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Preface

During the past several years it has been my privilege to conduct
a sertes of lectures on the treatment of chronic pulmonary emphy-
sema This hook 1s a presentation of the priciples and methods dis
cussed therein as the result of laboratory research and practical
clinical experience

An attempt has been made to integrate the physiologic aspects
with the treatment of chromc pulmonary emphysemsa In the generak
outline, we have kept m mind the climical mamfestations and compli-
cations, particularly respiratory acidows and pulmonocardiac eom-
plications, symptomatic treatment, specific therapeutic measures,
and have attempted to correlate the patient’s chmeal mamfestations
with the of s ib 1 'y function Pulmonary
function studies appear 1 Chapter 111, detals of cardiopulmonary
function testing appear in the Appendix Methedology Diviwion of
the subject mto 13 speafic chapters and Appendix 1s arhitrary

A proper understanding of the clinical course in chronic pulmonary
emphysema and rehabilitation of the patient by apphcation of the
measures discussed in this book require physiologic integration The
cyanotie, gasping, hypoue patient may suffer harm, or even die,
from “‘paradovie thempeutlcs if the thempeutxc agent he needs most |,
'y function ¢
studles reveal the defects at various smges of the dizease and can
actually be prognostic of the extent to which many of these defects
are reversible Adequate therapy directed on sound phystologie prin-
aples may promote improvement n ventilation and perfusion, cor-
rection of electrolyte ymbalance, reduction 1 pulmonary arterial
hypertension, and prevent the development of wreversible cardise
damage and failure

The advent of the new antibiotics and hormones has made 1t al-
most mandatory that the diligent physician review bacteriology and

reactions of the patient-host have mellowed our judgment and pre-
pared us for the third stage of bemgn resignation Unfortunately,
v
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the early hopes of eradieating heterogenous bacterial populations
with antibioties and increasing the ability of the patient to withstand
the effects of a variety of stressors by the use of hormones, therehy
mereastng the longevity of the patient, have not been fully realized.

The patient 15 aided consmderably toward rchabilitation by the
phy who ean also ad ter to his mental needs Such a patient
15 easly discouraged and finds 1t difficult to accept the disability that
s caused by the symptom eough, wheere, or shortness of breath.
The prospect of many yveurs of progressive disabihty beeause he has
an improperly functioning breathing apparatus is even more diffieult
for the patient to accept, and requires more shillful handling. In ex-
plamng the nature of the 1llness, the physician whe is not wary at
all times may madvertently introduce 1atrogenie lung disease

Change of occupstion, ur of residence for “climatic relief,” and the
use of oecupational therapy are problems requiring eareful considlera-
tion The physieian should diligently and impartially evaluate all the
ctiologie factors before concluding that the patient’s discase 13 occu-
pattonal m ongin Complete cardiopulmonary function tests can weed
out mahngerers and aceurately determine the degree of disability
The change i mudposition of the lung, the ratio of residual volume
to total lung volume, and the pressure in the pulmonary artery will
definitely determine the true extent of the disease,

Unfortunately, many patients with progressive ehronic pulmonary
emphysema are not able to obtam the treatment prescribed, because
application of many of the newer therapeutte pninciples may throw
too great a financial burden on the patient and s family To many
patients, unfortunately, therapeutic rehabihtation amounts to an
*economie preeription” they eannot fill Our social economue struc-
ture makes it possible for those at hoth extremes of financial status
to obtam the needed help In this day of social enlightenment, how-
ever, 1t appears likely that these benefits will become available to all

Judicious application of the therapeutic principles deseribed should
make 1t possible to give the patient with chronie pulmonary emphy-
sema o much more optimustic outlook than was previously possible.
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CHAPTER !
Introduction and Classification

The term emphysema 1s dernved from the Greek "eudionua or emphy-
<ar, which means “to blow mto, to mflate ” It 1 ysed to devignate
2 vanety of states i which ovennflation oceurs, exther n the lungy
or elsewhere i the body. OGsermflation of the aiveolar saes, pul-
monary rmph_/tcmu may be p\m:ly physiologic (functionall or 1t may
be d with defimte path changes

Confusion exists m the multiphesty of terms and claswfieations
that have been employed to desenbe the different types of emphy-
sema  Puimonary emphysema may be acute or chrome, and the

b ent may be loen}, unii; 3, or diffuse Although vsuaily as-
soctated with other diworders of the heort, lung, chest, or spme, em-
physema may occur mdependently (see Fig 1),

b
Nonpulmonary Emphysema

Nosologeal msnomcrs have served to confuse all these conditions
Although wnferstitial emphysema, also called tnferlabular or medrastinal
emphysema, does frequently imolve mterstitial spaces between al-
veok or broneln, it is not a true alt eolar empliysema The term should
be reserved for desenbing those cases in whieh air escapes from the
alveol or bronchi mto the inter<titia} connectis e stroma of the ungs
and thence finds 1ts way along the perivaseular and penbronchial
sheaths into the mediadtianm 9 The s may further disseet 1ts way
mto pleural and pentoneal cavities, retropentonen! spaces, and sub-
cutaneous tissues in the uppes part of the chest aud hase of the neck

Reentgenograms i such cases may revesl air bubbles ke by
pearls along the hroneht and vessels ™ In short, air enters and rol-
lects in twsnes that do not normally contam pas The mawmfestations
vary with the underlying disorder responable for the mterstital
pulmenary emphysema and the degree of circulatory or resmratary

1



2 CHRONIC I'ULMON\RY EMPHYSEMA

embarrassment resulting from the presence of air under tension (air-
block) Although the amount of mir may be small and resorbed
rapidly, and the patient relatively symptom-free, pain, cough, and
dyspnea are frequently noted. The sudden onset of chest pain, asso-
ciated with an unusual erackhing or crunching sound that is at times
audible away from the chest wall (Hamman’s sign),”® indicates the
presence of a spontaneous mediastinal emphysema. The pain and
dyspnea should be relieved by aspiration of the airblock. Dyspnea
that persists requires scarch for the possible presence of a tension
pneumothorax, rebef of which by water-sealed dramnage may alle-
viate discomfort and occasionally prove hfesaving The inhalation of
100 per cent oxygen will accelerate solution of the bubbles of gas by

« Emphysemn
// \
P
- \
//
NONFULMONARY PuLmoNary
Interstitial emphysema \
Obstrictice Nonobstructue
teroemboliom
ronse ry emy Semle empl
Subeutaneous ! b
emphysema
Acute bullous emphysema Compensatory

emph) sema
Fio 1 —Classifieation of emphysema

“washing out” nitrogen from the alveolar mir and the circulating
plasma

Aer or fissuc emph , 13 also not a truc alveolar
emphysema This problem has been intensively studied in divers and
caisson worhers and in aviation medicine 2 It 1s usually referred to as
“the bends,” masmuch as Joint pam is the most common symptom
In rapid ascents to high altitudes, in the experimental low-pressure
chamber, or in actual flight without the protection of pressurized
chambers at levels above 23,000 feet, the aviator encounters not only
the effects of oxygen want but the effccts of the greatly lowered baro-
metne pressure Oxygen breathing will not protect against the latter.
Under such condstrons, mtrogen 1s iberated w gaseous form into the

2ol




INTRODUCTION AND CLASSIFICATION 3

blood or tissues, 1 bubbles of gas (: bol), ke bubbles
that appear when a bottle of charged water1s opened Sumlar changes
occur in rapid ascents from depths where the diver or caisson worket
has been exposed to pressures of about seven atmospheres, for exam-
ple If the ascent ts very slow and the crrculation of the diver or
aviator 1s adequate, the symptoms may not be too severe, for the
nitrogen will be carried 1n solution to the Jungs and elimmated

The mamtestations depend upon the location of the bubbles, which
consist largaly of mitrogen and water vapor Early ymptoms may be
noted of skin 1iching, crepitus, paresthe=ias, and severe jomt pams,
particularly of the knees and shoulders (“the bends) The jomt
pams are particularly disabling The central ners ous system may be
affected The lungs may be i olved by pulmonary emboh, producing
cough, pawm, and asthmatie breathing—the so called *‘chokes ”* This
Tequires immediate therapy, which consists of attempts to force the
gas bubbles back mto solution by mereasing the atmospheric pres-
sure—through rapid descent of the plane m actual flight, pressure
mampulation m the low-pressure chamber m expenmental work,
recompression In a pressureé chamber, or descent of the diver to deeper
levels

Among other varneties of nonalveolar emphysema to be noted are
the crepitation of subcutancous gas in clostridial infections and the
subcutaneous tnfiliration of air after chest injuries

Pulmonary Emphysema

States of pulmonary overdistention fall mto two groups, according
to their pathogenesis In both groups the common pathologic change
15 an merease 1n the size of the alveolar saes This process results from
an alteration of the normal pressure relationships durmg respiration,
hetween the alveol: and the mtrapleural space on the one hand, and
between the alveolt and the lumina of the large broncht on the other

Under normal conditions there 1s hittle or no appreciable pressure
ifference betneen the alveol: and the trachea, there 1s a shight van-
able differenre between the mtra-alveolar pressure and the intra-
pleural preswure, the latter always tending to pull the surface of the
lungs outward (See Chapter 11} As thus suching force—the mtra-
pleural negative pressure—increases over a long period of time, the
size of the lung mereases with st, with distentron of atveol and the
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may eventually become complicated by bronchml obstruction or
pathologieal processes in the Jung parenchyma,

Chronie pulmonary emphysema 1s generally believed to be the
direet result of chrome bronchitis, It oceurs with, or as a compli-
catmn of, practically all pulmonary diseases—particularly severe

hial asthma, b h is, serious pul 'y mfection, the
prenmoconioses, sarcoidosis, and tuberculosss, Chronie pulmonary
emphysema, the major subject of this book, is one of the most dis-
tressing of the diseases of the lung.




CHAPTER I
The Development of Chronic
Pulmonary Emphysema

I Intrathoract Pressure Relation-  I1 Intrathoracte Pressure Relation-
ships—In Health ships—1In Bronchial Obstruction
IIT Pathology

We prefer the term “chrotue pulmonary emphysema,” defining 1t
as the diffuse, progressive, obstructive, and hypoxic type of chrome
emphysema in which pathologic distention of alveoli has persisted
for some time Since chronte pulmonary emphysema, 13 produced as
a result of alterations 1 the pressure relationships between the vari-
ous structures within the thorax, a clear understanding of these pres-
sure relationships as they ewist i normal health 19 essential for
comprehending the forces that lead up to, aggravate, and perpetuate
the condition

I. Intrathoracic Pressure Relationships—In Health

In wtero, the thorax of the fetus iy collapsed There 18 no air in the
lungs Although frequent “respiratory” mavements of the ub cage
and diaphragm have heen deschibed, these are verv small in extent
When the child 1s born, and placental gas exchange ceases, there 15
an increase in the partial pressure of carbon diovide 1 1ts blood,
stimul the medullary respiratory center, or, more precisely, the
apneustie portion of the respiratory center A volley of nerve im-
pulses 18 sent out, causing forceful co-ordinated contraction of the
external intercostal muscles and the diaphragm The ribs hft upward
as the external ntercostal muscles contract, also moving outward
and forward because of their form and their articulations with the
vertebrae There 13 » re-ultant inerease m the anteropostenor and
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side-to-side measurements of the chest. The ssmultaneous contraction
of the diaphragm increases the vertical dimension of the chest as
well, so that the volume of the chest 15 greatly mcreased

Withm the chest at the beginming of this first inspiration, the lungs
are completely collapsed Diffusely distributed throughout the col-
lapsed Jung tissue are elastic fibers When the lung 1s ju the collapsed
state that exists in the fetus, these elastie fibers are at rest They
resist stretching in the same way that a rubber band resists; that is,
they can be stretched but they pull back aganst the elongating,
stretching force As the first mspiration proceeds, the increasing vol-
ume of the thoracie eavity forces the lungs to expand at the same rate,
since the parietal and visceral pleural layers are mscparable, The
broneht and trachea form a dsreet Iinc of communication from the
mtenor of the lungs to the outside air; as the lungs expand, air rushes
nto them to fill the air passages and alveol

Let us now conuder the pressure relationships between various
segments of this apparatus dunng the first—or any subsequent—
mspiration The alveol expand and air moves into them from the
outside, t1a the tracheobronchal tree, but because the walls of the
trachea and bronchi exert a frictional resistance to this air movement,
air cannot move toward the alveoli fast enough to keep them filled
with air at atmospheric pressure This results in a rarcfaction of the
arr which 1s 1n the alveolt at any mnstant

Dufferently expressed, the pressure durng inspiration will be
shghtly less i the alveoli than n the trachea (or outside the body),
the pressure 1n the trachea beng governed by the degree of frictional
resistance to the flow of air produced by the trachea and bronchi
This gradient of pressure from outside air to alveolus during inspira-
tion 15 never very large in health—about 1 or 2 em, of water pressure.

Goverming factors in the pleural cavity are quite different. This
space between the lung and chest wall 1s only a potential one, as the
panetal and visceral pleura are in apposttion except for a thin layer
of lubnieating flid But although no space actunlly exists, and al-
though the visceral and parietal layers of the pleura eannot actually
separate unless arr or fluid enters the pleural cavity, a tendency does
exist for these tho layers to xeparate. This tendency arses from the
elastic recoil of the ung When a rubber band 15 stretched, it cannot
shorten while it 13 still held taut but an inchnation toward shortening
persists nevertheless, mherent in the elastiesty of the material,
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The existence of thia tendency of the two pleural layers to separate
can be demonstrated and measured, by punctunng the chest wall
and connecting a manometer to the pleural space, with the other side
of the open to the atmospheric pressure of out-
side aar The fud 1n the manometer will rise on the side connected to
the pleural space, demonstrating that pressure within the pleural
space 15 less than that of the outside atmosphere (*negative’ pres-
sure) The magmtude of tins tendency toward separation of the two
pleural surfaces, measured in this way, 1s about 6 cm water pressure
durmng inspiration.

At the end of nspiration the lungs have been stretched maximally
and the negative pressure in the intrapleural space 15 most pro-
nounced The flow of air into the alveols has ceased, and at this pount
there 15 no pressure difference between alvecls and trachea

‘With expiration, the sequence of events 1s reversed Cessation of
contraction of the external intercostal museles and the diaphragm
leads to contraction of the thoracsc cavity as the nbs fall downward
and mward because of therr weight In health this represents an esven-
tially passive mechamsm In addition, the tendency of the lung to
return to 1ts collapsed state because of its elasticity 15 now preater
than the outward pull of the chest wall As a result of there several
forces, the chest cavity becomes smaller and aur is expelled In this
process, a reverse pressure gradient 13 set up between aheol and
trachea, as air flows outward As the lung returns to a smaller volume,
the tension on the elastic fibers lessens, and the degree of intrapleural
negativity 18 deereased But after the first breath of the mfant, the
iung never again becomes empty, and therefore the elastic fibers
aever return to o state of complete vest, the mtrapleural pressare
remains less than the atmosphene, even dunng evpiration (ahout

—2cm water pressure)

The degree of negative pressure buiit up in the pleural space dunng
mpiration 1s the sum of pressure differences between the pleural
<pace and alveoh and between the alveoh and outside aur If there
were no nflow of mrinto the mtenor of the lungs, expansion of the
thoraeie cavity during mspiration would create an enormous degree
of negative presure between the chest wall and the now mevpandable
lungs This inspiratary force can be measured by foreible “sucking”
on a rubber tuhe connected to & mercury manometer, pressures of
from —40 to —50 mm g ean easily be attmined, The attainment
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of this degree of negattvity in the trachea would presuppose an even
greater negative pressure in the intrapleural space

In health, such extremes of intra-alveolar and intrapleural nega-
tivity do not develop, because the frictional resistance to airflow
exerted by the trachea, bronchi, and bronchioles is small. Greater
degrees of intrapleural negative presoure 1n inspiration will obviously
develop from partial bronchial obstruction to the inflow of air. How-
ever, m expiration partial bronehial obstruetion may also inercase
the resistance to the outflow of arr ko much that the intrapleural
pressure may become greater than the atmospheric (more positive)

The clastieity of the chest wall and that of the lung parenchyma
together scem to play the moqc xmportnnt part in normal respiration,
reciprocating dy lly mn t interrelationslup according
to the state of expansion of the lungs Thewr respective forces, al-
though equal, are oppesed at the normal resting point or midposition
(end of quiet expiration) At the height of maximum in=piration,
lung elasticity 1s a strong force and chest elasticity o weak one, at
that moment, both forees exert themselves toward expiration At the
point of maximum expiration, this process is reversed. In a healthy
individual, the total vector of these forces is of equal magnitude
but 1n opposite directions at both evtremes of maximal respiratory
effort

I1. Intrathoracic Pressure Relationships—In Bron-
chial Obstruction

Bronchi and bronchioles are normally longer and wider during mm-
spratton than they are during expirastion, since they partictpate
general expansion of the lung as the chest cavity enlarges, and return
towsrd a resting state when 1t becomes smaller on expiration, Partial
bronchial obstruction to n degree that 19 of Lttle or no mgmficance
w nsprration may merease to an extreme degree dunng expiration

Let us sssume that enough edema develops in the wall of a hron-
chus to decrease its diameter by 1 mm, If that particular bronchus
ordinanly has an mside diameter of 4 mm. durmng spiration, 1t wilt
now be decreased to 3 mm If the expiratory diameter 13 normally
2 mm , 1t will now be 1 mm The rate of airflow, however, 15 propor-
tional to the cross-sectional area of the bronehus. The inspiratory
cross-~cctional area, normally 12 57 mm.2, 1s reduced by the develop-
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ment of edema to 7 07 mm %, o decrement of 44 per cent The normal
expiratory area of 3 14 mm * 1s reduced to 0,79 mm?, a decrease of
5 per cent

The accentuated degree of parti) bronchal obstruction dunng
expiration explains the preponderance of expiratory wheeang norses,
arr during expiration has to pass through broneh not only normally
narrowed but highly constricted as well The sounds can he detected
through auscultation of the lung, but are best heard with the stetho-
scope at the open mouth

Derangement of the pressure relationships withm the chest after
partial bronchial obstruction 13 the eommon denorinator i the
diseases of the respiratory tract (bronchial asthma, tuberculows,
silicosis, and other pneumoconioses) that lead to the development of
chronse puimonary emphysema Partial bronchual obstruction fre-
quently ocurs with bronehial asthma and produces an obstructive
emphysema, a “‘functional blackout of the lung”

Asthma and all the other underlying pulmonary diseases are m-
1anably accompaned hy a diffuse type of branchiolar obsteuction,
retardation of expiratory anflow, and cough These lend to a chrome
state of alveolar d and subsequently to dil of the
ahveolar duets, enlargement of the air sacs, ruptuve of the interalyco-
lar septa, atrophy and fragmentation of the alveolar walls, and forma-
tion of large alveol or bullae from the remains of two or more of the
original alveoli

What causes these changes 1s the selective trapping of arr m the
portions of the lung distal to the area of partial bronchial and bron-
clnolar obstructtan With mspiration, the hronchiolar crosssectional
area 1s greater, and m response to the higher degree of mtrapleural
negatine pressure, air flons into the alveoly, although with less euse
than under normal conditions With relaation of the muscles of
mspiration, the broneh: contract, and now the etastic recoil of the
lung and the weight of the chest wall are forees insufficiently power-
ful to overcome the resistance to egress of ar from the alveol through
the nugmented evpiratory bronchial or bronehiolar obstruction The
aheoh therefore do not empty as completely as under normal eir-
cumstances, the elastic recol of the lung 19 thereby further impaired,
and alveolur distention mereases progressively as more and mare mr
15 trapped in the alveol: with each succeeding breath

The role of pirtial bronchial obstruction 1 the development of
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chronic pul ph; , first { by Laénnee,% has been
the subjeet of m:my m(erea(mg recent studies. Matheson e al 1%
introduced sirflow resistance experimentally in healthy young adults
but were unable to produce appreciable diminution of vital capacity.
The tolerance of the pulmonary elastic recoil 1n Lealthy young adults
to aurflow resistance during an acute expetiment cannot be compared
with that of the patient in whom resistance to the flow of air has
easted for many years.

In addition, these experiments involve the creation of an artifi-
enally mereased pressure gradient’between the trachea and the out-
sude atmosphere, this 13 not necessanly directly comparable to con-
striction of the smaller bronchi and bronchioles, where the abnormal
pressure gradient 13 between the alveoli and the trachea and larger
brouchy Not only 18 a decrease in vital capacity the rule in clinical
asthma. but expiration becomes progressively more prolonged and
the vital capacity tends to fall with successn e atterapts at its meas-
urement, as more and more air is trapped m distended alveolar sacs
belund the constneted bronchioles,

It has been observed bronchoscopically 1n patients with emphy-
sema and bronchual asthma that the broncehial walls collapee during
expiration, especially with forced expiration.# In the patient with
emphysema, this finding has been explamed on the basis of a progres-
sive increase 1n alveolar volume, as the result of the loss in elasticity,
without a corresponding mnerease n the cross-sectional area of the
aur passages leading to the alveolt

At the start of expiration, therefore, when intra-alveolar presure
rises above the mtrabronehial pressure, the bronehi and bronchioles
Iying between the alveoli become compressed and more narrowed
than m a normal lung during expiration, increased resistance to ev-
prration results.* This mechanism leads to slowing of the rate of air
flow during expiration and permits emptying of the lungs tea normal
degree only by prolonging the expiration, By reentgenograms, Wes-
termark™ has demonstrated the existence of solitary or multipic
alvealar blebs, located centrally in the lung parenchyma, surrounded
by an atelectatic border zone. 1le attnbutes this atelectatic area to
a compression of normal lung tisue by the increased ntra-alveolar
pressure it an expanded adjacent empt area

Dayman® recently carned out rather extensive airflow resistance
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studnev using a modified pneumotachograph, m patients with chrome
y emphy He luded that the L h 1etion

was due to an expratory chech valve mechanism on the terminal
bronchioles originating from the distended alveoh induced by the
mcreased expulsive force necessitated by the retarded expiratory air-
flow This 13 1n essential agreement with the conelusions of Proctor
and his group ¥

The net elastic recoil of the lung, or lung tenston, measured under
stati conditions, represents the pressure required to mamtam dis-
tention of the lung In healthy individuals it bears a direct relation-
ship to lung volume A reduction 1n the lung tension (elastance),
resulting from the breakdown of lung parenchyma, leaves the bron-
chioles architecturally weak and subject to easy_collap<e by pressure
from the distended alveolt as well as by the development ot a positive
mtrapleural pressure during expiratron Dayman agreed that lung
tension was decreased an four of his patients who had advanced em-
physema but felt that it was not jushfiable to conclude that the
remaining tissue 1n such lungs had necessanly Jost elastieity %

Simple physiologie (functional) overdistention of the tung alvealt
will not produce the d and physiol changes
assocrated with chronic pulmonary emphysema This probably ex-
plains the snfrequency of this discase among persons whose occupa-
tions mvolve mcreased respiratory efforts, such as players of wind
instruments, glass blowers, ete

When tbe factor of bronchoconstriction 13 introduced, however,
mtrabronchial and intra-alveolar pressures may be considerably in-
erensed during expiration Thas oceurs particularly durmg coughing,
sneezing, stravupg at stool, shouting, screammng, and singmng, —acts
performed with the glottis or pharynx closed, folioned by sudden
forced expiration while the diphragm moves rapidly upward In
coughing and violent sneezing, the mtrapulmonary pressures are
rapidly, though momentanly, mcreased above atmospheric

During coughimg paroxysms 1n patients with chrome pulmonary
emphysema, these pressures are notahly increased and contribute to
the progrese overdistention So long a3 the cough perssts, the
elevated mtrapulmonary pressure will perstst withm the obstructive
emphysematous lung The air trapped th the distended alseoh cannot
escape through the constneted bronchiolar lumina It may gradually
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be resorbed 1f the pulmonary arculation is adequate, but alveolar
overdistention will recur when paroxysmal cough next returns with
1ts cyele of bronchoconstriction aud rise in intrapulmonary pressure
The overdistended, nelastic lungs balloon out, and even extend
beyond the confines of the thoracic eage by pressing the diaphragm
downward and infringing upon the abdominal viscera

The expiratory phase of respiration is normally passive, and the
pulmonary elastic recoll results i an effortless decrense 1n lung vol-
ume as the diaphragm ascends with expiration In the patient with
chronic pulmonary emphysema, all the accessory muscles of respira-
tion must be employed to elevate the intrapleurs! pressure—eien to
levels considerably above atmospherie—ecnough to foree an adequate
amount of air out of the chest

Impatred inspiratory distensahility and impaired espiratory recot!
of the lungs thus develop as a result of abnormal air inflow and out-
flow patterns Progressive alveolar distention folfows, Profonged al-
veolar distention eventually leads to rupture of interalveolar septa
As adjacent alveol become larger and larger, the wall hetween them
13 stretched more and more until eventually 1t “tears, the restltent
portions of the torn membrane spring back, and the two alveoli be-
come one Jarger bleb In thi< fashion the number of air saes gradually
decreases and their average volume mnereases

The Machhns!* have denonstrated that a definite pressure gradi-
ent must be created before als colar rupture follows overinflation of
the lungs The alveolt ean withstand high internal pressures that are
destributed equally to the surrounding alveoli Destruction of mter-
alveolar septa has several effects As the volume of cach coalescing
mr sae mereases, the ratio’ of surface area to volume decreases, «ince
these sacs are roughly spherteal The surface of these spheres con-
stitutes the surface area avalable for the exchange of respiratory
gases between the air in the alveoli and the blood m the pulmonary
capillartes, and therefore the rupture of interalveolar septa leads to
reduction of the avmlable respiratory exchange membrane.

While the number of asr sacs is decreasing and the volume of cach
coalesting air sac 13 increasing the volume of air not actively involved
1n gas exchange 13 inereased as dead ‘space. With the eventual forma-
tion of macroscopteally viaible blebs, thiy factor of increased dead
space may become very large Irregular and inadequate ventilation
of such blebs, partieularly i areas near the hilum, may produce a
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virtnal veno-arterial shunt by allowing unoxygenated pulmonary
venous blood to pass into the 1ntact artenal stream, thus mereasing
the small phywiologie amount of venous admixture.

A o result of these seteral factors, the rate of total oxygen uptake
by the blood 1n the pulmanary capillaries may become nadequate,
with 4 resutting fall m the partial pressure of oxygen 1 the artertal
blood, a reduced arteral oxygen saturation, and a decrease 1n the
amount of ovygen available to the fissues (hypowa) The hypoun is
thus a direct result of the increase i the dead space ventilation

Distended aurfilled ahveoh trapped behind constricted bronchioles
reduce pulmonary elasticity by preventing elastic recoil of the lung
Nevertheless, there 13 no anatomie loss of elastic fibers The fibers
ace still present, even though the mereased resistance to expuatory
outflow of air m the alveoli himits therr contraction (functional loss)
On the other hand, with destruction of nteralveolar septa, elastic
fibers rupture from their attachments and return to g state of rest
—even though the lung 13 still overespanded, just as a rubber band
snaps from fatigue or plastic deformation when 1t 1s stramed heyond
its elastic st In this way, destruction of interalveolar septa adds
a lows of parenchymal elasticity to the functional loss effected by
bronchoconstriction

Tt appears that the following sequence of events occurs after bron-
choconstriction.

A Invreased expiratery mira-aheolar pressure Durning thos early
phase the lung tension may remaim mtact or even increase

B Mamtenance of this increased pressure leads to breakdown of
normal parenchymal arclutecture and to a decrease n lang elas-
tieity and tension

C Detreased expiratory mtra-alieolar pressure, aswsted by post-
tne intrapleural presaire (chechynlve mechamsm) At this pomt

lung tension 13 sigmificant!y reduced

These successve d ts of function—bronchotonstriction,
loss of alveolar structure and elasticity, and loss of parenchymal
elastieity—which tead to the deselopment of chronse pultronary em-
phy~cma may be due to any of a large number of underly g causa-
tive fuctors The fundamental causes may be allergic, infectious,

ocrupitional, degenerative, mechameal, or constitutional 1n char-
acter

Progresane evidence of putmonary msufficiency, ranging from the
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abnormalities m alveolar ventilatory function to the effects of hy-
povia and hypereapnia, may he obsersed as the disease process con-
tinues and advances The effects of hypoua and infectton may con-
tribute further structural change, such as increased interstitial
atrophy, loss of elastic tissue, progressive fibrows, and obliteration
of blood vessels Ultimately, through the continued tidal pull of the
satellites { 'y infectson and broneh riction), serious pul-
monocardiac complications appear 1z the form of pulmonary arterial
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Fic 2 ~Factors involved 1n the development of pulmonury insufficiency

hypertension, chrome cor pulmonale, and electrolyte disturbances.
The above factors are schematically represented in Tig 2

HI. Pathology

The gro~s pathologic appearance of the lungs in chronic putmonary
emphysema s characterstic The lungs are pale, “anemic,” and volu-
minous When the chest 13 opencd, the overdistended lungs may be
completely covering the heart and tend to bulge fornard out of the
open chest cavity mstead of collapuing when the anterior chest wall
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18 removed The chest cage itself appears to be fixed and nfleuble
The lungs have a pecular soft feathery feel and also tend to pit on
ptessure  Indentations, produced by pressure of the nbs, may be
noted on the vrsceral pleural surfaces Adhesions to the parietal
pleura, mediastinum, and diaphragm, are fairly common, as a result

Fia 3 —Bullous emphy sema affecting all lobra

of old infection The diaphragm 1+ flattenes! or depressed and has a
stretehed “functionless” appearance

Subpleural blehs may be obsersed protruding above the <urface
of the surrounding lung, and others may be detected 1n the gros
specimen by palpation (Tig 3) Found more commonly along the
anterior marginy, at the apices, and at the bases, the poorly supported
regions of the lungs, these blebs and larger bullae range up to scveral
centtmeters in diameter Extensive mflammatory changes may be
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found m the mucosa and walls of the hroncht and bronchioles The
terminal bronchioles and the alveolar duets are usually dilated. Some
of these pas<ages may be completely obstructed or even obhterated

The changes m the bony thorax vary according to the underlymg
cause of the pulmonary emphysema Generahzed enlargement, par-
ticularly 1 the anteropostenor diameter, 1s most common. The angle
of Lows may be very promunent The intercostal spaces are widened
and the ribs hie horizontally rather than obliquely as is normal

i

;

v - R . a , .
Fic 4 —Low power view X150 of moderately severe emphysema of the

lungs shawing thinning, rupture and coalescence of alveolar walls (Phloxine-

methylene blue stam )

Caleification of the costal cartilages may be present Kyphows of the
thorseie spine and an unusually elevated position of the clavicles
may be found In general, the chest lies in the position usually found
only with inspiration

The histologic appearance will be mentioned briefly Changes oh-
served within the alveoli range from simple dilatation and distor-
tion, by thinning of the septa, to fragmentation and atrophy, depend-
mg upon the underlying cause of the pulmonary emphysema Through
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thas sdnease will be present, comprising hyaline thickening of the
ivisemient membrane of the medium-sized bronchi, hypertrophy of
The muscles of the i ¢ bronchs, hilic_nfiltrations,
mucous plugs m large and small bronehi, and eveesstve producton
of muous and widenng of the mouths of the bronchial glands

Uhe anatomue changes of chrone cor pulmonale (hypertrophy snd
Ailtation of the right \ entriele), with or without evidence of eonges
finve hent twdure, are usually found in the final stages of throfut'
pubmonary emphysema, These changes are generally assoctated with
the artenosclerotic chauges in the pnlmenary arterioles and capl
lanes previously deseribed
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Pulmonary Function Tests in Chronic
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I. Introduction

The mterpretation of p\xlmonary function tests and their specifie

m chrome

will be d d 1n

detat} m this chapter The actual techniques of these tests, however,
are deseribed 1 the Appendix, where they are available for imme-
diate reference Until recently, pulmonary function tests were con-
sidered merely a tool m pulmonary “research, with their practieal
application limited primanly to the evaluation of patients for thoraei
surgery Their scope has expanded farther and farther afield to m-
clude the mterpretation of new <ynidromes, espectally when the tests

21
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are supplemented by data obtamed from eardiac catheterization
Pulmonary and cireulatory physiopathology should be evaluat d to-
gether, and 1t has been the task of this combined approach to mte-
grate such findings As a logical outcome, better understanding of the
disturbed mechantsms has also sided m formulating proper_treat-
ment, partieularly m the carbon droxide mtoxication syndrome and
cor pulmonale (Chapters V and VI),

Although pulmonary function studies have become an ntegral
part of the evaluation of patients with pulmonary disability, 1t 15
mmportant to realize that these studies are phystologic tests, and that
1n many instances they do not ndicate where or what the Jesion is.
Moreover, the lesion has to be large enough to disturb function suffi-
ciently 6o as to cause defimte changes beyond the mormal range
Such studies should be used only as a complement to mformation
ohtaned from the detarled history, phystcal cxamination, roentgeno-
logical studies and other laboratory tests At times it 1s possible to
detect phystologie disturbances 1n the absence of demonstrable #b-
normality by physical examnation or roentgenographic studies

Pulmonary function studies are an obpective measure of respiratory
performance, and can be helpful 1n following the course’of the disease
or the effect of the treatment, By determining which funchions are
disturbed mn a partienlar disease, plus the extent of thexr derangement
and ther response to treatment under expermental and chinteal
circumstances, we can obtamn a clearer_concept of the phyawmthd'
ogy of the disease process

II. Terminology

Before proceeding with the discussion and 1nterpretation of pul
monary function tests commonly employed on patients with ehrome

pulmonary emphysema we will review the new terminology recently
ded b; hysiologsts (Fig 02"

y 8 of r 'y P y
T1dal Volume 1s the volume of air moving in and out of the respira-
tory apparatus during resting inspiration or expiration
Vatal Capacaty 1s the maximal volume of gas that can be expelled
from the lungs by forceful effort following & maxmal mepirati®
Insprratory Capacity (complemental or complementary air) 18 .me
mawumal volume of gas that can be m-pired following a quiet expira
tion (measured from the resting end-expiratory level or madposition):
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Insprralory reserve volume (complemental or complementary air,
complemental air minus tidal air, imspiratory capacity minus tidal
volume) 1s the mavmal amount of gas that can be inspred from the
end-mspiratory position following & quwet invpiration (measured from
the resting end-inspiratory level)

[Ezpratory reserie volume (reserve or supplemental air) 15 the maxi-
mal volume of gas that can he expired followng a quiet expiration

NSPIRATORY|

RESERVE « | INSPIRATORY

CAPAC“J
VITAL CAPACITY,
tv.e) TiDAL
AIR”
TOTAL LUNG —e oM~
CAPACITY POSITION
{TLel v T
RESERVE'
VOLUME “ { FuncTionat
. RESIDUAL CAPACITY

{F.RC}
RESIDUAL  VOLUME~ l

J/ [1X3)

Ve, 70-80% of TLC
RV  20-30% of TLC

Fi¢ 8 —Tertmunology used 1n pulmonary function studies

Functional residual capacity (functional residual air, subtidal vol-
ume, equilibrium capacity, normal capacity, mid-capacity) 1s the
volume of gas remaining 1n the lungs at the end of quiet espiration

Residual volume (residual capacity, residual air) 1s the volitme of
gas remaimng 1 the lungs at the end of a mawumal expiration, m
other words, 1t is the volume difference between the functional re-
sudual capacity and the expiratory reserve volume

Total lung eapacity 1s the sum of the 3ital capacity and residuat
volume, 1n other words, it 18 the maximal amount of gas that ean be
contained 10 the Jungs when they are fully expanded (Fig G)
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dwabshty, many patients with chrowe pulmonary emphysema have
& normal ar ngh 1 1tal capaaity Nevertheless, repeated vital capacity
detcrminations wn the same mdwviduat are important for evatuating
spontancous changes or the cffect of treatment This is particularly
true when bronchial obstruction 15 present and the effect on the
patient of various bronchodilator drugs 13 under observation

Time--Vual Capacily Relatwonsheip The 1ital capacitv gans mig-
wmificance when the time refationship 1 considered as well Normally,
the volume of air evhated 1 the first cecond should be at least 80 per
cent of the total ital mpucxty & The changes m this relationshy -
durng the treatment of bronchial asthma and put
have been noted by many oheersers @ 38 0w \\'hm these time
relatigaship stuches are applied to patieuts with bronchoronstrction,
especiatly those with large vitat apacities, 1 will be seen that the vital
(apacities are performerd 6ver u long perod of time, there s prolonga-
tion of evprration 1t has been ebveryed bronehoscopr ally, i patients
with pulmonary emphysema and bronchial asthma, that the bronchuat
walls collapse during expiration, especially with forceful expiration «
In the putients wath emphysema, s car be explamned an the harts
of  progressive wnerease i alveolar volume without u corresponding
merease n the size of the air passages At the onvet of expiration, an
e rease results an restance to expiratory flon  This mechanism -
luits complete emptying of the lungs, or allows complete emptying
only by means of prolonged expiratory time ' (Ree Chapter 11)

The vial coparities of the patents with chrome pulmonary em-
physema studied 1 our laboratory ranged between 1,160 ce and
0,260 c¢ with an average volume of 2826 «« However, when ealeu-
lated as the sum of mspiratory capaesty and espiratory reserve
solume, the vital capacihies ranged between 1,444 cc and 6,552 cc,
with on average volume of 2,850 r¢ The latter constituted 77 per
cent of the predicted normal vital eapresty and 42 per cent of the
sverage total lung capamty (5,654 ¢t} The normsl value of the
ratw of vital capaaity 1o total lng eapatity 1= 59 per cent or more
\Table 1}

Treatment of these pitients with miravenous ammophyln or
bronchodidator acrowaly demonstrated that the defeets are not wre-
verably fised The adminiration of 05 G of aminophyllin in-
trasenouly produced an average smprovement of 21 per cent of the
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vital capacity. Similar improvement was obtamned from 6 inhalations
of & potent bronchodilator aerosol®* (Table 2)

TasLe 1 ~Normal Lung Volumes and Findings sn Patients with Chromc
Pulmonary Emphysema

’ Normal Values f s’;.‘.'i,’:;’z:;’.

Vital Capacity

Range (ee ) 3120-4070* 1160-6266
Average (cc ) 3510+ 2826
Per cent of predicted 100 (B) 77
ve
TLC X 100 >65 (H) 42
Inspiratory Capacity
Vital Caprorty < 90 72 Q) 6
Expiratory Reserve Volume
Vital Capacity % 3@ ¥
Funetional Residual Capaesty (oc.) 3400 (G) 4823
Residual Volume (¢c ) 2430 (G) 3363
Total Lung Capacity
Average (cc ) 5920 (G} 6604
Per cent of predicted 100 (B} 125
Resdual Volume -\ 08 © 5
Total Lung Capacity 40 9 (G)

* Predicted normal values for the patients of this study

(B) Baldwia ¢
(G) Greifenstein® (over 50 years of age)
(H) Hurtado

8 Inspiratory Capacilty and Expiratory Rescrve Volume

In chronic pulmonary emphysema, the chest 15 held in n lugh in-
spiratory positson, such patients, accordingly, have n small mspira-
tory capacity but a relatively or absolute large expiratory reserve
volume. In 1932, Lippelt!® showed that, when normal subjects -
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breathed through a narrowed tube of a respirator, to smulate broa-
chial obstruction 1 expiration, an upsard shift of the mid.postion
cccurred 2.¢, an mcrease i the functional resdual capacity, with a
decrease n e y capacity

In our patients with emphyseran we found the expiratory re-erve
yolume to be 31 per cent of the vital capacity {normal 20-28 per cent),
and the inspiratory capaeity 66 per cent of the vital capacity (normal
72-80 per cent), ndicating an upward shuft of the mid-position

TanLE 2 —dterage Percentage Improtement tn Palients with Chronsc Pulmanary
Emphyrema after o Single Treatment with Intravenous Aminophylin,

05 Gm or 6 Inkalations of a Bronchoddlator derosol

7 - [l

| Amaepiyiia | Prphedier

Vital Crpacrey s em
Inspiratory Capacity X 100 i -3 : +5
Residual Volume ' -9 -8

Totsl Luag Capacity ] 06 1] -1
e e e
TResting Ventilation “ +5 : +4
Msximsl Breathiog Capacity 1 +25 | +59

Todex of Mung [} ‘\ -3
Number of Patients ‘ 0 ; 10

(Table 1) After the admuustration of mtravenous ammophyllin,
the ratio of wmspiratery capacity to sital capacity was 63 per cent,
after bronchodilator aerosols, 72 per cent, which represents chzm;;ex
of —3 and 4G per cent respectively (Table 2).

4 Resulual Volume and Functional Residual Capncity

Annerease m the residual volume mdicates hyperinflation of the
lupgs Hypernfation oceurs from: {a) struc tural changes—dimnished
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clmtmty, tearg o0 ahvpglay SChta ang 11(‘('1"(\:\\(,‘(] pulmonnry <apillary
bed, c)mr.-wtvrtztng true pulmnnnry cmphyscma, ) gy ohstrye.
tion — bronr-hml asthmg, pulmonnry ('rnph}:\cma and tumors, (c) com.

i ’
Pulmoy, ry el.-lsm-:ty m ndmnmng age, and f)a Varety o pulmmm!y
Aisorders mrludmg Congestyy o heart fni)urn, and certy;,, types of
Ostg

By thself, hypcrmﬂntmn does neg cause pulmonary lebllity This
can he Obsery, o M mayy old People y pe have o lotmaf to4y lung
Dacity, 4 nereaseq Tesidyq] Voltume and o tesidyg) Volumeytog)
lung ¢, Y ratio, g, d yet, have ;o e Diratory, diff Ities 4 small
Tesidygy Volume | 1 1 withy iy, ulm, nary ﬁbroxiy, or when
Nlimergyy alyy are goj). e or geg, ded [, a1y W hen the func.
Gonal Testdygt “apacnty 13 enly, 4 th, 1dya, Ume g enlarged

35 well, gng vice 1orgg Ilouevcr, m the Presence of , Yery smalf or
very larg, e‘qxxratory Teseryo Volume the ope may he abnormg; whie

A% 4 ryle, Patiengy with pulmmmry “mpliysemg have ap 'enlnrgr*rl
l'unct:onal residyag r-ammly, we foung thiy volume Onverage 4,829 e,
noyr attents N, $ubjeetg over 5 Years of have gy average
Ium-twnal Tesnlygy apacrty 00 ce, Alth  many Patients

2100 o a
Ve 4 normyy or even larger thap normg, (-vpiratory reserve Volume,
2 enlargog Testdya) olume 1y, Sally founeg inem ph VSemna; e poge
an average value of 3,868 “C oy Patientg The Normal vapye Has
observed to hg 2430 CCT (Gog ble | )

There was only shght lmprmomont of the residyal volume with
treatmen; After the admmnstratwu of Ammoph_‘ i ang broneho.
dilatoy REr0s0)y hy Tesidyg) volume <lor-rmswl Dandg Percent resppp.
tively (Taplo 2).

& Totgy me C'apamy

The totny lung Capacity 1y the sum of the residug( ‘olume and gp0
Vita} Capacity Normal Valueg 1y, suby)p ersy "rag
5,920 ee s 2Tye pulmonary fibrgy the total lung ‘apacity js
Usually docrogseg LTI decreyseq when hung tsge jy Teplaced or
COmpressed by a «pare-occupymg I(w:on, Longm!mn,
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«ompensatory hypermflation does hot occur in the remaming lung
tissue The total lung capacity may al~o be decreased 1n the presence
of large eysts, if they do not commumeate with the bronchial tree,
but wili be normal or inereased if they communicate freely * The total
Jung capacity 13 usually wereased i chrome pulmonary emphysema,
even 1n the presence of a small wital capacity

Patients with chrome pulmonary emphysema studied 10 our labora-
tory had an average total lung capaaity of 6,694 cc, or 123 per cent
of the predicted normal value (Table 1) Intravenous ammophylin
or bronchodilator aerosols did not, change the total lung capacity
sygificantly, 1t decreased an average of 06 und 14 per cent respec-
tively (Table 2)

& Ratro of Residual Volume to Total Lung Capactly

Since the absolute value of either rewdual volume or total lung
capacity do not ndicate normaley, and snce the revdual volume
heats o defimte relationship te the total lung capaceity, varying some-
what with age, this ratio of residual volume to total Jung eapacity 13
of great significance m the study of pulmonary disease The normal
values for this ratio m vanous age groups are 20 0 per cent for 16-34
years, 234 per cent for 3519 years, and 308 per cent for 50-69
years ¢ Greifenstein ef af ™ found this ratio to be 40 9 per cent m nor-
mal subjects over 50 An mereased ratio 1s considered to be a relable
mdieatar of the presence and degree of emphysemd Y Howerer, the
sterdy of emphysema should be yudged rather by the status of the
artenial blood gases® The ratio of rewdual volume to total lung
cupacity 1 oour patients n\:-mgrd 58 per cent (Table 1)

Treatment with it hyllin or bronchod acro-
sols effected shight improvement m some of thewe values Treatment
effected o downward stuft in mid-povtion of the chest, an mnerease of
the expiratory reserve volume and comsequently, a decreased fune-
tional resilual capacity and residual volume The total lung eapacity
remaned esentially unchanged henee, the ratio of residual volume
to total lung eapacity alwo improred after treatment, & 5 per cent
after the admimstration of ammophyilin and 76 per cent after
bronehadilatar aerosols (Table 2).
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Summary

The lung volume measurements of our chrome pulmonary emphy-
sematous pattents revealed the following: a usually decreased vital
capacity as well as an abnormal time-vital capacity relationship, a
small mspiratory capacity, an enlarged functional residual capanity
and residual volume, a shight merease of the total lung capacity, and
a significantly mereased ratio of the residual volume to total lung
capacity

B. Ventilation Studies

Pulmonary ventilation refers to the movement of air in and out of
the lungs, and 1s evaluated as a volume-time measurement. Under

hystol o v ventilation varies from mimmal
values during rest and sleep to maximal values during and sfter
exhausting exercse The former 15 expressed as the restng minufe
ventilation, the latter as the marimal breathing capacity, and the differ-
ence between the two 1s the ventilatory reserve.

1. Manute Ventilation

An increase of resting ventilation 1s commonly observed 1n patients
with pulmonary fibrosis or obstructive emphysema.® The mechaem
for this altered function 15 not well understood, however, Partial air-
way obstruction may give exther an increase or a decrease in respira-
tory mmute volume, but severe obstruction usually is followed by a
decrease.™ It has also been demonstrated that an mcrease in o\ygen
1n the inspired air at sea level will cause hypoventilation m anoMe
patients, and on the other hand a decrease in oxygen will cause
hyperventilation.

A possible homeostatic role of hyperventitation has been suggested
by Motley ef al, who found that hyperventilation decreases the
“aeration gradient” (¢ ¢ , the progressive difference in ovygen content
of arr at various levels of the respiratory tract) in patients nith puk
monary fibrosis and emphysema,” In other words, resting ventiia-
tion 1ncreases 1 order to mamtain normal gas exchange Howeven
when the ratto of residual volume to total lung capacity 13 higher than
45 per cent, hyperventilation 13 no'longer sufficient to mmn(mfl nor-
mal gas exchange 18 The minute ventilation in such patients is alo
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mereased above normal levels during exercice These values are best
expressed as L./min /ALY of body surface area

The resting ventilation obiamed m our patients with emphysema
ranged betneen 460 and 995 L /min /M? of body surface ares and
averaged 630 L, which is approuimately double the normal values
ohtamed by Baldwin® (Table 3)

‘TavLe 3 —Normal Ventilation Valucs and Findings 1a Palients with Chronte
Pulmonary Emphysema

Normal Values [ s
Resting Ventilation (L/min /M?) \‘
Average M) 36 F132 (B 63
ange . 16995
Asximsl Breathing Capacity |
min ) !
Average M) 167 1 & 13% (Gy) !
F) S8 & 18% |
M) 688x278 (G) | 362
F) 7250 ;
Range | BLIE
Ter cent of predicted 100 (B) 26
‘Ventilatory Reservo at Rest (%)) \
Average >95 [N
Range TR
Aut Veloraty Index 1
Average 10 065
Range U 044085
Todex Intrapulmonary Miang! [
(N9 !
Average <25 (©) 689
' <30 (G} |
Ttange

22011 M

(M) Bsldwim ¢
(C) Cournand «
(Q) Gresfenstein 7+
(Gy) Gruy »

The admumstration of aminophylin or bronchoditator serosols
was generully followed by further hyperientitation, the resting ven-
tilation increased 5 and 4 per cent respectin ely (Table 2)
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ventilatory function may be expressed by the ventilatory reserve:
the difference between resting ventilation and maxmal breathing
capacity A decresse . ventilatory reserve results from either an
ereased resting ventilation or a decreased mmumal breatbmg
rapacity

The reserve will be greater than 93 per cent m normal people at
rest, when 1t 1s fess than 70 per cent, scvere exerttonal dyspnea
exiats * In aur patients the reserve ranged from G4 to 93 per cent,
averaging 81,9 per cent m our emphysematous patients {Table 3).

4 Ventilatton Equicalent

Increased ventilation can be of two types: 1) metabolic—where the
inereasedd pulmonary venttlation results from an inereased metabohe
rate, as with exercise and hyperth hem, and 2) 7 y—
where the imereased pulmenary ventilatton 12 out of proportian to the
metabolie rate The latter 13 seen in certain pulmonary diseases The
difference between these two types 14 deternuned by the ventilation
equwalent This ts the number of liters of air that are ventilated in
order to consume 100 ec of oxygen The ventrlation eqvalent s
normal in metabole hyperventustion, but 1t 1s tnereased m com-
pensatory hyperventilation The normal valuyes for the ventiation
equivalent range between 22 and 235 ters

§ A Veoaty Index (A V1)

The vita) capacity and masmal breathang capanity are both meas.
ures of lung volumes The maumal hreathing capacity, however, 15
a better indicator of the presence of partial bronehiat obstruction
Gaeneler suggested o farmula to obtam more valuable information
Irom the<e tu o tests The percentage of the predicted maamal breath-
g eapacuty , duwded by the percentage of the predicted v ttal eapaety,
is evpre~ed as the awr veloaity mdex (A V' 1) ® The normal subject
bas an arr vedomty mdes of 10 The mdex ss Jess than 1.0 m patients
with sgnificant bronehoeonstriction, and 14 greater than 10 1 those
with toss of functioning lung tisage ©

In onr patrents with chronic pulmenary emphysema the amr velocity
wdex ranged between D44 and D85, and averaged 063 (Table 3)
Thus ndex shanll aot be 1nteepreted wathont the abwolute values from
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alveol are madequate, or the elastlcity of one 2rea s Jogy than that
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ng 10p er cent O¥ygen, the alveolar 2Ir wjjr sty contajp More thap
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of intrapulmon Mixing may pe obt.’uned, despita the Presence of
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from Unaerateq towarg aerateq Sectiong of he lungs, thus Maintaming
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The index of m!mpulmonmy rxmg i OUr patienty With ehrope
Pulmonapy. ysemga ranged from 229 ¢ 1129 per cent, mth.xn
Average valhye of 68y per ceny (Table 3). Some of the factors y hjeh
influeneg mtmpulmonary Mung 4 obnoudy amenable ¢, treat.

CCreased g9 per cent towarg normal leyels pfper
Mtravengyg A mophylhn, and 34 Per ceng after bronchodilator
aerosoly (Table 2)
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7 I Atr Flow M ements

With the preumotachograph, peak flows of single mavmal expira-
tory and 1nsuratary efforts can be recorded sud mensured The effects
of increased expiratory resistance on mir Bow velocities have been
recorded 10 normal subjects and in patients with pulmonary
disease ¥ 49 When a normal subject breathes through espiratory
resistance produced espertmentally, the following deviations from
the normal pneumotachogram were observed ¢

2) The mspiratory curve showed an wrrease mn amphtude but a
decrease 10 per cent of the tofal respieatory eycle tume,

b) The expiratory curye was d; 4, the me to flos
was delayed, and there was a sudden change m flow veloaty, at the
end of the cyele, instead of a smooth gradual return to the zero kne,
Similar preumotachograms were ohtatned 1n studies of asthamatic
subyects Nearly rectangular curves, with considerable dampemng,
and a rapid return to zero were charnetertstic of inelastic tiswe or
bronchual resistance.

Summary

Ventslation studhes in our patients with chronie pulmonary em-
rhystma revealed serrous ventilatory defects in mast of them, par-
tieutarly the foliowing: increased resting ventilation, decreased mavi-
mal breathmg capacity, resultmg in a markedly diminished
ventitatory reserse, elevation of the index of mtrapulroenary minmng,
and Jowering of the aw veloeity mdex below 1.0

C. Bronchosprrametry

The pulmonary function stuties thus far described have been con-
cerned with measuning the total function of both dungs At times,
however, 1t 14 esential to hnow the performance of each lung ~cpa- #
rately  Bronchospirometry can measure Jung 1 olumes, ventilatton ™
and gay exchange for each tung separately but smultaneously Such
methods msy indieate whether one side 13 affected to a greater extent
than the other By measurmg the osygen uptake of earh lung, the
relative circulation may alo be evaluated. Cardue catheterizetion
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apectively The carbon dioade tension at rest ranged from 39 6 to
587 mm Ig, and alter everese from 400 to 624 mm Hg The
pH ranged from 735 to 743 at rest, and from 732 to 741 after
exeretse ®

Summary

Arterial blood studtes may not reseal any abnormalities m patients
with mild or moderately chronie pulmonary emphysema Hypoua
1 noted only after excrese, but later on as the drease progresses,
occurs at rest 23 well In the final stages of the disease, there 15 ob-
cersed a nise m pCO; Resprratory acidosis 1 also commonly seen
this stage

B Cardiac Catheterization

In recent years the heart and the pulmonary arculation have been
studied ntensiely, by the valuable techmique of cathetenza-
ten # 8 0 This procedure 15 helpful 1 interpreting pulmonary
disturhances, mnce not only does the crrculation through the lungs
affect the gas exchange, but sbaormalities of Lentilation abo affect
the pulmonary urtenoles and the heart, Through eardiar cathetertza-
tion 1t 14 possible to measure the pressures in the rght heart, pulmon-
ary artery aod pulmonary capllanies, and to determine the earduac
output and the puimonary artenolar resstance (The normal values
wilt be found in the Appeadin )

The pulmonary vaseitdar bed, in contrast to the systenue circula-
tion, 14 & eystem of low restance and low pressures The pressures
m the putmonary artery are 25 mm g systohie, 8 mm Mg drstohie,
and (he mean pressure 15 15 mm Hyg, the pulmonary * capillary”
pressure 1o 10 mm [g o =

Patients with ahanced pulmonary cmphysema frequently have
pulmonary artertal hy pertenvon The earbest sign of eor pulmonale
m patients with revere chront pulmonary emphverma 14 a tise
pulmonary artenial pressure Zsmmorman studiesd 13 patients with cor
pulmonale without congestise fatlure ¥ The aserage pulmonary ar-
forv sy stolie pressitre was # mm- Hy, and the hastohie presarne was
224 mm g When congestine fadure developed, the prewures rowe
hgher Three such patients showed an aversge presure of o5 mm
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Hg systolic and 39 mm Hg duastolic in the pulmonary artery The
cardize output of these patients is also considerably mereased, some-
times to 10 or more iters per minute %

In gddition, the pulmonary vascular bed possesses a remarkable
distensibility It has been demonstrated in normal subjects that the
cardiac output can imcrease several fold without a concomitant m-
crease 1n pulmonary arterial pressure and with only a slight increase
in the arteriovenous ovygen difference - 1% In patients with advanced

1 'y empl , the pul 'y arterial pressure rises con-
siderably with evercwse from an already elevated resting level,

The effects of hypovia upon the pulmonary circulation have been
studied m normal subjects as well as m patients with chronic pul-
monary emphysema (see Chapter VI) These defects are partially
reversible by the use of procedures which improve ventilation and
relieve the hypous

IV. Correlation of Pulmonary Function Studies

At this pomnt we shall consider the function of the lung from three
mamn aspects (1) ventiation, (2) perfusion, and (3) diffusion. The
latter ts the mechamsm which connects ventilation and perfusion®
Normal diffusion requires maumal contact of the alveolar mr and
capillary blood, with good ventilation on one side of the alveolar
membrane and good perfusion on the other, (Fig 7a). Impairment
of this mechanism at any point will result 1 abnormalties of the
blood gases (alveolar respiratory msufficiency).!*

Ventilation-perfusion relationships may be disturbed by an increase
1n dead space ventilation, or venous admxture of the arteral blood
In each of these situations the peripheral arterial blood will show
hypoxia.

Dead Space Ventilation Part of the tidal volume 1s wasted in th.e
actual dead space of the mouth, pharyny, trachea and major bronehi,
swhere no gas cxchange takes place (anatomeal dead spaee). In addi-
tion, 1n severe chronic pulmonary emphysema there are many alveols
which are adequately ventilated but poorly perfused Thus the dead
space ventilation 1s increased and the effective alveolar vennla.txon 8
decreased (phystologic dead space) (Fig. 7c). Under these circum-
stances the dead space ventilation will constitute more than 30 per



TULiton 4y FUXCION TESTY 39
“ent of the ¢, ectine alveqlyy Ventiatigy, thy,
the UPper him,; of norma)

S Percentage 18 considorey
ous Arlrm.t/urr 4 5
bronchm), ¥

Mall amoung of bl
cbesmn'and ot €IS enter,
Tiphera) arteryg) blood Thig

od Pclummg from the
dm*ctly
A normyy 4

mto the pe.
ght-mlcn :hum, Causing

I urci,

.
ars s
AL ey
Lt
B nme
e [
o

iy

ooty
o

el




40 CHRONY PULMONAH\' mn'nrsmm

Dlﬂuswn he alveolompillary Membrape Consists o much mope
than Just the lmmg cells of the alveol; an “apillaneg It ¢, sists of
iologe o

A &radieny, of Pressure 45 Tequreq for the OXygen Molecule ¢, Teac}
the hemoglubm, thrs g the g eolar-arterial “A-A7 OXygen progsyre
&radiens The Normgj Values fop thig Bradieny ard g MM Hg gt pegy
and 16 nm He after €¥ercige, 100 .
obstacles for the Oxygen molecylo n Teaching ¢he hemoglﬂbfll
are nereaseq by the additaon, of such elements a3 edemy Auid, cellyty,
Cxudates, granulomatous, ﬁbrinous and collagen changes nder they
Ctreumgt,y, ces the “AA Bradient v i increase 0 valug, T “alveo.
’ Y0drome oceurs wygp Mpaiment of the Procesy
of pure lIx(Tus:on {Fig 7d). The “A.An Sradieny M2y also be inerensed
as g COnsequence of 2bnormg; venulanompex{usxon relationshipg
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CHAPTER IV
Clinical Concepts

T Signs and Symploms IIT Complications
II Psychosomatic Aspects of IV Raduologic and Fluoroscopic
Dyspnea Studres

1. Signs and Symptoms

The elinical mamifestations of chronic pulmonary emphysema de-
pend on the degree of pulmonary insufficieney present They range
from simple disturbances 1 ventilation such as wheezing, shortness
of breath on evertion, and coughmg, through chromic’ hypova and
carbon diowide retention, to chronic cor pulmonale with heart failure
Many patients do not survive the intermedtate stage It must always
be remembered that dyspnea, cough, wheezing, and cyanosis are

signs and p n many pul v and cardiae dis-
eases, and often make the differential diagnosis difficult.

The first mamfestations are commonly cough and shortness of
breath, with no apparent correlation between the oceurrence of
dyspnea and the devel, of a barrel-shaped chest Hyp p
may not be subjectively troublesome 1 the early stages The patient
15 usually not dyspneic, or only shightly so, when resting or slecping
At this stage he 1s generally able to sleep mn a normal recumbent
position, or even flat on his back The dyspnea may be brought on ot
become accentuated durmg exertion, or after coughing or sneezing
paroxysms, or while straming, singing, or shouting, procedures m
which an ncrease of the mtrapulmonary pressure oceurs In this
stage dyspnea usually subsides on rest The progressive inerease
seventy of the dyspnea parallels the reduction in the patient’s breath-
ing reserve There 1s alo some evidence suggesting that the dyspnea
may be 3ccentuatcd by the Hering-Breuer reflex from the over-
distended Tungs and by reflexes from the distended pulmonary arferies

14
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Coughing may result from infections, allergic involvement, non-
specific mechanical irntations, or from refleves affecting the upper

T ges The upper "y passages are particularly
susceptible to mfection The chronic inflammatory changes of sino-
bronchitic disease and chronie bronchitis are the most common causex
of cough 1n patients with chrome pulmonary emphysema Adenoidal
hypertrophy and infection, nasal polyps and paranasal sinus discase
are frequently related to the troublesome cough observed 1n patients
with allergic bronchitis. The secretions drip down the pasterior
pharynx onto the larynx and bronchi causing annoying cough dunng
early sleeping or early waking hours Acute bronchial irntation by
dusts, gases, vapors, fumes, or foreign bodies, usually excites a severe
spasmodic cough The mechanical effects of cold_air, wind, dusty
atmosphere, tobacco smoke, or excessive shouting or talking usually
start the cough Sudden exposure to cold produces a type of parov
ysmal bronchoconstriction that may be essentially reflex in nature,
the receptors presumably lying somewhere in the upper respiratory
passages The reflex apparently precipitates paroxysmal wheezng
and a hacking cough leading eventually to the production of visad
white sputum.

Ths reflex pattern may itself be stimulated by cough Cough may
be origmally a response to the inhalation of tobacco smoke for ev-
ample, and coughing may bring about reflex bronchoconstriction,
thus self-perpetuating the cough for a matter of minutes Enlarged
and chronically inflamed tonsils or an abnormally long uvula occa-
sionally may be ble for the h we type. Socomlnr'y
distressing symptoms that may follow in the wake of cough are physi-
cal and mental exhaustion, headaches, nsomma, pam or sorencs i
the fower part of the chest or in the abdomen, hernue, and 10«'0{
urnary bladder sphicter control m women The coughing “habit”
unfortunately seems to persist i some patients after the cause hat
heen removed Fatigue, weakness, anorexia, mdgestion, flatulence,
constipation, and weight loss are commory, and the patient may 3¢
quire the typical “chrome ", The gastroi inal symp-
toms may be connected with the hypoua and hypereapnia noted in
the later stages of the discase.,

Syneope may follow a severe or continuous cou;
This 18 the so-called “post-tussive ‘syneope”. It 13 most hhely t

ghing paroxy<m.
he
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1n the poorly separated parts of the Jung. along the anterior margins,
at the apices, and at the bases Larger air cysts, with or without flud

Fie 12—J O'C (Same patient Fag 11 taken 1n expiration) No ventila-
tion of R U L —trapped mir Inspiration and expiration carried out only by
the right muddle and lower lobes as noted by change in the posttion of the dia-
phragm and hortzontal interlobar fissure

levels, are Jess common These air cysts or pneumatoceles may become
very large, ther borders sharply defined by marginal atelectasis of
the contiguous compressed lung (Fig 13) Inasmuch as they do not
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1n the poorly scparated parts of the lung, aleng the antertor margns,
at the apices, and at the bases Larger aur eysts, with or without flud

—- el Ll

Fie 12—J O'C (Same patient Fig 11 taken 1n expiration) No ventila-

tion of It U L —teapped air Inspiration and expiration carried out only by

the trght muddle 2nd lower lobes a8 noted by change i the posstion of the dta-
phragm and horszontal interlobar fissure

levels, arc less common These aur eysts or pneumatoceles may become
very large, ther borders sharply defined by margmnal atelectasis of
the contiguous compressed lung (Fig 13) Inasmuch as they do not
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Usually conununicare Bith the bronchml tree, they are Benerally or no
8reat, liniegy sxgnziiralrce. Thcy can ho detennme(l by ronchogmphy,
or by bod; Sectrop Toe; Taphy T, e
mechamcal compressmn when they e larg, enough o become see-
ondzmly mfectcd, or Tuptyre to Cause modm.stmal €mphys,
pneumothom. They have alsg been foung t 0l
Anterop medmstmum nto the oppy

- ST

Viewg) Sohtnry pu!manar} Sstmpy Ling pa.
2

13
chrome Pulinony,,, 1R Beimg ghon. 8 Progroasy, enlargamong
ver o berog o 6 yenry Congcmtnl hony bridge €38 be gogp betueen the

CFsts haye 2 great tendency to communicatc With the bronchl, and
thus beco; secondanly fecteg As g result therp walls become
thickey The Presence of bullae OF eysty g not necc.\sanly an mdiea.
tion of Severity of he €Mphy semy Pntchy areas of xwo'cmtfd
brouch:ectaws and atejo,, SIS may, be obaerved, pamcularly in pa.
bents y 4, bronchoconsmmon Who hay, 1ot beey ndequately treated
(alrematmg areas of emph Sema g nlclocmsu)‘
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The heatt,_size 15 usually small It 1s frequently deseribed as long
and narrow i patients with uncomplicated pulmonary emphysema
(Fig 9) Roentgenographic studies of the development of chronie cor
pulmonale will be discussed 1n Chapter VI

The diaphragm generally assumes a flattened contour, may even
appear depressed or reversed m 1ts curvature and usually moves very
Iittle, or on rare The digitations of the
muscular attachments of thc dmphmgm to the chest cage may be
noted (Fig 28) Restricted diaphragmatic mofton s @ good wndex of
sceere emphysema, particularly wn the absence of bronchal asthma Fiims
taken at the end of inspiration und expiration confirm this ohservation
The spiratory smil test, with mouth closed, may be helpful The
normal response to two or more rapid, forceful smifs, with mouth
closed, 15 a senes of quick and short dphragmatie eusp deseents
An effectiie smff, in the normal subject, usually decreases the intra-
tracheal air pressure With cough, the diaphragmatic movement
should be rapidly upward, eaused by the increase in abdorminal pres-
sure and the closing of the glottis An effective cough 1 the normal
subjeet usually inereases the sntrapulmonary ar pressure, as in the
Valsalva maneuver with the glottis closed These jerhy motions are
nof usually observed 1n patients with ehronte pulmonary emphysema
The expiratory blow test (“blow the candle out”) or (“blow aganst
the palm of my hand™) 1s also useful, and generally reveals the re-
tarded expiratory aifiow as well as the futility of attempts to get
these patients to “blow harder and more rapdly "

Bronchography usually reveals evidence of bronchostenosis by the
failure of the viscous contrast medm to filt the emphysematons
area The appearance of this condition has been likened to a barren
tree largely without leaves Alveolograms like those typical in normal
subjects are not usually obtamed In areas that have filled, the bron-
chial branches are often forced apart and distorted by the rearrange-
ment of the bronchal tree, secondary to collapse of the overstretched
alveol: and the loss of bronchial support In emphysema that s sec-
ondary to chronic bronchial asthma, widespread obliteration of the
lumens of the broneh: of the third and fourth order may be observed
Fleischner conmders some hmd of bronehial ohstruction the primary
cause of chromic pulmonary emphysema, and gres bronchographic
x-ray evidence tv support this ® Tn normal subjects he has becn able
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CIAPTER V
The Carbon Dioxide Intoxication
Syndrome

I Clical Mamfestations and De-  I1I Treatment of the Carbon Deoride
telopment Intozication Syndrome

H Acd Base Disturbancrs an Re-
sperafory Daseases

I. Clinical Manifestations and Development

We have been mereasingly anare of a chnscal pieture comprising
mentgl changes, due to profound disturbances of the acid-hase bal-
ance, which may progiess even to coma the rarbon diovide intovica-
tion syndrome The tsolated finding wr the blood of emphysematous
patients, of high_concentrations of carbon dioxide 13 commonly asso-
anted with the advanced stages of the disense We ate concerned here
with the complations that may anse when hgh mim:\( carbon
dioade levels are d with the i 1 of
decompensated respiratory atidosis The more advanced Et'u.:m of
the syndrome are further characterized by the presence of hypo-
ventilation

This syndrome 13 most commonly observerd in patients with chrome
hypowa of long standing, usually secondary to chrome pulmonary
emphysenta, with or sithout pulmonocardiac disease Yet 1t may also
e scen where there 1 no lung discase, whenever respiratory depres-
s1on 15 induced by ‘drugs or diseases that affect the respiratory eenter
Weakness, headache, lassitude, eonf , yrtability,
changes and mr hunger may be noted More serious central nervous
system manifestations may occur as the pH falla- depressions of
respirgtion, coma, and even death.

In these patients, the elevated artemal pCO; (hypercapnia) 1.

61 .
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Ushally ASS0ciateq with arteriy} hypovia Boty are direey evidence of
defectlve gas eXChange, Under Hormgay condltions, AL rest apg at seq
level, the rage of Ventilation of the fungs Pears to p, Boverne( by
the Joy, of

2] 5
con trollmg effect Upon the respzratory Mmyte Volume Y direct actign
Ubon the medullary rcsmmtory ('enterS\tbe S0-calleq Centrogenjo
drive for TeSPiration o 1ere is gy, a lesg sensitrye controllmg mech.
antsm, normajyy, macme, comprmng the tIzemoreceptors of the ¢.
Totd apg aortye bothes, nervateg respectwely by the Rinth ang tenth

Cranig] p 8ans are NSitve ¢, arterya}
OXygen tensiop and g, S changes n earbop diovide levels, he
SO-ca], moreflex fe ration,

In the [2 hysematous batieng 4, whom, these controf Mechannyg

remayy no; ally active, hypcrmpma leads to hypenentilauon and

the Tetum of yq carhop, diovide leve toward norma), 1y Ixypen'cllfl’d-
tron ot oduc;, 8 cflective alveolsy Yentifation,
carbop leYlde retey SIERTTIN dul, g € ro; Piratory center
Tespons, © carboy, dioyyg, tation),r Iptoms g
this Stage, Uch a¢ hoadaches, I:va:tmle, con[us:on, and ritabigy
have |, n Uted ¢y cerehrny effects secondary to the high

T to 8
The Sudder, udmlmstmnon of Ingp conrcntmtiom of ovygen in an
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zomeostntlc m MM g Sustap, respiray), € patient pe.
Sponds wygp, Inyporentnlatxon Or even APnea Sy Breater inerpg.o may
Ollow 1n 4, ! 0: ang 0, ¢ tent, Wwith an ultimate re<pira.
tory acidosy With o grg, I arten

The €arly stagey of thyg S¥ndrome are accompanieq byansemnm the

blasmg Carbop diovyge levels, but, gye ton (-ompensntory mcdlary*m’-
there g httle o 10 actyy) drop 4y, PH Thys COmpensation 5 tnitially
acheveq by the action of the buffer E¥stems of the blogg AMuch more
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iI. Acid-Base Disturbances in R(-spiratory PDiscases

A The need frecquently ansesfor et aluatind ac1d-base isturbances

SC Respreatory acrdosss 18 vy far

the most common 1sturbances Hut one sy encounter all types of

deviationy for there 21¢ wsusity assocmtcd metaboli® changes, ptesenc
nms

s primsry ndary com! heat Althoug! base status
ould be detes yorn arters \ood, Jrcally obiamed
gample of venous D! may be G pful, if the resu! ts are mier-
preted COT! y Gimultaneous determ’ 0, content
and pH ® e

alnays R ssary-

The possible disturbances of the acid-bose palance €% pe divided
nto WO mnam groups: yespiratory and metabolic The factors that
mdicate the degree of either 81¢ as follows o) Respatory Aisturb-
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Dbortang, 3) no 'rcsp:mtory mvolrement I8 Preseng,
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Buffer base 1s not determined directly, but can be obtained from
the nomopram of Singer and Hastings!® Having determined the
pCOs, and the buffer base, the two so-called independent vanables,
one can recognize and understand the various types of disturbance of
acd-base balance® The dunturbaunce 15 mostly commonly purely
respiratory or metabolic at the outset, although a mixed type is also
to be seen Nonetheless, even the pure disturbances become maxed,

Fig 14 —Dhsturbances in acid-base balance

provided they persist long enough to call for compensatory
mechantsms

Figure 14 based largely on Davenport’s®® concept, helps to visuahize
these rhzmges grnphlcally A, B, C and D represent four pure types
of atud-base d bciere any 1on takes place The
sector below and above the normal blood buffer line mdicates meta-
bolie acidows and alkalosis respectively, while the pCO; isobar of
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B Orygen Treatment 1n Patients with Carbon Dioride Retention

This troubl ynd will not ord Iy occur if
15 not further dep 1 by the use of y-dep g drugs,
and 1f high concentrations of oxygen are not suddenly admimstered to
the chronically hypouc patient Barach has stressed that these pa-
tients need a carefully graded program of oxygen therapy * One
should employ a nasal catheter with humidified osygen At the out-
set, flows of 1 Liter per minute should be adminsstered The flow may
be 1ncreased by 1 hter each day or two, until G liters of oxygen per
minute are admimstered. A concentration of 38 per cent oxygen mn
the inspired air ean he obtained with this flow Some vanations 1
the flow rates may be necessary from time to time There should also
be a gradual daily reduction 1 oxygen conrentrations at the conclu-
son of therapy, to permit the patient to readjust himsclf to normal
atmospheric conditions Many patients do quite well on 2 home pro-
gram of oxygen therapy admimstered before meals and at bedtime
over peniods of several weehs to months

A very gradual reduction in the total pulmonary ventilation may
follow this therapy This slow change i venttlation permuts the
progresaive development of further compensatory metabolie alkalo-
sis, and prevents a sudden drop in arterial pl There wll also be ob-
observed a gradual rise n arterial pCO; and CO; content However,
following this rive the CO; levels may fall, as alveolar ventilation
returns to normal The sentinity of the medullary respiratory cen-
ter to pCOz may be restored with o graded ovygen program

C Spreifie Treatment

The successiul management of the carbon diovide intoxication syn-
drome and 1ts most serious sequela, decompensated respiratory acido-
13, may require more than the yudicious use of oxygen therapy When
the syndrome muully appears and there 13 evidence of depressed
b{ and ds ry acidosts, geney treat-
ment should center about the follo\\mw added measures, which are
hsted by order of importance (For fuller discussion refer to ther
respective chapters )
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Severe re~plmlory acdosg and comg follo\\od shor!l)n Immedxate
and Sustamned MMproy emeyy Ras noteq after the ntravengng adming.
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CHAPTER VI
Pulmonocardiac Complications

1 Derelopment and Clinical Manr- 11, Roentgenologic Diagnosts
Jestatrons IV Treatment
II Eloctrocardiographic Findings

I. Development and Clinical Manifestations

Right ventricular hypertrophy and cor pulmonale can occur 18 8
complication of a wide vanety of pulmonovascular disorders Ut
lizing the classifications of Deter®® and Spamn®™ we have listed the
most frequent causes, arranged aecording to duration and anatomical
localization of the primary lesion (Table £). Among the chronic dis-
cases of the lung, pulmonary emphysema 1s the most frequent cause
of right ventricular hypertrophy.

The pulmonary vasculat bed, already reduced mn extent by the ana-
tomic narrowing or actual obliteration of many of the pulmonary
arterioles, 13 dimished even further as a result of hypovia In addi-
tion polycythemia develops Thus the patient with chronic pulmo-
nary emphysema has many abnormalittes which contribute to\\ﬂ{d
an mereased cardiac output. The mcreased blood flow must pass it
the lungs through a vascular bed restricted both anatomcally and
physiologically, leading to the development of progressive pulmoniry
artertal hypertenston If this condition persists, pulmonary vascular
sclerosis may appear, comparable in a way to the peripheral urt.enohl'
sclerosts in systemuic hypertension. Pulmonary arteriosclerosis wald
found at post-mortem 1n 75 per cent of patients with chronie pul-
monary emphysema 1

The eatly chnical mamfestations of pulmonocardiac involvement
are m essence the signs and symptoms of the underlying pulmonary
emphysema presiously described.

0
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The %early dragnosis of chronic cor pulmonale can be confirmed
only by findmg (through eardiac catheterization) an elevated pressure
1 the pulmonary artery Changes m the electrocardiogram, roent-
genogram, venous pressure, circulation time and rapid infusion test
usually appear only when the discase 1s chnically well established.
During this early phase frequently a compensatory hyperventilation
may be noted, appearing m untoward episodes induced by broncho-
constriction, infection or eercise, v

The later mamfestations of pulmonocardiac complicattons are es-
sentially those due to chronic pulmonary_hypertension, hypertrophy,
dilatation, fatlure of the nght beart, and the superimposed effects of
chronie hypoxia Cyanosis of the lips and finger tips and clubbing
may develop, or become more pronounced An elevated blood car-
bonic anhydrase level has been observed in these patients, which
catalyzes the converston reaction of carbon dioxide to and from 'bl-
carbonntes * This may compensate for the retarded carbon dovide
excretion in the fung

In patients with chronie pulmonary emphysema, normal or rapid
values have been described for arm-to-tongue or arm-to-face circu}s*
tion time A Jengthened circulation time may be found where’ in-
creases are observed 1 the intrapleural pressure * % The hypous,
polycythermia and consequently hypervolemia are largely responsible
for dilatation of the right ventricle. Cardiac dilatation is generally
although not mvanably associated with increased cardise output,
the nexs tngger mechanism may initiate failure This can occur 88 b3
result of exercise, r Y jon or bronchiolar obstruction

The exact mechamsm and pathway for the vasoconstriction that
follows in the wake of hypoxia has not been clearly defined Inasmuch
as the riction can be hat reversed by correctng the
hypowua, the cardiopulmonary changes due to this factor may alo
be partially reversed. Iowever, the changes due to anatomieal nar-
rowing cannot be reversed by correcting the hypowa. This fact may
be utihized to distingmsh pulmenary hypertension of hypouc orgin
from primary arterrolosclerosis of the pulmonary vascular bed

Elevation of the pulmonary arterial pressures observed b)"
investigators during hypoxia has been the subject of extensive "“
search. 10 Motley ef al'* elearly demonstrated the P“I"‘""’E
hypertensive effect due to hypoxia m 5 unanesthetized human gub-

many
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ing the pulmonary cireulation by different mechanisms The fibrosis
may be present n the pulmonary vasculature alone, or it may effect
a areulatory blockade by mvolving the alveolar-capillary septa. Cor
pulmonale, almost by definttion, has been invanably bound to pure
right ventricular hypertrophy. This concept should be revised, hos-
ever, for 1t has recently been shown that in some instances the left
ventricle and systemie circulation are hkewise involved.

The careful studies of Licbow?® and his associates demonstrated
the sigmficance of shunts between the bronehial and pulmonsty ar-
tery systems These anastomoses, which compensate for the made-
quate blood supply through the pulmonary artery branches, essen-
tially represent a left-to-left shunt between the left ventricle and left
aunicle Left ventricular hypertrophy then develops, in order to maio-
tain the increased output. In lung segments with pulmonary artersl
blood flow still present, the anastomoses hetween the bronchial and
pulmonary artertes may create n left-to-right shunt, Under thee
ctreumstances, the higher pressure of the systemic blood flow 1nposes
an added resistance to the right ventricular output. )
« The elinical mamfestations in the advanced stage reveal casy fati-
gability, exertional dyspnea, orthopnen and cyanosis. There may be
evidence of congestive faiture: a tender or enlarged liver, dlaﬁcrzd(‘i
neck vemns, mereased venous pressure, periphersl edema, ascites.
The cardiac rhythm and blood pressure tend to remam unchanged f
the systemuic errculation does not participate in the pathological
process The pulmome second sound 1s aceentuated, and 13 usually
greater than the aortic second sound. The chest rocntgenogram, fiu-

py and the elect i [ My reveal evidence of right
ventricular enlargement; the ability of the right ventrcle to hyper-
trophy 1n order to meet the mereased load is most impressive v
When my dial d develops, or when thc. optimal
stretch of the myocardial fibers has been exceeded, the increased
cardinc output begins to fall Nevertheless, it atill may be greater
than normal, even in the presence of congestive fasture” Compensn-
tory hypertentilation 18 largely lost in these patients, and ‘hy.l“"'f”“l”'
f1on 13 more common. There has been observed m patients ““,h revere
degrees of arteral hypoua s tendeney toward respiratory acdosiy
marked polyeythemia and hypervolema, severe pulmonary h)’l;"!‘
tension, high cardiac output with or without fmlur(','mu{ a marhet
elevation of diastolic pressure n the nght ventniele' - 17 In thee
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last stages the pulmonary hypertension 1s yrreversible and 1s accom-
pamed with mtractable heart farlure As a rule these patients never
recover full compensation, and succumb i a few months

II. Electrocardiographic Findings

When the electrocardiographic pattern of nght ventrnicular hyper-
trophy appears, 1t sigmfics either s pulmonary artery mean pressure
of 30 mm mereury or higher, or & total pulmonary re«istance exceed-
g 750 dynes/seconds/em =3, which 1s about three times the normal
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Fo 16 —Electrocardiogram tn 2 pabient with chrone cor pulmonale
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{Fig 16) ¥ Hawever the absence of such a pattern does not rule
out the evstence of pulmonary arterial hypertension and ecor pul-
monale ® 8 The electrocardiographic eriteria, for diagnosis of nght
ventncular hypertrophy, according to Sokolow and Lyon,'** are as
follows (1) In the nght precordial leads tall R and small-to-ahsent
§ saves, delayed ventnewlar activation time, depression of the T8Re
segments, i erston of the T waves, and an R/S ratio greater than
1mV 1, (2) In the left precortial leads, small R and prominent 8
waves and an /S ratio less than 110 V 5 and Y 6. In AVR there are
promuinent R waves ¥
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night antenor oblique position As the disease progresses, there will
be noted an enl: Iy of the pul 'y conus

In the later stages, m the postero-zntersor view, the pulmonary
artery will bulge below the aortic knob and its arc will be longer than
normal. A notch will be noted below this bulge of the pulmonary

Fi6 18—C G (Sume patient I'g 17, Literal view) nlarged right ven-
triele and pulmonary conus Note inereascd sucface contact of night ventricle
with sternum

artery, thus chrome cor from mutral steno-
a5t (Fig 17) Furthermore, enlargement and increased pulsations
of both hilar regions wilf confirm the diagnosis Esophagrams do not
usually reveal any displacement of the esophagus

In the more adianced slages of the discase the right ventricle may
be enlarged, thereby inereasng the diaphragmatic surface of the
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The electrocardiographic position of the heart is usually vertical,
with elockwise rotation, The avis may be perpendicular, duc to sunch
tancous retrodisplacement of the apex Very often, mght hundle
branch block 1s assoetated with right ventricular hypertrophy.

Fro 17—C G (P A view) Chronic cor pulmonafe 1n pulmon
sema Note prominent pulmonary artery (arrow ), left auncle an
are not ealarged

ary emphy
d ‘ventzicle

II1. Roentgenologic Diagnosis

Ro hcally the d of cor t
when certain changes arc noted In the early slngca,
of the oval density of the pulmonary trunk 13 hest visual

le can he made

the enlargement
ltzed 1n the
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nght anterior oblique position s the disease progresses, there will
be noted an enlargement antenorly of the pulmonary conus

In the later stages, in the posterc-anterior vien, the pulmonary
artery will bulge below the aortic hnob and its are will be longer than
normal A notch will be noted below this bulge of the pulmonary

Fig 13—C G (Same patient Fig 17, lateral vien) Enlarged nght ven-
triele and pulmonary conus Note increased surface contact of rght ventricle
with steraum

artery, thus chrome eor pul from mutral steno-
1'% (Fig 17) Furthermore, enlargement and mereased pulsations
of both hilar regions will confirm the diagnosis Esophagrams do not
usually reveal any displacement of the esophagus

In the more adianced stages of the disease the right ventricle may
be enlarged, thereby increasing the diaphragmatic surface of the
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The electrocardiographic posttion of the heart is usuaily vertical,
with clockwisg rotation, The axis may be perpendicular, due to simul-
taneous retrodisplacement of the apex. Very often, mght bundie
branch block 1s assoctated with right ventrieular hypertrophy

Fig 17—C G (P A view) Chrome cor pulmonale in pulmonary en:nl!:\lb
sema Note promnent pulmonary artery (arron); left auncle and ventr

are pot enlarged
HI. Roentgenologic Diagnosis
Roent hieally the d is of cor pufl fo can be msde

r

5 T .

shen certam changes are noted In the early slages, the cnhrlgr'm:’;:E
)f the oval density of the pulmonary trunk 13 best visuahzed 1n
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right anterior oblique position As the disease progresses, there will
be noted an enlargement anteriorly of the pulmonary “conus

In the later stages, m the post £ view, the pul 'y
artery will bulge below the aortic knob and 1ts are will be longer than
normal A notch will be noted below this bulge of the pulmonary

TiG 1§—C G (Samo patient Fug 17, lateral view) Enlarged right vea-
tricle and pulmonary conus Nate tncrensed surface contact of right ventricle
sath sternum

artery, thus d; chromie cor pul le from mitral steno-
S8 (Fig 17) Furth and increased
of both hilar regions wall conﬁrm the diagnosis Esopbagrams do not
usually reveal any displacement of the esophagus

1n the more advanced stages of the disease the rght ventricle may
be enlarged, thereby increasing the diaphragmatic surface of the
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The electrocardiographic position of the heart 15 usually vertieal,
with elockwise rotation The axis may be perpendicular, due to smul-
taneous retrodisplacement of the apex Very often, nght hundle
branch block 1s assoeiated with vight ventrieular hypertrophy.

H

Frc 17—C. G (P & view) Chrome cor pulmonale in pulmonary emp};;;
sema Note promnent pulmonary artery (arrow), left auricle and veatrit
are not enlarged

II1. Roentgenologic Diagnosis

TRoent hieally the d of cor .
when rertamm changes are noted. In the early sfages, the cn)arl:f‘m‘“l‘l‘c
of the oval density of the pulmonary trunk 13 best visuahzed in

il Ic can be made
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nght anterior oblique position As the disease progresses, there will
be noted an enlargement antenorly of the pulmonary “conus

In the later stages, 1n the postero-anteror view, the pulmonary
artery will bulge helow the aortic knob and 1ts arc will be longer than
normal A notch will be noted below this bulge of the pulmonary

Fic 18—C G (Same patient Fig 17, lateral view) Enlarged nght ven-
trzele and pulmonary conus Note increased surface contact of nght ventcle
With sternum

artery, thus d; chronie eor pul le from mutra) steno-
&5'% (Fig 17) Furthermore, enlargement znd increased ‘pulsations
of both hular regions will eonfirm the diagnosis Esophagrams do not
usually reveal any displacement of the esophagus

Tn the more advanced stages of the disense the nght ventricle may
be enlarged, thereby increasing the diaphragmatic surface of the
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heart This can be seen most clearly in the nght or left anteror
oblique positions 8 Incrensed surface contact of the right ventncle
with the sternum 1s best seen in the nght lateral position (Fig 18).

At times the presence of emphysema makes it difficult to determine
the mize of the heart chambers In the presence of associated wasting
diseuses (pulmonary tuberculosis or silicosis), the heart may appesr
small even though the right ventricle is hypertrophied However,
by contrast visuahzation of the cardiac chambers and great vessels
m patients with emphysema, some degree of enlargement of the nght
veatricle or the pulmonary artery has been noted 1n almost all of the
cases, i

IV. Treatment
A. General

The management of this group of seriansly 1ll patients warrants
greater ophmism, 1f one bears in mind that the physiological changed
which have been deseribed are largely reversble 1 most instances,
albeit only temporanly The dommant abnormality, hypoia, must
be eorrected, since 1t 1s fundamentally responsible for the prey 10wy
outfned sequence of events This ean be effected through vigorous
use of measures to relieve_bronchoconstuction, by employmg bro-
chodilator aerosols (with or without intermittent positive-pressurt
breathmg), Ephedrine or'Orthovine orally, and Aminophyllin orally,
rectaily ov itravenously. Antibnotics should be admmnistered for up-
per or lower respiratory tract infections, parenterally or hy the acrosol
route These infections may smtiate an episode of acute h)l“’“f
supenimposed on the chronte hypoua, thus producing a sudden Dreak
in cardiac compensation, Hyposia should he corrected through the
wse of fow concentrations of orygen to avoul the dangerous requelse
of the carhon dioxide intoxication syndrome Improsement of th(t
failing eieculation, by correction of the hypova, may be followed by
increased churesis 5

With the progressive hypovia, a compcn:-nory’pob’cyfhf’““‘ b
noted, “hypoue erythroeytasrs " The hematocrit rises ’Ih’ﬁ P"?"
eythema Tesults 1 an mereased blood volume and blood viscouty,
mamfested clineally by malase, headache, diziness, anorevia, !
thora and distention of the neck veins In individual eases it may

ple-
he
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difficult to determine the exact pomt at which the compensatory
polycytherma ceases to he benefioial and begins to merease the arcu-
latory load When the 1igorous measures noted above for relieving
the fiypoua fail o bring about a reduction n the elevated hemato-
ent,Yprophylactic phichotomies should be employed Since unde-
sirable result may follow the sudden removal of more than 350 cc
of venous blood, 1t 1s advisable to withdraw only"250 to 350 cc at
one time, repeating the phlcbatomies at ntervals of a week or more,
depending upon the chnical course The hematoerit may be used as
a guide, and should be kept below 50 per cent Following venesection,
the pulmonary artenal hypertension may fall to normal levels Re-
cent reports have described effective pulmonary vasodilatation fol-
lowing the admimstration of “tetru-ethyl ammonmm chlonde and
* Briscohme 5

B. Amwophylhin

Ammophyllin represents a safe, very reliable drug for the manage-
ment of patients with cor puimonale. Due to its direct action on the
heart, Ammophyllin mereases eardiac work and output'® but s
action 15 most remarkable in lowenng penpheral resistance (more
markedly m the pulmonary circuiation than in the systemic), di-
mmrhing the right atral preﬁure, and also dilating the bronchial
tree ¢ (40 7§ The 1mp of puls y arfenal pres-
sure (as much as 20 mm mercury fall 1n mean pressure) 1s achieved
as o consequence of decreasing the resistance in the pulmonary
creust

The same category of patients will also benefit from the direct
action of aminaphyllin upon the kidney Renal plasma flow and glo-
merular filtration rate may be mereased, due to the hypererma re-
sulting hoth from the larger cardine output and from direct kidney
stimulation ‘“T!y miubiting tubular resarption of the sodwm, amino-
phylhn (alone or combnned with mercunal diretics) 15 2 most valu-
able physiol 1 tool i druresis Thas dure employ-
mg mereunial dwiretics 1n combination with aminophyllin was used
successfully by Vogl 19

Aminophyllin ean also serve as a roeans of esaluating the degree
of reverabihity of pulmonary hypertension. Lack of respanse to
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amingphyllin indicates a_poor.prognosis The therapeutic effect
from aminophyllm will be closely related to its level in blood plasma
where 1t 15 only slightly bound to the serum protemn, In genera).
level of at least 05 mg per 100 ce. of plasma 1s necessary.® Intn
venous administration produces a high mitia) serum level, but ther
B2 mp\\d/ drop, with complete disappearance from the serum Bt nin
hours ' Solutions of aminophyllin. administered rectally ean be gne
at s1¢-, eight-, or twelve-hour intervaly thus mamtaming a contnu
ous effective therapeutic level with it t to the pa
tient Bronchospastic crises-may be prevented and better control o
the dyspnea, orthopnea, and Cheyne-Stokes respirations can be ob
served. If the rectal route cannot be employed, fairly effectny e bloo
levels can be achieved by ammophyllin tablets, such as"Gardan
which penmits the administration of higher oral doses

C. Diprialis

“The chotee of digitalis preparations for controliing cardsac fatlure
10 these patients 12 not as important as a thorough huow ledge of they
varable speeds of action, their toweities, and the full meamng of
complete digitahization and daily-maintenance. Digitalization shonid
be continued unti) signs of beginmng compensation appear; then \'hﬂ
patient should be placed on the dauly mamtenance dose If tonicity
appears. digitalis should be omitted until these symptoms have sub-
sided, before starting the mantenance dose The conventional aver-
age digitalization dose with Digitoxin is 1.2 mg., and the maintenanc®
daity dose is 0 15 mg However, the range for complete digitahzation
may vary from less than 1.0 mg. up to 3.0 mg , and for daily mainte-
nanee, 0 1 mg up to 03 mg In general, one may give 0 6 mg Digi-
toxin by mouth and then 02 mg every sic hours, until h(-;:umx’nx
compensation or towcity 1s noted, before placing the patent on daily
02 mg mamtenance It 1s our custom to digitalize with Digatown for
sapid effect, but to mamtain the patient with the whole-leaf digitals
preparation, with an average duily dose of 01 Gm daily.

Effect of Inguahis on Cardiae Output and Pulmonary Circulation

The exact role of digitalis in the management of chronie cor :’:ln
monale 13 the subject of considernble controversy. The introduct
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of the techmaque of cardiae catheterization and advances 1n the study
of pulmenary function have yielded new data on its pharmacody-
namies The direet acton of digitalis upon the fibers of the myo-
cardium rannot be separated from ats effect on venous pressure and
on pulmonary erreulation

Iigitalis will have httle or no effect on canthac output m the ab-
sence of heart failure ¥ and 1t should be employed when there 13
evidence of hight ventricular fadure Digoxin or Digitovin admims-
tered mtravenously may be followed by stnhing improvement 3any
mvestigators feel that Quabain 1 supenor to digitalis In amtating
this improvement ¥ 1 The indication for the use of these prepara-
tions 15 the presence of falure, regardless of high or low cardiae
outpuy

From the studies of Cournand, MeMichael, Dester and thewr as-
sociates'® 8 112 there emerges an over-all concept that cardiac output
and failure do not always follow the same pattern in all patients
Furthermore, the level of the cardiac output should be looked upon
as the individual response of each patient according to his own
wetabohe needs No generahization of **hugh” or “low " eardiac-cutput
type of failure can be adequate for each pathotogcal entity causing
cardiac farlure A patient may have different levels of cardiae ontput
at different stages of cardiac decompensation

A more comprehensive theory has been advanced by Ferrer ot at &
who studied a group of patients with cor pulmonale and nght-sided
heart fmture before and after dagitahization with a single intrayenous
dose of Digowin The first response was an merease 1n cardiac output
and s reduction m the filing pre-sure of the right ventricle Pulmo-
nary artery pressure ros¢ simultaneously, due to the increased blood
flow 1nto un already diminished pulmonary vascular hed It 18 impor-
tant to state, however, that this immediate response was of short
duration  As time went on, chnical improvement of failure brought
about a decrease m cardiae output, 2 reduction m the elevated pul-
monary artery pressure, and wmprovement in the srtenal ovygen
saturation In addition to the therapeutie effects of digitahis mun-
tenance, the carrection of palycythemia and hypowa was of great
belp 1n reversing the putmonary hypertension

In the presence of left heart failure without primary puimonary
disease, acute digitahization hy the intraxenous route nroduces an
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annnophylim indieates n_poor_prognosis, The therapeutic effects
from amnophylhn will be closely related to its lev el in blood plasma,
where 1t 15 only slightly bound to the serum proten In general s
level of at least 0 5 mg. per 100 ce. of plasma is necessary™ Intra.
venous admimstration produces a high initial serum level, but there
18 a rapid drop, with complete disappearance from the serum at nine
hours $¢Solutions of sminophyllin admunstered rectally can e gines
at six-, eight-, or twelve-hour ntervals thus mmntaining a contint-
ous effective therapeutic level with runimum discomfort to the pu-
tient Bronchospastic crises may be prevented and better conteol of
the dyspnea, orthopnes, and Cheyne-Stokes respirations cau be ob-
served If the rectal route cannot be employed, fanly effeetiv¢ blood
levels ean be achieved by aminophyliin tablets, such asCardabn,
which permits the admmistration of higher oral doses

C Ihgriahs

The choice of digitahs preparations for controling eardiac farkire
m these patients 1s hot as important as a thorough hnow ledge of ther
varable speeds of achon, their toueities, and the full meanwg of

lete digitahzation and daily Digitalization should
be continued wntil sigas of beginning compensation appear; then the
patient should be placed on the daily maintenance dose If toveity
appears, digitalis should be omitted until these symptoms have sub-
sided, before starting the maintenance dose The conventional aver
age digrtalization dose with Digitoxin is 12 mg , and the maintenaw®
danly dosc is 015 mg However, the range for complete digitahzation
may vary from less than 1 0 mg up to 3 0 mg, and for daily matwte
nance, 01 mg up to 03 mg, In general, one may gve 06 me ka’"
toxin by mouth and then 02 mg every six hours, until bcg.,mmg
compensation or towieity Is noted, before placing the patient mx'llal])
02 mg maintenance It 14 our custom to digitalize with Digitavin f‘m‘
rapid effect, but to mamtain the patient with the whole-leaf digtalis
preparation, with an average duly dose of 0.1 Gm. daily.

Fffect of Dagitalis on Cardiac Outprt and Pulmorary Cirenlation

. . : e
The exact role of digitals in the management of chronic cor S:m
monale 15 the syhject of considerable controversy. The mtroduc!
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 the techmgue of cardat cathetenzation and advances 1n the study
{ pulmonary function haveé yelded new data on 15 P armacody-
amies The Qirect action of digitalis upon the fibers of the Yo"
ardwn cgrnot e separated from its effert on venous pressure and
on pulmonary arculation
Digitahs will have \ittle ot NO effect on cardiac output M the ab-
sence of heart falure’ 5 gnd 1t should be employ ed when (here 1S
endence of nght ventneulat fmiure Digoon 0F Digtomn admints
tered Ltravenously oY b followed bY stohng mmm\'cmmc Afany
juveshigators feel that Qusbun 18 supenor to hptalis M yutiating
this \mpm\cmem 18 The mdicatio?® for the use of these prepard”
tions 18 the Presence of fwlure, regardiess of hugh or 1o¥ cardia¢
output
From the studues of Coumaml, f\'lc)hchue\, Pexter and ther 8
socuates®® * 112 {here emerEes an over-alt concept that cardize putput
and faldure do not atweys follow the same pattern m all patients
Furthermore, the jevel of the cardiat output should be Joohed upon
as the ‘mdw;dua\ response of each atient according to s ownt
metabolic needs No gencmhzanm\ of “hugh?” of “lon” (:ml\.w-ompu\
type of falure can pe adequate for each p-m\ologwn\ eptity (BUSIS
cardiac fasture & patient maY have different 1evels of cardiac outpit
at different stages of cardiac decompens'\hon
A more comprehenst € theory has been advanced bY Ferver et al®®
.ho studied 3 grov® of patients with
heart fatture before and after gitahization 1th a single mtravencus
dose of Dhgos The first yesponce 3% an 0erease sn cardiac output
and a reduction sn the fl0E pressure of the nght ventncle Tulmo-
nary artery pressure 10se slmu\mneous\y, due to the snereased Bload
fiow into an already Aunnished puimonary vascutar hed 1t 15 WOPAT-
tant to state, however, that s wmmethate responst ®38 of short
duration As time went Ot chmceal \mpmvemem of falure prought
sbout a decrease 10 cardiac output, & reduction W the elevated put-
monary artery pressure, and m\provcment
saturation In sddition 10 the therapeuti effects of diggtalis T
\enance, the correction of po\ycythem\a and hypostd was of grea
help 1" reversing the pulmonary pypertension
In the presence of left heart faalure \ithout, primass’ pulmonar
disease, seute aigtalization by the travenous oute mroduces !
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tmmediate fall i pulmonary artery pressure, since the increased
cardiac output finds 1ts way through a readily distenstble pulmonary
vascular bed where no abnormal resistance is encountered.

The mechanisms discussed above have been mterpreted by Ferrer
etal m a schematic figure (Fig. 19). . o It §s likely that increases m

|

outpur
N

CARDIAC

ENDDIASTOLIC  LENGTH OF MYQCARDIAL FIBERS
F1o 19 —Schematic curve relating changes 1n eardiac output and cbang‘es
1n myocardial fiber length 2t the end of dustole in chronic cor pulmonsle
(Reprinted through the courtesy of Dr. T M Ferrer )

blood velume and cardiac output eccur in patients with cor pulmonale
and emphysema prior to the onset of right heart l’fulure (l'rom(::
average normal position %3 to position #2) When failure occurs, e
eardiac output declines from the previous high level to a Jower o ¢
which 15, nevertheless, still above a normal output {(from po-ﬂtl?
#2 to posttion ¥ 1) If, at that time, the patient receives Dlglt::;:;
the cardiac output at first rises, in order to empty the failing ven! e
of 1ts excessive residual volume (from posltx_on #1 back to p;’i’inus
#2) Subsequently, with contmuation of Digovin and the ju
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use of phiehotomy and bronchodilators, the carthac output will tend
to return toward normal (position #3) This 1s effected by the more
adequate emptying of the right ventnicle and the shortening of the
1mtial diastohe length of the myoeardial fibers. The pulmonary artery
pressure dimimishes as a result of the reduction m blood flow and the
eotrection of hypova and polyeytherna

These studies should dispel the fear of some chmeians that dip-
taleation may be harmful in the stage of the urculation just prior to
frank fatlure of the right heart {t 15 posaible that the il effects” or
“fmlure to improve,” often reported after the use of igtalis 10 such
cases, may have resulted from the wmultanecus mjudicious adminis-
tration of high concentrations of oxygen On the other hand, failure
m improvement may haye been due to the presence of prmary pul-
monary artenosc\emsn‘/ln addition to digitals, salt restniction, am-
monum chlonde and the mercunal dureties should be employed
the treatment of eardiac failure The s of cation exchange resmns
with supplemental potassium therapy may be helpful when the above
procedures faill

Finally, for the patient with mtractable falure, there 1s the m-
tnguing posibnhity of employing Eadicactive 1odwe (1) therapy Dro-
uetion of by st by this tech mp ly euthyroid
individuals, may permit the patient’s heart to funetion more ade-
quately sinee the ovygen requrements will then be lower than o
norraals Not only 1s the metabolic ovygen need of the body as a
whole fescened but that of the myocardum decreases m the same
{astuan,

D Mercurial Dhureties

The control of hypervolemia bv the employment of mercural
diureties may be of great value 1n the management of the patient
with cor pulmonale, even when evidence of frank failure 15 lacking.
The effect of diuresis induced n this manner is to dimuush the total
amount of extracellular body flud, this action 13 supplemental to
dimsnution of the total red blood cell mass by phlebotomy Pulmo-
nary vaseular engorgement and mmmal degrees of pulmonary edema
can be refieved

The time-dose relationslyps of mercural dinreties hate been care-
fully studied ™ Frequent small doses, maintaimng o contimal state
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of duwiresis, are preferable to larger doses admimstered at longes
mtervals The profuse dinresis which occars in the Jatter situation
often leads to such great and sudden loss of sodum ions in the urine
as to produce symptoms suggestiug Addison’s disease, such s gno-
Tema, weakness, fatigue and leg cramps The dosage of these agents
18 best controlted through daily observation of the neight of the pa-
tient on ansing A dosage and interval between doses should be em-
ployed which will maintain the pattent at or near hus “dry weight”
with mummum of fuctuation i weight. Moderate weight loss of from
two ta four pounds follaw fng the mercurial injection i< more desirable
than a pronounced weight loss.

Patrents with chrome pulmonary disease and cor pulmonale may
have a respiratory acidosss, Increased renal excretion of chlaride 1on¢
compensates for the respiratory acidosts in this situation, these p1-
tients usually have hypochloremia Chloride diuresis, as may oceut
with mereurials, thus has the added danger of creating a profound
bypochloremia This may be avoided by the simultaneous daly sd-
mupistration of 2 to § Cm. ammonmm, chloride. ¥ one prefers to
employ the mercurial diuretics spaced farther apart and m larger
doses, ammenium chloride should be given in divided daiy doses of
4 to 6 Gm. for two days prior and on the actual day of admimustration
of the mercunal dwretic This will serve to enhance, Ha disetic
effects. .

Although 1t 15 seldom desirable, the ammonium chlonde might be
deliberately withkeld m patients with very high artenal pCf): and
uncompensated respiratary acidosss, while mercurial diumucs we
adminstered, deliberately provoking further hypochloremia as p com-
pensatory metabohe alkalosts The quantitative nature of this aexd-
base equlibrium and the ease with which it becomes dx.:xlurbf'd re-
quire frequent determinations of the plasma levels of biearbonate,
chiende and the pH. . oided

Extreme hyponatremia due to sodium diuresis should he avor W
Moderate restrietion to 2.to 5.Grm. of salt daily should be attemp!
before resorting to a more mtensive restriction of as hitle as 200.mE
of sodium each day, Careful attention should be given to the palata-
bility of the salt restriction dhet and the use of salt-poor dietary

supplements
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L S:dation

It 13 best to avod heavy sedation, as the ineidence of obstructive
asphyvia and pulmonary edema 15 higher n the deeply sedated pa-
tient, The barbiturates and morphune depress.the respiratory center
unti} 1t 1s Jess sensitive than normally to stimulation Phenobarbital

« 1 oral doses of 30 to 60 mg may produce adequate relaxation 1n the

' muldly dyspneie patient Sodium Pentothal should not be employed,
for 3t may cause bronchoconstriction The combmation of chloral
hydrate and sodium bromude may be quite helpful, these can be given
rectally 1m doses of from 1 to 3 Gms each and may be repeated at
tnelve-hour mtersals for several days without fear of serous respira-
tory depression Doses of from 20 to 30 cc of paraldehyde, combined
with an equal amount of oline ol or prepared as a cornstarch emul-
sion, may be admimstered high-rectally at twelve-hour mtervals
When sedation to the pont of actual hight anesthesia 13 required,
ether 13 the agent of choie It may be admimstered 1n doses of from
60 to 90 ce dissolved m an equal amount of snect vil placed ngh
the rectum. This dose may be repeated at eight-hour ntervals for
one or two days

2 Morphine

Morphune does nat pmd\xcc a significant change m the heart or the
and bolie rates tend to drop progres-

sively, and with larger dox(‘s the eardrac output and cardiac work will
decrease shightly # Oceasionally, following the mitial use of mor-
phine wulfate (8 to 10 mg subcutaneously), one sees very strihing
relief of dyspnea, in the chronically 11l patient with bronchitis and
emphysema who 1s suffering from a paroxysm of bronchoronstriction
THowever, morphine should not be employed 1n patients with bron-
chial asthma or emphysema, beenuse with repented doses serious
sequelae may follon Such therapy has been decried for many rea-
sons 1% 181 On the whole, morphme tends to depress the respiratory
center It decrenses the respiratory rate, dimmishes the tidal s olume,
and decreases the mimute volume of respiration, thus accentuating
the degree of hypoua It also depresses the cough reflex and pres ents
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effective expectoration, thereby increasing the tendency toward seg-
mental atelectasis Frequently morphine appears to produce addi-
tional nausea and vomiting, and there 15 always the possibility of
hypersensitrvity and even addiction. Finally, death following mor-
phune therapy has been reported frequently, in status asthmaticus
and chrome cor pulmonale with kyphoscoliosts and in most mstances
the deaths could be attributed to 1ts use We have found in Nalline,
N-allyl-normorphine hydrochloride, an effectrve morphine antagonist
and direct strmulant of the respiratory center.®* This drug should be
employed 1n such nstances.

2 Demerol Hydrochloride (Meperidine)

Demerol has » wider range of safety than morphine, and 13 2 more
efficacious drug m the treatment of the very sick emphysematous
patient, sinee tt 18 extremely helpful 1n relieving an nteactable or
utterly useless cough It may be given in dases of from 50 to 100 mg
intramuseularly or 100 to 150 mg. orally at eight- or twelve-hour
ntervals for three to five days The use of smaller doses at the outet,
however, may mimize any side reactions Some bronchodilatation,
mild sedation and atropine-like effects may ionally be obse'r\l‘d,
and a few patients will complain of nausea or dizziness The majority
of patients, however, enjoy a pleasant stage of general relaxation fol-
lowing 1ts use Tachyphylaxis 13 occasionally noted but full response
usually returns after a rest period Addiction to mependine, although
less frequent than to morphine, does occur and may be of a severe
type

”E)cvplte the comparative safety of Demerol, st 15 advisable that
neither Demerol nor morphme be employed in the patient with

chrome cor p I ted with kyphoseol! or'(hr'onic ‘pu:;
monary emphysema The reduction 1n pulmonary ventilation ® ’Plcm
s

follows 1n such mnstances causes further hypovia and eyanoss
subsequent danger of the carbon diovide intoicatron hyndrnme{ i"q
respiratory acidosis when high ovygen concentrations are added has
been previously described. (See Chapter V)



1 General Consieration® Bronchial Eracuahion

A Oucupatto™ K Expectorant?

B Allergies B B chodilator dru®

¢ Infectiond c postural dratnag

p Surgwesl D BronchotoP¥ and bronch®”
£ Cumate enpic 1avad
F Personal a1 Drugs o™ ‘Procedures

“Avouded o7 Employed ¥ Cau-

ton

gatiol mamagement & e patent suer
a thorou

patient alt omiort P 5s1b! Countless P: el re condern?
4o years of dsscomfort BY the pessim®™ artiud prevs\\\ g amond
many Physic s rd th yalue © c therap¥ that
could afford 878 £ 1y partizhs

chef
Evsluation of the o arative Jmportanee of pronemal and paren
more otional
therap¥ 1n every case, the ariou® occ\\puuons\, nfectious; or 8V

Yergi® prcup\(atmg t naly great €3
Th extensiV adertying O s, the BTORes th
ihehihood o pffu e constrictio™ 4 tendeney towa!
development of \)ronchmpamc P When prgench: ymaal dom

oge 13 more mmmen\
walls, rep\acemem, of elastic ps<ue OY fbrous {ussue, and finally ¢



88 CHRONIC PULMONARY EMPHYSEMA

tmlure of adequate expiratory force, ndrrectly_eauses further bron-
choconstriction which leads to the trapping of air with each mspira-
tion and inerease 1n pulmonary overdistention,

With these basic 1deas m mind, a program of symptomatic eare for
the patient with chrome pulmonary emphysema will be discussed
under the following headings:

I. General Considerations
A. Occupalion

The hazards of the patient’s occupation should be serutimzed and
precautions taken to reduce them to a minimum Exposure to as-
bestos and silicon and the hazards of hard and soft coal mming are not
the only direct insults to the pulmonary parenchyma. Safeguards are
necessary against the mhalation of nonspecific dusts, fumes, and
vapors which are also 1rntants that may be responsible for a con-
tinued bronchitis with destructive sequellae Improvement 1 worhing
conditions has resulted from such protective measures as oiing to
keep dusts from flying about, watering the ore loads n mmes and the
brushes of cotton worhers, and using face masks, improved venti-
lators, suckers, blowers, and air condrtioners, for filtering as well as
for cooling and dehumidifying

B. Allergies

Every measure that offers the possibility of presenting or minmiz-
g attacks of bronchitis should be utilized If speeific allergens can-
not be removed from the environment, the patent’s tolerance to
them should be 1mproved Specific measures of treatment such as
hyposensitization, although too often disappornting, are still worth &
trial in patients with chronic pulmonary emphysema secondary to
bronchial asthma, if the underlying allergy can he deternuned Oul}'
experience with the use of dust and bactenal vacemes, both stock an(

has been d inting. Control of the allergie aspects o
pul h; by means of anti-

the 1 of chrome y empl e
Iistaminic agents, ephedrine, aminophyllin, and corticotropn

be discussed mdividually,
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does produce the improvement when the patient changes cimate
If 2 permanent change cannot be made, winter residencein a temper-
ate cimate may be feasible and helpful, Chasing the will-of-thesiyp
of cure by climatic alteration may be financially ruinous, and should
be advised with caution.

Patients with emphysema and corusting heart disease should stay
away from aifitudes above 4000 feet Those with troublesome bron-
clutis and considerable sputum may prefer the dry, warm, and gen-
erally calm, chimate of southern California or southern Anzons
(Tucson or Phoenmx} A dry chmate may, on the other hand, be
responstble for retention of mucus or obstructive phenomena, Those
with scant and vismd sputum may fare better in the warm most
climate of Georga, Florida, or along the Gulf Coast These regrons
are beheved to mfl infectious ¥ proce favorably.

Damp humid weather and especially fog are generally nat sell
tolerated Atmospheres contaming soot, fumes, and other chemcal
or mechanical ieritants may also be harmful and should be avouded
Tf pollen allergy 1 of major importance, careful determunation of
the tree, grass, and ragweed pollen indices of the selected site should
precede cantemplated residence.¥?

F. Personal

Before discussing symptomatic drug therapy, 1t should be stressed
that the total needs of the patient as an mdividual must lw_y\tt‘i:m‘“‘
with his therapy Speafic emotional_factors, as well oy fatigue or

“infection, can precipitate or modify a bronchospastic ensis After all,
the patient with chronic pulmonary emphysema is not a per-on set
apart, he 1s still subject to other ailments, and his physieian shoutd
not fail to heed his vaned complamta,

Ayiwjmdod_sgomach may provoke bronchial irntation; the patient
should be warned that overindulgence in food or drink 1% therefore
nisky. Those patients that have gamed too much wesght should bf‘
placed on a“peight reduction regimen with supplemental gnored-
genic substances as needed The majority are unfortunatels too thin
and need to be encouraged to take'fppetiang foods and diet supple-

ments. o . N,
The question of ‘Smoking may assume major proportions
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our feeling that tobaceo should be given up Improved appetite and
weight gam may follow. The cough usually becomes Je-s troublesome
and 1t may be observed that the imtated mucosa becomes less
edematous and reddened To be sure, the ymhalation of tobac co smoke
affords a method of proroking the expulsion of retamed secretions,
but it does thus at the hazard of <ethng up a state of chronic bronchual
awreitation

{1. Bronchial Eracustion

The bronehitic congh 1s one of the most troublesome mamfestations
of chrome pulmonary emphysema m\d may sctually serve as the
mgger mech for more hiolar spasm and alveolar

Many exp nts and mittures have
been employed to combat n.

Evacuation of the broneln (“Lronelnal cafharsis”} may be ae-
compli-hed by physiologie mechamsms or by therapeutic mecha-
nrsms ¥ The physolugie meehatisms are {a) the cough reflex, which
fanetions wm the upper awways, (b} eiliary action shich functions
down to the fine broncholes, and (¢) peristaltond way e motwons, nhich
function to exacuate the entire respratory traes, ¥ These phywologie
activities may overlap Every attempt should be made to keep or
testore these mechamsms o order to prevent tusase msuffimency
and the tngger mechamsm responsible for further damage.

The therapeutic mechamsms for hmnchm! evaquntion confst
manly o the use of“A_Tapectorants, B, Bronehordiator Drugs, C
"Postural Dramage, and o Bronehoseopy and Brouchoseopic Lavage

A Ezpectorants

Thcvﬁxpﬂ:tomnt_drugsmny prove quite heipful when property used.
An efective pmducmc cough should not be oversedated. or the
mueus i the b h may hecome tenactous and mspwsated,
Targely from dehydranen and long retention If the mucus 1y per~
mutted to beeome wopacted, the cough may hecome ineflectne and &
state of “tussive msufficrencv” wall develop.

‘The antid 1 preparaf such as Benylin Fx.

or Py o , are preferred by some
prtients, particulatly those with :Lmrm(cd 1asomotor rhunitis The
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Benadryl i the former may serve na a mild sedative. The ephedrme
m the Pynibenzamine combmation may be slightly stimulating. Thew
Ppreparations, however, tend to dry up secretions in some patients,
and may actually be responsible for their dry, persisting, cough
“Hydrylin compound has the advantage of containing aminophylin
m addition to diphenhydramine. We have recently employed\fm'n,
10 mg every stx hours, 1 syrup or tablet form. It is an effectne
antitussve agent whose properties are primanily anticholtnergic, but
11 essentially free of undesirable atropinelike side effects such as
mydnass, dryness of mouth ete Toryn has been well tolerated and
appears to control hacking “bronehitie” cough
“lodides may be presenibed with these_expeciorants to promote
more adequate “bronchial catharsis” in the more severe forms of
bronchitis There 15 ample evidence that, they stimulate bronchial
secretion and are excreted into these seeretions within fifteen to
twenty-five munutes atter thew admmnistration, whether oral or -
tras enous ¢ 9 Their action also results i difution and liquefaction
of the retamed secretions,
Todides are generally more efficacious when the patient is welt
hydrated. A disagreeable metallic, bitter taste 15 commonly €%
4 but 1s Ny not too objectionable. The nsual pre-
cautions  the use of 10dides must be observed, namely, cloe wateh
must be hept for evidence of o vanety of rashes and swellings, con~
junctisitis, coryza, bronchorrhea, thyroiditss, and sdenopathy. fo-
dides should not be used 1f there is evidence of thyroid adenoma,
i y edema, or pul -y tuberculosis
A prehiminary test for idiosynerasy (01 ce. of a saturated eolution
of potassium 1odide orally) should be made on all asthmatic paticnts
who are to receive 1odides 1n any form, meluding radio-opague matert-
als for end, therapy or bronel h haation Admins-
tration should proceed cautionaly. The mtial dose should e 02 e
of the saturated solution of Potasaum 10dude after each meal and a4
Ledtime. This may be mereased by 01 cc. per dose each day until lf
maximum dose of I 3 cc. 13 reached. The dose should then be nbmpﬂi).
reduced to 02 cc and the same gradual ncrease of dosage repeated;
this may prevent the development of mtolerance, For patients it
whom gastne wntation develops from a saturated solution of y‘z“‘-ﬁ'
sum lodide, entenc.coated tablets, Enhide, are avatlablen 05 Gm.
and 10 Gm sizes

P
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Persistent cough not allayed by the combmation of wdxdes nith
Hydrylin or Toryn may be favorably mmfluenced hy dxh)dmcm
deuane, 2 codeine derivative that gently suppresses the cough reflex
without producing the censtipation noted from codeme. Nauses may
oveasionally be troublesome with the use of this medication

B Bronchodilator Drugs

“Ephednne sulphate » a favonte remedy for the treatment of
bronchitis and bronchoconstrietion The Bntish recommend large
single dases that exeeed 30 mg * In our expenence thewe doses prove
100 stunulating and are often ascociated with smde effects such as
msomma and palpitation Ephedrine should be used with caution
the presence of prostatism, as delayed biadder emptying and obstrue-
tioh may appesr This drug 1» poarly tolerated by many patients that
have ted hypertension and cardiac Refractonness
to ephednne may appear i patients who show wutal response
Small doses, up to 25 mg , may be found uselud 10 uuld eases, partscu-
lazly when combined nith effective doses of aminophylin The phar-
matologie effects of ephednine, although to a lesser degree than those
of ephinephrine, produce tachyeanha, elevation of systemic blood
pressure, increased resmratory \olume, inereased cardiac output, and
mcreased cardine work with an ascocated drop i peripheral re-
sistance ®* Manv ohservers have found Orthovine as effectne as
ephedume but freer of sde reactions

Tntramuseufar epinephrine, 1.1000 solution, although eapable of
rehevmg bronehospasm, should be D! d spanngly because of
s effects on the pul y vasenlar bed an'™ has shown
that intramuscular epinephrine produces pulmonary artenolar con-
striction and a further {temporary} rise m pulmoriary artevial hyper~
tension This may result from the effect of epinephrme in anereasing
the cardiae output and blood flow wto the pulmonary vaseular tree
The already reduced pulmonary vasculature eannot compensate by
safficient vasodilation and a nse i pulmonary artemal pressure
follows Fortunately, these cffects of epinephrme rapidly diappear
m\d the p\l(monary nr(ernl prmmre returns to its previous level

fn (theoph ) produces varied re.
~punses  Some patients lwcome more alert, others become drowsy,
many become nauseated and even s omt, and stilf others complan of
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palpitation and sweating There are many oral medications combins
ing aminophyllin (or similar denivatives) with ephedrnne (or smlar
derivatives) and some form of sedative available for the relef or
prevention of mild but chronic broneh riction. The diad
tage 1n most of these preparations, however, lies in the side reactions
that appear when using the high dosage of aminophylhin necessary
to achieve therapeutic results

The addition of antimausea factors (local and central) to amino-
phyllin has recently made possible oral admimstration of larger
effective doses of ammophylin, with or without ephedrine or 8
barbaturate. Such a combination is represented 1 Damite and Car-
dalin 4¢ The dosage of Dainite in mild but chronic bronchocon-
striction 15 one Day tablet before each meal and one Nite tablet
before retiring. A shghtly lower or upward revision of dosage may be
found necessary.

Aminophyllin blood levels of about 0.5 mg. per 100 co may be
necessary When bronchospasm s persistent, particularly if it is assocr-
ated with chromie bronchial asthma, These levels are dificalt to
achieve through oral administration of the drug, because of the sule
reactions, but can be obtained through the use of aminophyllin
solutions given rectaily or intravenously. The rectal dose 13 from 03
to 05 Gm of a 2 per cent solution, given just before the patient goes
to sleep at night and as soon as he wakes up in the morning This
schedule may be contmued mdefinitely, when necessary, or ane of
both doses may be omitted after suffioent {mprovement oceurs. In
severe cases, the Damite tablets may be used to supplement the
rectal ammnophylln, or to replace 1t when continued improvement has
been noted. We have found hquid and dust aerosols of aminophyllin of
no sigmficant value The use and physiologic effectiveness of ammo-
phyllin have been discussed more fully m Chapter VI.

C. Postural Drainage

Whle of ittle benefit to those with useless cough, postura! dramnage
may be of considerable value to the patient with accumulited xe'm‘-
tions that are easily raised The procedure 1s generally most efficacious

1 broneht

m the of
Patients who are phystcally able to do so, are urged to ecoup!

h a3
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much as possible mn the poubon that will best utilize the force of
gravity as an aid to dramsge The proper position ean facihtate
drminage of any particular mvolved part of the bronchul tree Mot
patients soon fearn the hest posstion for rasing the maximal amount
of sputum. Some are sble to thoroughly empty thewr lungs of aceuray-
lated sceretions i the morming and remam free of cough all day

The most dependent scgments of the lung can be evacuated of the
patrent kneels m bed, facing out, his knees &t the edge, places both
elbows before hun on 2 stool low enough to allow the thorex to
gssume as nearly vertieal a position as possible, and coughs and
expectorntes for several minutes winle 1 this position, This exercise
should be performed before meals and at bedtime Postural drainage
18 more effective when carned out after bronchodilator therapy
Pemcilin aerosol will be more effective after postural drainage

D, Bronchoscopy and Branchoscopic Lavage

Bronchoseopy 18 a very valuable diagnostic and therapeutic pro-
cedure, It 1s indicated whenever a harsh useless cough with dammed-
up seeretions 1s present and whenever bronchospasm persists despite
adequate therapy as outhned It may be of extreme value in the
febrile state, in the prevention or treatment of segmental atelertass,
and 1 obstruetive emphysema The early stage of obstructive em-
physema must be recognized promptly, f complete bronchial ob-
struction 1s to be p Through b h and
thick gelatinous sputum may be rcmoved targe mmoun(s of thinner
secrettons aspirated, and bronelwat dramage faciitated

To be complete, bronchoscopie examination should conclude with
aspiration of the retamed secretions, and the secretions and material
carefully preserved, cultured, and studied by spe(‘\:\\ *tammg tech-
miques for and cells fual of suspen-
sions of pemeiliin or streptomyen, ot both, m a detergent solution
should folfon aspiation

For lavage, salme or Zephuran solutions 1°5000 are preferred by
many In an mteresting technique for pulmonary Javage at the tune
of bronchoseopy, based on the principle that lavage 1s most effective
m the dependent portions, Marken tnes to make the lover lobes and
antenor portions of both lungs dependent by rotating the patient in
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various positions.® This rotational positioning also permits more
thorough bronchoscopic evaluation.

Because of the danger of serious reactions to the use of Pontocame
or cocame sprays and mstillations for local anasthesia in the allergic
patient, we have generally adwised deep surgical anesthesin with
ether ™ More recently, the empiric use of corttcotropin prior to
bronchoscopie as welt as bronchographie procedures has appeared
advisable for preventmg Pontocaine, cocaine, or Lipiodol reactions
m patients with a history of previous sensitization to these substances
or with o known history of associated chrome bronchial asthma ¢

When 1odized o1l visualization in bronchoscopy is necessary 1n the
allergic patient, the following regimen may be employed, Cortico-
tropin, 20 mg every 5 hours for 3 doses, 1s given intramuscularly on
the day before the procedure Pentobarbital sodium, 0 1 Gra,, 33 grven
the mght before and agam one hour before the patient goes to the
x-ray department for the Lipiodol instillation, At this time, a con-
tinuous mtravenous mfusion of one hter of 5 per cent glucose in
distilted water with 20 mg corticotropmn and 0.5 Gm. aminophylinis
started, the flow bemng at the mate of G0 drops per minute Very
anxtous or dyspneic paticnts recen ¢ from 75 to 100 mg. of meperidine
hydrochlonde subcutaneously with the pentobarbital sodmm 0.1
Gm just before the intravenous mfusion is started Adequate topieal
anesthesia with 1 per cent Pontocaine 1s employed, Immediately after
Liprodol stillation, the bronchograms are taken and the patient 13
removed to the bronchoscopie room. The Lipiodol and secretions are
aspirated with the positional technique, after which bronchoseopic
visuahization and lavage is carried out.®

II. Drugs and Procedures to be Aroided or
Employed with Caution

A large percentage of patients with chrome paranasal sinus diease,
nasal polyp1, bronehial asthma, and chronic pulmonary emphysema
are unusually sensitive to aspirin Swelling of the mucous membranes
of the mouth, larynx, and brench: may follow nstantaneously aftet
the empiric use of aspirin or the use of penicillin dust or aerosols (o
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combat bronchiolar infection. The indiseriminate use of cocaine nasal
packs should be avoided 1n this group of patients.

We have stressed the high incidence of drug idiosynerasy and allergy
m these patients, particularly with topical admimistraton It 1s also
slresscd that the use of respiratory-depressing drugs and the sudden

of high of ovygen, alone and more
particularly in combination, should be avoided




CHAPTER VIII

Therapeutic Aerosols and the
Management of Infection

I Sympathetic Amine Aerosols C. Supplemental Antibiotic Agenis
A Indications D Preventire Use of Antibiolic
B Technique Agents

II The Management of Infection E. Manogement of Asocated
A Awm of Antibwtic Therapy Paranasal Sinuy Disease

B Methods of Adminsstration and
Chotce of Antibuotic Aerosols

I. Sympathetic Amine Aerosols
A. Indications

Bronchodilator aerosols are of great value in the treatment of
chrome bronchial asthma, but unfortunately they have not been
employed as wisely as 1s desirable in the management of emphysm}-
atous patients Whether or not chronic pulmonary emphysema i3
secondary to bronchial asthma, once 1t has become established this
disease frequently requires the use of bronchodilator serosols

As previously described (Chapter 11, hronchoconstriction plays
either an intermittent or & contnous_role 1n the evalution of chronic

1 y emph Ce 1y o qmek method for reheving
bronchoconstriction may at times be necessary. Rehef of (acute)
hypowa 1n these patients by the use of ‘oxygen alone cannot be sc-
comphshed adequately in a short perod. Alang with the ‘oxyzen
therapy an“effective bronchodilator should be employed, together
with appropriate measures to secure & clear airway. This procedure
may be compared with the synergistic utilization of digita
mercunals 1n the management of heart failure,
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In addition, bronchodilator aerosols are q\me uscfu! for determiming
rapidly the degree of <abhty of , and
possibly the degree of rexersibility of pulmonary arterm\ hypertension
{Chapter V1). This may be of some importance from o progrostic
point of view.

Fally, bronchodilator serasols should be adrwstered routinely
when“antibiotic aerosol therapy 13 used m patients with chrouie
pulmonary h Ths k allows pene-
tration and deposition of the antibiotic m areas of lung otherwise
restricted because of poor venulation Smail infectious mdi—a very
common occurrence 3n chronic pulmonary emphysema—~are best
treated i this manner.

B. Technique

Aerosols of the sympathomimetic drugs, Vaponefnin (2 25 per cent
mu«mlc epmephnne by drochlonde) and TIsuprel (1-3’f-dihydroxy-
ph hano! hydrochlonde, 1°200), are of great
\alue ior the relaxation of bronchospasm In common with the
majorty of mvestigators, we have found the Vaponefrin nebulizer
most satisfactory for the production of therapeutic nerosols It pro-
duces o fine, voluminous mist or smoke sereen, in which the majonty
of the particle radn average about 1 micron and are thus able to
penctrate the smaller bronchioles and alveols As hittle as 005 to
G010 ¢ of one of these solutions (neubuhzed by three to six com.
pressions of a hand bulb) may abort or relieve a mild bronehospastic
episode

Many patients are adviced to take these wnhalations before meals
and at bedtime, Patients who are embarking on a program of breath-
1ng re-education or postural dramage are adviced to take thﬁ treat-
ment hefore starting their progy More severe
may requite 05 to 10 ce of the bronchodilator solution, nehulued by
continuous flows of exygen or helium-oxygen, or by air pump Thus
treatment generally requires from five to fifteen mumutes at five-
lters-per-minute flow A Y tube or smple button-hke opening can bhe
wserted into the oxygen or air-feed hne Thumb clowure dunng -
spiration permuts a continuous flow, whereas removal of the thumb
during expiration interrupts the aero~al production
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Substituting helium and oxygen mixtures for oxygen is of further
value 1f there 15 evidence of bronchial obstruction The helum-oxygen
muxture allows the nebulized solutions (Vaponefrin, Isuprel, Neo-
Synephrine, pemetllm, Terramycin, or streptomyein) to pass through
the contracted bronchi more freely, and permits these prepatations to
act more effectively on the mucosa and submucosa

Aerosols may be introduced along with intermittent posttive-pres-
sure breathing with the Bennett, Emerson, or the M § A. pulmonary

APTER § = BEFORE R
Total V.C. 3045 ac in 7 sec. 1848 cc. In 6 2ec
1*" second 1281 e.c, 546 c.c.
Fra 20 —Vital capacity-time relationships

ventilator valves, thus ! the physiol advantas of
bronchodilation with those of improvement in abeolar functionnt
Following bronchodilator aerosol therapy, improvement in f’ot‘
time-vital capaeity relationships is umformly observed H° In.l'llz. 20,
there 15 an Mlustration of the improvement i these relationships n!‘lt;f
~nhalation of Vaponefnin aerosol (six mhalations) in & patient with
chrome pulmonary emphysema.
It will be noted that the greatest improvement oceurs durs
first second. In determiming time-vital capacity rc]aho}\shl‘p“, -
employ a simple ruler transporeney, shown on the left in Fiz 2

ng the
we
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especial value Every attempt should be made to identily the or-
gamsms from the nose, throat, and sputum hefore, durng and after
treatment The cmergence of new bacterial flora should be
looked for ' Changes m the bactenal population, and partieularly
remfections due {o these hactenia, fung: or molds, oceur followng o
types of antibwotic therapy, and may be responsible for serous
secondary anfections (1 to 2 per cent ineidence), These secondsry

isms are Ny & itive to the primary antibotic em-
ployed Whenever feasible, sensitivity tests of the identified or-
ganisms to the antibiotsie should be made, particularly if therapy 3
prolonged

B. Methods of Adminsteation and Chatce of Antibiatic Aerosols

The chotee of the antibiotic drug depends on the predominanting
orgamisms, their senwitivity, and the patient’s tolerance to the drug
tiself ¥ ¥ Perucillin s generally employed for gram-podine or-
gantsms, Streptomyen is added or used alone, if gram-negatine
bactera are also present or emerge. Recently we have been employink
Terramycin aerosol when broad spectrum antibiotic therapy ss indts
eated
The anttbiotic acrocols may be combined with equal amounts
{eg, 1 ce each) of the bronchodiator preparations or detergent
antrseptics, such as aqueous Zephiran 1:1000. A few drops of Duponol-
C, 5 per cent, or Alevaire may be emplayed instead of Zephiran 1o
lower the surface tension when greater penetration i3 de-irable
Crystalline penteilln in doses of 50,000 to 100,000 units, alene or with
01 Gm streptomycm, 1s chssolved in the dewred bronchadtlator
solution or combined saluttona. With the techuiques described above,
treatments may be gnen at four-to-sre-hour intervals A course of
therapy may range from onte to si\ weeks, depending on the seventy
of the underlying mfection and the general progress of the patient
We have observed that most of onr patients have been able to §3i¢
sputum more easily while recewving these acrosols

The hazard of local or generalized allergie reactron to penm“‘"
aerosol 1 patients with underlying bronehial asthma must never bc
overlooked. On accaston, we have noted the onsct of mikl bronchial
asthma sn patients recerssng penictllinn acrasol therapy for the man:
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Neo-Penil is apparently gradually released to the blood stream gs free
actve penteillm The present evidence indicates that this is an cf-
fective form of pemalln n patients with chronic pulmonary em-
physema and bronchopulmonaty: infection. 1% 3. 75
We have assayed the blood and sputem levels in 6 patients following
4

the ation of single int ular doses of 300,000, 500,000,
e
e N

Avttare o & rav
e tham o2 3 ot

——— et

Fia 21 —Neo-penil concentrations in blood and sputum

and 1,000,000 umts of Neo-Penil.¥" Four-hour peak Jevels were :;l'
termuned m the blood and sputum The blood peak 1?\'(‘1-) ran| "
from 0.1 to 11 umts per cc. The sputum peak levels in t)}e x:l’:r;\)
patients ranged from 0 35 to 3 0 untts of Penteillin per cc. (Fig. 21

D. Preventive Use of Anlibiohe Agenls
The exact value of the prophylactic use of antibactersal ngo‘r:h li
most difficult to determme i the prevention of diablmg uppe
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1 per cent Pynbenzamine, with these acrosols adminntered nasally
by the same techmque. They generally appear to be well tolerated
Postnasal drip with secondary cough 1s minimized, edema of the nasat
mucosa 18 lessened, and restful sleep may follow

Pemicillin treatment of the paranasal sinuses (by Proetz displace-
ment} through self-induced intranasal negative pressure may be qute
effective in certain patients. However, with the Venturi techmique,
suction and replacement of the sccretions with penieillin acrosols
may be employed with higher doses of penicilln and avodance of
damage to ciliary function This techmique provides more umform
and diffuse mucosal applieation of the pemeilltn, and adequate peni-
cillin blood levels.*



CHAPTER IX
The Use of ACTH and Cortisone

1 Intteations for the Use of Cortie B. Intravenons Schedufe
cotropin I Physiolope Changes and Side
11 Mothods of Treatment wath Corta- Reactions
eotropin. IV The U'se of Cortisone

4 Intramuscutar Schedwle

Adeqiate rorticotropim or cortisone therapy often lends to reyerval
of many of the disturbance. of pulmonary function ohserved m
patients with clranic pulmonary emplhysema secondary to chrome
bronchiat asthma Corticotropin o mm\one produce far mure
Bpr nt, than ¢ 1 bronrhohlators dp m the )
fanction of patients that have longstanding chrome bronchiolar ob-
struction with secondary emphy sema ™ The hypothetical possbility
of presentig the development of otherwise ureversible pulmenary
fibrons by the persodic use of corticatropm or cortione i appeating,
hut such a gratifymg resuft through the use of these hormones m the
foutine management of patients with chrome pulmonary emphysems
of diver etiolopy hias not yet been observed by ws The phvsian
should reriotsly consider the brief wee of these hormones for their
seeondary value, namely, s & stimulys to the patient’s senve of well-
bewng and appetite

We have admmgstered approumately 150 courses of corticortropin
to 100 patients with mtractable bronehial asthma and 22 pmemx
witly ehrowe puimonary cmpk and
112505 M5 We could not conclude that ACTH constently rcndvml the
cells or taues mmune to the efftcts of known antigens ar that it
affected the eweulatory antiboches 8 Furthermorr, the rempwit e
Troods were of short durntion i most patients 4
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I Ianicationsfor the Use af Corticotront..
j L —

chiz * v AURUCOLIOPIN Whey revons
fune [ surbances cannae 1. e T

L

¢ i ot wat the dommant gefe

L eventually bocome, brimanly Tesponsible for 1he devcloy
ment of chronie €Or palmonale ang its asociated changes 1 fe
hypova 1 20t ameliorated throngh the use of bronclmd:lnmrv, autt
bioties, ammophylhn, nternutteny Positive pressure breathug i
mepiration (IPPB/I), oroper concentrations of ovygen, then an at-

or tortisone, Provided that g the Physiolome princples that hase
been outhneq for the management of sych falure (soe Chapter V1)
are tahen mtq con<ideratyon, Althou;;h further retention of sodmm and
water, gy demonstmt(’d by hepatie or peripheral edema, oreasionally
may appear while corticotrapin or cortisone 5 brng adminntered,
the rehef afforded by these pmanes o0 '
thar _or .
. v Lt e seen dramatie mproie-
N eiio nun COTOTOtropin 1y patrent bedndden with palmoporardiae
farlure secondary ¢ chrane Pulmonary emphysema and fihrass,
After coureps of corticotropm on two occasions, the patient “,,,-n!xlc
to move about for three wephg and one weel respeetiyely, Une
iurtmmtely, the remissiong nere breef and death followed shout s
months after the first coure of therapy,
It should be kept n e that the patient wth ()

emphysem, contmually Iahore mmten at..
Ahoas "

hronic pulmonary

N * > exewe tay be noted after !‘nrlu'o!(up(tl ther-
apy, manifested hy cupheria, an increase iy appetite amld weight, a
sense of nell-bemg, reduction iy pulse rute, ete,
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The presence of peptic ulcer or active tuberculosts should be re-
gorded as a contramdication to the use of carticotropin or cortisone 1n
these patients The presence of apparently mnactive tubereulosss,
howeser, 1s only a relative contrmndication to the use of these agents
The use of the-e drugs may be followed by an exacerbation of the
tubercutous nfection. It 15 best to employ streptomyem and para-
smmosalicylie acd therapy along with corticotropin o1 cortisone
when thesc agents must be employed sn patients with macttve tuber-
culosts It 1s also advisable to employ streptomyein *‘coverage” for
patients with underlying sareordowis Alf patients recetung cortico-
tropin or cortt~one therapy, particularly those with proved, sus-
pected, or potential tuberculosis, should have exammation of therr
sputum and chest roentgenograms made frequently

II. Methods of Treatment with Corticotropin

Short mtensive courses of corticotromn should be employed when
this form of therapy has been decided upon

A Intramuscular Schedule

After tnal of several dosage schedules, we have adopted the
following plan An imtial intramuscular dose of 40 mg ACTHAR s
repeated «ix hours later and followed by 20 mg every six hours untit
maumal benefit has been observed for two days By the fifth day of
treatment the mterval betw een injections can usually be mereased to
twelve hours This dosage 1s contmued until the time of discharge
from the hosptal Patients occasionally require reviston of this
schedule 1f cosnopema docs not develop after 100 mg hwe been
gnen, the dosage schedule 15 revised upward until the desired revuls
becomes apparent 1@

The total doe of a single course of therapy has varied from 210 mg
to 1070 mg , and duratton of treatment from tsso and one half day s to
mineteen days In general, our total doses have been larger than i
other reported seties This may be explaned partly by the fact that
most of our patients are more seriously 1lt and partly by our con-
Vviction that prompt maximal and adequately perastent stimnlation
of the adrenal cortex 1o necessary for successful remiene therapy
with eorticotropm
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and a decrease in peripheral resistance, which may finally lead to
carchac dilatation The blood pressure remains fairly constaut whereas
the resistance and flow m the pulmenary cireulation tend to -
crease The mmplieations of these changes have been diseussed more
fully under “Pulmonocardiac Comphcations” (rce Chapter VI).

The effects on the blood are mainly (a) compensatory polycythemia
(hypoxic erythrocytosis),? which in turn causes (b) an merease
blood volume and viscosty, {¢) a decrease in congulation time, end
(d) a raprd increase m the amount of reduced hemoglobin (unatu-
rated hemoglobin) 1n the eapillatics—and when this reaches a level of
5 Gm /100 ce of blood, eyanosis may be observed The low blood
hemoglobin roncentration of severe ancmia may prevent the ap-
pearance of eyanosis In polycythemia, on the other hand, its presence
is more readily noted

The effects of hypoun on respiration, erculatton, and blood being
mtimately related, play an imtegrated role in the development of
complicattons m the emphy tous patient.

II. Classification of Hypovia

In the mam, classificatton of hyponia follows the early ideas of
Bureroft,” Haldane™ and Best and Taylor,? with a few changes
A Hypoxic kypoxra can be brought on by the following causes

(a) low ovygen tension m mspired arr, (b) pathologie changes In auy
cents normal gas €¥-

part of the respratory apparatus, which prev h
change, and (¢) veno-artermal shunts, In this type of hypova, the
arterial oxygen saturation and pQ, are low

r anemia, (b}

B .Anemc hyporia results from (n) hemorrhage o !
poxsons like carbon monayide, minites and chlorates, which form
stable compounds with hemoglobin, In this type, the normal red
cells are not only reduced 1n number, but they drvidually give UP;‘[
greater proportion of their otygen, thus producing & pronaunced fal
m blood pO, In this form of hypova, there is a fundamental defect
1n the transport medium, hemoglobm, while alveolar oXyEeH
and gas exchange remamut normal. i the

C. Crrculatory hyporia or stagnant hypevia may be preeent in
following circumstances, (a) ewrculatory fwlure, seen in classic cons

) tension
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more than the oxygen content of the blood * The beneficial effects of
mereased pO: m blood and tissues are most noticeable in hypovic
patients In them, the oxygen saturation of the blood may increass
from a level of 60 to 75 per cent or from a level of from 80 to 93 per
cent when lugh concentrations of oxygen are inhaled
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IV. Methods of Administration of Oxygen

The more frequently used methods of administering orygen i‘e l”;
nasal or nasopharyngeal catheters, double nasal cannulae of .rub er :’
metal, face masks, face tents, and vanous types of enclosing te'nsn
Each has advantages and disadvantages With these methods, ot?'gl't
can be given m concentrations of from 35 to 100 per “‘f’t Exee “;q
reviews of the various types of equipment may be found in the Ip ?,i:,&
of Boothby et al ** Barach ¢ al.* and alo manual and

form ® 1. 13 o st
In selecting the type of equipment to be uscd, the physician
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comfortably enclosed in an expansible neck collar that 1s adjustable
There are two front portholes for the egress of carbon diovde or
adwussion of mereased concentrations of water vapor, or antbiotic of
bronchodilator aerosols, the top of the tent also can be opened to any
desired degree. Proper degrees of humidification or dehumidification
can be obtamed With oxygen flows of from 10 {o 14 L./min,, the
oxygen concentrations in the tent range from 50 to 70 per cent; carbon
dioaide accumulations, determined m our lsboratory, have been
cousistently below 100 vol per cent.

The new type of “iceless” oxygen tent (a 1efrigerated, humidity-
controlled, and air-conditioned unit) which encloses the entire bed by
means of o transparent canopy, 1s a comfortable and effective means
of administering oxygen m concentrations of from 40 to 60 per cent.
Gas studies of one of our subjects recciving osygen at 12 L Jmin n
one of these tents revealed concentrations of 40 per cent oxygen and
085 per cent earbon diovide at the end of thirty rmutes, and 4382
per cent oxygen and 1 04 per cent carbon diowde at the end of snty
mutes The freedom of motion and the unihibited feeling of bewg
able to see all that goes on 13 appreciated by the patient. To acheve
thus 1deal, however, requires not only costly apparatus and adequate
technical care, but continuous oxygen flows of at least 12 L /mun.
Unfortunately, with most of the ovygen tent mstallations employed,
the desired oxygen concentrations are not obtamed, This form of
therapy, although 1deal when correctly employed, should be rererved
for special situations only.

C Oxygen Mashs When the problem calls for the administration
of high concentrations of oxygen, a swtable mask should be u: .
Two well known types of appatatus are available, namely, the BLI
mask® and the Meter Mask 4 With the latter, an air mjector (con-
centration meter) 15 utiized to deliver the desired concontmhonf ﬂﬂlf
oxygen (from 40 to 95 per cent) Humudification may be employ .
Positive pressure breathmg in expiration may also be usF«l, if Td.
cated, by a metering disk n the Meter Mask, the Respiratar 4 ici
Mask uses a glass tube set in a water bottle, for the same purpo

These mashs are comfortable for some patients To many others,
their continuous use becomes objectionable The proper m““‘“’““"{:
of theso mashs must be carefully supervised to achieve the rﬁum‘!
they are capable of producing The Meter Mask 152 drstinct U’?ma(‘-
the ingenuity of 1ts ongators.” Rebreathing, carbon diovide
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tion of ovygen i adequate concentrations for either brief or pro-
longed periods

The tent fits comfortably over the lower portion of the patient’s
face, opening wide at the forehead for easy egress of evhaled gases
and vapors It 1s made of fleuble clear plastic, adjusts to vanous face*
sizes by means of 1ts forehead and head straps, and weighs only
1} ounces It has mmplierty of operation and maintenance and 15
easily removed for general nursing care and feeding No constant
attendance or expert supervision 1s necessary, When mdicuted, feedmg
through the Miller-Abbott tube or simultaneous Wangensteen suction
drainage can be carried on simply The face tent may he stertlized by
soap and water cleansing tollowed by the use of an aqueous detergent
antiseptic or Zephiran

Humdified oxygen enters the face tent through a showerhead
dispersal system that eliminates some of the discomforts noted with
nasal catheters and face masks Continuous oxygen flows replace the
consumed oxygen, and the carbon dioude and warmed vapors flow
out easily through the open top of the face tent The moveraent of
the air-oxygen mixtures through the open top, along with the oxygen
flons enterng the mask, are sufficient to dilute the patient’s catbon
diouide output to safe levels Breathing 15 completely free and the
visthility 15 unohstructed at all times Patients do not complam of
claustrophobia or a sense of suffoeatton, nor of the smell and sensation
of rubber near them, as noted hy some when the usual face masks are
emploved Instead, a cooling sensation is generally felt over the entire
oronasal region,

With this oxygen face tent and 2 6 L /mm flow, there 15 no concertt
about the possibility of oxygen toxicity More than 150 determn’muone
of oxygen and carbon dioude concentrations n the inspired air were
made at the end of five minutes, thirty mnutes, and one f;our of
oxygen breathing with oxygen flows set at 4, 6, and 10 L /min The
oxygen and carbon diovide determmations were made 1o the Scho:
Jander apparatus, with gas samples obtamed by syrnge from dreetly
1n front of the nasal onfices at the start of mspiration. The oxygen
concentrations mn the nspired aw ranged consistently hetween :g
and 70 per cent, The highest oxygen concentrations were olygulxxd
with 10 L /mun flows In the 150 deterrmnations, the carbon dioade
concentrations averaged 1 08 per cent. The summary of these obrer-
vations appears in Table §
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Flows of 5 or 6 L /min are adequate to assure ovygen concentra-
tons ranging from between 40 and 55 per cent in the ineprred air and
allow proper ehmnation of carbon dioxide With the higher flow,
greater inspired oxygen and lower carbon dioxide concentrations are
obtaed, and the cooling sensation over the oronasal region 1s
mtensified

TABLE § —Average Concentrations of Os and €Oz at 4-6 and 10 Liter per Minute
Flows of O3 Oblarned during u One Hour Period tn the “Ozygen Face Tent”

o 0, Flows per M 0, o,

Ro Pttt | petermimations | O (e | Concentration [ Conceatration
2 12 4 47 59 | 143
5 30 6 5227 0%

3 18 0 8371 i 084

I\ Renctions to the Use of Oxygen

There are several types of intolerance to oxygen that should be kept
m mund

A One form, chiefly characterized by signs of pulmonary nrtation
and substernal soreness, may be observed 1 normal subjects after the
continuous nhalation of oxygen concentrations above 93 per cent
for peniods longer than twelve hours 7 ®

B Patients with hypozia who recerve concentrations of over 93
per cent oxygen without nterruption over long periods of time may
also have signs and symptoms of pulmonary irnitation  Actually,
although this 1s theoretically possible, 16 15 hardly hikely with mash
therapy whirh 1s by necessity mterrupted There ts ample chrueal and
experimental evidence that concentrations of oxygen between 50 and
70 per cent may be used tor long periods without damage to the lungs
of the hypovic patient ©*

€ Another type of “ovygen mtolerance” may be obscried in
patients who are madvertently inhaling excesssve concentrations of
catbon dioxide (more than 15 per cent) for long pertods while re-
cenung adequate oxygen therapy This occurs n pattents given ovygen
Ly mask or tent, when the flow of the oxygen 15 adequate to correct the
hypoxia but madequate to wash out the aceumnulated carbon diovide
“This 15 partieularly apparent when rebreathing-hag eystems are used
n mask therapy Under these conditions, stimulation of respiration
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and other disturbances of the central nervous system may be seen a3
toxic mamfestations of carbon diovide excess

D The hazards of employing oxygen 1n concentrations abose 50
per cent m patients with chronic pulmonary emphysema and pul-
monary heart disease have long been recognized. The syndrome of
carbon diouide mtoxication and respiratory acidosis, previously de
scribed, may he observed in these pattents after the injudicious use of
oxygen The sudden admimstration of high concentrations of ovygen
15 tolerated poorly Although clearng of the cyanosis may follow,
unfortunately it may be accompanied by distressing central nervous
system symptoms culmmnating i coma The pathogenesis and treat-
ment of this syndrome have been discussed i Chapter V.
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CHAPTER XI
Mechanical Respiration

I Pressure Breathing

by

Results uxth Intermiitent Pos:

4 Nolation System tn Pressure tie Pressure Breathing — In-
Breathing spiratory—Bennett Valve

B Methods and Equipment F Body Respuratory Chombers

€ Physiologic Data I Electrophrense Resprration

D The Use of Intermittent Positite

Pressure Breathtng— Inspiratory

The therapeutic valie of mechanical respiration i acute and
chrome pulmonary diseases, as well as m cardiac conditions, has en-
couraged numerous investigations of the underhying physiologie
methamsms myolved, on which the rational use of 1s treatment
must he based Through the years many types of apparatus for
mechanical respiration have been tried, some have had to be aban-
doned because of unexpected complications A variety of such equip-
ment may he found m the of physiologists and
interested in pulmonary diseases

L Pressure Breathing

The numerous mechanical devices successfully used for pressure
breathing melude face mashs, hood-domes, and body respiratory
chambers Depending on the method of apphcation, these devices
wnduce different physiologie responses

A Notation System 1 Pressure Breathing
The factors that enter anto all types of pressure breathing are:
1. Timing of Pressure
a) Intermittent—during 1~piration or expiration
b) Contmuous—during imspiration and expiration
125
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CHAPTER XI
Mechanical Respiration

1 Pressure Breathing E Resulls uith Intermtient Posi-
A Notation System n Pressure twe Pressure Breathing — In
Breathing spiratory—Bennetl Valve
B Methods and Equipment F Body Respiratory Chambers
g Physiologie Data II Electrophremc Respiration

The Use of Intermuttent Positive
Pressure Breathing—Inspiratory

The therapeutic value of mechamcal resprration 1n acute and
chrome pulmonary diseases, as well as m eardiac conditions, has en-
couraged numerous mvestigations of the underlymg physiologic
mechamsms involved, on which the rational use of this treatment
must be based Through the years many types of apparatus for
mechameal respiration have been tricd, some have had to be aban-
doned because of unexpected complications A vartety of such equip-
ment may be found n the storerooms of physiologists and <lmiclans
nterested in pulmonary diseases

L Pressure Breathing

The numerous mechanical deyices successfully used for presstre
breathing melude face masks, hood-domes, and body respiratory
chambers Depending on the method of appheation, these devices
miuce different physiologic responses

A. Notation System 1n Pressure Breathing

The factors that enter mto all types of pressure breathng are.
1. Timing of Pressure

) Intermut during ispiration or n

b) Continuous—during ispiration and expiration

125
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The patient sets up a gentle positive pressure n expiration by blow-
ing the expired air through the narrowed orifices of the metening
disk (See Chapter X on “Oxygen Therapy )

The body respirators—Drinker, Collins, or Emerson—are useful for
supplying a form of INPByI, applied to the chest wall, a negative
pressure is produced within the chamber duning msprration, whereas
expiration ts passive In addition, 1f considered desirable, the passive
expuatory phase may be converted to a poutne one, thus establishing
a continuous type of pressure breathing negative in mspiration and
poutse m expration—C (N & I) PB/I & E—Emerson Barach
and his associates recently deseribed a deviee that permuts mepira-
tion at atmospheric pressure and expiration at o negative pressure
of from 5 to 20 mm Iy (INPBE) ' Presently they are employ-
ing a manually controlled cyding valve, m conjunction with a
mntor umt and face mask This permats mspiratory positine pressure
with an extremely raptd change to an expiratory negattve pressure
A high expuratory volume flow rate 1s noted, Effcetive coughing has
been obtained m patients with retamed pulmonary secretions 2

Special features added to the ronventional tank respirator permits
1ts s a5 & cough chamber * .\ negatis e pressure of 40 mm Hg (54
tm water) 13 gradually developed in the chamber by a motor blower
umt m a period of 25 seconds Sudden release of thrs mnspiratory
negative pressure 13 accomphshed m enly 0 00 seconds by the openmg
of a 5-nch butterfly valve The swift ¢hange n pressure (from minus
40 mm Hg to atmo~phcrie pressure) produces a high rate of expira-
tory flow, equivalent to that produced by a moderately vigarous
cough 1m a normal peron ** The mechanism 1s called exsufflation

The contmnuous method of pressure breathing supplies ar, oxy gen,
of & mixture of helum and oxygen under positive pressure during
both the inspirutory and expiratory eycles (CPPB’L & L) The
positne pressure enclosing hood apparatus er the double-beltow
mash (OLM) may Le employed for this purpoe ¥ The hood re-
quires a tight neck closure, o cooperatrye patient, and constderable
technical help for proper management The pattent frequently ob-
Jects to the double-bellow mash beeaise of the sense of foreed breath-
mg m the expiratory phase, i 1ts present form, furthermore, the
equipment requires consaderable techeal care and readjustment of
ahes,
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C. Physiologic Data

Essentially, the use of pressure breathing is based on the (reation
of & pressure gradient from the mouth down to the pleural space
In the mspiratory phase in normal individuals, positive pressure
through s face mask produces mechanical inflation of the Tungs
simtlar in same respects to that produced by negative pressure around
the thorax by meane of the body respsrator, At the height of inspira-
tion, however, the pressure bmnlt up 1 the patient’s airsay 15 greater
than that built up around the body.'®

In the expiratory phase, negative pressure by mask normally has

the same mech 1 and physiologie effects on respi and eircula-
t1on ag positive pressure exerted by the body respirator-—provided, of
course, that these c £ are of equal itude 108 17, 11

In cssence: during mspiration, positive pressure by mask is com-
parable to negative pressure by body respirater, during expieation,
negative pressure by mask is comparable to positive pressure by
body respiratot—mnormally In the emphysematous patients thee

may not be trans d as exact equivalents since the
equibrium of the elastiec and coordmating structures have been
upset by the uneven damagmng of intermediate tissues.

The problem of overcomug the physiologie resistance i the bron-
chual trec has to a large extent been solved by improved types of
pressure breathing apparatus. Insofar as pressure breathing accom-
phishes an mnerease i lung volume, 1t decreases bronchial resistance.
Clinieal, roentgenologic, and physiologie studies have made n elear
that (1) the bronchi become elongated and distended during the
1nspiratory phase, and (2) the bronchi become shortened and con-
stricted duning the expiratory phase. Bronehial reaistanee can there-
fore be dimmshed hy practicing respiration at a higher insplratory
midposition. Pursuing this concept m physiologic »tudm{ of bron~
chial resistance as reflected in the mtra-alveolar pressure in xzarmnl
indiaduals, Maloney ef al determuned the effects of breathing st

thoracie midp: and compared the results to the results
effected by pressure breathing *** The same results should be ghmm-
able i any mdividual sho s phy siologieally able to merease his lung
volume voluntanly. ¥f the emphysematous patient lowcs the power
of creating an effective prowure gradient between the luag and
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pleura—despite earrying on respiration at a lugh thoracic miudpos-
tion—1t 15 our impresnion that he can re-establish this gradient if he
18 subjected to positive pressure hreathing employing pressures higher
than the 5 cm, of water utihzed by these investigators in their expen-
Tnents

Bronehial seeretions, usually thick and tenactous, accompanying &
dry and neffective cough that exhausts the patient (tuswe msuffi-
wency), can become conserted to a thnner, less tenacious type with
IPPB/T treatments Motley and Tomashefshy? state that with this
type of pressure breathing there 18 1o danger that the secretions will
be aspinated, as one mught acssume at first thought, since IPPB/I
estabbshes o gradient in the veloeity of air displacement n and out
of the lung Theie results d 1n d of
flow rate under fast breathing show that the peak expiratory veloaity
18 Mgher than the peak mupiratory veloeaty, and therefore the expul-
son of these secretions 15 famhtated 7

Toar mtrapulmonary mnung and faulty distnbution (defective
‘ventilation—perfusion relationship) are greatly cortected by IPPB/I,
a3 shown by reduction 10 residual volume, mnerease n alveolar and
artesiat blood pQ,, and decreases 10 aeration gradient, transfer gra-
thent, and arterial blood pCe), 1 Carelul evaluation of these observa-
tions helps us to understand the mvanably bhetter results obtamed
with a bronchodilster when 1ts admimstration 15 through IPPR eather
than through hand-bulb nebuhzations or air- or ox) gen-powered
aerosols

The chromie empliysematous patient whose efficency of trapul-
monary mixmg 1s highly impaired cannot rely ecclusively on his own
mspiratory effort The benefioal eflects of IPPB/I have been at-
tobuted to the following physiologic processes,

(1) The provement m di~teabution of wspired air, parnicutarly
to the bases of lung

(2} The openmg of all avalable alveoh (more umlorm alveolar
seration)

(3) More rapul awr displacement through reduction of hronehial
featance

(1) Reduction of residual air volume —which may not, however, be
oheenied ot heeorne apparent untit after several months of treat-
ment
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The physician should be cognizant of the effects that Dressure
breathing has on the peripheral circulation as well as on the heatt.
The cardiac output 15 o trae equivalent of the venous return, which
in turn depends on the gradient between the peripheral venous
pressure and the pressure m the nght auricle Although the cardiac
output must be equal for both ventricles in a compensated heart, it
becomnes physiologteally unequal when deep hreathing or a Valaha-
Ithe mancuver creates a differential output and pressure between the
pulmonary and systemic erreulation. For all practical purposes, these
variations can be understood if the behavior of the right ventricular
output 18 understood When IPPB i< applied through the mouth
by means of a mask, the cardiac ontput tends to fall during the pres-
sure phase of the cycle, while the net filling prewsure of the right
ventnele also falls The oppowte holds true for the phase of decreasing
mask pressure #

. C e PRSI

The following sequence of events is hikely to develop The mereased
mtrathoracie pressure (see Fig. 254) ot first “squeezes” the lungs,
momentanly 1ncreasing the blood return to the left ventnele snd
raising 1ts output. This in turn increases the systemtc pulse pressure
for the first 4 or 5 beats, (see Fig. 253) but 1t decreases smmeduately
afterward. At the same time, the venous return is slowed, damming 8
considerable amount of blood and decreasing the nght ventricular
output The pulmonary arterial pressure rises, while 1ts pule pres-
sure drops throughout the period (sec Fig. 25C) If the intrathoracte
prossure is not, refeased after from 30 to 40 seconds, howeser, tark) -
cardia and peripheral vasoconstriction tend to elevate the vemous
pressure These compensatory mechamisms originate 1n the prewo-
receptors of the carotid sinus and travel thmugh‘ the math nerve ([o
the sympathetic centers The imtrathoracic positive pressure, » ’{‘“
15 stil) aching, cannot prevent the “escape-ike” type of medfnm":
wherehy cardiac output i¢ returned to normal The phma}uﬂ’ﬂ
changes in the pulmonary and systemie artery pressures ar¢ far ma‘ro
important In the process of this “escape,” they not only return
normal but “overshoot.” (See Fig. 23D.) i .

Positive pressure breathing, when utilized for therapeutic purposes;
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does not mamtan increased intrathoracic pressures for very long
peneds, and the induced changes 1 cardiae ontput will depend

RO N AU S

start of expiration The expiratory cycle must be lonper than the
nspieatory one The type 11T curve provides adequate time for com-
pensation of the inspiratory drop in cardiac output. This 15 accom-
plished during expiration through a lowenng of intrapleural pressre
while the night ventricular net filling pressure increases, Even under
acute experimental conditions, notmal individuals will react aganst
transient falls in cardiac output by reflex peripheral vasoconstnction
apphed to the venous system, aimmng to reconstitute the venous
gradient.” The presence of normal sympathetic pathways are there-
fore necessary to permit the “escape-ike” type of mechanism pre-
viously described

IPPB/I providing the Type IIT curve, 15 most useful for the treat-
ment of the hypoventilation syndrome. In some patients with ehronie
pulmonary emphysema~—where effective ventilation 15 highly e
mimshed and 10 whom the sudden administration of high concentra-
tions of oxygen would lead a5 1t commonly does, to the earbon diovide
townication syndrome—adequate correclion of the hypoventilation
seerns by far the most important single therapentic procedure

Most gratifying cimcal results with IPPB/I were observed in 8
patient (¢ P.) who, i addition to chrome pulmonary emphyserms
and the earbon dioxide intoxication syndrome, had cardiac fasture
Manifestations of the carbon diovide mtoxieation syndrome had bece
noted several times 1n this patient durmng injudieious administrations
of high concentrations of oxygen just prior to this study

As can be seen 1 Table 7, this patient was subjected to stx con-
secutive hours of IPPB/I, utithzing room air, Starting from the con-
trol pont (Table 7, I11a), 1t can be seen that the rse m minute
ventilation was sufficient to correct the inereased artenal pCO: and
restore the pIl to normal fevels (Table 7, I1lc). The-e values had
been thrown out of balance by previous admunistrations of high
oxygen concentrations that had been given specifically to how b3
susceptibility to respiratory acidosix (Table 7, ITh)

For experimental purposes, on a subsequent day, 100 per cent 0%y
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8¢n was given to this patient by means of IPPB/I—Bennett No
harmful effects were observed. The above evperiments demonstrated
the follonang. first, the therapeutic effects of IPPB/I1, utihzing roora
air, in the management of respiratory neidosis, and second, the pro-
tection afforded by IPPB/I agamnst respiratory acidosis when ovygen
1s necessary When prolonged IPPB/I therapy 1s to Le employed in
entically 11l patients, as for example, in respiratory acidosis or severe
pulmonary edems, 1t should be interrupted at the end of each hour
for 30-minute rest periods

The benefieral effects of positn e pressure breathing in the trentment
of acute pulmonary edema were elearly desernbed by Barach and ki
associates ¥ They devised two types of apparatus for providing
pasitive pressure (sec Chapter X)- during both phases of the resprra-
tory cycle (CPPB/I & E—Hood); and the other, during expiration
alone (IPPB/E~Mash) ™ Signs of pulmonary edema rapidly dis-
appear when pressure 15 applied, the gentle mtemnal distending force
serving to heep the bronchioles patent while opposing the hydro-
static pressure withm the capillaries. Barach compares this to the
cfieets of putting a finger on the capilary wall itself. Other modifica-
tions 1n crreulatory function, particularly a dimmution in the ﬁofs of
blood mto the rght side of the heart, allow more time for the failing
Jeft ventricle to pump the pulmonary vascular bed free of excess
blood The lowenng of the cardiac output 15 related to the mean
apphed intrapulmonary pressure?? These modifications are sumiar
to those derived through application of a tourniquet to the extrem-
Mies A narrowmg i the transverse cardiae diameter is ako roen‘;
genographically evident after the application of high mask pressure |

Patieuts with pernipheral crculatory collapse, as m hemorrhagie
shock, should not be mjudserously exposed to posity ¢ presure breath-
g Penpheral vasoconstnetion in these patients has already been
utilized to & maximum extent, aud a further drop in cardinc output
15 all that ean be expected In emphysematous patients, hn\\c\hl‘r.
when there 15 evidence of shock or loss of the vasoconstrietor mecha-
nism, IPPB/T combmed with a negative expirators” phase I‘""“:"'lcl
will help reconstitute the \enous gradient and cardiae output ;‘s ‘c:|
as prevent a further drop m blood pressure.t %8 Sumilar re'}u “h:t
be obtamed through applieation of changing pressure on the ¢
wall with a body respirator—CN & P)PB/I & E-respirator.

..
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From the foregorng 1t will be seen that positne pressure breathing
tendy to accomphbsh the following: (1) Osercomes the bronchial
Jesstance and widens the bronchr (2) Helps establish a more effi-
cient cough, (3) Creates a more unmiform alyeolar aeration, thus im.
proving mtrapulmenary ming (4) Reduces rendual solume (5)
Improves the ventilabion.perfusion relationshtp by wvirtue of the
effects noted m (3) and (4) (6) Prevents or mmimuzes the outward
filtration  through the capillary membrane (7) Dimtnishes the
blood solume returpming to the night side of the heart, with a sube-
quent drop m cardiae output and blood supply to the lungs

D The Use of Intermuttent Positne Pressure Breathing—Insprratory

The Bennett salve produces an 1deal physilogic type of mask
presure curie (Type 111) through the actwon of a cychug vahe,
that allows the patient to exhale for as long as he wishes # The patient
completely controls the cyeling of the valve by his own respiratory
thythm. The rate of m<tantaneous mspiratory flow, which may ex.
ceed 100 L /mun places no himitation on whatever the breathing
pattern may be—whetler of the dyspncie, the acute asthmati,
or the cardiae patient .\ umform low mean mash pressure for the
entire eycle 13 achieved by a slow bulding-up of prewsure m inspira-
tron {the peak usually adjusted at from 10 to 20 em of water) and an
early drop 1n exprratory pressure which ss contnued fot 2% long as the
patient requires (always longer than mspiration) Several gas mix-
tures may be employed air, helium-onygen, or 100 per (ent oxygen
For rontine use, air or 100 per cent oxygen 15 satisfactory, in the
earhon dionide nfosication syndrome, air or hehum-ony gen 13 pref-
erable

An adequate progrsm for most patients with chronie pulmonary
emphysema 14 a4 course of therapy for from three to four weeks,
consisting of three treatments daily, cach treatment lacung from
fifteen to twenty muwutes” We wsually employ o bronchodilator
along with & detergent ageat that lowers surface tenvion, such as
Aqueotts: Zephiran 1.1000, Duponol or Alevaire, to mduce relief
from bronchoconstrietion and demanish the viscossy of the sputum
After brief travung, mont patunts are able to diseard the face mask
amd breathe through a sample mouthprcce attached ta the apparatirs
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If there is any suspicion of coronary heart disease, it is advisable
to use ovygen mstead of room aiv m positive prossure breathing. It has
been shown that the use of ovygen 1 such patients will prevent
electrocardiographic changes in the T waves and S-T segments ¢

£ Results wath Intermttent Positwwe Pressure Breathing—[nspiratory—
Bennett Talve

Along with other mvestigators, we have found IPPB/I an effec-
five axd in the treatment of chronic pulmonary emphy<ema 1. us. 1t
An mcrease m the volume of ventilation 1s accompanied hy a decrease
m breathmg resstance Pneumotachograms also show changes con-
sistent with improvement v the elastienty of the lung parenchyma}?
With IPPB/I and bronchodilator aerosols, the average improvement
i the maaimal breathing cupacity is about 20 per cent, the greatest
bemg observed in the severer degrees of emphysema ™ The effect on
the wvital capacity follows a similar pattern of 1mprovement, with
the greater benefit in severer emphy even more pr j“
Gordon emphasizes the superionty of bronchodilator drugs given with
IPPB/I over the same bronchodilators used alone, Instead of the
20 per cent improvement in masimal breathing capacity averaged
with IPPB/T ang acrosols, the same group of patients averaged only
a 10 per cent improvement when they used the same bronchodilator
by hand nebulization 7

Favorable results with IPPB/I—Bennett were recently mpcrlc.d
by Smart et a? ¥ Improvement followed IPPR/1m 77 pet cent of \h}‘\!
series of 167 emphysematous patients; judged on the basis ol'. in-
creased exercise tolerance, easier breathing, and decreased Wheezing,
the vital capacity mproved 81 per cent and the masimal breathiog
capacity vmproved 76 per cent. Bronchial dranage, an m\:lorwnﬁ
factor 1 these patients, was uniformly increased durmg the first wee!
of treatment, The quantity of seeretions tended to devm:t*l‘ U"‘";‘
after. Dinph 1c motion, as lized by flu pY, 10PT

I the function of the hung may be defined as a mechantsm tl‘ﬂ-
sentially adnutting ovygenation and eliminating carbon diowidle, :4 ?4
quate information on the overall efficiency of the vanous mc{}o;m
of supplymg pressure breathing m pulmonary diease should
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estimated by determmations of these gases 1n the artemal blood.
In our evperience, IPPB/I—Bennett has proved it<elf With this
apparatus, the adramtstration of etther exygen or compressed air
for adequate periods of trme results m a considerable rise 10 artersal
hlood exygen saturation and an adequate excretion of carbon diouide
The case of patient € P, presiously discussed, 1s illustratne Our
rewilts are 1n agreement with Motley’s observations on chronte
pulmonary emphysema 1 coal miners He explains the improvement.
m his cases on the baus of a decrease m the neration gradtent (early
Tactor in the physiopathologic changes) and the subsequent decrease
of the transfer gradient (Sce Chapter I} Although the aeration
gradient 15 truly representative of pure ventilatory function, the
transfer gradient introduces the concept of blood gas eschange
With a more effective alveolar ventiation, the transfer gradient
tends to decrease, reficeting the improvement 1n the gas exchange
1n ths connectton, IPPB/T represents a quick and reltable gurde for
differentzating between the roles respeetnely played by venous ad-
mixture and the membrane diffusion component Both of thee
factors nffect the transfer gradient (See Chapter IH ) I the transfer
gradient farled to decrease after IPPB/I therapy, it wonld mdicate

of the Aiffusion over the venous
admixture component 1%

It must be stressed that this type of treatment cannot be expected
to reverse anatomic damage pre-eusting m the respieatory system
What we ean expect from IPPB/I 1s mereased physiologie utihzation
of the pulmonary reserve and, m rome cases, periods of remission m
the athernise mexorahly progressive disoaze

F Body Respiratory Chambers

Tank respirators of the Drmker, Emeron, or Callins type <hould
be used for artifieral respiration to combat the hypoventilition in

drug depressions or resy v actdosts 1 1 ovygen can
be provided by cathetee or face mosk The major problem s the
difficulty of syned the patient’s respirations with the oy ele of

the respirator, constant nurang eare 1s myalved The new Lmerson
respimtar oy cles automatically with the patient’s breathing,
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H. Electrophrenic Respiration

The hypoventilation observed 1n patients seriously ill with chrome
pulmonary emphysema, and possibly contributed to through .
Juchicious use of high concentrations of ovygen, may be temporartly
reversed by the use of electrophreric respiration, although ths pro-
cedure 15 not suitable for prolonged treatment The use of this method
15 based on the follonmg principles™; (1) Phrenic stimulation mo-
mentanly suppresses the disordered impulses that may come from
a damaged respiratory center, (2) It does not impair cardiae output
since the venous return m inspiration 1s augmented by a reconstrue-
tion n the negative mtrapleural pressure and also heeause blood 1 i
effectively sqr i from the abd 1 viseers hy draph
contraction * (3) It tends to maintam blood pressure. 'lhc «timyla-
tion of only one phrenic nerve is enough to ventdate both lngs:
ventilation of the contralateral lung will follow i the wahe of the
mediastina) shift and diaphragmatie descent.




CHAPTER XII
Pneumoperitoneum Therapy

1 Physlogic Baus for Preumo
perttoneum Therapy

If Technigue of Preumoperstonenm

Ul Indieations for Prenmopentto
aewn Therapy

IV Comphications from Preumoper:

V. Complementary ~ Meosures o
Pneumoperitoneum Therapy
4 Breathing Ezercises
B Beltsand Binders
€ Intermttent Positive Pressure
Breathing

tonewm Therapy

Conuderng emphy-ema as basically = state where the lungs are
bypenmfiated and alveolar ventifation 15 meffective, pneurnopert
toneum has proved to have valuable effects, related to the reduction
M volume of thowe componcents of the total lung capacity which
interfere with gas exchange In recent years reveral groups of -
vestigators have employed this form of therapy successfully n sig-

mfieant numbers of patients with chronic pulmonary emphy-
soma 1% 61 17

1 Physiologic Basis for Prneumoperitoneum
herapy

Althongh we are unable to explamn all the mechanisms by which
Phicumopenitoneum 1s effective, physiologte and chncal studies are of
&reat value n determiming the indications for ths procedute Stretch-
g of the diaphiragm from a flat position to one that permits a more
effictent pecformance s the first step i mduemg faverable changes in
the broncl ¥ apparatus. v d, after preu-
moperitoneum the bronchial tree apparently 1s rearranged to & more
effuient poation, whereby secretions find their way out with loss
fort on the part of the patient Dynamic restoration of the dia-
Phagmatie motion follaws m the wake of this static correction, and
Pulmonary s entilation subsequently 1mproses

139
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The importance of this relationship 13 well 1llustrated by observa-
tions on the use of phrenic nerve mterruption for the treatment of
pulmonary tuberculosis Further drastic reduction of the pulmonary
function already mmpaired in these patients (sometimes up to 60 per
cent) usually follows the artifimal diaphragmatic paralysis

We must h that 1mpi of diaph
15 an important accomplishment because the diaphragm represents
for many emphysematous patients the only’structure avatlable for
carrying on pulmonary ventilation Following effective treatment,
improvement In intrapulmonary miaing has been demonstrated, as
well as a decrease in functional resdual eapacity and residual volume,
and 1 the ratio of residual volume to total lung capacity - =
These results, however, should not be expected 1 patients with

antosts where pul 'y fibrosis pred tes, " or it pa-
tients with emphysema compheated by multiple bullae or gant
cysts,? unless pneumoperitoneum is combined with other procedures.

Improvements mn vital capacity and in maimal breathing capacity
are not necessanly correlated with cach other, The latter, representing
a more stress-dyname function test, may show changes in either
direction, depending upon the underlying pathologic changes re-
sponsible for the chronic pulmonary emphysema Improyement in
ventilatory function will be refleeted thereafter 1n more adequate gas
exchange. As time goes on, the improved gas exchange will bring
about a Ingher artenal oxygen saturation and consequently & de-
crease 1 earbon dioxide content and partial pressure.

The recent observation of Kory ef al 15 of importance 1n re];\(‘mn to
the effect of pneumopentoneum upon eirculatory. dynamics © Car-
diae output was consistently decreased (10 to 30 per cent), and n
one patient with cor pul le iustitution of p was
followed by a decrease mn the elevaterd pulmonary artenial pressure.
These results may he related to the correction of the hypz)v(u

Chmeally, such patients show varymg degrees of improvement.
In many the cough becomes more productive, and they are able to
evacuate a greater volume of bronchial secretion The reduction it
resdual volume brings about a more efficent alveolar )'cnhld‘wﬂ
Less dyspuea 1s noted, and tolerance 1nereases toward milit everei
In general, improvement in appetite results, and a % cight gain may
be noted. Such patients rest better and sleep better.

function
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Peritoneum therapy in & patient with chronic pulmonary emphy sema
can be seen in Figs, 27 and 28

i Tt v

hysema showing in-
Fic 21—8 N (P A view) Chrome pulmonary empl -
creased radiance of lung fields, low position of the duphmgm(m;d enpore
ment of hilr vessels Slight downward displucement of horizontal 1o

fissure {arron)
HI. Indications for Pneumoperitoneum Therapy

The ndications for pneumopetitoncum therapy m (‘]Hl'm\‘l(‘ :‘::‘l
monary emphysema are still the subject of conderable discus
The following concepts will serve as practieal g\ndesl: houtd b

A The relatine degree of reversible physiologic changes ;ion o
determined whenever possible by complete pulmonary function s
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phragm, relating to the presence of afrophic changes and adhesions,
should be made by fluoroscopic and roentgenograplue studies The
simple smiff test and diaphragmatic evercise technique desenbed m
Chapter IV may be employed for such evaluntion under finotoscopic
abservation

D 14 should ahways be kept in mind that the purpose of preumo-
peritoneum i chrome pulmonary emphysema is not to decrease
tng a5 10 pul ¥ tuberculosts, but rather to improve
the efficiency of the diaphrigm, thus ensbling better ventilafion.
Restoration or mnprovement of the dynamic function of the dia-
phragm 18 the mam obyect. For these reasons smaller amounts of air
are employed 1n pnewmoperitoneum therapy for patients with chronie
pulmonary emphysema than for those with pulmanary tubercutous

£ Inchvidual refills will vary from seyerat hundred to one thomand
ec at nockly mfervals When fluoroseopic rontrol shows that the
sucressful efevation of the diaphragm is also followed by adequate
motion, refills should be given at longer stecvals, severat weeks, for
example,

F When the more serious manifestations of chronic pulmonary
emphysema, namely the carbon diotide intosicattan syndrome with
respiratory aedoss, cannot be relieved by adequate mtermuttent
positive pressure thernpy with 40 per cent oxygen, or when adequate
movements of the chest cage and disphragm do not follow chamber

spirator treatment, i i n itoneum should he iu-
stituted Two or more refills may be required m the fret tnenty-four
hours as an emergency proredure to correct the hypoventdation
oberved in these patients®® One should not hesitate to admimster
{arge smounts of s, regacdless of further decrease in gros vrnu.h-
tion  However, the alveolar Yentilation will become more effective
as o result of the strking reduction in rewdual solume,

. Constitutional characteristies of the pattent are not of sufficient
sigmficznce m determumng the ndications for pueumoperitoneum.
We have observed beneficial resnlts in patients with Ilz!,‘ thin ab-
domens, consulered by many physictans as poor nks Tor this type of

therapy'.
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IV, Complications from Pneumoperitoneum
Therapy

Patients may complam of abdomunal or shoulder-top pain and
enstipation Unevplained fever may oceamonally alxo be noted.
The procedure is not entirely free from all rich, and more serions
sequele have been reported, such as blesding mtu the peritoneal
iy, air emhohzation, perforation of o viscus, tearmg of intris-
peritoneal adhesions, subcutaneous and mediastinal eraphy<ema, phey.
mothorax and peripheral vascular collapse An occult hermm may
become mamifest following therapy, but 1f pneumopertoneum i»
ufficiently warranted, a surgical herniorthaphy <hould be performe,
Twenty such eases, recently reported, were foflowad by excellent uryt
uncomphirated results 57

I8 Complementary Measures to
I'neunmparimnvum Therapy

The use of the follow ing complementary measures 19 0 the Ut
mportance:

A Brrathing Exercises Pneumoperitoneum therapy <hould be s o,
steredd a3 meyely the first step toward the restoration of dinplir.,
matic function  Continuous ensouragement from the physieny o
Plyvotherapist 15 necessary, to educate and stimulate the gre..
ma - . Fln

(R
fer . e
hafalitation with other types of wvabidism, particularly polio: o,
or arthopedic ailments Our results hase heen most gratifyey
Webave follow ed these concepts

B Delts and Binders Their use 1s primanly miieated e,
emphy ematous patient However, they shondd be designet, o7
fur(hnp\xr[\uxu Their purpose 15 the muntenance of angye,,,
sall, m order to project the mtmpentoneal presawee
upnard for a most effectnne action toward the diaphry.., I
differeny types are availible, auch ns the Gordon, Rerr, ¢ .
(Ree Chapter X111}

C Intermttent Postuc Pressure Breathing () T s

a
et

an
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patients m whom the dw:m&e ls complicated by large glant cysts, o

multiple bullae, have resp 1 poorly to reat-
ment,* beeause the emptymg of such sacs is very irregular, and
some patients postp! peritoneum rear bloch them

even farther. In such cases, when palhative surgery 18 not feanble,
the eombination of mtermittent positive pressure breathing m inspirs-
tion, IPPB/T, and should be considered, Restors
tion of patent airways can lead to shrinkage of the eysts.

{2) Whenever patients under pneumoperitoneum treatment have
a severe attack of bronchial constriction or an upper respiratory
infection that threatens ther already dmimshed pulmonary fune-
tion, 2 course of IPPB/I with supplemental antibiotic and broncho-
dilator aerosols, should be mstituted at once. (See Chapter VIII)




CHAPTER X1I
Breathing Exercises

Rc—c-\nh\hhmcm of the normal mechanieal pattern of respration
shoutd be attempted after maximal rehef {rom hmudmmnsmmon
and ‘ronchual infection has beent attamed by properly directed treat-

e
sema, Such exXerrIes have long& been x\dvm‘mcd m Fngland ¢ They
have olso been iscussed ot S
dwease usually ymposes certaint pustholog changes that only & con-
Linuous PrograTm of p\\ysmﬂwl‘nvcuur yehamhitation can hope to
mprove, premature enthusiasm over early oot yesults causes the
patient and therapist o neglect the wustamed offorts that are neLes”
sary for continued mprovement Gunslar exercises are very valuable
1n the presention of deformities i the (hest of patients who have
undergone thoraci¢ surgeal Pro¢ edures

A thorough ¢4 aluation of the pallent’q preathin® patterth, postuTe,
and thoraeic contour as well a8 of Tus degree of putmonaty funrtion
Teserve must precede atterapts ot physieal rehatalitation therapy

The chest 19 measured with o tape measure 8t three ! erent
thoracie Jevels® fourth T, photd process, and below the costal
margin M0 Vanous chest areas 8t¢ carefully ohserred 1 regard to
their motilty Most ommenty on¢ wees the typreal emphysematot?
Tiest with an ‘mereased anteroposteriod damecters moving up B
Jown with re-piration &2 a i nmt sthout appres Lable m~purtor¥
expansion 10 other patient the lower © ront 8 hield ngd while the
upper chest 13 expanided thraugh Iten<e run by the accemory
muscles The degree of spmat deformity should be dotermined The
closcly mimilar P i the pathogenesss of both chrom® pulmo-
nary emphyremd and hyphiox oliotic Teart and ng digase 8T¢ well
recopmzed today Correc ol of these Acformitiex ™Y \eadd taamehiord”
Lon of the basit resprratory sneuffierencd ax well 08 \mpm\(‘ml'nl m

10
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the defecttve posture. The boost in the patient’s morale provided by
correction of the abnormal posture 1s of great psychologic importance

Functional reserve should be measured by complete pulmonary
function studics and these determinations should be repeated at
yearly ntervals Duning therapy, weekly or monthly determimations
of the maumal breathing capacity ot timed vital capacity aid in
evaluating the patient’s progress,

In the normal individual, motton of the diaphragm contnbutes
sigmificantly to the movement of air i and out of the chest. Women
utihze diaphragmatic breathing to a larger extent than men. It has
been estimated that in the normal male, diaphragmatic breathig
contributes at least 30 per cent of the vital capacity

Barach'® has emphastzed the importance of spectal training and
daty practice for developing diaph " breathung in pattents
with pulmonary emphysema He teaches the patient to lower the
drzphragm duning inspiration, 2nd makes certain he has done so by
watching for protrusion of the abdomen The patient is instructed
to press with both hands below the umbiltcus inward and upward
dunng the latter third: of evpuation. These procedures tend to
restore the lost diaphragmatic excursions. The expiratory plmfc
may be carned out passively for the sick pattent and may help in
eliminating trapped air. During these evercises the hps may he
Lept pursed m expration Thesc exerciscs should be practiced Iymg
down with the knees drawn up at first, one hand on the abdomen and
one on the chest, the abdomen should be protruded forward durm;f
mspiration, with little or no chest movement After tno minutes
tnal, the same exercise should be done sttng up and then \})nlc
walking This type of breathing should be encouraged at all times
m order to develop 1t as an automatic pattern Many patients Tearn
this procedure quickly whereas others, particilarly patients with
flat abdomens and crect beanng, have considerable difficulty with

these same excreises At the beginning of treatment, the use of 2
plished by elevating the foot of the bed
y be an effectrs e means

head-down position, at
or by the use of posture chairs or boards, ma; y wn effe

o £V annthane
OI' 1 patterns
. ned to m-

CAN WL LuLLL Ly cuae .
prove the spine and chest relationships as well as the function of the
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diaphregm In addition, abdominal and skeleta) supports (orthopedic
braces) may be useld

There are many types of ahdommul supports (emphysema belts)
tended to provide the abd necessary for el
the diaphragm to the normal e'qnmlory level ‘They <hould bedcs:gn(\l
to direct pressure inward and upward and also to provide the neces.
rary support for the abdomnal wall The normal diaphragmatie arch
may be restored hy wearing a snug ahdominal support, wlich should
not be too tight and +hould be worn only during the day Some relef
of respiratory symptoms may be noted 1n many patients Some use
the Burgess-Gordon two-hand belt, and others use the Camp emphy-
sema belt with inflatable pressure pad or sumilar apparatus

We hase found a definite routine more helpful than the ecramonal
we of these rehabilitation procedures The nose, throat, and upper
respiratory passages should be emptied of all secretions hefore ~tart-
mg the exercises The patient 13 nstructed to take from 3 to 6 -
halations of Vaponefnn or Tsuprel upon anang and one hour before
Tunch, supper, and bedtime This 13 followed by the diaphragmatie
breathing previously descnbed  After the pattent has mastered this
and earned 1t out for one or more wecks, a comphmentary program
of breathing reeducation should be mstituted This 4 done by cor-
rectine breathing exertses  Bending shghtly forwand, the patient
starts with arms hanging down m front of the body und the backs
of the hands together, he inspires slowly and quitely through the
nose, Taising arms over the head, then the palms are rotated outward
and the arms are extended honzontally at the shoulders with the
pima upward The patient gradually asumes the ereet position
dunng (s mancwsver The are 15 reversed m expimtion, leading
lonly back to the starting pesition Expiration should be prolonged
and through the mouth, with the hips pursed miking an F or & sound
The exercises should not e forceful After these broathing exerttses,
the duphragmatic breathing exercisex previonsly mastered are then
performed The Litter are most unportant for they encourage motahty
of the disphragm and lower part of the (hest. thus effecting more
effiient emptymg of the lungs Both exeroses <hould be repeated
from s\ to twelte times, dependmg upon the capabilities of the
ptient Trammg s encouraged, but fabgue chotld be avoded
The exerties are fimnhed 1 time to pernut o rest period of from
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fifteen to thirty minutes before each meal. The effect on the patient
should be abserved lest trestment do more harm than good

A skilled and nterested physiatrist may be helpful m the appliea-
tion of more extensive breathing and muscle group exercises.t Gentle
upper abd. 1 massage tn evpi and the use of vibratory
apparatus on the chest may help make the patient more comfortable
In cooperatiy e patients the results are worth the effort. The physiatrist
can eventually develop the program on a more vared and broader
basts, attempting at all times fo regam the balanced use of the re-
sprratory muscles According to May0 the aims of physiotherapy
should be the followmg:

(a) Achievement of relaxation by means of rhythmic swinging
and stretch-relax exercises especially directed to the accessory muscles
and shoulder girdle

{t) To retrain normal breathing habits. This 13 directed especially
to the diaphragm and Jower chest.

(c) To correct abnormal posture by means of correct chest and
trunk mobilization, balance, and walking exercises

The combined efforts of physician, physiatrist, and cooperative
patient may yield striking results The improvement noted by fluoros-
copy and confirmed by pulmonary function studics should be called
to the patient's attention and will serve to encourage hun to con-
tinued efforts .

There has been some suggestive evidence that electrophrenic res-
piration may be helpful in reedueating the diaphragm to proper
function in the patient with chronic pulmonary emphysema 5 The
possibilities of this procedure in seleeted patients, at the onset of the
breathing rehalnhtation program, are worth further nvestigation
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{ The Spimgraphic Tracing B Index of Intrapuimonary er-

A The Tidal Volume, Expira- ng
tory Reserte Volume, Insptra 11T Wiseellaneous Ventilation Studien
tory Capacityand Vetal Capac .\ Breathtng Reserte
ty B Ventilation Equtalent

B Ventilgtion Studies (Mtnnte € ar Velocity Index
Venhlatton  and  Varimal D Instantaneems Yar Flor Vens
Breathing Caparsty) nrements

11 Determnations wath the Open- 1V Bronchaspirometry
Cireurt Ozygen Dilutian Method V' Arterial Blood Studres
1 Rendual Volume, Functimal VI Cardinc Catheterszation
Rendual  Capacrty,  Total
Lung Capacity

1. The Spirograpliic Tracing

A The tudal tolume, exprratory reserre tolume, mspuratory capacity
and utal capacidy are lung volumes which are determined with a
spirometer whieh produces & permanent hymographic recond, the
gprogram We employ o meslified Benedict-Roth epirometer with o
et of 9 iters eapacity and soa-ime earbon dioxidle aborber *

In our laboratory, the spirosram 14 obtamed sath the patient in the
attimg posation. Graphu recondings of quoet respitation are made, with
the patient first breathing room mr (g 29) and shortly thereafter
owvgen (Fig 29a,) Yach wxpiration or expiration represents the
Tulal Volume After scyernl minutes of such respiration the Resting
Mnute Ventlation 1s obtamed The patient 12 then mstructed at the
ond of & normal expsrition to mhale ax deeply as he can, to provide s
measure of the Inspiratory Capacity (Fig 2%

* Phyaiciany interested 1n eatdiopulmonars function stuches should eefer
t0 the texta by Cournsnd ¢ Comroe,? Consolanio ef af % and the papers by
Haldwinetal® t 50

"
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Follow g another interval of quiet breathing, at the end of a normat
expiration, the patient 1s agn mstructed to hreathe out as hand and
a5 long as he possibly can, to record the Exprratory Reserve Volume
(Fyg 20b) The Yutal Capacety measurement (Fig 28d) js obtasmed by

Fra 20 —Spirogeam tn a patient with chronie pulmenary emphysent
a1 Tidsl volume and resting minute ventilation ltnh arm R_nsi.:jxx mmute
ventilation witt
ity & Vital cape .
¢ Treapping of ’ )
right tg Ieft The tume interval hetiween tno vertieal tined of the graph ’:u(w;
15 one munute, except for the recording of the A B C ~—wben the drum rotate
at o greater epeed—nhere the time mterval is 12 seconds

evhorting the patient to take as deep 2 hreath as possible and then to

breathe out as hard and as long as he can. '
When respuratory teacings are recorded with the soda-hime earbost

diowde abeorber m place, the slope of the bnse ine {resting ventils-
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80 pey
that the “Xprratory reseryo Volume tends ¢, Ncrease ¢ the €Ypenge
of the i, "ratory Capacitys, that 15 the Mid-positrgn tends ¢o nse

n

maj
med Vypqy C 'upnczly In additoy to dotermmmg the absolyte

relanonshlp to the ¢ r Grox. Meag; he 1 me requireq for
u Maximym S\Piration it pulmonary and g, dige diseases 7 He
divideq the vty capacity by the ey, irator, called thyg the
\piratory v ity enslor Simplified the Study- o ital capacity,.

D

In oyr )abaratu Ve haye deusﬁd a transparent ruler for tlme-ntn!

©apacity rclauonsths, Which oqp be g n fonjunction With the

SPIrograph;e recorg obtamneq from ¢he SpIrometer 145 The volume of

r exhajed (lurmg any desireq time Interval of the vital capaeity

CUrve can )e computeq very easily, py Simply Placing the ruler
g 30)

ra;
The distanee ety eep tho vergioqy hines of the ruler corresponds o
one second of the recording fyme on the SPIrograph when 1t \g turnng
t high “peed the Ventilograpy, Paper the distance between two
Vertical line, 1 12 seconds One Mullimeter Fertical exeqpggy, of the
Tecordg needle Cquals 20,73 cube Centimeters ¢ Ventilograph
with horizonta; Ines DPlaced o¢ tno~m11hmctor mter.
€

» Such gg minute tentilation and mazymay
Y, can pe determmeq ready v ;¢ the Sbtrometer

Tida} volume, multipheg by the Tespiratory refe Per munute, yropgs
the Munyte ‘entilitiay Tius can alvo pe Measured by having ¢he
No-uay vale connected (o 4

E3someter Rc:-tmg Ventilation ;5 CXpressed a4 hters Per muygte per
Square meter of hody Surface greq The AVerage normgt value 15
36 L /a1 for majeg and 32, a12 for femaley 11 Normat subjeets

* Manu{aclurod by Warren r Collina, Ine l!oelon, Masg

.
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over 50 years of age were found to have a minute yentilation of 6.1
L /M. for males and 54 L /M * for females

A

i 30 Traneparent ruler for determimng time-vital capaeity relation-

ships

However, the total muwute ventilation is not as mportant as the
effectie ventilation Not all of the mapired air reaches the tungs sath
cuch anepiration s the patient breathes 1n, the arr m the trachea
and broneh descends to the alveols first On expiration, the list por-
on of the expired air remains 1 the trachea and bronehs, and it s
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for the remammg “Stogy Per cent, With ndvancing Years jt APppears
that the gvpxmtory Teserye Vohime tends to Ineregse at the €Xpenee
of the mspxm:ory cnpacny"; that 18, the mld-poslﬁon tends o rise
with A8Ing in the normg) J'ndmdunl.

In nddnion to detormxmng the absolyte

Y
value of the Vital cg, acity, MVestizators have Tequent)y Measured jiq
€ factor,

rclatxonsh:p to the ¢, T Gre Measyreq the time Tequireq for
aXimuym SXpiration ; bulm Nary and 1 diseaseg 7 He
divideq the by the C\pator. and caflog this the
YPiratory, veloaty 1 ensler sy lified ¢, of vitg) “apacity.
time rojy 1onships ', Attaching , 8 device th SPIrometer
(\'xtalometer*, dicaty, the vop,, ¢ exhaleg durmgt ¢ finst oy,
tho or ¢ econds of the al o, Dacity,os

ree s vil
In oyr laboratep, We haye devigeq a tmnsparcnt Tuler for time.yygn)
capacty relatmne!ups, Which an be ypg in Conjunctioy, With (he
SPrrograph, Tecord obtameq from the SPirometer, us © volume of
Ur exhaleq dunng 20y desireg time nterva] or the yvitq) capacity
Curve cgp be compyte very egq, v 0¥ simply blacing the rylor A
over the Sbrographye tracmg (Fig, 3p
nee betn eer, two Vertieg] Imes of the ryle, COrrespondy o
Olte second of the recy, Ng time oy the SPirograpy, when 1¢ )¢ turning
at hugh Sbeed On the Ventilograpp, DPaper the distayeq betueey two
Vertical hipeg 13 12 sec, nds. Ope Milhmetor Yertieal E¥eursion of the
recordnyy Needle Cquals 20 79 cubie Centimeterg e Yenttlograph
baper 5 hned with honzoutal hnes Placed a4 t\m—milhmetor nter-
vals Thus, ¢, Measure ¢ tolume fop any one-secongg interyal, gha
herght of the tracing g Measired mllhmelors, multipheq hy 2073,
and thep Correcteq fo BTrg,
B, Y’cnlzlatwn Sludzes, Such gpg manute rentilation ad marypgy
brcalhmy Capacyy, can be determmod Teadily With the spirometer,
Tidat Volume, Multiphey by the rospiratory rate per minute,
the Mmyte tentilatigy, This cgp alo be measyred by having ¢he
Patieng breathe dnrectly throygy, 2 tvomgy valve comnerted o 4
te;

Square meye, of ody Surface area, The Average norma} vnll.n' is
36 L/ar: for males gpg 32 L/ for females, 13 Normaf subjects

<
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over 50 years of age were found to have o munute ventilation of 6 1
L /M * for males and 54 L /A 2 for females?®

" -k

Fir. 90 —Transparent rules for detrrmsming tsme-vital capacity relstion-
ehips

However, the total munute senhiation 1s not as unportant as the
effectiee ventilation Nat all of the mepired sur reaches the lungs wath
exch insprration As the patient breathes 1o, the air i the traches
and broticht deseendds to the alveolt first. On expiration, the last por-
tion of the expired asr rematns 1 the trachen and bronehy, and it i3
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thus espired asr which 15 re-inspired at the begumng of the nevt
breath This “respiratory dead space” amounts to about 150 ce.

For example, m tuo patients, who are both hyperventilating at 7
titers per muute, assume that patient 4 has a tidal volume of 300 cc.
and a respiratory sate of 14 per mmnte, while patient B has a tidal
volume of 280 cc and a respiratory rate of 23 per mimute The effec-
tive minute veatilation of patient 4 15 14 X (500 — 150} or 4900 ¢,
and of patient B is 25 X (280 — 150} ce. or 2230 o), less than half
that of patient A 1t must be realized that pulmonary gas eschange
may be nbnormal m the presence of normal muute s entiation and
even 1 the presence of normal alveolar ventilation, depending on
ventilation-perfusion relationships and diffusion factars {see Chap-
ter 1I1)

The Mazimal Breathng Copoety (M.B.C') ean be recorded on a
spirometer equipped with & Rewchert mtegrating counter, ratchet
and pawl device, by means of which a sceond wiiting pen is activated
during mspiration onfy, ~o that it records a continually rising hne ¢
By means of a reducing gear, the mation of this pen s held to 35
that of the regular recarding pen. The vertical di-fance traveled by
they pen m any mterial of tune represents the suar of all raspreations
durng that mterval, by this means the ventilatory volume per unit
15 thus determmed directly, The graphs obtamed in this way are
demonstrated m Fig 20/ Durng the determmation of M B.C, all
possible sources of resistance to mr flon must he removed, For this
reason the soda-lime camsster s tahen eut, The rubber tubung shonld
be short, and at least one mch in dameter.

A smpler yet effective method of deternuning the MBC. 13 10
collect the expimed asr m o compensated Tiesot spirometer or 2
Douglas collecting hag The patient should hreathe through 2 high-
velaerty, Jow-resistance valie of the Rudolph type which is con-
neeted by a twounch rubler tubmg to the rewervoirs, When the
Douglas bag 1¢ used the yolume of atr 1s measuced with 2 gas tnok-r
The MBC determmation may be performed dunng & period of
12, 15, 20, or 30 scconds, the result is espressed in Bters per munute
The wulpeet 33 encouraged (o breathe as hard and fast as he can Thitest,
perhaps more than any other, depriids on the co-aperation aml
willmgness of the subjeet to exert lumself to the utmost

The masimal hreathig capaeity vares greatly betneen normd
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mcdividuals, as do all of the other pulmonary function tests In order
to evaluate the determined maumal breathing capaeity, the results
must be compared with predicted vatues ™ ™ We use the predicuion
formulae of Baldwin?-

In maless 86,5 ~ (0522 X Ageinyears) X MBS
In females 713 ~ (0474 X Agem years) X MBS

Grav et @™ found no relationship between the M B C and age,
height, and weight, and oaly shght relationship to body surface
area These iy g § the maximal t capacity
1 g large number of healthy young mdividuals and found the follow-
g normal valies 167 1 hiteis/mmute = 13 per cent for males and
1158 hters/minute = 18 per cent for females In these studies the
muuimal breathing eapamty determmation was carned out for 20
seconls Grexfenstemn ef al’* found that the mavmnal breathing oa-
pacity i normal adults past the age of 50 yeats was 68.8 hiters/minute
{standard deviation £278) for females, and 766 hters/mmute
(standard deviation £250) [or males

Peades these ather of
value can be obtamed fmm the snalyms of the spirogram, Such
matters as regulanty or wregularty of the respiratory curves, the
slope and duration of the mspiratory and expratory curves of the
wtal rapaeity determination, the shuft in mud-postion of air trapping,
will he obvious or reedily determimable from these tracwgs (Fig
299) “Trapping” refers 1o the falure of the lung to return 1o the
same wuhal Jevel of expiration when steressive wital capacity per-
formance tests are recorded or when the hreathug 1s vapd and
forceful

1. Determinations with the Open-Circuit Ocygen
Ditution Method

4 The Residusl Volume of the lungs must he mensured by imdivect
methods The closed-cirenst method of Chnstie® described m 1932
has been largely superceded by the open-cirewt methads of Darhing
et al4 and Conrnand ¢f al ® Recently, however, the ejosed-cireuit
method has been used agam, employing helwm ' The apen-eircuit
method 15 based on the ehirunation of gaseaus mitrogen from the
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lungs and body tissues, while 100 per cent oxygen is breathed At the
end of 7 minutes of breathing 100 per cent oxygen, an alveolar sample
15 obtaned and its mtrogen content is caleulated.’ First the Sune-
tronal residual capacity of the lungs is estimated by means of formutae.
The residual volume 1s then obtamed, by subtracting the expiratory
reserve volume from the functional residual capacity The residual
volume plus the vital capacity equal the folal lung capacity

Either a Tissot spirometer or large Douglas bag may be used to
collert the expired gases for determnation of the functional residual
capacity We use a Douglas bag The functional residual capacity 1s
calculated according to the following formula®:

_ IV ds)b — )l - C
FRO.- @) =~ "G — AW N7
v = volume in ¢c of wr collected into Douglas bag or
spirometer corrected to dry gas, at standard tempera~
ture and barometric pressure

ds = dead space volume 1n ce. in the connecting system.
= per cent N2 n spirometer or Douglas bag
a per cent N2 1n oxygen from tank,
Alv N & = per cent N2 1n alveolar sir before the beginning of the

determination

Alv N = per cent of N, alveolar air at end of ovygen breath-
mg .

C = correction for N» excreted from the body during the 7

rnutes when oxygen 1s hreathed.
Cmee = (BS/M*X 95 +35
The dry F.R C. 1s next corrected for water vapor saturation, com-

parable to 1ts state within the lungs:

Barom, Pres. 1n "““'_Hg
FRO.wet = FRC dry X mr proe i mm Hg - 48

The restdual volume vares i normal subjects from day to d::y
by as much as 55 per cent ** Normal subjects over the age of 50
years were found to have an average functional residual capacity
of 3400 cc, and a residual volume of 2430 ce ™

The evalustion of the total lung eapacity necessitates some method
of prediching the normal total lung eapacity for that particular
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Qndual ToweveTs Fowler® stated {hat the normal total Tung
ypacity cannot be pred\rted with an aceuracy of greater than 218
o 20 per cent ‘Bateman yecently stated that the best correlation of
ne total lung capanty 1810 connection wth body height ™ The most
cOmMOn formula for predxchug {otal W& capacty ¥ based on the
ratio of wital capaeity to total fung capacityy which vanes with ag¢

Vital /Ct}pcmty ohere A

The formula 18 _ g0 for the 2888 of 16-3%

years, 766 for 3549 years and 692 for 50-69 years Hownever, ths,
formula €30 be upphed to pormal md\vlduak only In pu\monnry
nd

ohtamed may 1d abnor fow, 80-C led ™ »predicted total
ung c acties whict moreovers may vary reroendo 1y from one
time to & er For thus T other i estigators have used the

o 0

acity ™ We have prekus\y pmmed out that the current prediction

formulae for wital capacity often Y€! d small ¥ sl capacities normal

subjects Fience the us of the cedicted vital capacity yelds = pre-
w

1§ thas vkl capacity, N after {reatment, 1% jcss than the wital
capacity +alue rn\cu\aten\ with the prediction ormula, the p\‘ed\cted
il copaaity 1 used m computing the predicted total lung caproty

1 1o of precicted total ung capacity 18 develop!
1 1. senble to cOBPATE scveral
i aVly

cu\cu\a\c«\ yalues, v -
The ratio of ¢he residual volume to L v
nv

computed 38 follows 0y, C X 100 According 10 Baldwn t0s ratio

averaged 200 per cent for 82€8 16-31 30318, 234 per cent for 5288
3540 years and 308 DT cent for 888 5000 years « Ths study
conaidered & ratio greater than 33 peF cent 8% defimately indicatin® of
emphysem n normal cubjects over 50 years of age the ratio Was
found to be 409 per cent ™

B Inaddition {0 these static yolumes FRC, nv,and TLCY
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Tangs and body tissues, while 100 per cent ovygen is breathed. At the
end of 7 minutes of breathing 100 per cent oxygen, an alveolar sample
15 obtamed and s mitrogen content is caleulated.”™ First the func.
tional residual capacily of the lungs is estimated by means of formutfac.
The ressdual volume 15 then obtained, by subtracting the expisatory
reserve volume from the functional residual eapacity. The residual
volume plus the 1ital capaaity equal the tolal tung capacity.

Esther a Tissot spirometer or Jarge Douglas bag may be ueed fo
collect the expired gases for determination of the functional residuat
eapacity. We use a Douglas bag. The functional residnal eapanty is

Jeulated ding to the following formula®:

fev + (b ~a} ~ C
Alv, AN p

v = volume m c¢. of air collected mto Douglas bag or
sprrometer corrected to dry gas, at standard tempera-
ture and barometric pressure. *

d.s. = dead space volume in ee. m the connecting system

b = per cent N2 m spirometer or Douglas bag.

a = per cent Ny 1 oxygen from tank,

Ale. N @ = per cent Ns in alveolar mr before the beginning of the

FRC. (ry) =

determination

Ale. N § = per cent of N, tn alveolar air at end of exygen breath
mg R

c = corsection for Ny evereted from the body during the 7

runutes when ovygen is breathed
Ciner = (BS/M.2 X 00.5) + 35.

The dry F.R C. 58 next corrected for water vapor saturation, soni
parable to its state within the hungs:

. Barom. Pres inmm g
FRO wet = PRO.dy X gizze T w117 — 49

The residusl volume varses in normal subjects from day to d:rly
by ss much a3 5.5 per cent.!?® Normal subjects over the ape of ‘-r()
years were found to have an average functional residual eapacity’
of 3400 cc, and a restdual volume of 2430 en2* hot

The evaluation of the total Jung capacity necessitates some met ‘!“r
of predicting the normal total lung capaesty for that partieuls!
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individunl However, Fowlers stated that the normal total lung
capacity cannot be predicted with an accuracy of greater than 15
to 20 per cent Bateman recently stated that the best correlation of
the total lung capaeity 13 1 connection with body height ¥ The most
common formula for predieting total lung capacity 18 based on the
ratio of vital capacity to total lung capacity, nluch varies with age

The formula 15 Y12 CHPIY hery 5 = 80 for the ages of 16-34

years, 76 6 for 35~49 years, and 69 2 for 50-69 years However, this
formula ean be apphed to normal mdniduals only In pulmonary
disease the vital capaeity vames greatfy, and is usually fow

Calculating the total lung capacity with the vital capacity actuaily
obtained may yield abnormaliy iow, so-cafled * normal” predicted totaf
tung capaaties winch, moreoser, may vary tremendously from one
time to another For this reason, other mwestigators have used the
predicted vital capacity to caleulate the predieted total tung ca-
pacity.” We have previously ponted out that the current prediction
formulae for vital capreity often yield small vital capacities m normal
subjects Ilence the use of the predicted vital capacity yields o pre-
dicted total lung capacity which frequently 1s too small ®

To ovder to eliminate both of the aboy e obyections m ealeulating the.
predicted total lung rapacty, we have used the largest vital capacity
actually obtamed 1n the patient, erher hefore or after treatment®’
Tf this wital eapacity, even after treatment, 1s less than the wvital
capacity value caleulated with the prediction formula, the predicted
vital eapacity s used m computing the predicted total lung capacity
Until & better formuls, of predicted total lung <apaaty 1s developed
for patients with pulmonary discase, 1t 1s advisable to compare ses eral

ecamputed as follows. ';‘I‘C X 100 According to Baldwin this ratio

averaged 200 per cent for ages 16-31 years, 23 4 per cent for ages
35+49 years, and 308 per cent for ages 50-69 years This study
considered n ratio greater than 33 per rent as defimtely indientive of
emphysema In normal subjects over 50 years of age the ratio was
found to be 409 per cent ™

B Tn addition 1o these statee volumes (FRC, RV, and TLC),
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the open-arcwit method also yields the “Inder of Intrapulmonary
Muzing," which 1s the per vent of mitrogen left m the lungs after the
breathing of 100 per cent oxygen for seven minutes,

The method of Darhing ef a! , measuring the alveolar nitrogen after
the breatlang of 100 per cent oxygen for seven minutes, is 2 measure
of arr dhstribution into the lungs.* # They considered 2.5 per cent of
autragen left at the end of the test as the uppee hmit of normal.
Motley believes, however, that when the alveolar sample is abtamesd
close to the mouth, 1.5 per cent should be conuidered as the normal
hmit ¢ The percentage of alveolar nitrogen, the index of intrapul.
nonary misng, expresses the degree of removal of mirogen from the
alveolar air by pure ovygen breathing

Nonetheless, since the ratz of mtrogen removal depeads on such
factors as the functionaf residual capaeity, the effective tidel volume,
the respiratory rate and mtrapulmonary distnibution factors, it is
possible by hyperventrlation to obtain @ normal index at the ead of
seven minntes, although one of these factors may be abnormal. When
the nitrogen ehmination 15 folloned by the use of & continuous
eleetrome mtrogen analyzer,™ a method which takes these varable
factors mte consuleration, unevenness of aeration will be noted,
although the index at the end of seven minutes may be normal

1. Miscellaneous Ventilation Studies

A The Breathing Reserte 15 the difference between the minute
venttlation and the mavimal hreathing capacity, and 15 expressed 1
L /min The breathing reserve 15 also expressed i percentage of the
maximal breathing capacity by the formula:

MBC, ~ minute ventilation X 160,

MBC.
The breathing resere is greater than 93 per cent at rest, and is more
than 80 per cent after exereise i normal subjects

B The Ventilation Eqpavatent s the number of lters of aw that nre
ventilated for each 100 ce. of asyges consumed, The normal values
for ventilation equiralent range between 22 and 23 hiters }Ti;xﬂ
equivalent 15 normal n metabohe hypespaea, but wereased i the
compensatory hyperventilation of certam pulmonary dicases
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C. The Atr Vioerty Index {4 V' I } 13 the ratio of the pereentage of
the predicted M BC over the percentage of the predicted vital
eapacity &

¢, of predicted M BC.
9 of predicted V C

"The normal index 15 1 0. This index will mdseate whether there 1s more
dostruction to air fow (obstrurtive msufficiency) than there 15 Yoss of
funt tioning ung tissue (restnictni e insufhoeney), or rice serea

D1 Arr Flow 3 The develop t of the
pneumotachograph has opened many new avenues m the study of
pulmonary ventifation # At first this was an mstrument which meas-
ured the stantanecus yate of ar flow dunng nspiration, subse-
quently an instrument was designed 1o study expiratory air flow 9
The mstrument has undergone further changes and impros ementsy, to
record anstantaneous response in hoth nspration and expiration
with punimal lag and inertia, and wathout significant resistance to
ait fasw Detarled studies have been reported with such an apparatus,
on asr flow and factors goyermng air flow 18 4 1F

AVL =

V. Bronchospirometry

The techmque of bronehospirometry has been reviewed m de-
tall ® ¥ I, principle, 1t eonsists of passing a double lumen catheter
mto the trachea and mto the left bronchus just past the earmma The
opening ta one humen 1s gt the tip of the catheter, protruding into the
left bronchus; & mibher cuff, jacated proximal to this operung, 18
mflated, closing off the left brourtual tree Another opening feading
to the <econd lumen of the catheter 13 located a {ew inches tugher
(ahore the canna), and connects with the right Lronchial tree
A rubber cuff Jocated provimal to this operung 1 inflated, closing off
the nght lung from its copnection with the other Jung snd wath the
trachea Thus a separafe passage 35 estabbshed for each lung

Lung volumes, ventilation apd gas exchange of each lung can now
be stuthed separately Twin spirometers of the Benedict-Roth type
may be used for the spuographte studies The normal mght fung
contabates 55 to 65 per cont n( the total lung performance ¢

There are several cont to t h . manfy
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tracheobronelnal tuberculosis with ulcerations, recent hemoptysis
(sithin tno wechs), obstruction of the left mam bronchus preventing
praoper placement of the catheter, and fur advanced tubercwlosis with
severe symptoms and toxicity.?

V. Arterial Blood Studies

The artersal blood s usually examined for oxygen content, capacity,
saturation, and tension'® ¥ 18, huffer base''; and pil. The average
normal values are presented in Table 8

Tavse 8 ~Normal Volues for Ozygen, Carbon Diozide, pH, and Buffer Bote
1 the Arlerial Blood

7

Baldwint Srgerand Groerstern
| Meen ‘ s Maa | SD. { Mem | sD
T

Gy saturatson (%}
p0s (mm, Hg)
€O, zontent, w hole blood)

2 @274 { (Y gA [ 6

f- ~ for| e8| -~
)

™mM/L -~ - 222 ) 0@ }aust] 2.0

Vol % oo oo 95| eg) ~ | ~
pCO4 1, Hg) 437 (35 416 {29y 388 dn
ol 5 74 {00 TH]om]| Trjem
Buffer Base (mEq/L) - | - 45-65 -] -

The blood sample should be obtained anaerobieally through o
Cournand ndwelhng needle placed in the brachial or radial artery.
The determinations are made o the blood obtained at rest and after
standard evercise, which usually consists of 30 steps per minute up
and dawn a platform 20 em high or on & freadmiti.

Fig 31 Mustrates the sot-up for asteriat blood sampling. Part B,
the msert needle, fits mswle part C, protruding shghtly beyond the
tip of € mith its sharp beveled needle port The needle 15 introdueed
into the artery 1n this way: when the blood begms to flow thmug}} B,
ths part 1 then withdrawn from €, allowing the blaad to flow rapidly
and freely through ¢ When the needic 15 to be left in the artery
between sampling, the closed stylet A replaces B

1'f. Cardiac Catheterization

The catheter 1 introduced through the median baslie vein in th:
forearm tntil 1€ reaches the ripht heart and pulmanary arters-
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Mixed venous blood samples are thus obtained, as well as pressure
rendings on & manometer Sumultaneously with the venous samples,
arterial blood 18 drawn through an indwelling needle 1 ane of the
peripheral artenes, and exprred arr 13 collected and measured m o
sprrometer or Douglas bag

ey e - ke mmema o
toy A i

T o

Fic 31 —Tray for artenal hlood simphng.

The mined venous blood and artenat blood are analyzed for oxygen
mtake and CO, outpnt per minute These results are applied to the
Fick equation 1 ealeulating the cardiae output (C 0)

GO (L/mn) = U, intake (ce /mn}

0, arterial ~ venous difference (cc /1, blood)

or

- CO; owtput cc /mm)
CG, artenal — “enous diffesenice (ce /1, blood)
¢
¥ = pene
ardiac mdex FSAT
co

Stroke volume = Pl rate
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As the tp of the catheter 15 passed through the right auricl,
right ventricle, and pulmonary artery, the pressure readings are
obtamed The level of pressure and the characteristics of the blood
pressure eurves in the auricles, ventrcles and large vessels are quite
distinet Talde 9 Dsis the sigmficant data obtained through eanlise

eatheterization N
¥

Taste 9 ~Normal Values for Cardiae Output and Pulmanary Artery Preesures

Cardiac Qutput (L /me} 56
Carchac Inder (L /man ATY . 3 6-1.5
Stsohe Volume (ec ) 7080
Pulmonary Artery Pressure (mm g}
Systalre 23
Duastohe 9
Mean 4]
Pulmonary “eapillary* Pressure (mm Hg) »sg

Pulmionars Resistanee (dypes/ser fem,, %)

Pulmonary arteriolar is caleulated from
determmations of the cardiac output, pulmonary artery pressure
and pulmonary “capitiary” pressures with the formula’™:

= DA s igne
VO

Whese B = artenolar resistance m dynes see.™®
PA = mean pulmonary artery pressure m mm g
PC = mean pulmonary “capillary” pressure syn mm. Hg
CO = wardic output i ¢ per second
1332 = com ersion factor from mm 1lg to dynes per e ©
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