic
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symphysis without thoracotomy. Should these conservative meas-
ures fail, thoracotomy 15 the procedure of choice

In some patients, empyema may develop as a complication of
pnenmothorax (a5 m Case F D) In some, this may be conteollod
by eatheter drainage and petiodic instillation of the proper anti-
biotie agent (as determined by culture and sensitivigy studies)
In others, the presence of fibrin or thick pus makes open drainage
necessary, after the empyema has localized and the adjacent
pleura has become adherent

Hemorrhage bas been an uncommon compheation of pneumo-
thoray In such casew, aspiration and suetion drainage may suffice
if bleeding is mimmal In a rare ease, thoracotomy may be neces-
sary to contiol bleod loss from a torn adhesion or ruptured bleb

Emphysema 1 Infants and Children

In recent years there has been increasing surgical interest in
what has been called “localized obstructive emphysema or “lobar
emphysema.” Dyspnea, with or without eyanosis, occurs at an
early age and may become severe within days after birth. Standard
roentgenograms of the chest may af first suggest a diagnosls of
~tmple pul ry eysts, diapt ic hernia, agenesis of lung,
atelectasis or pneumonia hecause of areas of varving density and
mediastinal shift The process of overdistention of lung may de-
velop rapudly, so that thorax may be susp 1 if strand~
of pulmonary tissue are not recognized traversing the radiolucent
spaces .Although Eloesser, Head and others have (‘omidcr_cd thc;e
lestons to be overdistended congental pulmonary cysts, infantile

type, Dugan and Samson and others have included them with
- ' . alts Vap

1

tron to differences m symptomatology, the respiratory gt~ s
ng more severe with obstruchive emphysema There ‘\er:g‘f;l(;n
distinguishung characteristies to the roemgcn'ogr‘am. in tha , L‘
vascular pattern m the emphysematous lobe is distorted and spc
arated, and not as rregular and thin as the septa seen in & lxl
disease of the lung ”” The pathologic picture was different, as welk






e DETERLING

and vascular anomalies 1n which extrinsic pressure was everted
on bronchi by aberrant vessels In many specimens, however, no
convineing cause can be detected.

Also seen as surgical emergencies are rapidly enlarging congeni-
tal pulmonary cysts associated with obstructive emphysema Im-
mediate operation and pulmonary resection is life saving, whercas
conservatism most often has a fatal outcome

Fig 165

e anterop ed displacement of heart and

of chest of four-day-old infant

revealing marhs

tention of ¢y <ts w nght lower Jobe

in the anteroposterror projection,
mediastinum to the left sath maseive over duis

of lung
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poorly Examimation revealed s distended right thorax with respiratory rate of
54 per munute; cynnows occurred with erying; auscultation revealed no breath
sounds on the nght and percussion demanstrated hyper-resonance The lver
edge was 2 em. below the costal margin. Some edema was present in the scrotum
Roentgenograms of the chest obtained prior to transfer resenled overdistended
cystic areas in the nght lung compressing unimyolved lung tissue anteriorly (fig.
16 5a and b)

On December 3, 1954, the nght chest nas enterad through the Aith interspace
The lower lobe of the lung was entirely replaced by tension ¢y sts which bulged
out of the wound Immedtately there was an improvement 1n ventilation The
Jower lobe was resected allowing adequate expapsion of the upper and middle

Fie 165 (cont) obe lolée-

\tained one weck after right lower
Fistula has developed

{C) Roentgenogram of chest o}
ies of the

e i hageal
tomy and excision of cyst of lower esophagus';\n esopl
but there is excellent re-cxpansion of the right upper and mutdle fob

lung



\'.’xvvlh\'r-lu

“litey o,
Maey

Ty,

o
 Hyey LI
bt

t tu
g

—
Iy feons )

Hatey

5

T ceve, m‘-luhnn s
2 o l:)m-vlul Hita

r

TPy Ane}
5 ity Ay,



46 DETERLING

Fic 165 (cont)

(E) Chest film six months following nght lower lohe lobectomy reseals shight
pleural thickerung about the duaphragm secondary to resalved empyema There
is watisfactory evpansion of the upper and mddle lobes Arrows pomt to air m
dilated esophagus provimal to the line of anastomoss

the left chest was necessary on May 17, 1935 At this time the esophagogastric
Junction was explored and adequate lumen achreved with re-anastomosis Sib-
<equent to this recovery was uneventful and the patient has done well up the to
last visit at age one year (fig 10 5e and f)

Microscopzc sections of the right lower lobe revealed edematous lung trsue
and large bleb-like areas beneath the pleural surface The entire lung was com-

pored of these eywtic spaces measuning up to 3 em 1n dameter and hneit mth
thim, gh Bray 3 examination rexealed hyperplasia

P
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of cartilagmous plates, some of the cystic spaces were lined with cellular conpec-
tive fissue where a3 others had a lining of tall columnar epithelum The eso-
phageal cysts appeared to be reduplication cysts,

The first lobectomy for this condition was reported by Fischer,
Tropea and Bailey, and additional cases have been reported sub-
sequently by Gross and Lewis, Leahy and Butsch, Sweet, Lenis
and Potts, Robertson and James, Shaw, Williams, Fischer, Fotts
and Holinger, Whitesell and White, Sloan, Ehrenhaft and Taber,
DeBord and Sibilsky, and others The mortality rate with lung
resection has heen negligible. At time of surgery, the induction of
anesthesia may be difficult but as soon as the thorax is opened,
there 1s usually an immediate and dramatie improvement in ven-
tilation Ths is what nught be expected from the re-expansion of
compressed or atelectatic lung tissue, concomitant with the re-
lease of the over-distended lung from the pleural space

Postoperatively, suction drainage 1s instituted for 36 to 72 hours
to allow full re-expansion of residual pulmonary tissue In contrast
to adults with generahzed emphysema, the problems in manage-
ment are minimal and the follow-up results are cxeellent,

Svananry

Surgical therapy of diffuse hypertrophic emphysema has been
discouraging Despite oceastonal patients who have been benefited
by selective lung resection, autonomic nerve re:oc?iur{ and other
measures, this condition progresses and is generally subject to only
mild and transient benefits from surgical methods

On the other hand, dramatic improvement has been n.ou-d fol-
Towing obliteration of large localized blebs or bullae u‘lnc:h. cum{»
pressed adjacent junctional lung tissue .\s the muitiplicity o
Blebs or bullae increase and as the amount of mvolvement of
residual lung by diffuse emplysema mereases, the (‘\'p?cted. Tene-
fits from surgical removal of these alveolar arr ] sts drmm:-hl In
well advanced cases, improvement may he negligible or very tran-
slent B

Results of conservative measures inciting pleural symply >"O"
patients with spontancouts pneumothorax may he S!IUJDCSOI’_; r:
the other hand, with chromic or recurrent pneumothoray, thora
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cotomy and definitive measures are generally nd d The re-
sults with such procedures are good Empyema or hemorrhage,
complicating pneumothorax, may re<pond to conservative surgieal
therapy mn some cases

A form of localized obtructive emphysema mn children, at times
associated with congenital eysts, may eall for emergeney resection
of the mvohed lung as a Ife-saving procedure The follown-up
results in these cases are much more encouraging than in patients
with hypertrophic emphysemna
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of cartilaginous plates; some of the eystic spaces were ltned wath cellular connec-
tive tissue where as others had a Imng of tall columnar epithelium. The eso-
phageal cysts appeared to be reduplication cysts

The first lobectomy for this condition was reported by Fischer,
Tropea and Bailey, and additional cases have been reported sub-
sequently by Gross and Jewis, Leahy and Butsch, Sweet, Lewis
and Potts, Robertson and James, Shaw, Willlams, Fischer, Potts
and Holinger, Whitesell and White, Sloan, Ehrenhaft and Taber,
DeBord and Sbilsky, and others The mortality rate with lung
resection has heen negligible At time of surgery, the induction of
anesthesia may be difficult but as soon as the thorax is opened,
there 1s usually an immediate and dramatie improvement in ven-
tilation. This 1s what might be expected from the re-expansion of
compressed or atelectatic lung tissue, concomitant with the re-
lease of the over-distended lung from the pleural space

Postoperatively, suction drainage 1< instituted for 36 to 72 hours
to allow full re-expansion of residual pulmenary tissue. In contrast
to adults with generalized emphysema, the problems in manage-
ment are minimal and the follow-up results are excellent

Suanvary

Surgical therapy of diffuse hypertrophic emphysema has been
discouraging Despite oceasional patients who have been benefited
by selective lung resection, autonomic nerve resection and other
measures, this condition progresses and is generally subject to only
mild and transient benefits from surgical methods.

On the other hand, dramatic improvement has been noted fol-
lowing obliteration of large localized blebs or bullae which com-
pressed adjacent junctional lung tiswue As the multipleity of
blebs or bullae merease and as the amount of involvement of
residual lung by diffuse emphysema mncreases, the expected bene-
fits from surgreal removal of these alveolar air eysts dimmsh In
well advanced cases, improvement may be neghgible or very’ tran-
sient .
Results of conservative measures inciting pleural symphysi» in
patients with spontaneous pneumothoray may be atisfactory. On
the other hand, with chronie or recurrent pneumothorax, thara-
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Chapter 17
RESPIRATORY FUNCTION TESTS

GEORGE R, MENEELY, MD anp JAMES § CALLAWAY, MD

IntrobUCTION

Although pulmonary function testing seems g recent 1nnova-
tion, 1t 15 only widespread interest 1n 1t which 15 new One recalls
that Sir Humphry Davy estimated the residual volume of the
lung by = foretzn gas method (hydrogen) more than a hundred
years ago and <imultaneously ohserved the time course of the
intrapulmonary miving of gases as well There are a number of
ea~ons for the present upsurge of interest in the subject In brief,
wide use of roentgen diagnosts, the advent of practical tests of
pulmonary function and commeretal avadability of equipment to
perform them, the development of effective antibiotics and thera-
peutie produets of syuthetic chemuwstry, partteularly bronehodi-
lators, together with the conquest of the killing diseases of
chitdhood and youth, and a consequent continually mereasing
proportion of muddle and older aged m the population have aff
combined to increa<e the relative imnerdence and impartance of the
nsidionsly progressive chronse nonspecthic pulmonary diseaves of
which pulmonary emphssema 1s the prime example. Our attention
has therefore been pelled to of pul vy fune-
tion, which, of eourse, has been with as to a degree imnemonally
but 2 presence was formerly ob~eured by more urgent and obni-
ous matters There 1n 2 great deal of difference between the theors
of pulmenary phi~iology and the practical testing of pulnionary
funetion The research phwsiologrst asks the question “Why>"
and seehs the answer w Inpathesis and experiment The eluneal
laboratorian follows mntenthy the myestigations of tus aradenue
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colleague but the question he asks in his own demesne js+ “How
much®" and then, “Is that good or bad?” The pulmonary fune-
tion tester must develop a scientific schrzophrenia, must make
one part of his mind cra~dly objective and confine his imagination
to the other part where he admires and envies his investigative
cousin There 1s & kind of physicran who must examine the patrent
before he 1s willing to read a difficult electrocardiogram Nothing
he find~ at exarmmatron ean possibly alter the deflections already
inseribed on the recording but notions developed while seeing the
patient can certamly Iras him into projecting into the tracing
things wheeh simply are not there in reality It 15 a common com-
plawnt that reports of pulmonary function tests often contain more
interpretation than information Bald facts are all that should
emerge from a clinical laboratory, The physician wll then want
to attempt a reconcthation between these facts and others known
about the patient He should do so, but he is then practicing the
art of medicine and 15 no longer a laboratorian engaged in the
scienee of apphed physiology

For several years, The Section on Diseases of the Chest of The
American Medien] Association has sponsored an exhibit demon-
strating the basic methods in practical pulmonary function test-
g mtended to show what can be done in the doctors office and
small chneal physiology laboratory. Much of that material is
eluded here because 1t has proved to have broad appeal and 15
within the realm of the possible for this destrable end The physi-
ainn whose partieular practice mahes him feel the need for quan-

rtating the function of the lungs yet whose training does not pro-

cide him with the requisite know-how is the one to whom this
chapter 15 addressed

Pulmonary function testing 1s an activity nota thcorj.' and, hke
any activity, it requires a plan. One cannot engage m it haphaz-
ardly to any profit and there 1< no “single test”” of pulmonary func-
tion The man who states “I cant lears as muick from looking a3 2

i ity hat.
single expiratory vital capacity as T can from a
e et ? ! r inadequate

» simply rev cariety o
tery of tests” simply reveals a restricted variety
olume of expertence Even at the hands of the most eompetent
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there 1~ no such thing as “complete pulmonary function tests,” a
phrase commonly abused in the profession

Broad competence 1n pulmonary function testing cannot be ac-
quired by reading alone The origmal literature 1s enormous and
difficult of access Dunng the last two decades over 700 authors
publihed articles which attracted at Jeast enough attention to be
quoted one or more times 1 other papers The leadmg articles
were dissemmated among 43 different medical journals without
much coneentration m any particular one of them There 1s no
single authontatine source to which the reader may refer for all
he needs to know even for the simplest activity, closed ciremt
resprometry A massive text, comparable to the venerable “Peters
and Van Sly ke” m chnieal chemustry 15 urgently needed hut signs
of 1ts coming are not yet Rather than a detailed documentation
of the field, the references cited suffice only to lead the reader into
the field and, perhaps, in them~elves embody a larger than aver-
age ~cholarship of the subjeet

Prawxise A Privonary Fuxerton Testine Prograv

There 15 a< much need 1 the modern hospital for a lung station
as there 1s for a heart station and one can be staffed and equipped
at no greater expense than the other .\ clear defimtion of objec-
tines 15 essential Conaideration must be gven to nhat tests of
function ean and cannot do and the real professional, technieal,
physical, and financial resources available

The common denominator among patients referred for pulmo-
nary funetion testing i~ that they have or are su-pected of having
chrome pulmonary diwsease The general purpose of pulmonary
funetion testing 15 to detect impairment and, if present, to charac-
terize 1t and estimate its <evenity The speetfic purpose denves
fron the nature of the problem which the particular patient pre-
sents to his doctors or to interested third parties such as msurance

employ ers or comy tion hoards .\ rontine stutable
for one purpose may not serve another, although certamn tests
should probably be employ ed 1 every ease

There 15 often a lack of anareness that some of the outstanding
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laboratories, from which emanate a large fraction of the mportant
publications mn the field, arc primarily research organizations
which, despite a large staff, a heavy investment in equipment and
a generous operating hudget actually work up only a few patients
each week In a laboratory orgamzed to provide a clinjeal service,
close attention must be given to the versatility of each instru-
ment, the level of technieal skill required to operate it, and the
amount of time involved m each test. In the long run, personnel
becomes the major budgetary item and efficiency is at a premium
Often a larger investment m equipment 1s justified by the rapidity
or facility with which individual tests can be performed

The traditional approach to the problem of pulmonary function
testing is to develop a schema of the respiratory processes and then
review methods available for testing each component However
desirable this may be for teaching purposes, it doos not ansser the
practieal question Laboratory activities are circumseribed by in-
strumental resources and the skill and available time of the
medical and technical staff Tests of pulmonary function can be
classified horizontally by purpose and vertieally by degree of com-
plexity, equpment requured and extent of esperience needed to
perform them It 1s logieal, therefore, to approach the problesm by
reviewing the mstruments which have been found generally uscful
and apalyzing what can be accomplished with them. Then, with
the particular objectives clearly outhned, it should be possible to
select the equipment which most nearly fits the rcquircment', s‘et
up the desired methods and operate an effectiv e Iung station within
the framework of the available real resources

Three mportant collateral matters must be wusider('d. First,
fluoroseopy 1s of such mmportance in all a<pects of chronic pul-
monary <icease that 1t must be assumed a fluoroscope 15 availalie
and that the doctor responsible for function testing Pﬁ"f"“?“!
finoro<copes each pattent as an integral part of the ‘mutmc. Ree-
and, close mtegration of the chinteal cardige apd respiratory labo-
ratory program ts alnays deswrable and particularly sof ady nn;c(l
procedures are to be employed, beeause there 13 a Jarge o‘f’}’lﬂl’
of methodolozy Efficient and economical utilization of skilled
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personnel and elaborate equipraent dictates adjacent physical lo-
cation or even actual combination if wasteful duplication of equip-
ment and technical skills 1s to be avoided There are, of course,
circumstances which may requre separate establishments but in
any event, cooperation and ¢lose integration are invaluable Third,
the traming and expenence of the doctor responsible for the test-
ng program may Justify sclection of particular methods hecause
of personal famhanty with them and confidence in them

There 1s now fairly general ag on “bazie”
and methods The iredueible munimum procedure wlach can he
termed a test of pulmonary function 15 the deterrination of timed
vital eapacity, ¢ ¢ , one-second, three-second and total vital capae-
ity and total vital capacity time Relatively simple equipment
suffices and the procedure 15 suitable for office work as well as
the small hospital or clinic Closed cirewit respirometry with a
well-constructed low resistanee two-wpeed recording respirometer
with ventilograph is certainly the nevt step This versatile instru-
ment 1s also practical for offiee use by men particularly interested
n chest disease Next in order 16 determination of arterial oxygen
satnration and CO; content The basc method today employs the
Cournand needle, syringe sample storage and analysis with the
manemetric Van Slyke apparatus Other methods are promising,
but are not recommended for routine use¢ at the present time

When this much has been made avalable, 1t 1 lughly derable
to add arteral pIl determination with a modern, simple, direct,
glaws electrode blood pIl meter Neat, determunation of the lung
volume and its fraetions 1s wadely aceepted as the best measure
of the degree of pulmonary distention present and of special value
m the appraral of pulmonary emphysema, but agreement 1- less
general about methodology  All of the methods in eurrent use give
values which are useful chimeally Whether bronchospirometry 1s
included 1m the “basie” repertorre wall depend upon the speeilic
purpose of the program and i~ most generally uscful m pre- and
postoperatine evaluation of thoracie surgers patients

There are a large number of proceditres which are “on the way
from the research lahoratory to the ehinie The extent to wlneh the
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basic repertoire may he expanded is limitless, but contemplated
additions should be considered carefully in terms of their estah.
lished value and the instrument and time intestment required.
Comroe has ably summarized what pulmonary function tests
can and cannot do They ean provide the information needed for
an objective appraical of pulmonary impairment, insufficiency or
disabihity when mterpreted 1 relation to the other findings in the
patient Extensive mvolvement of the lungs scen m x-ray shadows
may be associated with hittle or no pulmonary imparrment, and
others with little roentgenologic evidence of disease may have
true pulmonary disabihty They may be useful mn ruling out pul-
monary disease in nonorganie types of dyspnea such as psycho-
neurosis, neurocirculatory asthenia, etc They may provide a
quantitatsve measure of pulmonary funetion which can aid 1 the
evaluation of candidates for permanent forms of collapse therapy
or surgieal removal of lung tissue, both so far as immediate risk
and ultimate useful existence are concerned They may aid in fol-
lowing objectively certain aspects of the course of pulmonary dis-
ease or permut evaluation of therapeutic measures, medical or
surgieal Help i differentiating cardrac from pulmonary diease
and m differentisting pnimary from secondary types of po.l}’-
cythemia may be obtamed Occasionally, they permit defccflﬂﬂ
of pulmonary abnormalities in patients in whom physical examin2-
tion and x-ray studies cannot disclose certain diseases of the lung
In pre-employment evaluation 1n certain occupations t.hey may
be useful In cvaluating disabihity claims in snsurance or industrial
practice they are of major importance Pulmonary function studies
indicate the ~peafie funefion of the lung that has been 1mpam?d
and give the physician a clearer concept of the discase proces it
each patient . .
Pulmonary function tests cannot be evpected to. provide ‘-’"?'
logie or anatomie diagnoses but only phystologie diagnoses, esti-
mates of functional capaeity and, sometimes, information of -Nlog:
nostic import They cannot localize a process “""gmp)"c“,”iv'}t m;
certain tests, mught reveal the existence ofa \'enou’s-artcrfa B mn'
but mn themeelves fail to )dentify 1t as mtracardiac or 1111]!'&11\1{:
monie, nor can they distinguish between processes producing
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certain effects, for evample, impaired daffuston across the alveolo-
capillary membrane mght be demonstrated but without distin-
guishing between alveolar edema and interstitial edema They
cannot reveal pulmonary disease unless function 15 impaired and
then only when unpairment 1~ of sufficent degree that present
tosts can recognize with certainty the deviatton from normal val-
ues, thus slight reduction in function cannot be detected nor 1n-
volvement of small areas only Localized disease produces changes
only when so much space 1s occupied or the lesion 1s strategieally
situated so that function 1 affected As with other parenchy-
matous organs, diffuse disease 1s far more hikely to impair function
than localized lestons They cannot supplant careful analysis of
the history, physical examination, fluoroscopie and other radiologic
examinations, hacteriologic or pathologie studies At pre<ent <uf-
ficient data hate not heen obtamed upon large enough groups of
healthy per-ons to determine with certainty what constitutes nor-
ma! values for pulmonary functron in men and women of all age
zroups and what values represem! an irreducible munimum helow
wheeh patients eannot Itve i comfort

Drrvittons

Defimtions are the bane of pulmonary funetion testing because
there 15 a multipbieity of them, each i ~ome great or small way
difierent, but 1t 1~ necessary to define what 1~ to be tested hefore
anvy (est ean have meaming A quarter of a century ago Christie
complained of the many terms then in use for the 1olume of the
Inngs and 1ts subdivisions, and the matter grew worse thereafter
In April of 1950 a commuttee churmanned by Pappenlietmer met
i Atlantie City to establish a «vstematic ~et of defimtions and
~ymbols for tse 1n teaching Unfortunatels . many of the measures
which have hecome routine m chimeal putmonary function testing
are erther imposable of espression by this notation or when o
expressed are necdlesaly cumbersome or abstrue Another defeet
an the notation 1~ that 1t cannot be used on an ordinary typewnter
It i~ entirely unneeessary, indeed undewirable, for ample elimen)
purposes to try to uwe this svmbohc notation primanly deagned
for ach aneed students of respiratory physnlogy for all expressions
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of information Most workers in the clinical laboratory field adhere
to the Pappenheimer Committee Definitions of the lung volume
and its subdivisions and use the rest of it when possible or prac-
tical When appropriate 1t 15 used in this chapter.

Respiration embraces the entire process of gaseous exchange he-
tween an orgamism and 1ts environment Internal respiration 1
the exchange of gases between tissue cells and the fuid Tathing
these cells Ezternal respiration is the exchange of gases betueen
the blood and the awr entering the lung. External respiration is the
subject of clinical pulmonary function testing

There are four basic mechansms involved in external respira-
tion Venllaton concerns the movement of air in and out of the
lung Mazing 1s the mtrapulmenary mising of the respiratory
gases IDiffusion refers to the exchange of oxygen and carbon
dioude across the alveolocapillary membrane. Perfusion (or cireu-
laton) concerns the quantity and distribution of blood flow
through the lungs It 1s conventent to think of tests of pulmonary
funetion as evaluating elements of or combinations of these four
mechanims The diffuston-perfusion combtnation may be tested
by relatively simple methods If a defect is present, however, de-
fintive separation of these two is possible oaly by complex and
elaborate methods beyond the resources of all but advanced lab-
oratories .

Imparment. msuffictency and disability are frequently misused
terms It is important that the specific meaning of each of these
words be recognized and that each be used correctly. Imparment:
a spectfie function or group of functions js impaired if it (}cvm!cs
significantly from established normal standards. lnsuﬁmncy‘: a
spectfic function is m-ufficient if it fails to meet normal require-
ments for ordimary activity or requires abnormal compensatory
efforts to meet notmal requirements Dusnlality” the md}wlﬂﬂ’ 5
rendered 1ncapable of meeting the requirements of ordinary ac-
tivity. It may thus be scen that amparment perisins (n.thc furc-
tion 1teelf as compared to a normal standard Insuﬁclc.nfy chr‘
tams to eflects produced m the orgamsm by deprivation of &
needed function and disability pertains to the eflects of in~uffi-
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ciency upon the ability of the mdividual to meet the day-to-day
demands imposed by ordinary activity,

It is essential in comparison of observations to normal standards
to know the conditions under which the tests were performed
Spearfically, one must know the status of the patient, whether the
tests were done while he was rested and queet, during an asth-
matie attack, ete It 1s usually suflictent for pulmonary furnction
tests that the patient rest for 2 half hour or o, it is not necessary
to delay meals glthongh abviously one would not wish to test a
patient too soon after o heavy meal The patient’s age, sex, height
and weight are required data The posttion of the patient must
also be known——supine, sitting, rechmng, ete

Observations of volumes must be correeted to some standard
condition Thase commonly used are. Standard conditions of tem-
perature and pressure, dry (STPD) which 1s appropnate when
chemyeal ealculations are to be made, for example, of oxygen con-
sumption or carbon dioxide cxerction, Normal body temperature,
ambient baromelric pressure, saturatd with water vapor (BTPS)
which ts used w ealeulation of volumes of body compartments
such as the lung volume and it subdivisions because here one
wishes 1o know the volume of the compartment, not what would
be the volume of the gas 1t contains at some other temperature or
presqure, Ambient temperature and darometrie pressure, saturated
wth water vapor (ATTS) which is approprate to eypress volumes
of gas moved by the breathing actron of the lung, hecause hereit i
1mpartant to know the effective action of the pumping »ystem on
the ambient air, not what 1 olume changes oceur n the gas pumpetd
dunng the bnef time of passage through the lung Given the ob-
servattons, the physieian mterpreting them will need to refer to
normal standards It 15 outaide the <cope of this chapter to tabu-
late the variety of standards currentls m use, but ample references
to sources for them are provided 1 the ibliography A« time goes
on, new aud better standards are contmually being developed

ach laboratory will eventually «cttle upon it~ own choice with
1ts awn modifications made as it hecomes evident such ave neederd
It 1< unfortunately true that most normal ~tandards are based
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corrected to BTPS for reasons explamed above The tidaf rolume
(I'V) is the averape volume of each bireath, the expiratory reseree
volume (ERRV) 15 that volume winch can be expelled by a masimal
expiratory effort beginning at the end of a normal expiration and
the rendual volune (RV) 1s the volume of gas remaiming mn the
Tung at 1he end of & mavimal expiration The “eapacity ™ fractions
consist of two or more of the <ingle “volume” fractions Inusprra-
tory capacity (IC) is the volume tnsprred by mavimal mspiratory
effort bemmming at the end of a normal expueatton (the sum of
tidal volume and mepiratory reserve volume) The ral capacily
(VC) may he defined two wayvs, either as the sum of expiratory
reserve volume and ipspiratory capacity determined sepaately
(tno stage VC) or as that volune which can be expelled by a
mavimal expiratory effort after a mavimal wsprratory effort (one
rtage VC) The funclional residual eapactty (PTRCY i the valuwe of
air remarming 1n the tung at the end of normal expiration, bang
the sum of exprratory reserve volume and rewidual volume The
total lung capacity (TC) 1< the volume of the lung at masimal
~piration and consists of the som of vital eaprosty and residual
volume, The volume of the lung and i< subdiniaons differs with
pocitian as well as age, sex, height and weight 1t is probably best
to mensuire 1t with the patient senurcewmbent winee this 1c g post-
tron which ean be tolerated by all but the mo~t orthopnere cardiae
patients

Definttions relating to yentilation studies are cumbersotme when
expressed an the Pappenhermer Comnnttee notation and i tns
chapter the clinical terms m common use are given Minute 1en-
tdation (MY 1« the volume of att moverl by the lung per nuante
under any condition with the patient m any pottton, but the con-
dition must be peerfied Tt 15 customary (but ancorrect) to use
the term for resting nunute sentilation Urdinarly 1t 1~ measured
in the same position and with the came equipment ased for other
ventdation stuchies <01t mav be comparable This 1 2 pomt where
diferenees of opinion st among applied phsiologists 1f the
voltae of the ling 15 ta be measured by the elased eireuit helium
method whsels ~cems to he the mast eapud and effietent proceduce
for routine chimeal nwe, resting mmute ventlanon mn the <cnu-
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recumbent position is ebtainable from the tracings as well as the
two stage vital capacity and its fractions The other tests of ven-
tilation routmely used (see below) are usually performed with the
patient standing if ke is able, or at least sitting upright. In some
laboratories these latter tests are done with a different apparatus
The question then arises whether resting ventilation and the vital
eapacity and its fractions showld again be determined under the
new conditions Some feel that comparisons mate between semi-
recumbent resting munute ventilation and other measurements
with the patient erect 1s like subtracting oranges from apples.
The physician charged with routine pulmonary function testing
will have to decide for umself whether the differences obsened
are worth the added technician (or his own) time. 3aximal mnufe
ventilation (MMYV) sometimes called mazimum breathing capacity
(MBC) is that volume of air (expressed in hiers per minute) which
can be moved by beltows action of the lung dunng a brief period
(usually 12 to 15 seconds) of marimal voluntary hyperventila-
tion The breathing reserve (BR) sometimes called ventilatory re-
serve (VR) is the maxmmum breathing capactty minus the resting
mnute ventilation It is not an especially useful datum in itself,
bemg that part of the mavimal possible \entilation rate which the
patient does not use at rest, but 1t is useful when cvl’“?fj“'d as the
ratio (per cent) of breathing reserve to maximum breathing capac-
ity (BR/MBC X 100) The oxygen removal ratio (OQR) (=m§w—
times and unfortunately called the utihzation eocfficient nlftc.h
has another and quite different meaning) is the number of ml!!l;

body but the variatton among normal~ is so large (24 per cent
according to EHurtado and Boller) that it proves of htle u«cl{n
evaluation of unparred pulmonary function The reason for tu:
apparent paradev is that ventilation 1+ controfled from momen!

to moment mainly m the iuterest of holding the pHi cx?ncemm!mlrj
of the blood withm narrow Iinuts by maintaining suitable fovels
of alveolar CO: tension Ovygen tension of Mfmd plays o major
role 1 maintammg ventiation only among patieats with extreme
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degrees of pulmonary insuffictency 1n whom CO, retention 15 ex-
cessive and the primary centers of ventilatory control have be-
come nsensitive {0 1t The term rentilalory equiralent (VE) has a
reciprocal relation to ORR, being the number of hters ventilated
per 100 m! of oxygen consumed (VE = 100/ORR)} The air
velocely andez (AVT) 15 the observed maximum breathing capacity
evpressed as a per cent of the predicted value diaded by the vital
capaeity expressed as a per cent of the predicted value A distaste
for conventional mathematical terminology occasionally leads
physicrans down strange scmantic garden pathways The mud-half
tital capacaty hiter tunc 1n ~ceonds per liter 15 the average time m
seconds required to evpel a liter of air during the muddle one-half
of the one stage vital capacity determination The concept 1> that
measurements during the early part (specifieally the first one-
quarter of the total vital capaeity) are marred by difficulty
determining the exaet time of heginmng exprration and measure-
ments during the latter part (speaifieally the last one-quarter) are
of dulnous value because the patient 1s straining to do something
not ordinanly done con<equently the middle one-half of the cune
should be the best information upon which to base an appraical
of the rapidity with winch he ean move mr The index of intra-
pulmonary mizing (IIM) 15 the per eent concentration of mtrogen
in 2 Haldane-Priestly sample of alscolar air obtamed after seven
muinutes of 100 per cent ovygen breathing i the open arcuit
method of measuning functioning residual arr An essentially com-
parable figure 15 the hall-time to reach equiibrium concentration
1n other methods of measuring FRC

With regard to hlood gascs, m pulmonary function testing pri-
mary conecern 1s with the gases of arterial hlood For most pur-
pores, venous «amples are not meantnghul unless mived venous
blood 1= obtawned with o cardiac eatheter from the pulmonary
artery or, less desirably, the nght ventriele Arteral oxygen con-
tent 15 the concentration of oxvgen i arterial hlood in mllitters
per one hundred nulliliters of blood (Vol €3} irterial carbon
diwoxtde content 15 the concentration of earbon diovide 1 artenal
blood Artersal oxygen capacity i~ the maxmmm amount of oxy gen
which can combine with a sample of artertal blood .irterial oxy-
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gen saturahon 15 the artenial oxygen content enpressed as a per
cent of the arterial ovygen capacity,

Arterial pH 15 the hydrogen fon concentration of arterial blood
expressed in pH umis {the negative logarithm of the hydrogen jon
concentration) Only recently have glass electrodes suitable for
direct pH determinations m arienal hlood become available For
the most part this measurement has been made in research labora-
tories only It is hoped that it will become more widely available
because, when the CO; content of arterial blood is available also,
much can be learned about the adequacy of the patient's ventila-
tion This is discussed at greater length below

When one is concerned with gases in olution in hody fluids it
18 necessary to understand the term partial pressure, At equilih-
rium, gases 1 solution exert a pressure exactly as do gases in the
air i the sense that cifferences in pressure between gases m solu-
tion and gases m the air over the Jiquid sesults 1n gas molecules
moving from the liquid to the gas or vice versa as the relative
pressure 1 one or the other 1s lngher Of the pressure exerted by
the atmosphere (barometric pressure) part is exerted by ovygen,
part by COy, part by water vapor and part by the physiologically
mert gases, mainly nitrogen Each gas exerts a part of the tut:'xl
barometric pressure exactly proportional to its concentration in
the gas phase, and if a hquid is in equilibrium with that s the
partial pressures exerted by the physically dissolved gases will be
exactly the same i the hquid as in the gas phase. Within the lmfly
at normal body temperature water vapor always exeris a partial
pressure equal to 47 mm of mereury. The partial pressure of any
other gas whether m the lung as gas or physically dxsc(rlve(} m
blood may be caleulated by dedueting 47 mm. Hg from ambient
barometric pressure and multiplying the difference 1.)5 the per cent
concentration of the gas divided by 106 The partial pressure of
COe in blood 15 the primary factor m changes of the pil concen-
tratton from moment to moment Stice the COy of arterial b)ow:
1s virtually always m equilibrium with average alvenlar 1"‘““;“
pressure of CO,, the Jatter is mamdestly of great ymportance
in turn 1s determined by the adequacy of ventilation and, con-e-
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VITALOMETER FOR TIMED VG TIMED VC'S MEASURED MID-HALF
WITH A RECORDING VC TIME
SPIROMETER

Fra. 172 Timing of the vital eapacity

Measuring the speed of performance of the VC' 1s as important as the measure
of the volume of the total VC' It is one of the simplest methods for differen-
tting obstructrie and restricteve ventdatory insufficiency. There are many
methods for introducing the element of time 1nto the vital eapacity measure-
ment
“Timed Vitalometer ” An electronic timer (with selection for the desired time
nterval) actuates a solenard whick stops the recording of the VC at a preleter-
mined time mersal

Timed VC Measured with @ Recording Sprrometer: The dowtred tume intervals

are measured on the record of the vital eapacity effort.
Med-Falf VO Tome: Whereas the other tno methods measure the volume of
the VC exhaled m a given time, the mid-half VC time measures the time re-

quired for exhaling the middle hall of the vital eapacity.

test A patient with perfectly normal vajues m tuned vatal capac-
1ty proeedure 1s not likely to mapifest much impairment in other
tests of ventilatory function .
Beyond an instrument for timed vital capacity, a recording
resprrometer with ventilograph attachment designed {or pul-
monary function testing is certainly the next step A consxderuhl_e
variety of studies may be done with it. For the doctor’s office it
may be reealled that the apparatus can also be used !nr.baszll
metabolie rate determinations although BMR cqupment 1+ not
suttable for respirometry The kymograph should run at two
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speeds (15 mm /sec and 215 mm /sec) The ventilograph pen
totahzes the excursions of the pen recording the respiratory trac-
g at a fixed ratio of 1:10 y1elding a tracing from which ventila-
tory rates may be read directly Spirograms in normals from day
to day and week to week are umform for the indidivual although
they vary from person to person As recorded data they may be
compared with future spirograms and progress and changes in the
patient’s condition more easily evaulated With the CQO. absorber
{zoda-lime contamer) 1 place, oxygen consumption may he meas-
ured from the slope of the baseline The term respiratory hase-
line refers to a hine drawn through the average position of the
points on the tracing marking the end of eapiration The tracings
help 1n evaluating the patient’s cooperative effort and s general
breathing pattern Hyperventilation may be noted or irregular
breathing patterns, sighing respiration, wandering baseline and the
like. Slow paper speed 15 appropnate for oxygen consumption
measurements but the fast paper speed should be used to study
the patterns as well as for vital capaaty measurements with the
soda-lime camster removed It s well to measure single stage
vital capacity tracings beginming at matximal mn<piration and be-
ginning at maximal expiration The two should be equal The one-,
two- and three-second vital capacity, the total vital capaaity, the
total vital capacity time may all readily be measured from the
tracings (Fig 17 2) A Segal-Herschfus ruler 1= helpful for the
purpo~e The time-volume relationships of the middle one-half of
the vital eapactty may also readily be measured from the tracings
TFractions of the lung +olume should alnays be corrected to BTPS
ax earher stated, and ventilation figures should be given at ATPS
Diminshed one-second vital eapacity is an indication of obetrue-
tion and of loss of pulmonary elasticity The three-second vital
capacity 1s the maumum useable portion of the vital capaaty In
ob~truction, bronchoconstnction may be tested for by use of
adrenalin or other effective bronchodilators Tracings after bron-
chodilator may show mnprovement in the one- and three-<econd
vital eapacity and shortening of the total vital capaeity time
Trapping 15 best demonstrated In three successive one-tage
determmations of vital capacity If trappng is mmportant, the
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exeursions become progressively smaller, If thus is due to ebstrue-
tion which can be relieved, adrenahn will change the pattern to-
ward normal

T“‘O‘S'ﬂge vital capaerty, in which inspiratory eapacity and
expiratory reserve volume are determined separately and added,
normally equals the one-stage vital capacity In emphysema two-
stage vital capacity 1s significantly larger. Adrenalin or other ef-
ficient bronehodilators may increase inspiratory capacity and re-
duce expiratory reserve volume if reversible obstruction 1s present

Maxmum breathing capacity is usually performed with the
patient erect There 15 come debate about the size of spirometer
most desirable for MBC Some feel that a very large resprrometer
(13 5 Iiter bell) should be used The cost 15 higher and the mstru-
ment physically is more cumbersome than the standard respi-
rometer (9 liter) There 1s less resistance mn the large instrument,
especially if small Sadd valves in the smaller instrument are com-
pared with diaphragm type high velocity valves in the larger If
all valves are removed, the difference is less and if a blower is
used with the 8-liter instrument, the smaller may be better There
is much more to the problem than diameter and angulation of the
air passages of the mnstrument, however Each spirometer bell
and counter-weight system has a certain inertia as well as a cer-
tan natural frequency of oscillation In general, the greater the
inertia of the system, the less farthfully 1t will follow applied forces
Away from the natural frequency of the system, inertia results in
bell-counterweight escursions which are too small but as the na-
tural frequency of oscillation is approached by the respiratory
rate, resonance develops and the escursions of the thLcoun(exﬁ-
weight system exceed 1n magnitude the impressed changes Vari-
ous groups are engaged 1n attempts to inprove spirometers in this
regard but perhaps 1t should be pomnted out, 1 view 1.)f the physi-
cal principals nvolved, that a hell pul]ey»counter“elght-p(\ﬂ-r’fl-
per system 18 mnberently bad for the purpose of recordmng rapid
reciprocating fluctuations m gas flow rates If one wishes to .1t:
tain higher levels of precision work along some other Tine such as
research with a pneumotachygraph would probably be mote re-
warding than elaborate redesigning and refinement of an esisting
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to do his best 'and vigorous gestures and yelps of encouragement
should cheer him on through the 12 to 15 seconds of his masumal
voluntary !lkper\'en(ilation‘ A really capable and personable fe-
male technician can inspire even a malingerer to surpnsing levels
of gas exchange

It is curious that the voluntary hyperventilation method intro-
duced by Hermannsen should prove such a reproducible procedure.
One would suppose that motivation, momentary emotional state
or fluctuations in the day to day level of gencral well-being would
mtroduce high vanation in such a procedure but this is not the
case The method has been repeatedly shown to be superior to
others tried such as CO, breathing or ventilation observed during
exereise

A word about exercise in relation to pulmonary funetion is in
order Ventilation is controled by four different elements: Arterial
partial pressure of CO: , blood pH, partial pressure of oxygen and
the “muscular exertion factor.” Gray has formulated the inter-
relation of these i the multiple factor theory of the control of
ventilation. The extent to which lar exertion, i lent
of changes in pH, pCO; and pO,, influences ventilation is large
2nd highly variable, being dependent upon 2 variety of factors
but most especsally the general physical fitness of the patient and
having httle or nothing to do with the condrtion of the lungs. Con-
sequently, this large vartable in the control of ventilation during
exercisc makes observations of ventilation with evercise almost
entirely useless in evaluating pulmonary function as such Exer-
cise studies are of the utmost importance if one is concerned with
evaluating the general fitness of o patient, but in routine puimo-
nary function testing exercise 1s useful only to increase metabohe
demand in order to determine whether the lungs can maintain or
increase arterial oxygen saturation as normally they ecan. It is
possible by rather elaborate studies to characterize fairly well the
cardiorespiratory response during a catefully measured b’out of
exercise and the penod folloning it, but simple observations of
ventilation are utterly inadequate for the purpose ’{“d the full-
dress study with determmnations of oxygen consumption, ?Oz e
cretion, re;plratory quotient changes, oxygen debt estimation and
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caleulations of mechaneal efficiency go far beyond the requisites
of routine chinical pulmonary funetion testing The confidence
which some repose in ohservations of the ability of patients to
tolerate exercise simply reflects the great importance of general
physteal fitness of the pattent who 1s perhaps to be subjected to
major surgery Again, when ventilatton during evercise 15 com-
pared among categories of patients nith different vaneties of pul-
monary disease with ventilatory imparrment, significant differ-
ences hetween mean values are frequently found This contributes
to our understanding of the general physiologic prineiples involved
1n the different general effects of the particular disorders How-
ever, when the considerable volume of published data on this scare
1« analyzed statistically it 1~ mumediately apparent vanance m
the different categories 1< so Jarge that useful diagnostie probahil-
ities for the individual pattent eannot be denved Simlarly, al-
though Irishmen average a hitle taller than Englishmen, no useful
probahility about whether a man i~ Irish or English ean be based
on hrs observed height

The characteristie alteration of timed vital eapacity in restrie.
tnve ventilatory msuffictency 1 illustrated 1n Pigure 173 There
mav he marked diminution m absolute volumes with only mod-
crate dimunution in the veloaity with whieh ar is moved In con-
trast, 1n obstruetive ventilatory insufficiency the dimmution
absolute volumes may be large and the velocity with whieh the
resprratory gases can be moved 1< greatly reduced as well (Fig
174) The importance of the time relations of the vital eapacity
has been recogmized for long in Europe, especiaily i the French
Literature, but the populanzation of timed vital eapacity as a test
of pulmonary function 1n Amenca 15 due largely to Gaensler who
devised the sunple eleetronie timer now widely used fle invest-
gated a variety of prtients wath altered pulmonars function Tlas
data 15 summanzed in Figures 17 5 and 176 1t 1= 1mportant to
note that there are differences of aprmon about the vital capacity
m pregnancy  Gaender™ data suggest a <hight dimenution in total
vital capacity The exten-ive studies of the Baston group on the
Pha~dlogy of pregnaney and partcdiarly <tudtes relating to heart

(h~ease 1 by pregnancy have emphaszed the usefulness
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speed recording instrument is one of the simplest, most direct,
easily understood, and, at the same time, one of the most valua-
ble procedures in routine pulmonary function testing The Warren
Collins 1mnstrument, in essence a modified and greatly improved
version of the Benedict-Roth basal metabolism apparatus, exem-
phfies the important contribution manufacturers of scientific
instruments make to advances in medicine. Engincering deselop-
ment and commereial production of cquipment which can be un-
packed, set up and put to immediate use is necessary to bring a
clinical physiologie method out of the research laboratory. Avail-
ability of the Collins instrument has been an important factor n
the recent rapid growth of routine pulmonary function testing
Those who recall the tedious measuring of ventilation from the
respiratory tracing are especially grateful for the ventilograph
onginated by Reichert which writes a tracing proportional to the
sum of the inspiratory excursions, This gives ventilation drectly
Fig 177)

Examples of observations made by closed circuit respirometry
in three patients with restnctive ventilatory insufficiency are
shown in Figures 17 8, 17 0 and 17.10. These were made for dem-
onstration purposes It is neither necessary nor desirable to try to
compress the testing into such n short tracing Sprographic stud-
ies charactenstically reveal loss of total lung volume with 'dc-
creased vital capacity There usually is no slowing in the expira-
tory vital capacity as seen when the time relations are me:x.surt‘d
Maximum munute ventilation may not be reduced If if is, the
reduction is disproportionately less than mn vital capaeity. The
respiratory baseline rises Little if at all during maximal ventilatery
effort
Obstructire veniilatory ansufficiency refers to the sort usually seen
in pulmonary emphysema The words restriciue and obstruchte,
to characterize the two basic forms of alteration of ventilation it
discase, are in effect abbreviations and suffer from the semantic
difficulties mherent in izing concepts in » single
word Older custom used the terms fibrotic and empll}'sc{nﬂtous
to characterize the two types The term fibrotic i? mielcﬂdm;i br.:
cause many things may restrict the bellows action of the lurg
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monary distention (FRC more than 5 hter<) 1~ probably real Cer-
tainly 1t is noted, with any method, that on some days consistent
values different from those found other days occur.

In the past much has been made of possible errors m FRC due
to breathing from decreasing concentrations of ovygen, The prin-
ciple upon which this ebjection 15 based ts sonnd and may be
demonstrated by comparicon between groups When data is anal-
3yzed statistrcally bv indivrduals rather than by groups 1t 1s quiekly
evident that variance within determinations on the mdividual 15
larger than the ifferences attributed to the decreasing oxygen
concentration Aetually, the original Christie mtrogen method
and the methods introduced «nce all grie values entirely satisfac-
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* This volume must be corrected to the ohsersed baseline 1n the respiratory
tracing, others e errnrs up to 600 ml or more may result

lung v olume and 1ts fractions (neluding vatal capacity) should be
viewed with eonsiderable skepticism The best method for pre-
dieting normal values, developed by Hurtado and Fray, requires
planimetnc measurement of chest \-rays and has never hecome
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TasLe 1
Reproductbility of the functional residual capactty
(based on difference between first and second of 42 sersal duplicate
estimations with P = 005)

For all values of FRC (n = 42,0 = 121 ml)

Difference should not exceed 245 ml

“Error” of mean +56 ml
For FRC less than 5 hiters (n = 2, ¢ = 75 ml )

Difference should not exceed 153 ml

“Error” of mean +54 ml
For FRC more than 5 hiters (n = 13,0 = 176 mt)

Difference should not evceed 335 ml

““Error” of mean N 136 ml

TaBLg 2
Effect of an “‘error'" on rat1o of resudual 1o lotal capacity

In a normal subject with FRC = 201, ERV = 081 and VC = 361
an “error’ of 200 ! 1 FRC nould change the ratio from 25% to

2% +3 0%
In 8 patient with emphysema with FRC = 501, ERV = 121 and
VC = 2551 an “error’ of 00 m! m FRC would change the ratio
+2 5%

from 60% to 625%

popular for routine use The ratio of residual volume to total
capacity expressed per cent 1s probably more relfable than ahsolute
values of the fractions A rule of thumb for the mean normal value
of this ratio 1n males 15 that 1t should be 20 per cent until age 40
and thereafter equal to one-half the age The normal range is
plus and munus forty per cent, ¢ e, the upper limit of normal i3
28 per cent until age 40 and nses gradually thereafter to 42 per
cent at age 60 The tracitional upper himit of normal (35 per cent
for men of all ages) 13 too high for younger and middle aged men.
‘Women consistently exhibit higher values

Correlation of the ratio of 1esidual volume to iotal capacity with
autopsy findings has often misled investigators who fatled to dis-
tinguish between pulmonary distention and obstructive defect. In
the apt phraseplogy of Cournand and Richards the lung volume
measurement deseribes the air space available for ventilation It
cannot be apprawsed at autopsy and the anatomic nl(emtmn‘s
sometimes conudered characteristic of “pulmonary emphysema”
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by the pathologst relate poorly to the volumes abserved in the
living MeCann comments that medieine has come out of the dead-
house The collapsed, fived and stained, 1 sq, em sample of lung
tissue commonly used for mieroscopic anatomic diagnons = a
meerable canicature of the delicately beautiful elastic dyname
structure of the hiving bresthing lung In few areas 1< traditional
morphology «eparated by a wider abyss from phy stologie actuahity
than 1n the respiratory apparatus and its funetion

It s not to be supposed that preeise artenal blood gas analyms
will soon be avatable in every doctor's office or even m every
ho-pital Nevertheless, understanding of the hehavior of the blood
gases m diease is 1mperative to good clineal practiee and most
espeerally among patient- with ehironie respwatory disease In
the last analysis, the purpose of external respiration v ovygena-
tion of the blood and controlled CO; exeretion Anatvars of arterral
blood for oxy gen saturation, for OO, content and., when posuble,
for pH and CO; ten~ton can be the real “test” of pulmonary fune-
tion Understanding of the diftuston-perfuson relationship s en-
tremely important hut beyond the scope of thr chapter The
reader is referred to other chapters of thi« volume and to Comroe's
beantifully lueid and readable disertations on the subject

To distinguesh hetneen alvealocapillary gas diffnston defect and
~hunting of erreulation through nonaerated pathways s dstheult
For routine pulmonar function ~tudies 5t suffices to measure the
blood gaves at rest, after exererse and. sometimes, after pure ovy-
gen breathing The most wideh used and shill the most rehable
method 15 durcet artenal puneture using the Cournand needle
Blood 1 drawn and ~tored under 1ce watet i o heparintzed ~th-
cone greased ssringe The elasyeal manometrie Van Shike ap-
paratus analy fic methods detasled m volume 2 of the original edi
tion of Peters and Van 8ly ke’ “Chinteal Chemistry ™ bave not been
sigmficantly improved except av to the manner m whieh blood 1
drann and stored anometrie methads are difficult to learn from
reading alone It 15 best to sistt a lahoratory accomplnkied m these
analyses, or, as o poor sulntitte, to wend a techmeian to suck a
laboratory for traintng Methods deteriorate when pasced from
teehmiesan to teehnsesan The routine analytic nork in a labotatory
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F16. 1718 Normal Determsmation of the arterial ovygen saturation is useful
i the evaluation of patients vith puimonary disease The primary factors which
govern the artertal oxygen saturation and hikewise, the factors which may be
evaluaterd by a deternunation of the arterial ovigen saturation ares ventilation,
ntrapulmonars gas mrang, diffusion, and perfusion, Measurement of the arterial
ovygen saturation 1s useful a4 an overall test of the four factors lsted above but
will not debmeate speesfic Imparment of these functions, Combined with other
studses 1t 1s helpful in the separate evaluation of the four factors More elaborzie
blood gas studies are necessary for specific dehneation, especirly of diffusion
and perfusion Although the arteral otygen saturation is useful in assessing the
ahility of the lung to ovyzenate blood, it 1s not the most sensitive measure of
this function. More elaborate blood gas studies may reseaf imp ured dilfusion
1 some patients who have normal artersl oxygen saturmtion

1s not hikely to be of Migh quakty unless centinually sustamed by
the physician 1n charge who can do so only if he i (or formerly

was) expert nmself in technique,
Factors v hich importantly affect normal artertal oxygen satara-

fion nre summarized 1 Figare 17.18 The manner in which these
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PULMONARY EMPHYSEMA

1 wrsineo venrismon

AGUTE AND GHRONIC
0BSTHUCTION ~

éruwmnv orstention” s I -

IMPHIRED INTRAPULHONARY
T

ouates aveousS T

p ELASTICITY

DECAEASED

NOMBER OF
‘anveous

DECHEASED SURFATE

10 VoLUME, BATIO

40% SaT.

1
PLAFUSION GF PAURLY AERATED LUNG TISSUE

Fig, 1719 Pubmonary emphysema In the usaal case of pulmonsty emaphy-
sema with arteril oxygen un~aturatton no siwgle function is wholly responsible
for the mparement of oxsgenatton Usually, ventitation, intrapulmonary gas
ousing, diffysion, and perfusion are afl impared amd it 3 not possible to quan-
titate tmpurment of any ane Rnetion Deternunation of the arteral oxygen
saturation i pulmenary emphy sema 1y frequently used in combination with the
measurement of arteral carbon diovide content for classification of the seventy
of the disease This 15 expeesally trae when the measurements are made durng
exereise as well as af rest In addition, senal determsnations of artertal oxvgen
saturation m pny gisen patient with pulmonary emphysena are hafpful in deter-
Tyt the type of theay and evahiating i3 effectis eness

Controlled CO, elumnation 1~ as wnportant a function of res-
piraton as ovygenation When COy is released from body eells
mto the blood it forms HaCOs, an aaid Thus ackd combines to
rome extent with the base of blood Depending upon the amount
of bace and upon the amount of CO;, there wilt be more or less
“free” dissohed CO,. C0; tnswon {parbal presure of €O, is
the measure of “free” carbon diovide. pH, the meawure of relative
acuity or atkaluuty of the blood, 1 dependent upon the amount
of base and the amount of COx m the blood at the moment



494 MENEELY AND CALLAWAY
PULMONARY FIBROSIS
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Fte 1720 Pulmonary pbrosts In pulmonary fibrosis, there may be much
‘varution m impairment of pulmonary function Thus, the arterial otygen sat-
utation in patients with different ty pes of pulmonary fibrows 1s nghly varable
1n those cases of pulmonary fibrosts which Jead to airway obstruction, pulmonary
emphy sema 1s frequently found

The atterial oxvgen saturation will be influenced not only by the basic leston
but al<o by the factors discussed under pulmonary emphysema In some patients
with pultnonary fibrowss, diffusion of gases across the 2l colocapillary membrane
1s the only significant leston (The alveolocapilliry block syndrome ) Measire-
ment of the artertal oxvgen suturation may be most helpful here for 1t may he
the only Iy determ whaeh is signil ly imparred

In addition to the specifie elas<es of pulmonary fibrows discussed above, there
are cases of pulmonary fibrosts with no mmpatrment of ovy genation of the blowl
Thus, a normal arteriaf oxygen saturation may be heipful

Since CO; 15 highly diffusible, the CO; tension of artetialized
blood leaving an alveolar capillary network is almost exactly the
same as the CO, tension of the gas in that alveolu~. Thiv remains
true even when alveoloeapillary oxygen diffusion i severely im-
paired because CO, is much more Highly diffusible than oxygen
Alveolar CO: tension therefore “controls” arterial CO; tension,
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Fig 172
(Graph prepared by Donald § Tysinger, Jr, M D)

tron for whatever reason results in CO; retention, Acutely this
causes lowering of pH known as respiratory acidosis If CO: 1e-
tention persists as may oceur in chronic pulmonary msufficiency,
renal retention of base raises pH to normal compensating for
high CO: tension In such cases, the respiratory center becomes
nsensitive to CO; Anoxia 1s invariably present in chronic pul-
monary insufficiency with CO; retention and is then the main
stimulus to ventilation Under these conditions, oxygen therapy
may abolish anoxia and respirations may be profoundly depresscd
as a result of withdrawal of the only adequate existing strmulus
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Inning power which measures plasma hase is inereased in clowe
proportmn.to the €O, retention Since determination of plasma
CO; combimng power is almost universally obtainable on an
emergency basis, it ean serve to identify thoe anovic patients in
whom oxygen therapy without artifictally maintained ventilation
mav be disastrous

Tmotion, drugs, central nervous system disorders, high altitude
{hypovia) and other factors may cause hypersentilation. Tn this
case, atveolar CO: 15 “blown off” excessively. The resulting de-

Fre, 1724
PULMONARY FUNCTION REQULST

Datients name dge Ward  Reg No
Dite requested Dte report devired
Date tests completed Date report sent to ward

Requistiion made by Doctor

1 Diagnous
Fstrmation of degree of pulmonary ineufficrency {check one)

(2} None {b) Shght () Maderate () Severe
3 Dispnea (check oned
) Noue 1) With moderate evereme {e) With nuld exererse
td) AL rest
4 Please check any of the following disease processes suspected here
(4} Pulmonary emphysema () Brenckal asthma
(¢) Bronehectasis () Chronic bronchitix {e} Infiltrative process

tthe or other)
tf) Consolid ition (g} Atelectass (1) Diffuse puimonery fibroas
) Plenzal disers thbrothorny, ete) (1) Other (specify}
Hus the patient ever had pneuntothorix (Yes ) (No ), Pneumoperito-
neum (Yes } (No ), phrente crush (Yes ) {No
Previgus thoracie surgers
(a) Procedure
{b) Procedure
Contemplated thoracie (or other) surgery
{n} Procedure When contemplated
Medications (cheeh those prtient 14 recerving):
{a} Narcotic (1) Bronchodilitor, oral
hized
{d) Lapectorants
Please incheate the particular information
from these tests

o

P

Date
Dute

~

=

(¢) Bronchodstatar, nebi-

ahout the prent which 3ou desice

=

Previous prlmenary fuaction studres (Yes ) (No )

=3
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c.reased arterial CO; tension oceurring thus acutely (i.e, without
time for renal readjustment of base) results in an inereased pH.
Tlus situation 1s known as respiratory alkalosis. This rarely ocetirs
as a result of chrome pulmonary disease but 1s of importanee in
understandmg pulmonary function n certin situations such as
that of the respirator patient,

There are many other tests of pulmonary funetion, Those de-
seribed in this chapter are well established, Most of the actual
work can be done by a well trained technician. This permits de-
velopment of a service facility to which patients may be referred
routinely, much as 1s the case with routine electrocardiography.
A form of request for pulmonary function tests which has proved
fauly satisfactory in our laboratory for several yems is reproduced
m Figure 17 24 The form we have found useful for reporting re-
sults of tests 1s reproduced in Figure 17.25 Special tests may be
devised to bring out particular points in partieular patients There
18 no hmit to the opportunity for ingenusty on the part of the
physician-physologist. The fact remains, the best approach to
the problem, the one most likely to Jead to continued and uscful
service is to make a modest start with rehiable equipment and
sunple tests When such a laboratory s functiening smoothly
and rimple factual reports are returning promptly to the referring
physicians, there 1 tune enough to medify, to improvi-e, to
claborate, to expand, to compheate and, perlaps, to advance
By that time, the value of the steady flaw of factual inform9tioxx
derived from stmple tests carefully performed and conservativ ?ly
iterpreted will be so well established there will be no question
whether routme function tests should he continued and the soit
will perhaps be more fertile to graw a larger plant

BIBLIOGRAPHY
AstionY, A 3 Respiratonsche Insuffizienz, Bd 11 Kiische Fortbildung,

Neue Denische Klimk Erg, 1031 ey staeh 93n
Asyrony, A J an:nnu[-
H.L;\\N,D)L ID! ' standard

fiereney

values M1 Buvuits v ony A aw 1\;mum<. ., IR Pulmonary fasuffi

Barpwiy, E DEF , CoLasanp, 4



m:spmﬂom' Feneroy TESTS 501

SRV I & atugy o hirts e cageq of PUONALY. S gy Medierme, g,
1, 1959

. DH.D“\\, E pepr . Col‘nvnn, AL anp Rw'unlh, Dw 2R Pulmonau insuf.
setency 1f p'yor” 1122 easen of ehrogy Pultmonsry emphy gprns Medieyne,

Barowry, py Dzl","uzm:\, K A,Gm:nc,D G, Covay, 4, nn!hcmnbs,
b w » IR l’ulmon;ry m%ulﬁcmnl‘) VoA study of S1¥teen pagng of large
Pllmongyy. 31 €33t o bullae A\I(‘dlcmc, 23 189, 19,

Buucu, 4L Phy “olagieq) Methods 3 the Dagnony and tn'nlment of asthmymg

3 Ann p, Med | y9. 5, 19

Blnarn. 4L P&yxm!oymzl Tﬁzmpy tn

ha, § Lipprncoty, 1948
Barey, 'y g, Ventilatgr, fects of ¢ bead-dony Postiog 1y Pulmonary o,
Deema g J Aleg 518 55, 105
an\s'rzm, L, DSy, JL,,

Ii’eaprmlory Dumus, 2nd eq Phtlagey.

s o Meoer b oy 70t of the 1ggq of breag,.
ng on the Mavumymy, hmthmg Capacity determmed ®ith g peg *piromete,
Thoray, 7, 55, 1952

B:cunun, H 4 ,unlnxw:n,A L The effect olbrenthmg lﬂl)[wrrene O gen
n the pnlmonny Ventilatiay of Patiengy nrth pulmonar; *mph3 semg J
hron Dy 1: 13, yg55
- Biray g Lungvnlumeand\cnulnrlon efficiengy Actameq scam]mav,wmll,
1, 194

4
BLon.\u:n, wr The aPplicatign of testg of rcsplm!or.\'pbysmlog) forthe Clineg)

histion on’pulmunan patholog) Yaite § o] Med 33, 1957
I{mnmn" woar B WmTi:, Cs, Leviy, g, ,Jl\!‘lﬂY, Hy, AhnMu‘Qmun, Ry,

Brng, p Calerytag, gng related g g ©Omposition LI Piratory oo 10 Hany
0"y Day i P €, Navgng) Researey Coungy,
Crrinnar, 4y Carbon dug o 4e Mtourangy eMphy e, Imergency g0y,
ment wyp e UmoDer g N Snglang 1 Med 45 5T
Comresrey 0 O Tables, Eacony g Formulay fy Computing Respratory .
Hange undﬂlo!ﬂwm[ Tmn'funnahwu o/Enrrpr/ (‘aml‘me Instltnll‘ of § ash
RO, Puble o 303, 193
Ot g, M, D p' M0 Graggyyy o The decreqeg Tunetiong
TAPAEIS of the e and hogpe " of the chesy pur

Vethagy o Mediray Researey,
roe, Jr Clm'n(n, !'Mrbaok l‘uhh-hrrs, Inc, 1950
v I lmerpremmn of Tommonyy useqd Pilmgyqy, funetigp, testy
4 10: 356, 195




502 MENDELy AND CALLAw,p

Cmmnl:, JH, FLIUTeN Dmpm, ntp The I’ﬁl/sm[nywallfanaﬁ/r Orygen The
apy Spnngﬁcld, I, Charjog C Tl'xomns, 1949
Co\mm.,.l H,Jn,ansn_n, Ry 1, p jé B,Bmtma, w, A,mocun.

1L Duioy -y A
SEN, I, Lung ('hmmll‘ﬁyﬂw[oyy 1 Paliiggy, Lunction Fogpe (Base,
on the 1954 Beaumony Lectire) Chieago, Yearbggy Publichopq e, 1955
Cowroe, 5} IR, g Watnen, p Normal gy artena) (), “turation g,
termuneq 4,y etutlibration \r 100 per cony Ot 1110 g b5 the ovumeqey
162: 364, 1949

3 PAAD Mg 1 -Manug n/JIc/abalch[eMo.h
Laboratory. Reporg 3 60, 1919

: N, E oy ", Danwing, 11 C, unp Ricitsppe, 1y dn
Studies o Mtrapulmon, Mstare of g V. Simtic ron ol pulmonary,
oRPINE rae 0y MPlified gpen erreyyg Meauremeny o residugl gy
911

Chy Invesy » 20; 1, 1
ND [ mnums, Dy » IR :Dumhurmn of
I,
I

Comnnn, A, Lusm, i c A,y R,
rexplm!ory Rasey yy Closed breaty, & crrewy gy I’ulmormry fibrosyy and em.
937

Phisemy o Imvest, 16,7,
o Rtcning, W, PuImonm.muir.o.enq.1 Disenvegy.
o & Phvsiologens <lavstfication g Presentatygn of chinreal toqry Am, Re.
Tubere | 44, 26, 1941
Covmy iy, 4 2 Ricuanps, gy y IR Pulmgpy,, "0Ullieiene; py The effects
upan “ardiopulmongzy Tunetion gy, ~

irsmns, by "0 Dinnyg 1 Craphuc tracng, of

Dmu\r:, R c, (‘omz\u\n, AN Tanary, , » AND
Studies on the mtmpu!momm Mixtyre of gases 't Nitr
bloogd and pogy Hayyes during tugh otygen l:renthmg J
591, 1915 .

Dmu\'r., Rc y me\'un, A, anp Rzmunns, D W, Jn Studres on intrapy).
Monary, Mi\ture of Eases Iqp Open etreurt method for measuring residual pyp

Invest | 19. 609, 1940

Daygy PORT, e B0 of detd-Bage Cﬁemulry,
I of Chiagy Press, 1919

Dovayy, i W, anp R New methog of cltnieq] Epitometry ey,
Se , 8: 27 "0

Ry ttlation prg.

Driers g > 450 Covrop, H, ) Comparreoy of mavimum yep
duceq by “tvere Mmuseyl,r exereise, tnhalaton Of CO; ang maximaq} voluntary,
kb, tlation Am g l’h\slol, ,

Dmn:‘sp;;vebn ! r\': Co\mm:, JH, Jr Lffect of inhalation of high.1oy O: con.

: ; SPtation A, 'y Physiol , 149; o L 1947

112l 0; preseyre. dunng pure g, breathung

Avest , 19,

2nd pg Cblmgu, The Unnver.

Am J p X o
1 tion Am y Med , 10: 77, 195 .
e 0 e o o ELSTEIN, A vy COURMAND, A Iireeq,

‘En
Fromuy, o P MeCreveyy, » Hiry



nxsx-marom' FUNCTION TESTS 503

of ueyte 2RO o (1 Heulation o p aty " Dattents u !lx chromc
pulmomry ivease Rtml:ed durmg tl cady- slnt 4 Chp b, 3y
770, 1950

l‘mvu:n, Rc Rapyg Infrareq &as ety zop Rev Sclen( Inslrumen!s 20 175,
1949

Fanm, w Lung Unetig, Studioy 1y The Tbiratery dead xpgeq Am g
£ ,xu 405, 1945

leu:n Wy Lup, 2 fu; Unetroy, llc e ven pu)no nary venul.mon in
alm.:l Bubjectg o and n p, tro) m h pn 13 dise, e J Phy st0},

519
l"o\lu:n “ 8, ? Bryg, EBong, 1y Ir

WS Lungr, CUOn sty The ¢

Preumopeq; oy on Tebiraggpy ad spgeq Boracre gy 3433
Fllmn Ry o Catan Artifieng)
of p ulmona "2 emphy o, "y, 2 Chest, 19

A\p oy Studeage, eclmque leprelnc
de dygpen Peovaguy g P Clog o e meq Vo5 362, 6 57
193

Goanro, 4 1 The abnopyy pz., ) iolog OF chrop, Puimop hy ey xo
Lnglang Md, 672,
Gunnnv,l{,l\lonl: m 00, Py L,y g snu.moe.nmm
nm-,..,nonmmmu tmeut 1y, zlnnMcd R TYA
Grn, gy The my m,-x o 4010 they, of ) lufree,,mmr,‘ Yentilayg,,
S en,xnaA 2657

,,An,,nx,m KR IPTr
KL M udiey ;,, Benlthy pgrs L ey gy
Phyg, 952
RIIZETIY Jou I{(wmmlmu New "Avcn, ('l)nn Yafe
reity l’mw 1'73.'

LAY, P o sdongy N TAND Gy A Dtiedye, 1 on.
Rest, ear, l I-ulu'!- .\ The me € Sty e, TeMeny of mull'.nlumn Best or Cardige
uncrmn A

Ing Med,(! 377, 1931
Hespgy, N Loy L Stungy Cenergy I’ﬁynolo,m/ New Hayey, Conp
3 mvemu Press, 1o,
1 l\uurm\, Y I:I:mluru n I.’l‘-lplrvl[mn Ihllmmr(-, The lhllums & lhﬂunv
Co, 19



504 MENBELY AND CALLAWAY

Hervanasen, J U uber die maxmale Ventil sgrosse (Aten-
grenzwert) Ztschr £ d ges exper Med , 80: 130, 1933,

Herrawp, F J C, axp McMichael, J  Determmation of lung volume Simple-
constant volume modification of Christie’s method Proc Roy. Soe , London,
8§ B,126:401,1939

Hereenrvs,J & Pulmonary funetron studies in bronehial asthma. Am J Med -
14: 23, 1953

Hurrano, A, axd BoLLEr, C - Studies of total pulmanary capaeity and its sub-
dwvisions I Normal, absolute and relative values J° Clin, Invest , 12. 703,
1933

Hrrravo, &, anp Fray, W W Studies of total pulmonary capacity and its sub-
divisons I Cortelation with physical and radiological measurements J
Clin Invest ,12: 807, 1933

Htrrano, A, ap Frav, W W Studies of total palmonary capacity and its sub-
divisions III Changes with hody posture J Chn Invest , 12: 825, 1933

Hinrapo, A, TraY, W W, KsLtRLIDER, N L, AND Broors W D W Studies
of total pulmonary capacity and its subdivizions ¥ Normal values in female
sulgects 4 Chn Invest , 13: 169, 1931

Tivarioo, A, Frax, W W, a3p McCany, W 8 Studies of total pulmonary

i AP

Dbronehial asthma and folloning the admimstration of epinephrme J Ch
Invest , 13: 1033 1934

Henmano, A, Kavreewes, N L Frar, W W, PRooks, W D W, an0 MeCary,
W 8 Studies of total pulmonary capacity and1ts subdivisions VI Observa-
tions on cases of obstructive pulmonary emphysema J Chn, Invest , 13+

1027, 1931
. G m e meeen WR W aan A,
Ha '
fu ! '

menemia Am ) Physmot , 109 o, L L. L e
fion '

KaLTREISER, N L, Fray, W W, ann an§, H VAN Z  1ne enec v ouee -
total pulmonary caprerty and its subdivisions Am Rev Tuberc , 37 662,

1938 )
Xsprrewser, N L, Fray, W W, anp Pnrcuars, I W The ¢
plasty on the pathologe phyuology of Tespiration I Thoracte
1938 ) )
Kavtrerper, Notay L, Hrpe, H vavZ , anp Frax, W W - Pulmonary ¢ (pactty

frect of thoraco-
Surg , 7 262,



RESPIR ATony Fr Nerro N TESTS 305

1 lobay Preumep, . Bih spocrsy Fefereneg 10 tollape, therap, Areh pny
, 1937

oed, 59, 49 19;
hu.'rkulzl:n, NL, o M(Ca\\, W s Rewpnmtorj TeSponce dunng eXereise
pulmonar} Ehrn«uund emph)'sﬂma J Chn Inve,, ,XE‘ZT, 1937

hurs 4 # 81tura gy o ¥enous hloog 1, POTMAL buman fubiets g, o Phys.

ol 12 gg

Kvirrgg "y ' Ly 0 Mosensg A Uber g Dysprioe g3,y z
Kl d pypey - 79: 1 pony

d
Rieeg, W, ano Moveneyy, o e ventitaon PWtvaleny g, %5 gen
Quary J Med N g 21 17, 1932
l\lmr, R ¢ Iioi:mv, b c, ML\E:LY. G n » 4\p Googy AL ux

B b G "R . Py

{28y funeg, ! 2d earcylygy,s Dnamye, Artaficyy) nncumopenmneum

Studies o, Datiengg ! ToeODess g therapy for Pulmonary (ypon
y 93, 1953

=]
8z3
I

@

“hory, C. Roeyy, 1) C. Movgyyy ¢ R, Goony 1y 4, Sdn oy,

S Tunetrgyy o firentagop, A namey 1) lificya) pnoumoperlmnl-um u

Studrey o) Pattenty y pm-umopemoueum as g therapeny,, Measure 1y,
Phvseny, p, +33 603, 19,

ul 2
l\ul\'rz, w I,A\D‘\thnnxn, L J‘mphgscma Mezllrmc, 13 21, 193¢
lumqu, A lrequruxur) APparagy, for gy determm.‘lmn of Cherg, C\chang,

m ) nsehr | ga ) 1923 Determm.:llon of tand,ry
(bmml) mp(ubohm. of Patienyg by recordmg APParatye Bosto, Mgy I,
3, 1923

Lasegy] A, oy " AL ang Rrcagy, , on Disterpiy,,,, of

ms,umlaq Rases 1, osey l.vrenthmg Srewy In Norm 4 subjecty J Chy
Tuvest 4o 1, 1937

Lary, g g Studsey o, PRYBE Of s Wathy, TPirator, Dem with g, Bpe

o5 meter pioy Pr ) 1945

A4, !

2 C g Movrgg 'y Ovigay Conteyg Ulinegy, bloog (y, Calley
faplian, hloml) J Fypop Med L 3t 359, 1925
\hmmm, LN, Lion geyry %} Restng 1,
ation, pey S 193
-Mum_vo\. oy » Gy N,avp "U(\I('\l, R \rnnluon
finetyoy tests gy Fuetory alleetyyy, the Volunggy,. Yentlatg,, fePaciyy g
&l 9!

Mooy , he Byverzy  Bdromg \hluuukee Prg, Interyy ite l’mlgnul
M«d\m) Awnml:l\ of Norty Amerye, pp
¥

My, o gy ), oy, ) “rtenvor Intern,, cl.n.a‘z:l'r, 193

Sof u‘nhl'lllun, nnuh(lon e

W Pulimgy

Trans 4 \m

N B IRy W Tbemnm-mou

of fy, g LM 10g 810, 194

MeCayy, 8, w0k, Meiven v 1Mty op Sabalyg ' pieun

ORI g eference g, Workmey,, COMDeIg 1o Penney gy gy
Ue



500 MENEELY AND CALLAWAY

McCany, W. 8, ano Sturuens, D, J,: Clinieal conditions nssociafed with scleroais
of the pulmonary artenses Trans, Am, Chimatologieal & Clin, Assoc , 1931,
McCrevent, J. M, Reszertt, A D, HrsueLsTery, A, anp CourNanp, A 3
Carthopulmonary funetson in the pulmonary form of Boecks sarcaid its modi-
fieation by cortisone therapy. Am. Rev, Tubere , 67: 154, 1933.
- McMicnaer, I A rapid method of determining lung capaaty Chn 8o, 4: 167,
9

Meav, J., AND WurrrEnseraer, J. L Physical properties of human Jungs meas-
ured during spontaneous respsration J Appl. Phystol., B 779, 1953
- Meneery, G R Editonal “For breath too 1s nutriment.’” Am, J, Med, 19:
Meseery, G R, Bawy, € 0. T, Kory, R ¢, Roeny, D, G, Mg, R. I3, ano
h Kavrremer, N L. A simphfied helium method for lung volume. To be pub-
lished
- Mexseery, G R, anp Kavtreer, N. L Use of helium for determination of
pulmonary capacity, Proc Soe Iixper, Biol & Med., 461 266, 1911,
Meneery, G R, anp Kavrseier, N L The yolume of the lung determined by
belwm dilution Deseription of the method and comparison with other proce-
dures J Chn Invesy , 28: 129, 1949,
Miieer, W 8 The Lung Springfield, Il C C Thomns, 1037
Morexy, I I Evalustion of pulmenary funetion impairment by physiologieaf
studies on 400 unselected enzes of hard and soft coal miners with respiratory
complaints Melntyre Res Fdn Conference on Stlicosis & Alurunum Ther-
apy, p 49 Schumacker, Ont , Jan 30, 1951,
. Motiey, I L The use of pulmonary function tests for disability apprarcal®
Including evaluation standards in chronte pulmonary disease, Dis Chest,
24: 378, 1953
Momey, Il L Chnieal pulmonary physialogy 1T Detection of early fung func-
tion changes i industral exposure Indust Med , 23:6, 262, 1953
Moreey, 1T L, Lang, I P, av0 Gorpov, B umonasy emphysema m,d ven-
tilation measurements 1n one hundred anthraeite coal miners with respiratory
complaints Am Rev Tuberc , §9: 270, 1949 B
Momer, H L, Lanc, L 1, anv Gorvox, B : Studses on the respiratory gas ex-
chauge iz one hundred anthracite coal muners nith pulmonary complaints

Am Rev Tuberc , 61: 201, 1950
- - o et mmatbang capacty
. ’ evefs and
ungs 1
M monatr)
Mots,

K tion by
hisense with intermitient positve pressure bresthing 1 ‘Lne evaiud |
objective physalogical measurements Arch Ind Iyg & Oce Med, b1,
1052

PArrENHEIMER, J  Standardization of defimtions and symbols 1n reRprntory
)y siology Fed Proc |, 9: 602, 1950 ;

1-,\1-':01,\\' L, Asevvary, W H, Frang, N.R ,Bmu:n,’!‘. L ,.;n;(;\;:;::‘l:;

13 A Tulmonary function wn pregnancy. If. Comparison ol the ¢l



IIESPH(A Tory PU)\'OTIO!\' TESTS
pnﬂumoppntoheum andp, !
lungs ang “eral gpn ancy
Pettonoyy, re g 755, 1953
Py Plng, 3 » Woon, L Arp
S, 1944
PEN:R#,

g
P, v Vay
Bltog,

1 Crapy,
? Dicitranm Waw,
LI "etriat lation
X orsity, 19, mvmhzhlm
)

rosgy
erlandgy

O0ingen
21 ,anm;p-n
RT, P Y uuhnnan a5 ap ey o
dovyey for 1q deer, Pation
Rury 2 Xk
fory

the

FMhetone, hige
, 1925

P13 a¢ CNtin20, M10n gp eRpr,
Bunggy by I’I.arrulml,

0% a7, 498 derey.
'8 i fomgy, Tia) blogy Am
g, 1P
mcaty ,
252, 4
brry, p hpxromclrr«
war g, A'al[apvlﬁerapu ey
Georg hromg, 1933
“eanap s

. .\nlmucn, tr l‘nmzmm 2 the yygny D ety
waty bmnrlual' Bthpy ng Plaoy Y emppy Semg
7, 1935

he Fmaklmnvprufuzt-n YO0 frey,
.mmmamwm, » ¥ Loy,
Vodzry llerhml Yon,

funetsyy,
The birege {s10n
v 88: gy 1033

DTz, 1 K gen o,

Yoy Esper

7 AM Ry .
s oy,
. 1019

g SOl 0y to



508 MENEELY AND CALLAWAY

Turonos, P A, Goroov, B, Lang, L I', Anp Motsey, H. I, Studies in disa-
bility 1n anthracosthcous Dis Chest, 17: 249, 1950

Tissor,J New method of measuring and recording respiratory debt and move-
ments of man and anumals J physiol, et path gen , 62 688, 1901

Touuasuerskl, J F, anp Mortey, I, L. Plasma and blood volume studies at
rest and during exercise 10 coal miners with fibrous and emphysemi, Am J
Physiol , 167: 832, 1051

Warning,F C,Jr Simple tests of ventil itory function for use in the sanatorium =
orelme Am Rev Tubere , 60: 149, 1949

Wetnam, W C, asp Brunge, A R, Jr. The specific gravity of healthy men; -
body weight — Volume and other physteal characteristics of exceptional
athletes and of paval personnel J A M A , 118: 498, 1942

West,J R Physiopathologic aspects of chronie pulmonary emphysema Am J
Med , 10: 481, 1931

Wist,J R,Bawowis, L pEF , Cournann, A , anp Rictaros, D, W, Jr  Physio-
pathologic aspects of chrone pulmonary emphysema Am J. Med , 10: 481,
1951

WitLwos, T C, aap Benske, A R Residual Jung volume determinations by
methods of helium substitution and volume expantion Am I Physiol, 163
138, 1948

Wisson, R H  Adaptation to anowa in chrome pulmonary emphysema Arch
Int Med , 38: 581, 1951

WiLsoy, R 1, Hosetn, W, anp Deupsey, M, I3 ; Respiratory acidosis I 1.6
feets of decrea<ing respiratory miute volume in patients with severe chronie
pulmonary emphysema, with epecific reference to ovvgen, morphine and
Durbiturates Am J Med , 17: 464, 1951

Wrianr, G W, Ao Fiiey, G F Pulmonary fibromis and respiratory function
Am J Med , 10 642, 1051

Wriont, G W Disabahitv evaluation in industrial pulmenary diease J A M A,
141+ 1218, 1949



Chapter 18

DISCUSSION AND SUMMARY

ALVAN L BANACH, MD

Medieal and population trends predicted by Ife m-urance com-
pamies udicate the degree to which pulmonary emphyema may
be expeeted to increase with the mereasing longevity of the general
poputation In 1600 there were 23 mubion Amertcans over 33 years
of age, today there are 70 mithen and w 19635 ot 1 estimated that
there wilt be St millon The number of people aver ba today 1
14 milhon, aned at 1~ estimated that this will mnereace to 21 million
in 1975 In other word~, there will then be almost as many people
hving over 65 as weve recorded 1 1900 abve over 35 veans of age

The importance of low of plivaical fitnews as o factor which m
1clf produces chspnea i~ horne out In the clinteal material eited
m Chapter 4 on ~emle emphysema Thus, Thewls i quoted as
saving that wasting and degeneration of the muscles of the chest
wall take place i older people the greatest atrophy bemng present
m the ntercostal muscles and the dinphragm, Naveher and Roll-
ston state that the pranary degeneratne change i the tungs of
mdinadual m advanang  ears 1s atrophy, a diminution of thewr
~ize and weight, Kaltrewder reports that the decrease in vital
capacity obseried in men oter the age of 30 was fos marked
in thowe who contimued to be actne The avalable evidence
doos indecd strongls suggest that the atrephte process 1< not only
hinhed with an artne or sedentary evistence hut alvo that it
may (o ~ome degree be dimmmshed by phn wreal eserere, properly
regulated in relatively normal wdividuals, and freshitated an those
with puhisonary emphysema by the mbalation of avygen, with
corresponding decrease m shortness of breath on exertion
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]‘{night and White }xa}‘c ealled attention to the clinical evidence
which supports the }mllef that bronehial infection, especially of
the Lronchioles, at times plays a role in the cause of pulmonary
em;.)hysema An infectious bronehitis may lead to a bronchitis
obliterans with obstructive distention of the alveoli. Smoking,
mentioned in the literature as a pathogenetie factor, requires
more convinemg statistieal and other studies to support such a
contentson It is true that chronie bronehitis with a produective
cough appears ta be related to inhalation of esgarette smoke in 2
small minority of such cases The pereentage of patients in whom
smoking is held 1esponsible for chronic bronchitis has been vari-
ously estimated to be between 2 and 7 per cent and in some quar-
ters much higher Patients with pulmonary emphysema seen in
our clinic are not usually benefited by giving up cigarettes; the
urgent advice so commonly prescribed to give up the smoking of
parettes is not generally justified by the benefit obtained, es-
pecially in companson with the therapeutie ads now available.
It may be, as Trimble said to us, that we too frequently see a more
advanced form of the disease since other observers report more
improvement from cessation of smoking than we observed in a
three year study as well as subsenmently.

Rught cautions that it 1~ tmportant not to overlook pulmonary
carcinoma, heart failure, tuberenlosis and myeotic infection in
patients with bronehstis Unfortunately, I have seen cases of
each of thewe entities, m which advice to give up smoking was
followed by amelioration of sympfoms but afso by progression of
the underlymg dicense Since the majority of so-called “cigarette
coughs” are the 1esult of erganic pathology, a diagnosis of the
baste condition shoukt be sought for The fact that the cough clears
up as o result of removal of this ingger mechanism is apt to be
interpreted as a cause and effect relationship but some months
later the signs of left veutricular failure, cancer of the fung, sup-
purative or allergie bronchtis may reveal the actoal dia‘;:no&!*

Since cough 15 nature’s method of cleating the upper respiratory
traet of foreign substance, ity effect as a helpfol procedure reed
not be overlooked in cases in which the inhaled smeke daces not
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produre the mueus iteelf Many of the effective bronehodilator
aero-ols also mitiate a congh

The studes of Riley, Alexander, Chernwach and Daymon hele
presented mdieate that umpairment of diffusion of oxygen and
earbon dioude across the pulmounary membrane is 3 much less
wapostant factor m the production of dy-pues than the ventita-
tory theturbance 1) d or normal i 1 found mn
the early part of the wemratory exele and the bullous parts of
the lung filt readily It 33 ondy when the lungs are quite thoroughly
mflated that marked wmereases 1 thorsere pressures are required
to overcome the elastanre of the pulmonary parenchyma The
defictent clastic reeod of the lungs 19, however, a factor whieh
promotes bronehial clowure hieeause of the ympmredt outward trac-
tion on the pulmonary membrane surrounding the smaller bronchy,
as tlustrater m Chapter 9 by 13ay moss, when the mtracanaticular
pressure 18 low  Overdictention of the alveoh 15 the charactenstic
result of expiratory rollapse of the bronchioles and ther related
tubm] connections, bronchial eonstriction 1~ not only clue to bron-
chorpasm atself, hut alwo appacently to an wereased tonus of the
hypertrophied nuscles surrounding the ~maller brouchs as well
a~ 1o the oeclusve effect of retatned bronctual secretrions As lung
volume deereases m expiration the rate of exprators flow be-
comes sharply dimimnshed Under these encumstances impatred
elastic recodl of the luugy combined with broncinal marronng
tend to prodnce trapprug of arr and progressive dhstention of the
aheoh

Ths disturbance tn pathologee phiysiology leaths to ev erventila-
tron of relatnely poor funetiontng clements of the lungs near the
periphery of the cheet The therapeutie procedures which tend to
restore better aleolar ventilation melude snhalation of hroncho
dblator aerosols which relieves ronchospasm, pressure hreatleng
whieh mamtains o larger Jumen of the bronclaal pasageway.
espeeratly when it 1 earsied out with an even pressure m snepira.
tion and expreation, antibuatte and hormonat therapy , and effee.
tne ¢l of 1

Mal weretions by enhs ment of the
effeetiveness of the natueal caugh. the uee of ex~ufttation and of
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posture In Chapters 7 and 8§ by Beck and Levine these methods
of promoting bronchial drainage have been outlined The value
of procedures which promote n redistribution of air from over-
distended buflous areas to more normal pulmonary tissue at the
hilum and lower lobes of the lung is deseribed in Chapter 3 on
Restoration of Diaphragmatic Function For many years 1t has
been elear that procedures which elevate the diaphragm, as well
as restore 1ts convex shape, are followed by relief of dyspnea.
Studies of the blood gases have now confirmed at least 1n so far
as the headward tut of the thorax is concerned, the more efficient
ventilation that takes place with diaphragmatic breathing. It 15
therefore of eonsiderable value to spend as much time as 13 prae-
tieally feasible to educate the patient into the usc of the diaphragm
as well as an effective lower abdominal belt so that the intra-
abdominal pressure and the diaphragm are thereby elevated
The various tests of respiratory funetion developed {o record
the physiologic disturbance in pulmonary emphysema have added
to our understanding of the disea<e In our clinte, since spirometric
recards were employed between 1934 and 1938, the effectiveness
of therapeutic procedures (the aim of which was to improve
pulmonary function) has becn frequently studied by measuring
their effect on the pulmenary ventilation and the volume as well
as the veloeity of air flow m evprration The ventilatory differenee
between inhalation of air and 100 per cent oxygen appeared to be
a reliable guide to the degree of overt or Jatent hypoxie dy~pren
in many eases of pulmonary emphysema It was observed in our
ecarly studies that, after continuous inbalation of nebulized b'rom
chodilator solutions had relteved hronchospasm, the characteristic
decrense in ventilation m patients subscquently tested hy breath-
ing 100 per cent oxygen as compared to air was often mose strik-
ingly manifested. .An inereace in the evpiratory air \'e%omt_v and
vital capacity recorded on a fast-moving drum provided gooik
evideniee of the relief of 1 hospasm; these procedures have been
extensively studied by many wvestigators and often reveal p:ztl‘)o-
physiologie changes sunilar to those recorded by the miore specific
study of flow rates through pneumotachygraphy. .
Measurements of the mmute volume of breathing during the




blacrssw\' AXD Mgy 513

mhulatwu of aip Tevealey that proce(lurm Whieh mproveq Venty
atory e\cbxnge at timey, Tesulteq m g si.':mlieaut dnt‘ron*e m

Myt ‘olume, these ToCedrpg nclyg,, Continy oy Tessure
breg thing Hith gy, or, frequenllx, with §g €r ceng helun, and ag
Per copy O%vgep Rclle!ofd_n €2 v g m the ity f ca N,
COrrelafoq With the lowe, D ary ‘entifyy, Focduceq m
Casey l‘pulmomu ph;»ema, bro, chrg) Asthig | a yely as
pnrtalobermonon of ¢, largay he op ymy of interg, t
h, ny pa ents 0t myg Mary, thmrp 110U 4y, a«e(hent:»
Ianon, Whiep Mighe 1, Tthey Creace theyr 5 terin nd lowg,
t 0, e appa Nty rop, lnpne:x assy I’JI'IOF"J m
hese Cases 4y ougl the my °CC ang , tigh clnmp at
time., altey the ataral o, B veng,) tio, Patient, they-
Ppear ¢, be Nece, Y for 40 Cording H, 7\ Conely,.
0D ipy. n the of the DOuty T on syi,.
Jeetne g SPneg vy 10s pro, lure {
unparon(b “Pousihy, for °0US oo, Iy

Jhller. F ang Ix'elmh 1z § € ¢ )mbutcd "apter 1o Wit

' Inteny, sy Ting, 1, O far ay JLENTR ) the qu(-\tu)n

Does my, Ut ration of | chog, '} IPp) or sy
Mificgp, dy 26 0y op “tang, 4 acr, fechy,, % and 5 sa
mouyy, ¥ ety pphc-uble?” S Whep they
Mesap, ledt that th Ty of nstape, Periop s,
T th Ippp A me ! of troducy, Tone, hilator
trong)y © )elun/: coylg be g, 0ty 1 e 0ds
Yoy} d by Why oy |, ehu; Aton of 4 C1eq g
Aoy, f ephr; loy od g, th early ey re.
Orted iy, s couny, 3 by hard, A0l Bap, el con, huoy, ey
ZAtto e difute soly Neph, e, © he of
run\ulomb  more alue 4 the symy Iomatm, mqunurl\ irap,,.
8 rohop Ohtameq b and.y, bz,

Mork{\ and hyy collnbomtom did g, nt mmmmlno daty

1 the e " emp, echn,, e therr Nethog of

xplo_ymg I, T g, Tessurp anthmg Treat ‘In

bect the yo of Ippp itelf, g, ! ang KaTorT) Vu ang

Clites, angd Miltor IS0catay hat 1pp, SR ITIN
T With oy » Bag of gl orn tica) al the treat.



AERAIS ArAled With 1PYE are reported to have subjective im-
prqvement, Miller and associates observed that in the rontrol
series of patients in which o similar program of bronchodilator
fxerosol was used but without TPPB, 70 per cent also obtained sub-
jective improvement. The only instances in which these authors
noted. objective improvement with IPPB which “suggests possible
superiority to aerosol alone have been noted in younger patients,
particularly those with more than 14 cupful of mueoid or muco-
purulent sputum daily This type of case represents a mmonty
of the patients whom we see with pulmonary emphysema ”

The physiologic effects of pressure breathing include a physical
relief of asthmatic dyspnea An enlargement of the bronchial di-
ameter during the period of its employment is present, more
marked in continucus than in intermittent pressure breathing
From this point of view it might be expected that some increased
penetration of bronchodilator aerosols may be achieved but
whether the procedure is much more successful than a deep breath
has been questioned Piessure breathing may result m a more
uniform enlargement of the bronehial tree. However, in a period
of 15 minutes’ inhalation it 1s likely that various parts of the
bronechial system become patent, either during quiet breathing
or with mtermuttent use of a deep inspiration

The principles of pressure breathing and of bronchodilator
aerosol therapy have been presented 1 this volume from separate
physiologie points of view. In Chapters 6 and 7 by Bickerman
and Levine the techniques of simpler methods of inhaling dilute
solutions of inereased amounts of bronchodilator and broneho-
vasoconstricting solutions are deseribed. It wonld appear reason-
able and considerate advice to employ these techniques, which
are smple in application and less expensive to the patientz l.)efore
advyice 18 given to purchase equipment which is not only originally
costly but expensive 1n mantenance

oIc is of intel;est that Fowler and associates indicate that I%’}’B
may impair venous return sufficiently in the presence of a failing
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right ventricle to cause marked peripheral edema, since they have
noted this complication in several patients with pulmonary em-
physema It has also been pomnted out that, whereas pressure
breathmg 15 of value in left venmcular failure, it is hazardous in
heral circulatory ffi , unless the blood pressure 1s

carefully watched

Increased alveolar ventilation, as pointed out in Chapters 11,
14 and 15 by Alexander, Chermack, and Richards and Fishman
15 entically 1mportant in the treatment of patients in whom CO,
retention 15 the cause of symptoms due to respiratory acidosis.
The principles and results of treatment are reviewed in these
presentations, mncluding the use of intermattent pressure breathing
devices, the exsufflator and the tank respirator. We mght add
here that an additional objective, apart from mcreasing the total
ventilation, 15 selective distmbution of nspired amr to the hilum
and better perfused areas of the lungs, as accomplhshed by the
headward tilt of the thorax and other procedures which elevate
the dome of the diaphragm

In our clime, CO, retention in the presence of a normal pI 18
not necessartly an indication for mechameal hyperventilation.
Other nvestigators, referred to in earlier chapters, consider CO,
retention 1tself a pathogenie influence that merits the routine use
of hyperventilation Richards and Fishman, in Chapter 15 on
cor pulmonale have discuswed the increase in CO; found n the
blood as representing both good and eval, homeostasis and “hyper-
exess” (the “exeess response”), good “because of the high CO,
enables the metabohe CO: o be elimmated with relatively small
total ventilation,” evil “because a viewous cycle may be set up
reducing progressively the respiratory stimulus, with pCO; m-
ereasing to the level of CO, narcosts ” These authors guve levels
of COa for which mechameal ventilation 1 indhicated, such as when
the arterial blood pCO. exceeds 65 mm Hg, “  and especially
if there 13 a conuiderable uncompensated resprratory acidosis as
dicated by an artertal pH below 7327

The editors have heen mmpressed by the adaptive mechanism
through which mereased arteral and alveolar carbon dioude
levels are 1n part responsble for an ehmmation of CO: m higher
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concentration per unit volume of breathing.Under these cireum-
stances, ovygen treatment appears to permit a decreased pul-
monary ventlation without necessarily increasing acidows itself.
tI‘he fact that the arterial CO; may decrease while oxygen therapy
is mantained 1s an dication that improvement m respiratory
function 15 not only accompanied by decreasmg CO; retention,
hut a decreased use of the adaptive mechanism previously em-
ployed The decrease n arterial CO, content effpcted without
hyperventilation, but as a consequence of varied procedures % hich
mprove respiratory function itself appears to the editors to be a
sound approach except i ca~es with an uncompensated respra-
tory acidosis m whieh intermittent pressure breathing and other
allied meekameal methods of augmenting the respiration should
be unreservedly carried out -

Antibrotic therapy as desenibed by Kuight and White and by
Levine, the u-e of predm-one, restoration of cardrac function,
mproved diaphragmatie funetion and other measures may be
followed by a better exchange of O, and CO, with spontaneous
fall 1n CO, of the artenal blood. The patient with mild or mod-
erate CO, retention, i whom such treatment is responstble fot
reasonable jmprovement may have a compensated acidosis with-
out symptoms, either from the inereased pCO: or the increase m
Incarhonate We have elsewhere called attention to the dyspnea
caused by a lowered biearbonate nduced by hyperventilaton in |
1men 1n high mountatnous regions when the-e subjects are returned
to sea level It s our belef that a similar mechanism may become
mvolved 1n some patients with pulmonary emphysema as a result
of excessive lowening of base

That the increased work of breathing itself adds to the accumu-
lation of COs, desenibed by Cain and Otis and by Riley as the
basis for the adaptive mechantam by which the hody tolerates a

1se 1 CO, tension, was mentioned in Chapter 14 by Cherniack

The latter author report» onginal data which revealed that l.m“l
the elastic and v1scous work of breathing ts reduced by admins-
tration of bronchodilator drugs and Beek (Chapter 7) showed that
balation of the-e acrosol mereased expiratory flow rates of the
natural and mechameally mduced cough, with an accompanying
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microbial drugs Because of their freedom from sensitivity reac.
tons the broad spectrum antibotics are frequently employed,
especially tetracyeline, for a period or five of six days or longer as
indicated
The control of chionie suppurative disease of the bronehi is
mdeed difficult. The etwlogic agent may not always be detee-
mned by the methods now at our disposal In this country the
Staphyl 15 frequently isolated whereas Mulder has de-
seribed the Hemophilus influenzac as pathogenic in a high majonty
of cases Smce antibtotic treatment results in some series of eases
i the disappearance of organisms such as Strepiococcus riridans
and the Staphylococcus, as well as the disappearance of the I
mjflucnzae orgamsm, thrs method of determining the actual cause
of infection dacs nat offer certain proof. It would appear that
<ince the special methods required for cultivating the more fastidi-
ous strains of H wmfluenzac are not conunonly employed, vara-
tions in the reports of sputum cultures may be traced o varying
teehnique A vanety of nuero-organisms will disappear from spu-
tum cultures with the use of broad speetrum antibioties, espeetally
when combined with adminstration of streptomycin
Sensitivity studies are nevertheless indicated. In many caces a
_sample of sputum may be streaked on a blood plate and the vari-
ous sensttivity disks then placed on the sputum smear. If a large
area of minhtion 15 found around a thsk, the drug which revealed
thss mhibsting effect may be found clinically useful Unfortunately,
the problem is not stmply determined in that way since rome of
the organisms may be suppressed but others may grow in varying
degree around the disk However, if the sputum changes from
puralent to myuenid during nntibiati‘?}]qmpy the program which

was responsit *~ alteration sh . ntinued. Senitivity
tests at this { be misleath: . e pathogenie agent
may no longe “inthesp : ~s and the organi-ms
which then vy bet «1 not the cause of
infeetion In ce a haeterial flora may
cultivated “sof tr o “pvasion.
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mucrobial drugs Beeause of their freedom from sensitivity 1cac-
tions the broad rpectrum antibioties are frequently employed,
cepecially tetracy chine, for a period or five of six days or longer as
ndieated.

The control of chrome suppurative disease of the bronehi is
mdeed difficult The etiologic agent may not always be deter-
mined by the methods now at our disposal. In this country the
Staphylocoeeus 18 frequently isolated whereas Mulder has de-
senibed the Hemophibus tnfluenzac as pathogenie in a high majonty
of eaces Smee antibiotic treatment results in some series of cases
m the disappeatance of organisms such as Streptococcus viridans
and the Staphylococeus, as well as the disappearance of the i
wnfluenzac organt-m, this method of determining the actual cause
of infection does not offer certain proof. It would appear that
~inee the spectal methods required for cultivating the mote fastidi-
ous strains of # wnfluenzae are not commonly employed, varia-
trons i the reports of sputum cultures may be traced to varying
technique .\ vanety of micro-organisms will disappear from spu-
tum cultures with the use of broad spectrum antibiotics, espeeially
when combined with adnunistration of streptomycin

Sensaitivity studies are nevertheless indicated. In many cases s

_sample of sputum may be streaked on a blood plate and the vari-
ous sensitivity disks then placed on the sputum smear. If a Jarge
area of inhubition 15 found around a disk, the drug which revealed
this inhibiting effect mav be found climeally useful Unfortunately,
the problem 1s not simply determined 1n that way since ome of
the arganisms may be suppressed but others may grow it varging
degree around the disk. However, if the sputum changes from
purnlent to mucoid during antibiotic therapy the progiam which
was responsthle for this alteration should be continued Seneitivity
tests at this ttme may be misleading since the pathogenic agent
may no longer be found in the sputum cultures and the organisms
which then grow out may be secondary aud not the cause of
mfection In many instance a gram-negative bacterial flora may
be cultivated for long periods of time without evidence of invasion
If the sputum suddenly becomes purulent again these secondary
invaders may be ineniminated and treated in the manuer suggested
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ial drugs Because of their freedom from sensitivity reac-
the broad spectrum antibioties are frequently employed,
iy tetracyeline, for a period or five of six days or longer as
ted.

. control of chronic suppurative disease of the bronehi is
difficult The ctiologie agent may not always be deter-
d by the methods now at our disposal In this country the
phylococeus 1 fiequently isolated whereas Mulder has de-
ribed the Hemophalus influenzae as pathogenic in a high majonty
of cases Simec antibiotic treatment results in some series of cases
in the disappearance of orgamisms such as Streplococcus viridans
and the Staphylococcus, as well as the disappearance of the .
wflucnzac orgamsm, this method of determining the actual cause
of mfection does not offer certain proof It would appear that
since the special methods rerquured for cultrvating the more fastidi-
ous straws of H nfluenzac are not commonly employed, vana-
tions 1n the reports of sputum cultures may be traced to varying
technique A varety of micro-orgamsms will disappear from spu-
tum cultures with the use of broad spectrum antibioties, especially

when combmed with administration of streptomyem
Sensitivity studies are nevertheless indicated In many eaces a
,sample of sputum may be streaked on a blood plate and the van-
ous sensitivity di<ks then placed on the sputum smear. If a large
area of hibition 15 found around a disk, the drug which revealed
thus inlubiting effect may be found clinieally useful Unfortunately,
the problem 1= not simply determmed 1 that way since some of
the organisms may be suppressed but others may grow in varying
degree around the disk However, 1f the sputum changes from
purulent to mucoid during antibiotic therapy the program which
was responsible for thus alteration should be continued Sensitivity
tests at this time may he musleading since the pathogenic agent
may no longer be found 1n the sputum cultures and the organisms
which then grow out may be secondary and net the cause of
infection In many mstance a gram-negative bacterial flora may
be cultivated for long periods of time without evidence of invasion.
If the sputum suddenly becomes purulent again these secondary
invaders may be mertminated and treated in the manner suggested
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. The mercasing interest in the employment of surgical procedures
in patients with pulmonary emphysema has been made the basis
of Chapter 16 by Deterling, in which the criteria and results of
the various measures proposed have been deseribed. It is now
clear that excision of bullous or cystic disease of the lung is fol-
lowed by elinieal improvement, often of marked degree Increasing
expenence m the use of diagnostic methods of determining the
site and extent of the more diseased parts of the lung wilt un-
doubtedly stimulate further attempts to relieve the dyspnea of
these patients by surgical procedures A recustribution of air to
more normal parts of the lung undoubtedly follows the extirpation
of bulous relatively nonfunctioning tissue Perhaps the use of
prednisone to place the patient in an optimal state of lung function
by relieving bronchospasm may be of help in operations of this
kind It would scem to the wnter that the argument to allow the
lung remaining after 1emoval of the diseased portion to expand
iz more sound than the employment of space fillers. Tlus point of
view 18 supported by the evidence deseribed by Deterling, as well
as by the studies 1eferred to by Beck and the writer.

In Chapter S by Levine, the importance of combined antibiotic
aerosol therapy and bronchial drainage 15 emphasized The m-
provement abtamed by the use of exsufflation in cases of pulmo-
nary emphysema was deseribed not only in cases of suppurative
bronclitis or bronchiectasis but 1n those with mucoid sputum as
well The result of inflating previously unventilated alveoli by
ugh mspiratory pressures was considered of special value in pro-
moting drainage His stuches confirm the safety of this procedure.

1t 15 of interest to mention that aerosol therapy not only results
in high antibiotic sputum concentrations not accomphshed by
systemic therapy, but that the parenchyma of the lung itself 15
reached by the antibiotic when admimistered in adequate dosage,
1n part through the drug absorbed locally and in part as a result
of the blood concentration achieved by means of alveolar absorp-

n
h()\\'ith the use of the precautions outlined in Levine's chapter,
the side effects at times encountered appear to be prevented 1n
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the majority of cases In cases in which the mnfection is controlled
by 500,000 units of peniaitlin daily, with or without 05 gm of
streptomyein, mhaled as an acrosol m divided doses, the bowel
complieations of broad spectrum antibiottc therapy have not been
encountered, since the normal stool flora are Iittle altered 1f at all
Bickerman has properly stated that the use of predmcone is
preferred to that of cortisone becauce the newer steroid does not
result 1 salt and water tetention n dosages ordinanly required
for the treatment of pulmonary emphysema In the older age
group passve pulmonary congestion, of moderate or of shght
degree, was not mfrequently due to cortisone admimstration but
even 1n caces of cor pulmonale and left ventncular insufficiency
tns compheation bas not been encountered as a result of predni-
sone treatment However, the aim of therapy should be the relief
of severe bronchospasm by the combined employment of broneho-
dilator drugs, aerosols and potassium 10dide as well as prednisone,
and not simply predmcone alone Many 3 ears of expenence have
demonstrated the relative harmless of the older d
which have been preseribed for the relief of astlmatic dyspnea,
and, therefore, they should be primanly rehied upon for main-
tenance therapy whenever possible in addition to the symptomatic
benefit they may cxert during the employment of predmsone for
the control of more severe impairment of resprratory function
TEven n cases 1n which long-continued predmsene treatment is
de<irable, the use of bronchodilator medication and other alhed
drugs should be continued 1n order to deerease the dosage of the
steroid hormone to a runimum This means that the patient 1s
nformed that wheezing of some degree 1s desirable provided that
mgcmon of ummoph\ Ihne and or ephredrine and inhalation of
1 produces ad te reltef The patient who
is pleased with the fact that he ecan dispense with the nebulizer
and other drugs 1s overdosed with steroid therapy My opinton 15
based on the fact that a smaller requirement of prednisone 1s
thereby possible An additional safety factor is provided by rou-
tine admimistration of aluminum hydrovide or ealcium carbonate
two hours after meals and at bed-time Of 100 patients or more
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on t}\is program none have developed gastric or duodena] uleer,
as disclosed by symptoms However, gastrointestinal x-rays have
been performed 1 only 15 per cent of this group

The.fﬂctor% resulting i the development of cor pulmonale have
been vividly desenbed by Richards and Fishman. The restriction
and altered distensibility of the pulmonary vascular bed, arterial
hypoxemia and polycythemia with hypervolemia are emphasized,
the latter two arc especially susceptible to treatment Since acute
hypoxia of sufficient degree consistently elieats pulmonary hy per-
tension, measures to reduce the factor of oxygen-want are inds-
cated The range of these procedures 1s wide indeed, as has been
previously discussed, as well as mn respeet to oxygen admimstra-
tion, especially its employment by a continuous rather than an
wmtermuttent technque

The value of 1epeated small phlebotomies in eases with poly-
cythemia has been stressed only in cases with evidence of increased
blood volume, z ¢, the congestive failure state. Polycythemia of
moderate degree 1s not in 1teelf an ndieation. Digitalization, low
salt diet and the mercurial diureties are indicated as in other forms
of cardiac msufficiency The differences in prognosis as well as m
management between the cases of acute and chronic cor pulmonale
have been clearly set forth in Chapter 15

Measurements of respiratory function, illustrated in Chapter
17 by Meneely and Calloway, include techniques of differentiating
between obstructive and 1estnetive ventilatory msufficiency. In
additron to the tests deseribed 1n this chapter, the quantative
cifference between the pulmonary ventilation breathing air and
100 per cent oxygen, as well as breathing air in the head-down
position, has been emphasized m the chapters from our clmic as
procedures w hich reveal alterations that are spectfically applicable
to most patients with pulmonary emphysema. In cases in w hich
the artenal oxygen saturation 15 normal or nearly normal, lxypcx:-
ventilation is produced by shght or even latent hypovia, mani-
fested by the prompt decrease n ventilation when a pure ov3gent
atmosphere 1s mhaled It would appear that the mayonty‘of these
patients maintain a heightened minute volume of breathing with
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265 to 464 cc. 1n the former and from 88 to 132 ce. of air per
minute in the latter

It should also he mentioned that although a 100 per cent oxygen
concentration 1s employed as a test for the determination of the
ventilation with air and oxygen, high concentrations are not used
therapeutically in these cases. A marked decrease in the volume
of breathing does not take place with low oxygen concentrations,
1¢, 25 per cent The diminution in ventilation which may occur
n the chnical treatment of patients with oxygen therapy is onc
of the advantages of treatment since a graduated increase mn the
concentration of oxygen inhaled by the patient does not, with
the regtmen employed 1n our clime, produce an uncompensated
respiratory acidosis, as has been emphasized in the preceding
chapters
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Bronchitis- Continued
10 pulmonary carcinoma, heart failure,
tuberculous or mycotic 1nfection,
324

muscle hypertrophy 1n, 321

pathogenie bacteria responsible de-
rived from nasophary nx, 331

possible precipitating factors, 326

unencapsulated H tnfluenza 1n, 320

Bronehitis, chrome

antimicrobral drugs, dosage schedule
(table), 340

antinucrobial therapy (table), 332

antimierobial therapy duration 1n
chronie brenehitis and bronchiec-
tasis, 342

bactenal species responsible for symp-

tomatology of, 320

INDEX

with or without I P P.B , continued for

several months, 303
Bronchospasm:

adds to retention of secretions, 218

adrenergic agents 1n, 146

allergee factors in, 7

anticholinergic agents, 154

Demerol in, 168

ephedrine sulfate 1n, 146

epinephrine, 2 5 per cent racemie, with
and without atropine, 1suprel,
148, 149

ether as retention enema, 167

Founler’s solution 1n, 11

hormonal factors in, 11

m pulmonary emphysema, rehef of, 145

irk’s typhoid vaccine, 160

potassium iodide, 162
d dosage, 129

an witro y to
drugs of bactena potentially
pathogeme 1n chromc bronehitis
(table), 33

possible relationship of ARD (or APC)
viruses, 332

prevention by antimicrobial therapy,
344

role of bactenan, 329
with emphysema, 323
Bronchoconstrictors—cyclopropane,
morphine, sodium salts of pento-
thal, phenobarbital, barbital, am-
ytal and nembutal, 167
Bronchodilator aerosols
current methods of therapy with, 290,

206

drugs and methods, 153, 208

effect on elastic and viscous work of
breathing (graph), 368

effect on resprratory acidosis, 367, 368

effect on vital capacity i patients
with obstructive emphysema (ta-
ble), 151

1n cor pulmonale, 406

paychosomatic factors, 11
Bullous emphysema from recurrent epi-
sodes of bronchrolitis, 323
Bullous emphysema, surgical manage-
ment, 431

Carbon diovide.
acidons, 43, 365
as therapeutic gas largely abandoned,

, 164
breathing, effect on pulmonary artery
pressures, 399
breathing, pulmonary blood flon-
pressure relationships dunng, 30
content raised by ovygen inhalation,

13

elimination/elevation, adaptive mech-
snism (chart), 41

elimination 1n advanced pulmonary
1nsuffcrency, 407

ugh concentrations not pecessarily
alarming, 60 )

in hiccough and postoperative atates,
49

1 regul of respiration, 362

Iength of treatment and 207

h latory response, 307

P for 206
promote expectoration, 175, 176

narcosss, 1 PP B useful, 304, 371
v acidosts), 43,

with or without IPP B,
of objective findings, 302

narcosts, (resp
303, 365
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Cor pulmonape Continyey
Physiologe mterplay evolutiop of,
403

Pulmonyz, artery Pressiureg, 40,

pulmon'lry emphysemq major cause
for, 322

pulmml:ﬂ'\ trntmcnt, 406

TeUer of hypovy m, 07

0 bery I, Brantlomatoy,, 1y,
" divsenunated fype, o themat gy,
i1g

in Pertartersy, nodosa, 119

in pulmongy, Mphysemq, 19, 129

0 pulmonary fibrous, 119

10 scleroderm, 1y,

ndicatipny for use, 125

ph.lrma(‘ologlc Aspeets, 199

Cortisone

{or rojes of bronehq) ubqrruclmn, 37

m bronchy) 8sthma, 115

™ pulmonsyy, emphy e,y 1oy

m pulmogapy mphs sepy, (contruyy,.
\ 126
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fat deposytg (Photograph) p34
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emphysema, 131
Cough
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¢S eliminggion

78

elimeat benefis of, 92
eXCursion of

effeet gn diaphragy,
after fuy inspiration png expir.
on (x.ray ), oG
facilitnteq

n Supine Position yyqp
Weighted bag, 189

With thorgy tlted 250, -down, 152
"aphragmagre movemen

Jover 1n patients With severe emphy .
sema, 352
of lungs 1oy 2N &en method for gty
Minng, 249
n‘lnlwely Unmportany 4, Renernlized
A Obatruction, 3
Atudies proyrga evidence regr i,
function of alyeopyy walls, 35
Digosin, effeey iy ght heart fopyre
(graph), 303
Duurcties,  ofocy on peO,
(&raph), 350

arteral
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Headward tilt of thorax, 87, 182
diapbragmatic excursion increased, 182
effect on upper costal breathing, 90
pulmonary  ventilation  decreased

(graph), 92

Heart fatlure
bronehitss 1n, 324
1 respiratory acidosis, 368
oxygen o left or nght-sided failure, 55

Helium-oxy gen
effect of under continuous pressure of

4em H.O (chart), 51
1 asthma, 52
10 Ches ne-Stohes’ dyspnea, 51
1n ebstructive dy spnea, 53
1n partial obetruction of larymy or
tracbes, 52
i pulnionary emphy sema, 53
1 respsratory seidosss, 370
1 status asthmaticus {case report), 51

Hilum, well-preserved alveoh nesr, 5

H nfluenza
probably pnmary cause of bronchitis,

332

(unencapsulated) 1n bronchitis, 320
(unencapeulated) snfection may fol-
low 1nfluenza, measles and pertus-
518, 341
Hydrocorttsone
a3 standard for computing potency of
predmsone, fluorohy drocortisone
and aldosterone, 122
1n pulmonary emphysems, 128
Hj peradrenalism ewvidences of, 135
Hyperearina, acute effect upoa pul-
monars eirculation (graph), 400
Hypercarbia, in eheiting  pulmonary
by pertepsion, 399
Hy perventilation
alkalosis, harmfu! effects snduced by
1y povia, 21
avordance of, 10t
diaphragmatic respiration for, 105
effect on physological function of
tungs, 13
1ts use tn attempt to decrease acute
bypouiz, 36
signs with EWN P, 206
sy mptoms, 40

INDEX

syndrome, 88
ne EW NP 207
Hypervolems, 306
Hypoxemia.
acute, role 1 eliciting pulmonary
hypertension, 397
cardac output, 306
chrome, role in efictting pulmonary
hy pertenston, 305
1ncidence of, 68
mechanisms by which chronic hy-
porenua contnibute to pulmonary
hy pertension, 396
rapid rehef with body-type or face
mask resprrator, 303
relation between degree of hypoxemia
and level of pulmonary hyper-
tension, 375
Hypoua+
acute, effect on pulmonary ctreulation
{eraph), 308
acute, elicats pulmonary hy pertension,
308

acute, heart function, 24

acute, hypervenilation alkalosis m-
duced by, 21

acute, pathologic changes, 17

acute, pulse rate increase, 25

adrenal glands senaitive to, 18

arterial, acute and chronic, 16

artenal, oxy gen treatment, 81

artertal, senstiivity of chemoreceptors
0,23

behavioral symptoms, 23

cerebral effects, 17

ereral tn maintaining dy epnea, 20

diet, eflect of, 37

due to depression of resptrators” ceater,

3

effects of on lungs, 18

effects of on mental functron, 3

effects of reeidence at high moun-
tainous places, 26

1n congestive failure, 32

1 cor pulmonale, relzef of, 107

1 overdose of barbiturate, 3t

in pulmonary emphysema, ehanges
produced by relief of, 26
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increasing Tesistance to, ammontum
chloride, 34, 35

1nertia due to, 26

inttiating mechanism for increase tn
nght ventneular work, 402

hiver and kidney susceptibihity to, 25

patholope physiology, 19

severe, effeets of, 21

gymptoms and signs, 23

Index of intrapulmonary miuing, defini-
tion, 465
Infection, role n chromic hy pertrophic
pulmonnry emphy sema, 321
Inspiratory intercostal muscles, contrac-
tion of, with elevation of thoracie
cage, 85
TInspieatory resistance (llustration), 272
Intermittent posttsve pressure breathing
adjunct to contrnuots nebulization of
aerosals of bronchodtlator ty pe, 73
admemiatration of bronchodilator drugs
by,
aerosols with IPPB  compared to
bronchodilator aerosols alone, 301
branchedilator doasge, 2
circulatory effects, 292, 299
eflectsve i acute ratention of GO, 30
explanttion for vanety of effects re-
ported from wse of, 300
10 CO- narcosts, 371
in pulmonary emphysema, 73
1n respiratory acidows, 31, 77
Inerease of respiratory minute volume,
0.
mechamsm of, 200, 205
p-mcm 's cooperation cssential, 000

Intra-abdominal pressure mcre:ucd by
sandbag, 99
Intra-alveolar pressurc mechamsm i
ulmonary emphysema, 177
Intractable bronchospastn sce Browcho-

spasm
Intragastric pressure curves, compartson
during normal respiration, hyper-
ventilation, durtng n:tural cough
and dunng EWN P,
Intrapleural pressure, §4
Intrapleursl pressure, effect of diaphrag-
mwtic movement on, §7
Intrapulmonary g1s mixiog, 495
Intrapulmonary preswure, relstion of
tung volume 1o, 76
Intrathoraese ayrways are expiratory
chechvalves, 275, 27
Intrathoracic pressures ultumed duneg
cough, 191
Todne ralzs 1n bronchospastic states, 162
Todine therapy, side effects, 163
Todism, corticotropin and adrenal ster-
ods, 163
Ipecac for patients hypersensitive to
ides, 163
Ischemue hypoua, 33
Ischerme hy poxia, ovy gen in, 31
Tsoproterenol
acrowol, tmmedinte effects 1 vital
ety and maumal breathing
eapnerty with or without IPPB
(table), 301
as bronchodilator, 153
eicculatory sule effeets, 297
sublingually, 133

, 39, 2%,
.“-’99
preumotborax with, 207
posuible supersontty to bronchodilator
acrosol alone in younger pitients,
203

respiratory effects, 293
respiators minute volume, 1P T B
causea vanable increase of, 293
to overcome altitude hy poxea, 77
Intervertebral desca 1n senescenco, 103

ques of
15t

Isupre! aerasol, results of pulmonary
function tests before and after
{table), 302

Tsuprefint elunination of secretians, 194

LKhellin aneffectrie in treatment of pul«
monary emphy sema, 160

Kurk's typhord saeaine for mtractable
broochapasm, 160
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Kiebsiella preumonige
pematlin not effectsve 1 treatment,
5

regimen for treatment, 335
usually susceptible to tetracyclines,
chloramphenicol and streptomycin
n eitro, 335
Kyphotie deformity n semle emphy-
sema, 110, 113, 114

Laryngeal consteiction, heltum-ovygen
In, 49, 52

Leamng forward position and emphy
scma belt, combined effeet (iflus-
tration), 89

Left ventricular disease and emphy sema,
405

Liquefying agents, 377

Liver and hdney gusceptibility to by-
poxa, 25

Lordotie posture
pansion, 86

Low oxygen method for determining dif~
fusing capaeity of lungs, 39

Lung defect 1n pulmovary and semle
emphysema, 2

Lung distention, statie aspeets of, 250

Lung tenston, 262

loss a result of anatomic emphy sema,

excessive chest ¢x-

266
Tung velume relationships, compl-
ance (figure), 259
parallehsm hetween bronchtolar dt-
ameter, lung tension and lung
volume, 259
ts arr flow n distmbution of ar
(x-ray}, 26¢
Lung volume
and subdivietons with P’zppenhermer
Comnuttee nomenclature (figure),
462
decrease result of efevating dia-
phragm, 91
measurement, changes in sentle em-
physema, 111
relation betneen jung volume and
checkvalve elosure, 276

INDEX

relatron to apphied intrapulmonary
pressute, 65

variation due to change 1n anatomzesl
location of dizphragm, 458

Lungs.

atrophy in senescence, 110

diffusing eapacity, esplanation of de-
termining, 49

diffusing capactty 1 patients with
pulmonary emphysema, 318

diffastng capacity, low oty gen method
for determimng, 319

hyperventilation eflect on physiologi-
cal function of, 13

hypoxia, effect of, 18

in senhiy, 110

redaxation pressure, 10, 81

weight change n semtlity, 110

Manual compression of lower nibs, 100
Manual compression of thoray (llustra.
tion), 101
Mash pressure curves of varous I P P B
apparatus wmith LW.N P, 77
Maumum breathing capacity
defimtion, 464
determenation of, 470
1n aged, 112
spirographic tracings during predni-
sone therapy, 133
Mavimal diffusing capacity, 350
companson with normal value (equa-
tion), 351
elastance vanes with, 334
mn chrome obstructive disease of air-
nays, 333

Mechanical exsufflation supersor to con-
ventional respirator, 371

Mechamesl hyperventilation, LI.UHB
or LWNP, 177

Mechameal methods of treating seaira-
tary acrdows, 31

Mechameal relationships of functional
reapiratory unit {diagramy, 254
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Mechanical resistances to e overcome
by respiratory muscles 1n produe-
1ng lung ventilation, 313

Mechameal respirators 1 CO; retention,

108
Mechanteat work necessary to ventilate
fung 1n emphysema, 314
Mechanies of local obstructive emphy-
sema, 251
Mental function
3 a result of hormone therapy, 137
effect of hypova, 3, 20
Mependine, see Demerol
Meter mask
admmstration of helwum-ovy gen, 53
advantages over BL B, 70
oxygen tent with injector, 64
Morphine contrandicated 1n asthma and
pulimonary emphysema, 163
Mouth rebreathing hag techmque llus-
tration), 150
Mouth to mouth insufilatton, 77
Multipie factor theory, 472
Muscle hypertrophy 1n bronchitis, 321
Muscles (intercostal) 1n sembity, 109
Muscles of chest wall in semlity, 109
Muscularexercisein bronchsal asthma, 12

Nasal catheter, oxy gen 1n CO. retention,
503

Nebulizers for admunistration of thera-
peutic aerosola, 149, 223

Neosy nephnin for bronchodilatation, 150

Nephenalin, 150

Nikethimide as respiritors stimulant,
E

Ohesity
barrel shaped chest, 10
factor i posture, 10
Obstructive dise sse of airnays, maumal
diffusing eapaerty, 353
Olntruetive dyspnea
helum-ovy gen 1n, 53
poative pressure breathing, 74
printal methylaulfite, 155
predmsone and prednisolane, 129
theophy hne, 135

QObtructive emphysema
cardia¢ output 1 chronic by povemia
due to obstructive emphysema,

396
effect of bronchadilator aerosol: on
vital eapacity (table), 151
1n children emergency resection, 412
respiratory acidosis 1n, 357
signs and «y mptoms caused by ohstruc-
tion of airnays, 35+
Obstructive ventilatory nsufficiency
defimtion, 476
timed wital erpacity (llustration), 474
Orthnpnea appatently but not neces-
sunily charactenstic of bronchual
asthma, 105
Orthostatie dy<phea, 10
Osaillating bed a8 vanant to head-down
position, 228
Osteoporesss <erious side-effect of pro-
longed steroid therapy, 137, 133
Ougen
air volume delivered nto tent, hood
or musk at different ovygen set-
tings of njector (chart), 66
1y mash, 38
by nasal catheter 1n CO; retention, 303
Ginopy with anside and outside zipper
(photogeaph), 65
concentration 1n tent with injector, 65
cost of breathing high 11 emphysema,
314

decrerse m nrtenal pCO; 10 patient
with cardinc 1osufficiency (chart),

60

effect on artenal blood CO, , 58

effcet on pulmonary ventilation, 29,
171

exereise program  techmque, 69

fugh concentrations of, 200

1 cardite asthma, 7

 cereliral thrombouts, 33

i coronars thromhoss 31

i aschemie by powia, 34

i left or might heart furlure, 53

m presence of respiritory depression
and ucwdoss, 31

in pulmonary emphs sema, 51, 58
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Oxygen: Continued
m pulmonary fibrosis, decrease 1n
arteris) CO; content after pul-
monary rise (chart), 50
in raising CO; content, 43
i respiratory acidosis, 370
increased excretion of chlondes follow-

ing, 63

mhalation significant in reduction of
dyspnea, 63

lessens work of breathing, 43

mental 1mprovement, 27

respiratory  acidosis  manifestations
preaimtated by, 365

therapy important tn hypoue condi-
tions, with hyperventilatien pro-
cedures when ndieated, 61

Oxygen removal ratio, defimtion, 164

Paradovieal duaphragmatic motion 12
emphysematous patient, 188
Paresthesins controlled by adjusting

dose of steroid, 137
Pathogenesis of senle emphysema, 113
Pathogenetic influences 1n chrome pul-
monary emphysema, 1, 4
Pathologie changes from acute hy posia,
17

Pathologic considerations of semle em-
physema, 113

Pathologie physiologs of hypovia, 19

Pathophy siologie alterations 1n pulmo-
nry emphy sema stimulate patient
to sssume leaning farward stance,
181

3
Pathophystology of neurologre mamifes
tations of respiratory acidosis, 365
Pathophysiolog of respuratory acidosis,
35

Penicillin gerosol (particle smze), 331

Pemeillin, amount to be used 1 broncho-
pulmonary infection, 222

Penstaltic action of tracheobronchial
tree, 189, 190

Personality changes from chronic sno%in,
2

eton

Pharmacologre therapy

INDEX

tr management of pulmonary emphy-
sema,

Phlebotomy in cor pulmonale, 409
Physicsl fitness, role in emphysema, 2
Physiologic therapy.

description, 144

sr pulmonary emphysema, 4§
Physiologic dead space 1n ventilation,

Physiologic events Jeading to develop-
ment of CO; retention in emphy se-
matous patients, 310

Physjologic studies during pneumo-
penitoneam, 209

Ppeumoperitoncum.

far incresaing bronchial drainage by
improving venttlation, 175, 208

18 achieving bronehial draage, 178

i pulmonary emphysema, 208, 375

1n respiratory acidesis, 218, 375

oxygen saturation studies, 209

pulmonary function studies in pul-
monary emphy sema, 209, 210

pulmonary function tests, 209

results of introduction of too much
air, 2

roentgenographic stuthes, 203

venous pressure decrease indicates ef-
fectiveness of, 215

venous pressure rise* evplanation, 215

Ppeumetachygraphy smportans to thn-
ieal mamfestatrons of chest dis-
ease, 287

Point of closure, detection of, 256

Poliomy ehtis

respicatory paralyses, 86
tank respirator for muntatuing artifi-
cial respiration, 73

Poly cythemia in putmonary emphy sema,
44,3

Pofymywin B only agent of significant
activity rs  Ps. gerwgirosa cul-
tures, 338

Positive pressure  breathing:

slteratians as resuit of, 76
elineal appheation, 71
decrease of altitude by pova, 37 \

effect by me,

n of retamed
161

%
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Pulmonary cireulation Contenued
effect of acute hy povia on (graph), 305
effect of retention of blood, 386

Pulmenary congestion alters elastie

properties of lung, 369

Pulmonary cysts (congemital), emer-

Fency resection, 412

chrone bronchitts, frequent associa-
teon, 3

crrenlation in, 383

comparison with patient sitting erect
and head down, 93

contrmndications for use of aldec
steroids, 126

Pulmonary cysts, drainage
by eatheters, 427
Pulmonaty edema
poutive pressure inhalation of ovy gen,
pressure breathing, 72 74
Pulmonary elasticity, effects of decrease
1n, 385
Tulmonary emph)sema
allergic aspects n pathogenesis of, 9
alveotar hy poventilation in late stages,

alveolar ventilatron/perfusion ratio,
large vanations in, 2

alvealar  ventilation
greatly increased, 204

wmunephy Mine by mouth in, 156

ammontum chlortde in, 35

ammomum safts of httle value, 163

antreny], 155

artersal blead ehanges (table), 304

artertal b povia, 16

wssoctated with non-tuberculous pul-
monary nfectton (table), 322

Banthine, 15%

barrel chest, 178

btood flow through vartous organs, 402

bronchial drain ge, methods of ading,
173

bronehial obstruction im, 119

broneluectasis low 1n, 323

bronchitis uswally of infectious ongin,
9,

unevenness

bronchospasm, relief of, 145

positive pressure breath-
ing, 79

cor pulmonale 1, 383, 403

ecorticosteronds 1, 119, 126, 120, 130,
o

corticotropn, chineal effects (table),
130

corticotsopin, effect on pulmonary
function of patients with, 129

corticotropen, produced advere mde
reactions (tablej, HO

cortisone and hydrocortisone in, 128

decrease from headward tilt of therax
(graph), 02

diameter of chest increased, 178

duaphragmatic venttlation smportance
of, 179

(diffttse)  accompanies many  other
chronie pulmonaty canditions, 300

diffusing caprenty of lungs m patients
with, 348

d3 apnea of, 312

dysphen treated with continuous pres-
sure, 77

elumination of bronchtsl secretions, 161

fluoroscopy for early diagnows, 416

gases 1n, 16

hehum-oxy gen an, 33

“fngh output fajlure™ 1a, 401

gk volume flaw rates, 192

hermones 1o, 123

by powa tm, changes induced by relief
of,

wfectton yn chrome hy pertrophie, 321

infectious bronchiohites and, 323

bronchospastie, histamines  disap- intermittent positive pressure breath-
posnting, 146 g, 73
eause for chrome cor le, 322 Iveolar pressure h 3
177

cerebral blood flow, 403
chetareceptors, role in dyspnea of,
30

intrapulmonary pressure, 16
leamng Forward postion, 150
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Restdual volume increased in senility,
m

Resistive component of total energy
expenditure required to ventilate
lung, 315
Resistive work 1n emphs sema, 315
Respiratien
affects areulation, 385
exerarse to improve mechanies of (in
aged), U7
mechanical mds, 370
re@ex and chenueal control of, 45
review of early studies on, 45
role of CO; and anovia, 362
Respirator
body-type or face mask for ramd relief
of hypevemuz, 303
cuirass rs tank type, 2352

INDEX

physiologic effects, 361
[pheumoperitoneum, effect of, 216, 375
preventive therapy, 378
Drognosts tn management of, 304
retention of COy, 58
sodium lactate ntravenously to re-
store plf, 378
therapeutic procedures relative to de-
velopment of, 311
treatment of, 57, 366
Respiratory alkaloats 1n respirator pi.
tient, 500
Respiratory  exercises
atrophy”, 117
Respiratory function tests, 453
air oxygen ventilatory differcnce, 171
timed vital eapacity 1o obstructive
ventilatory wsuffieiency (illustra-

for  “disuse

Driaker type for CO, narcosts, 371 tion), 474
Respiratory acidosts timed wvital capacity 1n restrictive
acute, b hodil: m, latory (illustra-
368 tion), 474

adaptive mechanism, 360

alveolar hypoveptilation, 358

aminophylline in, 368

antibiotrcs 1n, 367

tronchodilators 1o, 367

change 1n pH when thorax nas tilted
hewdward, 186

chronic CO; retention with, 303

climesl signs, 364

Dramox 1n, 170, 369

electrophrente respiration, 371

EWND o, 207, 3l

factors responsible, 364

hebium-oxyzen in, 370

heart failure 1n, 369

10 chronte obstruetive emphysema, 357

1eternuttent positive pressure breath-
wg i, 77

IPPB and bronchodilator therapy
(geaph), 375, 376

mechanical methods of treating, 31

mental chapges, 365

otygen adminstratron 1, 370

pathophy stology, 358

pathopbysiology of neurologic mant-
festations, 365

total lung capacity: definition, 463
Respiratery gas exchange, 407
Respiratory jnfections in aged, anti-
broties, 116

Respiratory infections of viral origin, 325

Resprratory nsufficency seldom severe
10 semihity, 117

Respiratory insuffictency, technique of
treatment, 427

Respiratory mechamsm adapts itself to
prolonged duisturbances of pCOs
level, 363

Respiratory paralysss-

prevention of CO; acidosis, 32

tank respirator, 78
Resptratory physiolugy, applrcation m

pulmonary cmphyserma, 16
Respiratory stimulatton, benetit from,
30 sititude hypoxia, 36
Respiratory tract, review of methods by
which secretions can be expetied,
w3
Respiratary work )
analysts with reference to resistive
forces, 31§
estamation of, 313



INDEX

Restrictive ventilatory defect, defini-
tion, 477

Restnetive  ventilatory  insuficiency,
timed vital eapaaity (llustration},
T4

Tub squeezsng apparatus, 101

Tught heart catheterization, 390

Right hert faslure

acute, in chmmc cor pulmonale, 403

543

thorax, structural changes in, 108
vertebral bodies, partial collapse, 110
“Small chest” emphysema 1m aged, 113
Sodium lactate wyection 1n respiratory
acidosts, 31,
Sodium lactate ntravenoitsly for respira-
tory neidosis, 378
Spirogram illustrating effeet of “Day "
tablet on vital capiaty, 159

symptoms, 104
effect of Dlgo“n (rraph), 303
tight heart strown, electrocardiographte
evidences of, 300
Ttight heart pressures in empliy sem and
cor pulmenile (graph), 339
Rubber catheter and plastic cannul for
obtaming graded increase 1n oxy
gen concentration, 55

Safe lunmts for a mawmtained pressure dif-
ference acrows the fungs, 202
Sandbng mereases mira-abdominal pres-

sure and evercises diaphragmatic
muscle, 99
Semle emphy sema
alterations 1n, 108
and h

tracings
of maximum breathing capacity before
and ufter Vaponefrin aerowol, 152
of maimtm breatbing capacity during
prednisone therapy, 133
showing effect of epinephnine aerosol
on vitnl capacity of patient with
pulmonary emphysem, 152
Spontaneous prenmothorax, 424, 438
Sputum
character of, 173
consisteney of 1n suppurative bron-
chutts and putmonary emphysems,
174
examun ition by stwning methods, 173
groes olservation mdieates effective-
nesa of therapentie progrum, 173
(purulent) contmns high percent ige of

. distine
guiching features, 117

atrophy 1n intercostal muscles and
chaphragm, 109

atrophy of the epithehum, 111

bronchial glanda, degeperation, 111

changes in antervertebral dises, 109

chest deformuty, 116

“dwise atropby,” respiratory exer-
crses, 117

doret ky phosia, 113

due to changes in theracic spine 113

kyphotic defornuty, 110, 113

Turg atrophy, 110

Tung volumes mesunrement chinges
n, 11

muscles of chest wall
dehy dration of, 100

Pithogencwis of, 113

Paature in, 9

skeletal muneral conteat, lows of, 110

wasting and

pathogeme bacterta, 330
Starling’s 1w, 387
Static aspeets of lung distention, 239
Status axthmatieus behum oxygen 1
(cnse report), 51
Sterords
adver-e effect on tuberculous,
and anfibioties, 137
and corlicotropin, alternating courses,

3%

mauntenance therapy justefied 1n 1n
tractable avhma, 133

phymologte effects, 122

prolonged therapn produces ostenporo-
s, 137,135

therapentic activity, known and un
known factors, 123

Stumulus response curyes defining senm-

tivity of resprrators mechanism
qllustration), 30%















