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Preface

Emergencies 1n thoracic surgery rangs widely from cardiac arrest to ruptured
esophagus and from bilateral spontancons pneumothorax to strangulated daphrag-
matic hernia. Their common pathologic link Is that they ell create a state of emer
gency which must be promptly recognized and treated 1f satlsfactory results are to be
achieved.

Much of what has been writien on thoracic emergencies still lies scattered widely
throughout an extensive literature and has not yet been brought together in textbook
form. Yet the knowledge of how to recognrze the emergency, its dangerous points and
what to do Is so mportant that the time has come for a monograph on the subject.

There are few groups of physicians who do not meet such emergencies at some
tmme m their medical career be they general practitioners faced with an endobronchial
foreign body masquerading as acute &sthma, residents or ambulance dectors faced
with crush mjuries of the chest or spontancous rupture of the esophagus disguised as
coronary thrombows obstetnicians faced with hydramnios and babies that drool saliva
because of a tracheoesophageal fistula, peduatriclans faced with problems of acute
laryngeal edeme or tension pyothorax in babies physicians faced with severe he-
matemesis from ruptured esophageal varices, residents watching spontaneous hemo-
poeumothorax exsangmnate their patients psychiatnsts faced with problems of cor
rosive burns of the esophagus, or finally, the anesthetist or surgeon faced with cardiac
arrest.

The alm of this book is to present those thoracic lesions which arc essentially sur-
gical emergencies and to dexcribe their pathologic nature their clinicel features and
thewr management. Those who are familiar with thorscic surgery know full well that
many standard operations such as thoracoplasty, lobectomy pneumontctomy and
esophageal anastomosis can also have postoperative complications which are them
selves real emergencies They too will be briefly described.

This book will help genernl practittoners house staff, and consultants appreciate
the emergencies of a new specialty from the snrgeon s iewpoint. They usually see the
patient before the surgeon is called and should be aware of what surgery can offer
Under present hospltal practice 1t is usnally an hour or more before the patient is n
the operating room. Therefore the faster the state of emergency is recognized and
the surgeon consulted, the sooner these and other delays will be shortened.

This book will mtroduce medical students to lesions which they will meet, often
unexpectedly thronghout thelr professional Uives and which they might otherwise find
baffling

I am happy to acknowledge mutlal encouragement 1n the wnting of thls book
from Professor Howard C Hopps, Depattment of Pathology University of Texas,
Galveston, who spent his sabbatical leave of 1955 at the University of Otago Medicat

School New Zealand Through him I was wntroduced to Mr Geo
the Medical Rditorial nim-fgfl.l.- at Annlatan_Mantier Ceafin 'ATBBA.?V?CDcrE]on,



viii Preface

Hooper, and also the enthusiastic support of Miss Catherine Entwistle, Medical Art-
1st For photographs. I am indebted to Mr Gerald Brooks, Photographic Unit, Otago
Medical School, and also to Mrs Daphne Lemon and Mr Kenneth White I thank
Mr Litherland, Department of Photography, Auckland Hospital, for other photo-
graphic work done during my term at Green Lane Hospital

In the matter of references to published Iiterature, Miss E Murray of the Medical
Library gave great assistance, as did Mr H D Erlam, the chief librarian Dr Robert
Christie read the manuscript with great care and Dr Graham Campbell assisted me
in reading the page proof Their willing help 1s gratefully acknowledged

Finally, I humbly thank my wife for all her patient encouragement, for her read-
g of drafts and manuscript, and for her cheerful shouldering of the greater share of
caring for our young family during the time of writing

JOHN BORRIE
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Foreword

The relative newness of thoracic surgery as a speciality 13 reflected in the com-
parative paucity of standard textbooks on the subject. The newly appointed resident
of regustrar may not wish to plough through a full length book 1n order to learn about
the immlnent and more practical problems with which he will be faced. A formal text-
book often has to devote so much space to a comprehensive presentation of all aspects
of the subject that Inevitably the practical everyday things tend to recelve less atten-
tion. This seems to have guided Mr Borric in lus presentation of the subject of the
management of emergencles in thoracic surgery Although true emergencles are dealt
with, the book covers more than these, 1t meludes ali the everyday manipulations and
procedures which form the basis of 5o much of the routine of thoracic surgery

Today thoracic surgery 1 becoming leas of a closed speciality, the general surgeon
has expanded through the dinphragm into the chest and the whole field of chest in
juries may also involve him He and his team must be famillar with the basic anatom-
cal and physiologgeal factors involved in chest wounds or chest operations and their
clinical application. Correct preaperative and postoperative management is essential
to success and to lower morbidity and mortellty This management is clearly and
nmply presented by Mr Borrle with a wealth of illustration that makes for absalute
clarity and simplicity Those dealing with thoracic cases, whether senior or junior,
will find a description of all the varous menipulations and manoeuvres they may be
called upon to use Eapecially valuable is the account of such features as sputum re-
tention and its prevention and treatment, of pleural dralnags and the vaneties and
perlls of pneumothorax. In no other book that I know {s this practical mde of thoracle
surgical work presented so comprehensively and so lucidly

The preoperative and postoperative care of chest patients involves others in addi-
ton to surgeons The mursing staft the physiotherapists and other ancillanes will
have no difficulty in profiting from this book, so clearly is 1t written.

In such & wide subject there are bound to be some variatons of opimon and of
teaching, and one inevitably finds features with which ons is not wholly in agreement.
Thus is not to say that elternative views are not correct they may in fact be more cor-
rect and more acceptable In every instance Mr Borne explains his recommendations
by giving the factors which goide him

I wish him every success In this book which should find a wide ficld of readers,
both senior and junfor specialist and nonspecialist, who will profit and leam from 1t

and will acquire confidence and knowledpe of value to their
e o ge of great eir practical surgical

RussELL Brocx






1

BASIC PRINCIPLES OF THORACIC SURGERY

Infroduction An understanding of the princaples of thoracie surgical anatomy and
physio ogy 15 as fundamental as a knowledge of pathology in recognizing and appre
ciating all the problems of the management of thoracic operations

Hstorically the generation of surgeons who followed Lister s (1) emancipation
of surgery n 1867 was not slow to apprecte the surgical possibilites of thorndlc
diseass but their operations based on pathology and general surgical techme alone
almost 1nvariably failed, because of insufficient regard for those equally important
principles of thoracic physiology Postoperative sputum retention atelectass pacu
mothorax, and pleural infection were all rocks on which thelr ventures foundered

Although anesthesia, blood replacerment and ontibiotic therapy have all con
tributed to the rapid progress of the past 20 years with careful surgical technic, blood
loss can often be mimmized and the need for entibiotic prophylaxis against infection
much reduced or even made unnecessary Success today 1s achuieved even more than
by perfection of technic by the frequent and painstaking assessment of chest func
tion for at least two weeks following operation and the prompt correction of anv errors
that become manifest.

An essential prerequisite for treating thoracic emergencies is that the potential
of thoraclc surgery be recognized by all pessons handling such problems and that the
emergency be promptly diagnosed and referred for surgical opinion

Success Is equally dependent on the teamwork of keen residents and house staff
& department of radiology prepared to take high quality chest x ray films at all times
both night and day and a competent operating-theater staff Also needed is a team
of munes and physiotherapists who understand the mms of the surgeon and who by

striving for the return of full function to the lungs give the patient further confidence
and encourage his convalescence

Fundamental Principles. The fundamental fact to remember 1n the surgical phase
of treating chest Jesions is that the lungs in fulfilling therr role of transfernng oxygen
trom the alr to the blood stream for tissue axidation, require

(a) 1A clear alrway {rom the mouth via the bronchual tree to the alveoli of the
ung

(b) Posttive presyure inflation of the lungs dunng operation

(c) Full re-expansion of the lung by removal of air and flwd from the pleural
cavity after operation

(d) A soundly reconstituted chest wall

(e) Normal blood volume

As Johnson and kurby (2) stress, “The thorncic surgeon must be trained to think
constantly in terms of function.” To understand these points better and to know how
when and why to correct them when disordered requre an understanding of the
mechanics of the bronchl and pleura, which will now be discussed. ¢

1



2 Chapter 1:  Basic Principles of Thoracic Surgery
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Fig 1A Bronchogram showing normal outline of the bronchial trec

_(The regional anatomy and surgical approach to the thoracic cavity are ably de-
scribed by Sweet (3) and will not be considered here )

\AJRGICAL ANATOMY OF THE AIRWAY

The practitioner necd hardly be reminded that the respiratory mechanism n-
cludes not only the airrway—comprising the nose, pharynx, larynx, trachea, and lungs
with their bronchi, bronchioles and terminal alveoli—but also the diaphragm and the
thoracic and abdominal walls It must also be borne in mind that, from the viewpomnt
of the thoracic surgeon, the two parts of the airway commanding the greatest respect
arc the vocal cords and the bronchu.

The Vocal Cords. Situated 1n the larynx, the vocal cords, under certaun condittons,

may obstruct the airway cither totally or 1n part when:

(a) The left cord is paralyzed from direct ncoplastic mvasion of the left recur-
rent laryngeal nerve or from external pressure from an ntrathoracic neo-
plasm or ancurysm,

(b) A forcign body such as bone or eggshell becomes wedged between the cords;

(¢) Edema of the glottis not only forms an effccuive obstruction to normal res-
prration but also prevents expulsion of intrapulmonary sceretions

The Bronchi, The need for accurate diagnosis and treatment of pulmonary dic-
case 1 terms of the bronchial tree led to widespread study and a clearer descrip-
tion of the scgmental anatomy of the lung, culminating 1 1946 1n the publicaton of
Brock's The Anatomy of the Bronchial Tree (4). In 1949, at the International Con-
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1A. (cont) Dmgram of major branches of bronchial tree.
Right lung upﬁ%lﬂb«. 1 splaal, 2 posterior 3 anterlar middle lobe 4 lateral, 5 medial
lower lobe 6. aplcal, 7 medial (cardisc) 8. anterdor basal, 9 lateral basal, 10 rior basal.

Left lung; upper lobe 1 aplcal, 2. erfor 3 anterior 4 superlor lingula, 5 inferfor lingula,
lower lobe 6 apical, § anterior hu:f(;ﬂlut:nl basal, 10 posicrior basal.

ference (5) agreement was reached on an acceptable nomenclature for the various
bronchopulmonary scgments (Fig 1) More recently the palostaking studles of
Boyden (6) have further added to the detailed knowledge of the peripheral branches
of the major bronchi Much of the important new knowledge of the anatomy and
surgical technics of the thorex was collected 1n 1954 by Birnbaum (7)

The description that follows 1s of the major bronchi and their immediate branches
which are the accessible and wignificant parts of the airway in the management of
thorecic operations

Riont Mam Broxcnus The right main bronchus follows the vertical direction
of the trachen more closely than the left main bronchus does The right main bronchus
is shorter and wider than the left and 15 therefore the more common site for intrapul
monary foreign bodies

The main and segmental divisions of the right maln bronchus are as follows
Right Upper Lobe Bronchus  Middle Lobe Bronchus Rught Lower Lobe Bronchi

Aplcal segment Lateral segment Apleal segment

Anterior segment Medial segment Medial basal scgment

Posterior segment Anterior basal segment
Lateral basal segment
Posterior basal segment

The first branch of the right maln bronchus is the right upper lobe bronchus
This anses 1.5 cm from the trachen and lies above the mmn pulmonary artery The
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Fig 1B Lateral view of the night bronchal tree Diagram clanfies the position of its mam
segmental branches, whose numbers are the same as those 1n the legend of Figure 1A

right upper lobe bronchus passes upward and laterally from the main bronchus be-
fore dividing 1nto apical, anterior, and posterior segmental bronchi

The second branch of the right main bronchus is the middle lobe bronchus This
anses from the ventral aspect of the main bronchus 3 cm below the upper Iobe bron-
chus and divides into medial and lateral segmental bronchi

The third and fourth branches of the night maimn bronchus are the right lower
lobe bronchi The third branch 1s directly posterolateral across the main bronchus
and leads to the apical segment of the right lower Jobe The main bronchus then de-
scends to 1ts fourth or terminal branch which divides into the medtal basal, anterior
basal, lateral basal, and posterior basal segmental bronch:

LerT MAIN BroncHUs The left mam bronchus has a longer and more oblique
course than the right mam bronchus. The main and segmental divisions of the Jeft
main bronchus are as follows

I.eft Upper Lobe Bronchus  The Lingula Ieft Lower Lobe Bronchus
Apical segment Superior segment Aprcdal segment
Posterior segment Inferior segment Anterior basal segment

Anterior scgment Lateral basal segment
Posterior basal sepment

The first branch of the left man bronchus is the lefr upper lobe bronchus, Thi
anses 2 5 to 3 ecm from the trachea and has the left mam pulmonary artery winding
around its Jateral surface The left upper lobe bronchus divides into three vegmental
branches apical, postertor, and ante rior. The haguola, which corresponds to the mid-
dle lobe branch of the right mam bronchus, 1s fused to the antenior segment of the left
upper lobe bronchus and s divided into superior and mferior cegmental bronclu
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Fig. 1C. Left obliquc view of the left branchial tree. Disgram similarly clarifics the pasition
dlgt.:mkn-eg]menghnmha.wbmnumbcnmnbomanmcuthouinthclegendaf
the preceding Figure 1A

The second branch of the left main bronchus anses dorsally just below the left
upper lobe bronchus and leads to the aplcal segment of the left lower lobe The left
Jower lobe bronchus divides further into anterior basal lateral basal and posterior
basal segmental bronchi There 15 no separate left medial basal bronchus

Bronchescoplc Appearances. The bronchoscopic appearances of the trachea and
bronch: follow the descriptions just given and are easily recogmized (Fig 2) Once
the bronchoscope is past the vocal cords the rings of the tmchea are seen arching in
front with the unsupported muscular part lymg behund. The tracheal bifurcation or
cansa {s normally sharp In the presence of discase however the carina may be
widened because of enlargement of lymph nodes lying directly beneath it,

RIGHT MAIN BRONCHUS The first branch on its lnteral side 15 the right upper
lobe bronchus whose three secondary bronchial orifices are cleardy wisible with a
nght angle telescope Beyond thus, and ventrally at 12 o clock, lies the opening of
the middle lobe in which are the onfices of its two major branches

Donally opposite the middle lobe at 5 o clock, 15 the opening of the apical seg
ment of the lower lobe At the end of the main bronchus three basal bronchial or
fices (antonor lateral and posterior) are yecognized, while just proximal to this
point, and in the medial wall 13 the opening of the medial basal bronchus

LEFT Mamv Bronchus. With the patient s head turned to the right and raised
forward, the bronchoscope will readily pass to the left and bepeath the nortic arch.
The upper lobe orifice arises on the left side some 4 cm. from the main canna. Nor-
mally the origin of the lingula is obvious adjacent to the upper lobe canna A night
angle telescope however is required to see the angin of the remaming three second-
ary bronchi, The pattern of the left lower lobe corresponds to that of the right lower

lobe except that the apical bronchus s subjacent to the upper lobe onflcs and that
there Is no medial basal bronchual onflce



* RIGHT LOWER BRONCHI

LEFT LOWER BRONCHI

Fig 2 Bronchoscopic appeara

nce of canna and mamn broncht
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Fig. 3A. Upper lobes. Positions forpoﬂunl

T
MulpddhAPLI?l or segment, laft M(igd]e Mldd]alobc.rlghtlrmg
Bottom Posterlor scgment, right Bottom Lingula, left lung

Postaral Dralnage. This is determined by the anatomy of the bronchual tree and
aims at providing dependent drainage for the affected bronchus Postural dramage
13 of particular value in the medicel and surgical treatment of bronchicctasis and lung
abscess and as a means of clsaning the lung of secretions before and after bron-
chography

The patient assists expulsion of secretions by deep breathing and coughing under
the supervision of a physiotheraplst, who may further dislodge secretions by per
cusslon or pummeling

‘The required positions are fliustrated in Figure 3

Fig. 3B Luwuloba.?udﬂom!orpcgmmm

Top Aplcalse Top Am:rloq-lnnlwgm
Bottom nghlmbudu-gmmz Baottem, Pouaiorbm.ln;:;mt
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Fig 4 Emphysema of right lower lobe in a child, displacing heart and mediastinum to left
The lower lobe bronchus was partially blocked by tuberculous pertbronchial lymph nodes

BRONCHIAL MECHANICS AND SURGICAL PATHOLOGY

The bronchi normally dilate and elongate on nspiration and relax on expiration
This cycle of events 1s altered by lesions which either partially or completely obstruct
the bronchial lumen and which may block a central or peripheral bronchus

Partial Bronchial Obstruction. When a bronchus 1s partially blocked, as by a neo-
plasm or a foreign body, air can more readily pass i beyond the block than leave
agamn The affected lung segment nevitably becomes emphysematous and may causc
one of three conditions, of which the first and second are common and the third 1s rare

1 The overdistended portion of the lung expands, forcing the heart and medias-
tinum to the opposite side and compressing and embarrassing all normal lung tissue
(Fig 4)

2 When one peripheral bronchus alone 1s affected, the ensuing localized emphy-
sema may cause a “tension cavity” to develop 1n the lung parenchyma Such cavities
are seen 1n pulmonary tuberculosis, lung abscess, staphylococcal pneumonia, foreign
body, neoplasm, or degenerative emphysema (Fig 5A)

3 Rarely, the lung or tension cavity may rupture mnto the pleural cavity to pro-
duce a pneumothorax (Fig 5B) If the leak 1s valvular, a tension pncumothorax

results



Bronchial Mechanics and Surgical Pathology 9

—

Fig SA. Tenuon cavity in left lower lobe of a baby displacing heart to dght.

Total Bronchial Obstruction, A bronchus may be totally blocked from

() Endobronchial causes such as neoplasm, foreign body, postoperative spu
tum retention, or retention of sccretion behind a partlal obstroction and

(b) Extrabronchial causes such as pressure from a neoplasm or enlarged lymph
nodes

The result 13 that, as air trapped in the distal bronchi and alveoll becomes ab-
sorbed into the biood stream the affected segment becomes collapsed or atelectatic

Although by denvation the word “atelectasis” refers to lung tissue which hea
never been aerated, by common usage it now refers to lungs or their segments col-
lapied from endobronchial causes, thus leaving the word callapse™ to describe the
relaxation and compression collapse of the lung parenchyma most commonly en-
countered with pncumothorax therapy for pulmonary tuberculests In this type of col
tapse, the bronehi are patent.

Atelectasis has an immediate adverse effect on the pleural cavity and a delayed
one on the lung,
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Fig 5B. Left pneumothorax n a 5-year old boy caused by peanut partially occluding left
main bronchus

EFFECT OF ATELECTASIS ON PLEURAL CAVITY. As an atelectatic lobe or Iung
occupies only a fraction of the volume of its aerated state, with an accompanying fall
of intrapleural pressure, the normal lung becomes relatively overdistended Atmos-
pheric pressure exerted from within through the lungs 1s responsible for the heart
and mediastinum moving to the affected side Exerted from without, atmospheric
pressure is responsible for the ribs becoming approximated and the subjacent leaf
of the diaphragm being raised n an attempt by nature to restore the mtrapleural
pressure to normal

Lobar atelectasis produces characteristic x-ray patterns which are shown in
Figures 6A-F These must be familiar to all persons interested n the recognition and

treatment of chest ailments
EFFECT OF ATELECTASIS ON Lung Within the atelectatic arca there 1s stasis,

which inevitably leads to infection, with the result that-

(a) The bronchi may become bronchiectatic;

(b) The lung alveoli may become congested and pneumonic,

(c) The lung parenchyma may become the seat of a lung abscess; or

(d) An overlying pleural reaction may produce pleurisy with cffusion and even

empyema
Such a chain of cvents, associated with infection, explains why carcinoma of the lung
so often masquerades as Iobar pneumonsa, influenza, lung abscess, or cven empyema,



Fig. 6A and B. X-ray pattern of lobar atelectasls. Posteroanterior and Iateral views of
right upper lobar atelectasy,
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Fig. 6A and B Xray pattern of lobar atelectasis. Posteroanterlor and lateral views of
right upper lobar atelectasts,




attern of lobar atelectasis Right Jateral view of middle lobar atelectasis
12

and postero-anterior view of right lower lobar atelectasis

Fig 6Cand D X-rayp



Fig. 6Eand F X ray pattern of lobar atelectasis. Left lateral view of left upper lob
taxis and pesterc-anterior view of atelectals of left lung.
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14 Chapter 1: Basic Principles of Thoracic Surgery

PHYSIOLOGY OF THE PLEURAL CAVITY

The higher center controlling the remarkable reflex of respiration lies in the hind
bram The mechanical act depends on the nteraction of five components

1 Anunimpeded airway,

2 Anintact chest wall,

3. An mtact diaphragm,

4 Atmospheric pressure,

5 The elastic recoil of the lungs

Functionally, the chest wall 1s a firm cage which protects the thoracic viscera not
only from trauma but also from the constant atmospheric pressure of approximately
15 pounds per square imnch.

Normal Intrapleural Pressure. By contracting and descending, the diaphragm m-
creases the intrathoracic volume and negative pressure, with the result that air enters
the lungs, and the mspiratory phase of respiration occurs As arr enters the pulmonary
alveoli, the pulmonary elastic tissue 1s stretched When the muscles of respiration
cease {0 act, expiration—a purely passive act—follows from muscular relaxation and
the elastic recoil of the lungs

This interplay of factors creates a normal intrapleural pressure of —10 cm of
water on inspiration and ~5 cm of water on expiration Because of free communi-
cation with the outside air, the pressure within the lungs 1s about one atmosphere, but
the elastic recoul of the lung prevents this mtrapulmonary pressure from bemg fully
transmitted to the pleural cavity The more the lungs are distended by mspiration, the
lower becomes the itrapleural pressure, and the more the venous return to the right
side of the heart 1s enhanced If any one of these five components 1s altered, the change
1s immediately reflected in changed intrapleural mechanics and pressures

Increase of Negative Pleural Pressure. This commonly occurs when a lobe or Iung
becomes atelectatic As already mentioned, such atelectasis 1s followed by a relative
emphysema of the remaining lung tissue, a shuft of the trachea and mediastinum to
the affected side, together with elevation of that leaf of the diaphragm and an ap-
proximation of the overlying ribs

Increase of Positive Pleural Pressure. This follows a pneumothorax—be 1t spon-
taneous, artificial or tension—pleural effusion, hemothorax, or empyema The 1n-
creased pressure affects both the 1psilateral and contralateral lungs, the effect de-
pending on the intrapleural pressure exerted )

When the posttive pressure increase is small, the underlying lung falls away by
elastic recoil towards the hilum, the so-called relaxation collapse When, however,
the mtrapleural pressure rises above atmospheric pressure, the underlying lung 1s
compressed by positive pressure—compression collapse .

Further, the heart, trachea, and mediastinum are forced to the opposite side,
where 1n turn they compress the contralateral lung and reduce 1ts ventilatory capacity
If the positive pressure rises above 15 to 20 cm of water, there 1s the additional haz-
ard of obstruction of the venous return to the heart, and acute respiratory embar-
rassment

The air from a tension pneumothorax may permeate

(a) Duirectly through the parietal and visceral pleura mnto the soft tissuc of

the chest wall and mediastinum, or
(b) Proximally 1n the peribronchial tissues to reach the medastinum
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Fig. 7 Residual fibrin on the v-w:eﬂlgl:\ma of the left lung, preventing its re-expansion after

liquefying, asplrating and dralning 2 left hemothorax by water scal drainage.

When fluid compresses the lungs fibrin 1s deposited on the pleural surfaces thus
further complicatng the pleural lesion to be treated While asplration or simple
drainage is often followed by total re-cxpansion of the collapsed lung, 1n those cases
n which much fibrin has become deposited on the visceral pleural surface the fibrin
may effectively hold the lung captlve and permanently reduce 1its ventilatory capacity
’I‘hhpmccnmnoccurwithremnrknblospwd.axuhowuinﬁgum7 In this case
a postoperative intrapleural hematoma though Liquified by varidase left an effective
fibrin vice on the underlying lung within three days of the onginal left lower lobec
tomy From a practical pomt of view the problems of pneumothorax are aiso the
probiems of bronchopleural fistula.

Bronchopleural Fistula, When an emphysematous bulla, lung abscess, hydatid
cyst or tuberculous cavity ruptures 1nto the pleural cavity or when the lung is dam
aged by fractured ribs or by surgical resection air escapes mto the pleural cavity
through bronchopleural fistulas The lung collapses as previously described.

A fistula js esther open and in free communication with atmospheric pressure
via the lung or valvular allowing air to pass into the pleurnl cavity bat not out agan,
thus producing a tension pneumothorax. Pathologically open fistulas are usually
large and valvular ones small Clinically, bronchopleural fistulas with tension
preumothorax are distinguished by detecting tracheal deviation and cardiac displace-
ment and are confirmed by measunng the intrapleural pressure with a preumothorax
apparatus An “open pneumothorax has an inspiratory pressure of —4 cm of watar
and an expiratory pressure of ++4 cm of water A tension preumothorax may havs

:uf: inspiratory pressure of +4 cm of water and an expirtory pressure of +12 cxr
of water
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(b) Arteriovenous aneurysm, which is a shunt,
(c) Obstruction of the pulmonary artery by emboli or obliterative arteritis

Naturally, these categories frequently overlap, as many lesions cause combined
forms of insufficiency. The net result is anox:a

Anoxia. Following prolonged exposure to severe oxygen lack, very formidable
after effects occur, for “anoxia not only stops the machine, but wrecks the machinery”
(Haldane 9, 10). Threé nunutes of complete anoxia 1s enough, for in that time the
brain 1s irrevocably damaged But, as Haldane further emphasizes, even partial an-
?xia, or hypoxia, means not a mere slowing down of Iife but progressive and perhaps
irreparable damage to Iiving structures

Few practitioners can escape the problems of anoxia Thus, the anesthetist may
be faced with spasm of the vocal cords, or may have to deal with anoxia if he 1s slow
to intubate after giving muscle relaxants. Anoxia faces the thoracic surgeon who 1s
dealing with a “flail” chest wall, hemothorax, a blocked bronchus, or cardiac arrest.
It applies equally to the chest physician with the problems of debilitating pneumonia,
to the cardiologist with acute pulmonary edema, to the endocrinologist with diabetic
coma, to the neurologist with bulbar poliomyelitss, to the neurosurgeon with comatose
patients, to dental and orthopedic surgeons with jaw and cervical spine fractures, and
—Jast but not least—to the general surgeon with his problems of postoperative pneu-
momia and atelectasis following abdominal operations

TYPES oF ANox1a Physiologically, Samson Wright (11) distinguishes four types
of anoxia

1. Anoxic type the tension of oxygen 1n the arterial blood is lower than normal,
and consequently the hemoglobin 1s not saturated with oxygen to a normal
extent,

2 Anemc type- the oxygen tension in the arterial blood 1s normal, but the quan-
tity of functioming hemoglobin 1s too small;

3 Stagnant type- the arterial blood is normal 1n oxygen tension and oxygen con-
tent, but the oxygen 1s supplied to the tissues 1n msufficient amounts,

4 Histotoxic type the tissue cells are posoned so that they are unable to make
effective use of the oxygen supplied to them

Climecally, hypoxia developing over several hours gives a typical picture of cere-
bral dysfunction, the patient falhing to concentrate, wanderng m his mind, becoming
restless, irrational or delirious, and having a cold, clammy forehead, rising respira-
tory and pulse rates, and falling blood pressure )

Even shallow breathing, especially after thoracic operations or from pain or loss
of lung substance, will cause hypoxia and must be prevented by oxygen, minmal se-
dation, and supervised deep breathing with the help of a physiotherapist.

Anoxia, when acute as from bronchial occlusion, gives sudden, transient tachy-
cardia followed by a slowing and weakemng of the pulse with deepening cyanosis.

MANAGEMENT Anoxia 1s far more easily prevented than treated, for, if of any
duration, there 1s no lasting recovery There are five essentials to check m any pa-

tient with anoxia*

1. Is there a firm, functhioning chest wall and underlying Jung?
2 Is the airway clear?
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3 Ix there a supply of oxygen at 6 liters per munote?
4 T the blood volume adequate?
5 Is the heart pumping?

Seconds mean life we must check quickly!

The importance of & firm chest wall and lung and of a clear alrway have already
been stressed In considering paradoxical respiration bronchopleural fistula and ate
Jectasis Treatment consists of adequate support to the chest wall, mntercostal drain
age to relleve pncumothornx or massive effusion and bronchoscopy to clear the
broochial tree (see Chapter 4)

Oxygen Therapy The most effective and comfortable method of giving oxygen
18 by unng on oronasal plastic mesk to which oxygen is delivered at the rate of 6
liters per minate If this proves unsatisfactory the use of an oxygen tent is advised.
The practitioner should never forget mouth-to-mouth tnsufflaton, or a mask and a
hand bellows Thess are means of oxygen supply that make use of the 20 per cent
oxygen m the air o which we Live

Blood Loss Hemoglobin 1s necessary for the transport of oxygen from the lungs
to the tissues for oxidation. When blood loss Is the cause of anoxia the patient is
pale, sweating, wide eyed, blue lipped, and anxious After difficult lung resections,
an intrathoracic hematoma may cause this type of anoxia and may require replace-
ment of the lost blood by transfusion and evacuation of the hematoma to restore lung
function

A Beating Heart 'The heart 15 2 pump that normally expels blood at a pressure
of 120 mm. Hg. If the pump fails a8 from sudden anoxia, 1t 1s as important to com
press the heart manually by cardiac mastage at pressures and rates equal to normal
heart action as 1t 18 to clear the airway by bronchoscopy and to inflate the Jungs with
oxygen. Adams (12) restored normal rhythm from ventricular fibrillation after 1
hour and 50 minutes of manual compression to maintain an effiective cerebral circula

tion. Prompt action and patient persistence can reward the surgeon who is aware of
these basic facts In Chapter 24 of this text, there is a further discussion of Cardiac

i
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2
BASIC PROCEDURES IN THORACIC MANAGEMENT

Before considering any specific disorder, seven basic procedures common to the
management of many thoracic lesions will be described They are

“A' Chest aspiration,

vZ Intercostal water-seal dramnage,
Continuous pleural suction,

A Removal of an mntercostal tube,

v Changing an intercostal tube,

v6 Bronchoscopic aspiration,

S Tracheotomy

CHEST ASPIRATION

General. Chest aspiration may be erther diagnostic or therapeutic.

Duagnostic aspiration will disclose if a pleural lesion such as a pneumothorax 1s
under tension, or if pleural fluid 1s blood, pus, or clear effusion

Therapeutic aspiration amms either at correcting disordered pleural mechanisms
by removing air or flurd, or at other times enhancing therapy by mtroducing atr, drugs,
or antibiotics mnto the pleural cavity.

Roentgenograms Whenever possible, posteroanterior and lateral chest x-ray
films should be studied before aspirating, and the site for aspiration should be chosen
1 relation to the fluid or air levels In practice, there are few thoracic emergencies
that are not further clarified by chest roentgenograms Most emergencies other than
acute anoxia from sputum retention or tension pneumothorax will allow time for
roentgenography In difficult cases, a fluoroscopic examination and marking of the
site to aspirate with a skin pencil can be of tremendous assistance

Site for Aspiration If the practitioner is famuiliar with the anatomy, thoracentesis
can be performed through any intercostal space The most common site 1s m the
eighth or mnth 1ntercostal space below the angle of the scapula When an empyema
loculates to the side or in front, aspirate over 1t If there 1s an apical pocket of arr, it
1s approached either from the front through the first intercostal space below the clav-
icle or from above through the posterior end of the first or second intercostal space

Needles These must be checked to see that they are sharp, not too fine, and not
blocked

Technic. The patient 1s suitably sedated

The key to successful aspiration 1s the use of a three-way locking tap that keeps
the circuit intact and prevents unmeasured air from entering the pleural cavity.

Posttion for Aspiration. This depends on the site of the flmd

(a) To aspirate 1n the eighth left intercostal space posteriorly, the patient sits up,
folding his arms on a pillow or on a bed table One pillow 15 placed flat against the
buttocks as a support When covered with a sterile towel, this pillow makes a sat-
isfactory “table ”

20
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(b) To aspirate in the second left intercostal space in front, the patient rests com
fortably on pillows with his head turned to the nght.

(c) To aspirate the apex of the pleural cavity the patient sits forward, resting
his arms on his knees or on a bed table

— - - — - - - - 1

CHEST ASPIRATION TRAY (FIQ, 1)
Sterile Equipment
1 tray
2 largs kidney dizhes

2 tmall bowls for antiseptic solution, swabs
2-pint measure et and chest dressings

dressing sheets, large and emall
Syringes
120 mL syringo with hypodermic needles, stzo 23-21

ISOleyrkngownhzupinﬂonneedla, -
13-way adapter and length of umall rubbcrmg 1

Instruments
1 scissors

Lartery forceps
2 dissecting forceps

Lotions etc
antiseptic solution
solution 1
per cent, 20 mi,

call

lpcdmmboﬂlarnrpleunl flald
Unsterile Equipmens

lagn and gown
clastoplast roll

scipsors
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DIAGNOSTIC ASPIRATION The skin over the area selected for aspiration 1s widely
pamted with antiseptic solution, and sterile towels placed m position After checking
the strength of the local anesthetic, preferably 1 per cent procamne solution, 10 ml
are drawn 1nto a syringe, and an intradermal wheal 1s raised with a fine needle. The
needle 1s changed, and the underlying muscle and intercostal space are gently mfil-
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Fig 2A Technic of chest aspiration

N U

Upper left Patient leamng forward with pillow support 1n front and behind X marks the

hosen to aspirate
SPUO;;Ser right Infiltrating the intercostal space with local anesthetic

Diagnostic aspiration of pus
iﬁ:ﬁi’r‘lgg{ht Tgh[::rapcuug aspiration continued, using a 3-way adapter A spcaimen 1s being

collected
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Fig. 2B Technic of chest aspiration continoed.

trated. The needie should be mtroduced at the bottom of the space in order to avold
injunng the intercostal vesscls for spilang of an intercostal vessel has been known
to Jead to an unexpected intraplearal hematoma After entering the pleural cavity
a specumen 15 withdrawn (Fig 2) The findings ase as follows

hen alr Ls withdrawn it may indicate
(a) A leaking syringe barrel or peedle connection
(b) Punctunng the lung with the needle
(c) Air from a spontancous pneumothorax or pyopneumothorex.

w/ﬁhen blood Ls withdrawn 1t may appear
4a) As a steady flow from an intercostal vessel
5} Hemothorax
L) From tho tung, when 1t is usually frothy
[(d) From the liver when fragments of liver substance may be detected if the
aspirate 13 cvacuated anto a swab

JWhenplULrnithdmwn its omgin1s
*(2) Anecmpyema,
D) Alung absceas, or
W) A subphrenic abscess

When pus 11 difficult to locate, repeated puncture may be necessary
further fluoroscopic check and marking of the}:hz may be riquued before u&;;ge;
THERAPEUTIC ASPIRATION The one essentlal for this procedure is that the as
pirating apparutus be leakproof 1f after diagnostic aspiration, further asprration is
ru{uhrd,alnrgerncccncofdmwgﬁbcrhﬁmﬂylockcdtoathrecw-a ta
and syringe and is inserted elong the line of local anesthesia Syrmges mdﬂt{in,gl:
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with the B-D Luer locking connections are most serviceable for this purpose Patients
are still occasionally admitted to thoracic surgical units in acute respiratory distress
because failure to observe this fundamental rule when aspirating an empyema tho-
racis has caused tension pyopneumothorax For large aspirations, a 50 ml syringe
is excellent, but for most a 20 ml size will suffice When the aspiration 1s finished,
the needle is removed and the skin puncture covered with a collodion pledget

When the aspirate has a high fibrin content, the syringe may Séeize up” during
the aspiration procedure It should then be removed, washed through with salime,
and oiled with sterile glycerin or paraffin before continuing Sterile petrolatum jelly,
applied to the jomts between needle, tap, and syringe, has the advantage of sealing
any small leaks

After care 1 Specimens of aspirate should be sent for

‘é) Bacteriologic examination for organisms both aerobic and anaerobic,

Ab) Cytology,

\S,e) Protein estimation and sugar content

V2 The state of the lungs, pleural cavity, and mediastinum 1s thereafter checked
by further roentgenograms, and any remarning faults are attended to

INTERCOSTAL WATER-SEAL DRAINAGE

Intercostal water-seal drainage 1s one of the simplest and most effective of thoracic
operations Its value 1n treating bronchopleural fistula was discussed in Chapter 1
The method was first introduced by Kenyon (1) m 1911.

Before nserting the drainage tube, however, 1t 1s advisable to determune the re-
quired pomnt of entry by careful mspection of posteroanterior and lateral chest films

TRAY FOR INITIAL INSERTION OF INTERCOSTAL DRAINAGE TUBE (FIG 3)

Sterile Equipment

1large tray

1 Iarge kidney dish

3 small bowls for antiseptic solution and sterile lubricant
110-ml syringe

swabs and chest dressing

dressing sheets, large and small

Needles

hypodermic needles, No 23 and No 21
aspiration needles, No 17
curved cutting needle and nylon suture

Instruments

1 scissors

1 artery forceps

2 dissecting forceps

1 scalpel blade and handle

1 trocar and cannula

Malecot catheter ntroducer

Malecot catheters, or straight rubber tubes

1 needle holder .

sterile drainage bottle, rubber stopper with glass tubing,
length of rubber tubing and glass connection

Lotions
antiseptic solution
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procaine solution 2 per cent, 20 mlL
sterile lubricant

Unsterfle Equipment
laundered mesk and gown
clastoplast for covering dresang, 1 roll
sclxsors
sfety pins
Techmic, The posttioning of the patient and the method of wnfiltrating the chest
wall with local anesthetic are the same as for chest aspiration. The steps are as follows

1 Onecntermg the pleural cavity withdraw the plunger of the syringe to confirm
the presence of air pus, or blood.

2 Sclect a Malecot catheter which when stretched on an introducer, will pass
through the cannula provided.

3 Check to sco that the assisting nurse has the drmnage tube with wide-bore
glass connection ready and the bottle filled with sufficient water to creato a
seal Check further to see that the dralnage tube is in fact attached to the longer
of the two glass tubes in the stopper of the bottle and that this glass tube
reaches to the bottom of the bottle

4 Nick the skin with a sharp scalpel and insert the trocar and cannula into the
pleural canity (Fig. 4) Dunng this procedure the nurse supports the patient
from the opposite side Withdraw the trocar and place the thumb over the end
of the cannula, then carefully insert the catheter stretched on lts introducer

S ]

Fig. 3 Tnyforim:rﬂonoﬁn!.crcoﬂnldrﬂmsambg, o —
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Fig 4 Technic of inserting Malecot catheter

Top row (a) The patient positioned and ready Local anesthetic has been injected (b) The
shin1s incised (c) The trocar and cannula are inserted

Middle row (a) The trocar 1s withdrawn (b) Left thumb held over the cannula (c¢) The
Malccot catheter 1s mserted, and the mtroducer withdrawn

Bottom row (a) The cannula 1s withdrawn (b) Shimn suture 1s inserted and the ends tied around
the catheter (c) The tube 1s anchored to the patient’s side with clastoplast and to the bed,
leaving a length for the patient to be frec to move There 1s a straight drop to the water-scal
which hangs from the bed 1n a metal bottle holder
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r T }
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Fig 5 Fixatlon of fntercostal drainage tube. (Detall of Fig. 4 )
An 8-Inch length of elastoplast s pleced above the tube and one below A farther length anchors
Lhutubetoth:padcntlddc.A{aunhkngthhphwduuundd:cmbe:ndhplnncdtoihebed.

remove cannula and mntroducer and connect the catheter to the water-seal
dram.

5 Secure the catheter with a skin stitch and further safeguard 1t with four short
pieces of elastoplast one above and one below the tube holding the dressing
n place one fixing the tube to the patient s side and one fasterung it to the
bed (Fig. 5)

6 With the patient once more 1 bed, check to see that the water-seal drain is
functioning normally and that the fuud level 1n the glass draining tube swings
normally with each breath

After-Care of Water-Seal Drainage. For effective dralnage, not only should the

tube bore be the same throughout (preferable %4 inch in diameter) but the rubber
used should be thick enough not to be collapsed by suction. The system comprises
the intercostal tube a glass connectlon, and a long rubber drainage tabe reach
ing down to the dminage bottle At the bottle, the rubber tabing is attached to a length
of glass tubing that reaches below the surface of water to form the water soal, A sec
ond short glass tube through the stopper allows air to escape
— e
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With the increased negative pressure of each wnsprration, the water rises up the

be; on expiration, the water level falls In the presence of a bronchopleural fistula,

\/ with each cough air escapes from the bottle Therefore, 1f fluid drains down and the
tube oscillates with each breath, the system 1s mn working order

The following points, however, require constant checking

\/ﬂ At no tume must the bottle be raised above the level of the chest, lest fluid be
aspirated nto the pleural space and thus nfect a sterile cavity or cause dis-
aster with a bronchopleural fistula.

2 When the bottle is changed, the rubber intercostal tube must first be clamped
to prevent air from entering the pleural cavity Further, the bottle must be
checked to see that the rubber drainage tube has been properly reconnected
to the long glass tube

A. The rubber drainage tube may become blocked

(a) If the patient sits ont,

(b) Ifitsags and the bend becomes filled with fluid,

(¢) If fibrin clot forms at the glass connection, which 1s the narrowest seg-
ment;

(d) If the chest end of the intercostal tube becomes blocked by fibrin or by
the expanding lung

These hazards can be prevented by ensuring that the rubber tube has no undue length,
by regularly “milking” 1t down, and by changing the dramage tube daily

~4 If there 1s free leakage of arr when using continuous suction and water-seal
drainage, the leakage may come from one of three sources

(a) A leaking tube or an dl-fitting stopper,
(b) Auirleaking m around the catheter, especially in empyema cases,
(c) A bronchopleural fistula

CONTINUOUS PLEURAL SUCTION

The purpose of ntercostal dramnage 1s to allow re-expansion of the underlyng
collapsed lung, removal of pleural fluid, and, when present, closure of a broncho-
pleural fistula. f

In certain circumstances—especially after lobectomy or following induction o
an artificial pleurisy for spontaneous pneumothorax—when ’prompt re-capansion
of the remaining lung tissue 1s desired, continuous pleural suction 1s necessary

It is essential that the suction pump used be capable of shifting the minute volume
of air leaking into the pleural cavity. The suction apparatus available varies thhhthc
hospital, and may be operated either from a portable high pressure electric machine
or from a central “master” apparatus

The author 1s not convinced that very high pressure is essent{al or cven desirable
It 1s uncomfortable for the patient Further, 1t 1s no more efficient than 5 cm I]‘Ig(zi
and the dramage tube blocks far more rapidly, often before all fistulas have scalc
themselves The one essennal 1s that the visceral and parietal pleura be bmufht mfo:
apposttion, by removing the volume of air that escapes from the lung, thus sealing any

fistulas.
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Continuous Pleural Suction
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Fig. 6. Regulation of intercostal suction, with sids bottle.
This device Is usefol where no pressure-reducing valves are available. By means of =
Y on, a sccond bottle s introduced into the tube system from the water seal drain to
the wall suction. This second botile is filled with water the long glass fubc Ieft free, and the

subber tnbe connected to the short glass tube, The effective suction pressure on the water-seal fs
then the difference in helght of the two fluid levels,

A great disadvantage of continuous suction attached directly to the water-seal
drain 1 variation in suction pressures. These variations can be reduced by inserting
a side bottle with a glass T or Y connection to the circuit between pump and water-
seal bottle The side bottle is filled with water and connected to the system by a short
tube The long glass tube is left open to the air Therefore, when the pump is 1n ac
tion, the effective pressure 15 the difference in levels botween the sids and main drain-
ago bottles. If this is not sufficient, Jt may bo delicately regulated by a screw clip on the
side tube (Fig 6) Hospital engineers can also adapt pressure reducmg valves for

this purpose with the addod advantage that the pressure used can be accurately
measured on the valve gauge
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Care of Tubes and Bottles. The following points are important,

1.

The tube must be firmly fixed mto the patient A method of doing this has al-
ready been discussed.

When the bed 1s being changed, the tube must be refixed

’fI'he apparatus must then be checked to see that the fluid level can still swing
reely

The bottle must be changed daily, or more frequently if 1t fills 1n a shorter
time During the change of bottle, the tube 1s securely clamped so as to prevent
any inrush of air into the pleural cavity

When the tube has become blocked (usually 1n 24 hours), a roentgenogram
1s taken If the lung 1s satisfactorily re-expanded, the tube 1s removed. If not,

1t 1s changed and suction continued

The oniginal level of water in the bottle should be marked with a strip of ad-
besive.

REMOVAL OF AN INTERCOSTAL TUBE

This 1s one of the most common procedures the thoracic resident 1s called upon

to do

EQUIPMENT TRAY (FIG 7)

Sterile Equipment

1 large tray

1 large hidney dish

110 ml syringe

2 small bowls for antiseptic solution
dressing sheets, large and small
swabs and chest dressings

Needles

hypodermic needles No 23 and No 21
curved cutting needle and nylon suture

Instruments

2 dissecting forceps
SC1SSOTS -
1 needle holder

Lotions

antiseptic solution
procainc solution 2 per cent, 20 m}

Unstenle Equupment

clastoplast for covering dressing, 1 roil
SCISSOTS

laundered mask and gown

buchet to receive sorled dressings and tube
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Flg. 7 Tray far removal of intercoatal drain.

Technlc. The removal of the intercostal tube is a sterile procedure which may be
done with or without local anesthesia

PROCEDURE WITHOUT LOCAL ANESTHESIA This is satisfactory when a straight
tube has been used. The dressing 1s lifted, the chest wall painted with antiseptic skin
lotion, and the retaming sutare cut with sterile scissors The skin around the stab
wound 1s held firmly between thumb and 1ndex finger, and the tube is carefully re
moved A skin suture 18 inserted and a dressing applied Alternatively 2 suture may
be placed ready—but not tiecd—when the tube 1s onginally inserted

If there Is evidence of scpsis around the tube no suture is used but the opening

15 covered with a moist antiseptic dressing and strapped firmly m place to prevent air
from entering the pleural cavity

PROCEDURE WITH LocAL ANBSTHESIA (Fig, 8) The method is the same as above
except that a local anesthotic 1s first infiltrated around the area. This 13 of value with
apprehensive patients or when Malecot catheters have been used
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Fig 8 Technic of removing intercostal drainage tube
Upper left The patient leans forward over pillows, and dressings are removed
Upper right Local anesthetic agent 1s injected
Lower left With the left thumb and index finger holding the area, the tube 1s pulled out
Lower night A suture 1s mserted without allowing entry of arr into the pleural cavity

CHANGING AN INTERCOSTAL TUBE

There are two occasions when this 1s required:

1 Changing a recently inserted, but blocked, intercostal tube,
2 Changing a short empyema tube.

1. When a Malecot catheter or plain tube has been used to drain a pleural spacc
but has become blocked before the lung has completely re-expanded, the tubc must
be changed If the tube has but recently been mserted and 1s 1n a satisfactory imter-
costal space, the tube 1s removed under local anesthesia, a Malecot catheter 1s
stretched on an introducer, and a fresh tube is remnserted as previously described If.
as sometimes happens, the track is lost, 1t 1s readily reestabhished with a trocar and
cannula If the first tube site is unsatsfactory, the tube is removed and a new tube 1s
inserted in a fresh site
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Fig. 9 Technic for changing short em-

pyeme

Upper left After removing tho old tube
mdr[;’ninp.nhqnclmbhcrcutheterb
inserted to gange tho exact length of the
dn;

s,

Upper right The tube for re-insertion 1s
mads % of an inch shorter than the sinus
len

wer right. Tho new tube Is fixed with a
pin and vo plaster strips, more being
added if required.

2 When there it a short tube dralning an intercostal space and sinogramus have
shown that the cavity is closing, the tube is removed, th:P}cngth of the ainus t&:ck
checked with an Allison empyema sound or a soft Jaques rubber catheter and a new
tube inserted one inch short of the total length. The new tube is secured with a pin
strapped to the chest wall and covered with a dressmg (Fig 9) P
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Fig 11A Method of keeping bronchoscope ready and sterile for emergency use

After bronchoscope and suction tube are sterihized by boiling, th k
sheath made of plastic tube as shown d B They are kept 1 stonle ploste

Fig 11B Tray for emergency bronchoscopy

A tray contaiming the following equipment 1s kept sterile in the operating theater

EQUIPMENT TRAY (FIG 11)

portable bronchoscope, preferably of the Longworth pattern with battery attached
metal bronchoscopic and rubber suction tubes

Krause’s laryngeal forceps

laryngeal syringe

measuring glass and pipet for local anesthetic

1 bowl with wool swabs for anesthetizing the throat

kidney dish for waste

2 stertle dressing towels

Make sure that

(a) The rubber suction tube fits the metal bronchoscopic suction tube,
(b) Bronchoscopic Iight and suction tube fit,
(c) The hght s cflicient

ADDITIONAL TQUIPMENT

botile of local ancsthetie solution, ¢ g hgnawune 297

frundered mas} and gown
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Fig 12. Technic of local anesthesia for bronchoscopy Left Throat is gently includ-
[ngiyigluﬂk. Right When the curved cannula {s sited over the glottis, the patient es and the
phunger is driven home.

Preoperative Preparation. The patient is placed in a room in which strong suction
is avallable 1f the head of the bed 13 not detachable, a stool 15 placed for the operator
to stand on at the bead end of the bed The patient should be sitting comfortably and

¥ should be supported by pillows

When bronchoscopy is urgently required for a semiconsclous patient, no pre
medication I8 necessary In less urgent circumstances, various drogs are given pre
operatively elthough the patient takes nothing by mouth. Atroplne sulfate gr oo
is given to stop salivation A sedative (e g Omnopon gr 14 to %4 or scopolamine gr
% s0) may be given to allay apprehension. These drugs may conveniently be given
Intravenousty For a child, atropine sulfate gr 3450 with Nepenthe (3 mn. for each
year of the patient s age) will suffice

4 As the aim is to preserve and encourage the cough reflex, local anesthesia should
be used except with children under six who are rarely cooperative and for whom =
; general anesthetic is to be preferred

The patient is given an amethocaine lozenge (50 mg.) to suck on until it dissolves
—within 10 to 15 minutes—by which time the mouth tongus and throat will be
numb This is usually enough, but its efficacy should be tested by palnting the throat
with a 2 per cent lignocaine solution Since tome patients have an idiosyncrasy to lo-

ﬂumimm%mwmmbkmommMNs
laryngeal forceps, dipped 1n the solafion; and gently applied to each vallecula and the
epiglottis. When intratracheal apcsthesia 1s also desired, the syringe 15 filled with 2
ml of the solution and passed through the mouth 50 a3 to Lie above the glottis The
patent is instructed to breathe out, and as he mhales again, the plunger of the syringe
is driven home He immeduately coughs and scatters the anesthetic material through-
out the trachcobronchial tree The anesthetist s left hand should hold the patent g

tongue with a gauze swab while hus right hand sites the syringe with the fin, d
drives home the plunger with the palm (Fig. 12) ger an
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Fig 13 Technic for emergency postoperative aspiration bronchoscopy Left inserting the
bronchoscope Right aspirating retained secretion

Technic of Bronchoscopic Aspiration. The patient sits up 1n bed with his back and
neck supported on pillows and the head free for hyperextension If the top of the bed
1s removable, the approach is easy If the top of the bed 1s not detachable, the operator
stands on a stool at the head end of the bed and leans over the patient

The points to observe are (Fig 13)

A Protect the patient’s eyes with a towel

~Z Check the light and the size of the bronchoscope, and lubricate the mstrument
with glycerin A bronchoscope 7 mm 1n diameter suffices for adults

& Check the suction apparatus, and see that there is at least six feet of suction
tubmg

ﬂ Holding the bronchoscope 1n the right hand, gently draw the patient’s tongue
forward with the left hand and let him extend his head and elevate his chin

\j/ Pass the bronchoscope to the back of the pharynx and behind the cpiglottis

which is lifted forward to disclose the vocal cords immediately below With

the bronchoscope at first turned to the left so that the bevel is fore and aft, 1t

1s carefully passed between the cords

If no endotracheal anesthetic has been injected, the patient immediately

coughs The secretion, which usually lies in the trachea and at the onigin of

the main bronchy, is aspirated Thercafter, a mihiiter of local anesthetic may

be wnjected In turn, the left and right mam bronchr are aspirated, and all scc-

ondary bronchial orifices are imnspected

‘_ﬁ Even the most apprchensive patient 1s by this time reheved of s distressing
tightness in the chest and 1s only too ready to assist by coughing and clearing
the sccondary bronchi Further sputum, as 1t accumulates, 15 removed, and
the secondary bronchi are cleared with a fine gum-clastic tight suction tube

%
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the procedure unduly

The opesator must be dextrous and he should not prolong the pi

If the paul:fn 15 cyanosed, oxygen is given via the side tube of the bmnchowgpo.d
Finally as the instroment is withdrawn the trachea is again inspected and any

residual secretion sucked clear

Postoperative Management. The following points are important

1 The patient Is allowed to have nothing by mouth for two hours after bronchos
copy that Is, until the cffects of all local anesthesia have worn off and the pha
ryngeal reflex has returned to normal.

2 The effectiveness of the bronchoscopy 1 confirmed by clinical and radiclogic
examination.

\/ If re seration is not complets further physiotherapy and postural dramage
are necessary
A The lung is checked by daily roentgenograms until aeration 13 maintained.
5 1f the patient cannot cooperate and repeated bronchascopy is required, the
~ efficacy of this treatment must be reassessed and the advantages of tracheot
omy must be fully considered (see page 40)

Complications, There are five complications of bronchoscopy”

Preoperative

J Reaction to local anesthetic.
Operative

2" Hemorthage

J” Rupturs of the bronchus

Postoperative
/4 Laryngeal spasm
/5 Laryngeal edema

PREOPERATIVE COMPLICATION Reaction to Local Anesthetic This is a very rare
complication 1t 1s preventable and, with care in tho quantities of anesthetic nsed
shonld never occur However if a reaction does occur the operator must have a
clear plan of action The reaction i easily recognized for the patient keels over and
develgps & paraxysm of generalized muscular spasm

An endotracheal tube must be passed at once with the ald of a laryngoscope
the cuff nflated, and the spasm overcome with Pentothal and a relaxant Injected
intravenously

2 The patient Is then artificially respired with 2 hand bellows or anesthetic ma-
chine uatil the drug has been detoxified. In one such expenence this took over half
an hour and required two injections of relaxant.

3 If the endoscopust has none of the above-aited equipment and drugs at hand
he must fmmediately pass the bronchoscope through the tghtly closed glottis and re

spiro the patient by mouth to bronchoscope insufflation until an anesthetist can be
summoned 10 assist—usually a matter of about 10 minutes

surgeon to perform cardiac compression.

The nurse in attendance should at the same time do artificial respiration until an

ancsthetist can reheve her
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A

Flg 14 Physlologic advantages of tracheotomy dead space i bypamed resistance to breath
ing s redoced.

Carter and Giusefil (3) point out that, beside these mechanical advantages
tracheotomy has equally important physologic functions (a) 1t decreases the
amount of dead space in the respiratory tree with a resulting Increase n effective
ventilation and (b) 1t decreases resistance to breathing, during both inspirtion and
expiration (Fig 14) As a corollary in crushing injuries to the chest there is dimin
ished excursion of the loose segment of the chest wall, and relief of pain (4) For
these reasons too the recent use of tracheotomy in postoperative respiratory diffi
culty is firmly established. Its value in the case of debilitated, pneumonlc, cardiac,
or comatose patients has yet to be more widely appreciated.

Equipment. “In cases of dire necessity the operation has been undertaken success-
fully with a pen knife in such circumstances the addition of a hair pin to act as a

retractor may be considered a luxury™ (5) Sterile sets of equipment, however are
usually available
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Fig 15 Tracheotomy set (the essentials)

TRACHEOTOMY SET (FIG 15)

Sterile Equipment

1 large tray

1 kidney dish

2 small bowls for antiseptic solution and swabs

2 trolley covers to cover table and patient’s bed

4 dressing sheets to drape wound

1 square of lint for leaving behind the tracheotomy tube
cotton and gauze swabs

Syringe and Needles

15-ml syringe

local anesthetic needles No 22 and 24
curved cutting needles No 12 and 16
nylon suture, 00

Instruments

2 Bard-Parker handles, No 3 and No 4, and blades
1 fine dissecting scissors

1 suture scissors

1 toothed dissecting forceps

1 nontoothed dissecting forceps

1 tracheal dilator

2 double lock retractors

2 single lock retractors

2 Dunhull artery forceps

2 mosquito forceps

graduated set of tracheotomy tubes 1 to 18
fine rubber catheter with glass connection
file of catgut ligatures

Lotions

antiseptic solution
procaine solution 1 per cent, 20 ml
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EMERGENCY HIGH TRACHEOTOMY

Technlc. If only for hus own protection, especially in the presence of diphthenia or
pulmonary tuberculosls, the operator must wear a mask and gown

Tt is a tremendous asset to have an anesthetist giving oxygen and holding the pa
tient's head centrally and extended over & towel pillow or sandbag Tho larynx and
trachea thereby become promment and palpable A suction apparatus must be in
readmess The steps in the oporation are as follows

1 Infitrate the skin with 5 cm of 1 per cent procaine solution.

2 Make a vertical midline mcision 1% to 2 inches downward from the cricoid
cartilage dividing the platysma (also the antertor jugular vemn if 1t crosses
the operative field) and the sternohyoid muscles If time permits, clamp the
bleeding points

3 Pelpate the trachea and nngs with the left index finger draw the thyroid isth-
mus down, and expose the upper throe tracheal nngs Clamp and diide
the isthmus if

4 Holdmg the scalpel short with the fingers nsert 1t into the trachea, cut up-
ward for half an inch (e 2 or 3 nngs) end then rotate the blade to spread
the tracheal ncision.

5 Introduce the dilatmg forceps remove the scalpel and insert the tracheotomy

tube with 1ts obturator then remove dilator and obturator

Relieved of obstruction, the patient takes a deep mspiration and immediately

coughs retained sputum mto the wound Suck the sputum clear and cleanso

the trachea and bronch by slipping = fine catheter down the tracheotomy tube
whose wings are firmly held with the thumb and index finger against the neck.

7 Now tie the tube tapes securely around the neck, insert the inner tube and
tic any skin sutures

=3}

Points to remember are

1 Unless the head is well extended, the trachea is difficult to locate and passes
down and back into the chest.

2 Bleeding will cease under pressure alone once the obstruction 1s rehieved

3 The actlon of the dilating forceps is exactly opposite to most other hinged
surgical Instruments it Is normally closed, and pressure causes 1t to open

This can be confusing when first encountered.

In the case of the child m extremis quckly a bronchoscope irate

the bronchial tree inflate the lungs with your g::bmath and, whcnab!xl';eat.h

Ing has started again, complete the tracheotomy with the bronchoscope 1n

position Thus fixes the trachea and facilitates the operation

S If respuration has failed, artificial respiration is required using the Sylvester
method or tube and air bellows attached to the tracheotomy tube If the
heart action has ceased, cardiac compression 18 required forthwith

LOW TRACHEOTOMY

This operation is usually performed when there 13 no ur
gency n definitive sur-
gery of the trachea. The position s the tame as for high tracheotomy- the incision
Qe
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reaches from the cricoid cartilage to the infrasternal notch, and the muscles are re-
tracted as before The left mnommate and inferior thyroid veins require care The
thyroid i1sthmus 1s retracted upward or divided, the trachea, lying deeply, is located,
and a long tracheotomy tube 1s mserted.

SHELDEN’S PERCUTANEOUS TRACHEOTOMY

This new technic employs an mnstrument consisting of three parts 1, a hollow
needle provided with a special slot and lateral opening to serve as a grooved direc-
tor, 2, a set of cutting blades, one of which 1s tipped with a ball that can be passed
through the lateral opeming, advanced along the slot and passed into the ponted end
of the needle, and 3, the tracheotomy tube which is thus guided nto place and then
used as a sheath through which the cutting blade is withdrawn The technic 1s simple
?gd rapid when used n adult patients without tracheal deformity or displacement

).

Postoperative Management. Basic requirements include a well-ventilated, dust-
free atmosphere of 70° F. and constant nursing attention, for a patient with a trache-
otomy tube cannot call for help

At the bedside should be a tray containing a duplicate tracheotomy tube, a tra-
cheal dilator, artery forceps for turning the lock for the inner tube, swabs and dress-
ings, a fine catheter, and suction apparatus or syringe.

The inner tube must be removed regularly (approximately every four hours),
cleaned with water and a pipe cleaner, and boied before it is remserted

Secretions are aspirated as soon as they are coughed up The nurse must also be
shown how to cleanse the bronchial tree by quickly inserting the fine catheter into
the trachea and aspirating secretion

Infants require special attention An infant has such a small trachea that the
closed end of the aspirating catheter can become a plunger which pushes secretions
down 1nto the bronchi, thus causing bronchial obstruction For this reason, the closed
end of the catheter 1s cut off for use on infant patients, and additional side holes are
made 1n the catheter with a fine leather punch

TRACHEOTOMY IN INFANTS

The tendency for infants to cake endobronchial secretions after tracheotomy
makes their after-care most exacting Such infant patients require the strictest obser-
vation, for an mfant’s trachea 1s about the size of a lead pencil in diameter, and any
caked secretions will quickly block the entire airway Only emergency bronchoscopy
through the tracheotomy opening and endoscopic removal with 3 mm peanut grasp-
ing forceps can save the day In these circumstances, a special stafl, prepared for
emergency bronchoscopy no matter at what hour, can save these infant lives
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Fig. 16. “Croupette” fitted for “cold stcam™ and acrosol detergent.

The following powmnts help prevent onset of this distressing complication

1 Place the baby in a croupette (Fig. 16) in which water 1s nebulized to produce
cold steam The inflowing air 1s cooled with ice water to 70° F

2. Lead m a second tube containing nebulized detergent such as alevaire (7)
Experlence has shown that even thus dual attack of keeping the atmosphere
both moist and impregnated with detergent may still not prevent caking of
sccretions

3 The author has found that instilling four drops of varldase solution down the
tracheotomy tube every two hours arrests this unwanted process

Removal of the Tube Before the tube 15 removed, the patient should first have
1t half-corked, then completely corked, for 24 hours each In infants paraldehyds
scdation has proved effective

In the author s experience infectious laryngeal edema of infants does not submde
quickly requiring at least two weeks Similarly if tracheotomy has been done fol
lowing an operation on the lung, 1t1s wise to leave the tube 1n place for approximately
two weeks untll the wound is healed and the patlent s fear of pain with coughing has
been abolished.

At all times a spare sterile tracheotomy tube complete with all its parts must

be ready beside the patient s bed for emergency changing if the one In use should
become blocked
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PREOPERATIVE AND POSTOPERATIVE
MANAGEMENT OF THORACOTOMY

Althongh any preoperative care of thoracic surgical emergencies is of necessity
munimal, the principles involved are based on those used for nonurgent operations
Further oncs the emergency has been corrected by thoracotomy postoperative care
18 the same as for many nonurgent operations It 1s therefore felt reasonable to re
view what thoracotomy involves before discussing thoracic emergencies in detail

Lesions Requiring Thoracotomy Thoracotomy 13 performed for lestons of the

1 Chest wall 5 Esophagus

2 Pleural cavity 6 Mediastinum
3 Lungs 7 Diaphragm

4 Heart and great vessels 8 Upper abdomen

Thoracotomy s comparable to laparotomy but, because of the open pocumothorax
created by operation and its effect on the lungs the postoperative care is more com
plex.

There are three standard approaches to the chest cavity

1 The posterolateral by far the most common
2 The anterolateral,
3 The sternal

With the posterolateral approach the scapula is mobilized by dividing the muscles
attaching it to the chest wall and spine i the trapezius and the thombolds above
and the latissimus dors: and serratus antedor below With the anterolateral approach
the pectoralis mujor muscle is reflected and the serratus antenior and Iatissimus dorst
muscles partlally divided. In both these approaches the chest wall is traversed either
by an intercostal incision or through the bed of the resected rib The transsternal ap-
proach may require vertical division of the upper or lower half of the sternum or of
its entire length Alternatively fransverse sternal division and entenng ntercostal
spaces on each ude gives ready nccess to the anterior mediastinum

As these various inclyions of themselves mierfere with postoperative arm chest
wall, and lung movement, the first alm of preoperative 2 18 the safeguard
g of existing arm and lung function.

PREOPERATIVE MANAGEMENT OF THORACOTOMY

Preoperative management of thoracotomy inclodes
1 Physiotherapy

2 Assessment of lung function

3 Oral and nasal hypiene

4 Care of skin

5 Laboratory examination of sputum urine and blood,
6 Consideration of antibiotics and chemotherapy
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7 Preoperative chest roentgenography,
8 Preoperative medication,
9. Intravenous therapy

Physiptherapy. Thus 15 of value to patients of all ages in gaining their confidence,
encouraging them, improving their outlook, and, if possible, making them ambulant
to improve leg circulation and lessen the chance of postoperative venous thrombosis
There is also opportumity for teaching correct posture, full range of arm movements,
controlled diaphragmatic breathing, movement of local areas of the chest wall, and
postural drainage. This supervision may extend up to the moment of operation, es-
pecially with bronchiectass.

Nothing is more trymg to the patient, physiotherapist, surgeon, or nursing staff
than a convalescence hampered by madequate preoperative physiotherapy. Yet, of
necessity, this state must occur 1n emergencies and requires the understanding co-
operation of all of the staff involved.

Assessment of Lung Function. In nonurgent cases, when thoracotomy is done
for lesions other than pulmonary, lung function 1s usually assumed to be adequate
Its ventilatory sufficiency may be checked by measuring vital capacity and maximal
breathing capacity.

When, however, because of disease of the lung, there is parenchymatous insuffi-
ciency—either quantitative from loss of lung parenchyma or qualitative from 1m-
paired diffusion of gases through the alveolar wall—or when there 1s any insufficiency
of the pulmonary circulation from blockage or shunt, then special estimations of lung
function by differential bronchospirometry are advised

Oral and Nasal Hygiene. As septic teeth and mouths predispose to lung abscess
formation or may aggravate postoperative lung complications, whenever possible
thoracotomy should be delayed until all oral sepsis has been treated and the affected
teeth either filled or removed Similarly, when time permuits, patients with infected
nasal sinuses and tonsils should have these treated before thoracotomy

Care of the Skin of the Chest. It 1s axiomatic that the skin of the patient’s chest
be healthy, yet occasionally young males are referred for operation with their backs
covered with acne vulgaris Such patients respond well to twice-daily hot baths, ex-
pression of comedos and pustules, washing the skin with soap and water or Cetavlon,
and drymg with alcohol and ether Ultraviolet light has further improved the texture
of such a skin However, 1t may take some weeks to clear up these superficial in-
fections

Under normal circumstances, 12 hours before thoracotomy the skin of the neck,
chest, and upper abdomen, both front and back, and of the axillas 1s prepared by
shaving, washing, drying with alcohol and ether, painting with antiseptic solution,
and covering with a sterile towel The skin of the forearms 1s shaved 1n readiness for
blood transfusion )

Finally, before the patient leaves the ward for the operating room, the skn;;s
agamn painted with alcohol and antiseptic solution and lcft covered with nf stehc
towel strapped to the chest wall In an emergency, there 1s usually only time for tius

ration
Iﬂttesfplzlﬁlﬁ :Etmminaﬁon. In nonacute chest investigations, sputum 1s cxammcc(ij b);
direct smear and culture for pathogenic organisms, and by smear, culture, and, n’s
necessary, guinea pig inoculation for acid-fast bacilli Five senal mo;ntnr:’gc; iﬁzc;nlz '
of sputum are examined for acid-fast bacilli, and, when thesc arc ncgative
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preions shadow persists then 24-hour specimens of sputum are collected and
ooncouu-h:]tlc‘ii If thmP;mve negative, laryngeal swabs or fasting gastric juico spoc-
mens are obtamed Bronchoscopic washings sometimes give the suspected posifive
sputum and the examination of sputum following bronchography may show a re
Iuctant positive result.

1t is surpnising how the sputum cxamination can be forgotten and how tubercu
lous patients can be observed for weeks whhouﬁa;gmg a tcj]jagn.tms ott ;c;limry
co tal of the 1 because of omitting vestigation. Persistently neg
anf?urpaﬁt sputa ‘;!:f; become positive only when the patlent 1 observed in
hosprtal

Sputum cytology has achleved new migmficance when stamed by the Papancolaou
technic which is claimed to give 90 per cent positive results in carcinoma of the lung

Urine Examination, Chronic lung sepais not mnfrequently gives nise to nephrosis
or amyloid disease The former must be carefully noted and asscssed before opera
tion. Albumlmunia must not be lightly overlooked.

Diabetes mellitus has proved no bar to successful thoracic operations, provided
the discase has been stabilized and the insulin dose before and after operation prop-
erly adjusted by the attending physicians

The state of the prostate gland must always be assessed and any obstruction re
moved, for 1t 13 as useless to treat hiatus hernia first in 2 man with benign prostatic
hypertrophy and urinary obstruction as tt would be to treat an inguinal herma first.
Postoperative urinary retention from benign prostatic hypertrophy has sometimes
proved a troublesome complication even in thoracic surgery

Blood, Patients with surgical chest complaints require & blood check on admis-
s1on to hospital or when referred for surgical opinion. This includes red and white
cell counts, hemoglobin estimation, complete blood grouping, erythrocyte sedimen-
tation rate and, if indicated, differential white cell count. Where routine Wassermann
determination has been the rule for years there has never been any reason to regret
that routine Occasionally the diagnosis of puzzling mediastinal and pulmonary
shadows or sternal lumps hag been established by a pesitive Wassermann or hydatid
complement-fixation test.

Wherever there is a hustory of esophageal cbstruction or prolonged sepsis blood
urea and proteins should be estimated. If amyloid disease is suspected, gum blopsy
and Congo red tests should be done Patieats who are to have contmoed
tive intravenous therapy or those on low sodram mtake require checking of sodium
ifm potassium electrolyte Jovels before operation to provide a baseline for future

Py

When the operating schedule is completed, the amount of blood required for
each operation is estimated and biood spect sent for erc hing The blood
must be left in the blood bank and removed only as required.

Antiblotics and Chemotherapy During the period from 1945 to 1956, most
thoracie operations wero performed under cover of antibiotis For adults, pead
dlﬂnmmuaﬂygimmdwofsooooomwdcedaﬂywhhmepmmymnl gm.

{):;:;y These dotes wers lwlegadcwn sccording to age for children. The antibiotic

ony were commenced a day before operation However recent rience
with resistant stralns of various organusms, eapecially staphylococe, ha.supenemd to
cmphasize that there Is no substitute for the fundamental surgical prnciples of steict
asepsis apd hemostasis that many single thoracotomies require 1o anfiblotics
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that antibiotics are better reserved for prophylaxis when there is a specific risk of 1n-
fection

Preoperative Chest Roentgenogram. Within 24 hours before operation, a chest
film 1s taken and 15 kept on view 1n the operating room for inspection by both surgeon
and anesthetist before anesthesia is commenced When a foreign body 1s to be re-
moved, the film should be taken on the way to the operating room

It 1s surprising that changes 1n lesions are detected by last-munute films. In one
patient believed to have a night-sided pericardial cyst, the preoperative film showed
both colon and “cyst” filled with barum. It transpired that a resident had given the
patient a surreptitious swallow of barium the day before Overmight, the barum had
passed into the transverse colon and now showed the lesion to be a right anterior
colon-contamning diaphragmatic hermia!

The rule requiring preoperative films 1s even more important when treating pul-
monary tuberculosis which may have altered between the times of consultation and
operation

Preoperative Medication. This varies with the age of the patient, the type of
anesthetic, and the operation It is customary for anesthetists to see all chest surgical
cases some tume before operation and to order the preoperative medication them-
selves

For children, rectal Avertin or Pentothal 1s desirable Adolescents and adult fe-
males do well with Omnopon 11 mg and scopolamine 0 43 mg one hour before
operation For men, unless they are feeble, Omnopon 22 mg and scopolamine gr
1/150 (0 43 mg ) 1s usually adequate

Venoclysis. Finally, before the patient leaves the ward, venoclysis 1s commenced
in the radial vemn of the arm on the side opposite to the planned chest-wall incision
No 16 to 18 needles are used n preference to cannulas, which destroy the veins
Alternatively, 1n children or m adults with short arms or poor veins, 1t 1s advisable
to induce anesthesia first Thereby the veins become more obvious and easier to enter

POSTOPERATIVE MANAGEMENT OF THORACOTOMY

Postoperative management 1s as important 11 an emergency as im a planned
thoracotomy During the operation, despite positive pressure anesthesia, the lung
partially collapses, and the mediastinum is temporarily displaced to the opposite side
The aim of postoperative care 1s to restore the patient to normal as soon as possible
with mmmmum discomfort

The problems are to

1 Re-expand the lung and center the mediastinum by removing the pncumo-
thorax,

Remove postoperative pleural effusion as 1t forms,

Prevent pleural and wound sepsis;

Prevent pulmonary complications; ‘

Restore lung function, particularly ventilatory function,

Maintain nutnition;

Restore the patient to such uscful employment as lus condition permits

SN AW

Removal of Pneumothoras. As patients for thoracotomy ar¢ usually ancsthetized
with an endotracheal tube and positive pressure technic, air 1s effectively rcmovc‘d
from the pleural cavity simply by fully mflating the lungs while the ribs are approxi-
mated and the intercostal muscle bundles suturcd.
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The sur 15 2 certainly removed by leaving en intercostal rubber tube nttacheti
to » water-seal draln. The tube should Lie in the postenior axillary lwe at the Tovel
ol the dome of the diaphra

1t is ymportant to spee ﬁthn patient does not lie on us intercostal tube and ob-
struct 1, for, in the presence of & large lung ﬁ:ﬁ; mtﬂhl.s mvlites tension pnewmothoraXx,
collapse of the lung, and rapdly spreading emphysema.

Ipsm)cnedlalely afgt’er thoragotgn:yp a chest roentgenogram is taken If the lung is
fully expanded and there is no lung fistula, the intercostal catheter can be removed
then and there Generally speaking it has been found preferable to leave 1t in posi
tion for 24 to 48 hours, a1 it also allows dramage of postoperative pleurel effusions

Return fo the Ward In most thoracic surgical chnics 1t is customary for the
anesthetist to supervise the return of the patient to the ward Continuous oxygen is
given as required. As the patient leaves the operating theater specific mstructions
are given to the ward nunse 1n attendance regarding

1 Blood transfusion and 1ntravenous therapy
2 Oxygen therapy

3 Chemotherapy

4 Sedation

5 Tubes boitles and suction pumps

6 Physiotherapy

Blood Transfusion If the blood loss has been replaced during operation, the
blood dop is removed. However 1f more blood or intravenous fluid is required, the
dnp 13 usually adjusted at the rate of 40 drops per mmute An accurate fluid exchange
chart 1s kept and balanced at & specific time daily To stimulate blood formation, each
patient receives fron therapy, ¢ g colliron, one dram thnee daily

Banc Observations The pulse and respiratory rate and the blood pressure are
recorded every 15 mmutes, and any sudden or progressive change—such as a rise
of pulse rate of 10 points or a fall in blood pressure below 100 mm Hg—is reported
immediately When the patient Is fully conscious and his blood pressure has remained
for three to four hours at 110 mm. Hg, he 15 allowed to mt upright.

Sedafives Sedatives such as omnopon or pethidine are given for relief of pan
according to the patient s size and age

Removal of Pleural Fluld. Serosangumous pleural fluud collecting after thora
cotomy comes partly from oozing at the site of operation and partly from pleural re
action to operative handling The amount varies considerably- 1t may be msignificant
orasmuchas 1to2liters The most flmd usually forms within the first 24 hours after
operaton and drans away through the mtercostal catheter This cathater rarely
functions after 30 hours as its pleural opening becomes occluded by the lung, dia
phragm and chest wall or its lumen blocked with fibnn. It 18 then removed.

If no catheter has been used, the amount of pleural effusion is watched clinically
by senal rocntgenograms and/or fluoroscopy If at all significant in amount and not
absorbed after three days it 1s aspurated, a specimen sent for culture and a forther
roentgenogruphic check made Though formerdy antiblonc solntlons wore left ia the
pleural cavity recent expenence 1 against this practice As a check of full lung re
expassion, the patient 1 finally x-rayed beforo Ieaving the hospatal.

Care of the Tube and Bottle Every bottle used as a water seal should be of 2-liter
capacity have at least half o liter of sterile water mn it, and have a glass tube leading
one inch below the Jovel of the flud. The level of the fluid is marked before e 3o

r’d
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tnabtb tnedan}m.mt drammng each day can readily be estimated. Check to see that the
:ﬁoﬁeel;- gizg ;sl I;:;mnected to the glass tube that leads under the water and not to the

When these bottles are to be sterilized by autoclaving, the rubber tube should be
%1ght1y wound around the bottle and not autoclaved while connected to the glass tub-
ing, as the tube otherwise becomes permanently vulcanized, kinked, and blocked

When thfa catheter 15 patent, the fluid level in the glass tube swings up n response
to ‘thc? negative pressure of inspiration, and falls on expiration If there 1s too little
fluid in the bottle so that the lower end of the glass tube 1s exposed on 1nspiration,
then the water seal 1s immediately broken, air enters the pleural cavity, and the lung
collapses This can easily occur i the wards when the bottle 1s changed daily

When changing the drainage tube and bottle, the intercostal catheter is clamped,
the glass connection unhitched, and a freshly prepared sterile bottle connected be-
fore the clamp 1s released As this procedure, apparently so simple, can yet be
wrongly performed, even allowing air to enter the chest, 1t must be carried out or
checked by the ward supervisor or by senior nurses tramed i chest surgical pro-
cedures

Removal of Intercostal Catheter. (See Chapter 2)

Prevention of Pleural and Wound Sepsis. Thoracic surgery has been made safe
not only by improvements in anesthesia and 1n blood transfusion but also by better
surgical technics and the use of antibiotics, which have greatly reduced the mcidence
of postoperatrve infections of the pleural cavity and wound

Strict sterile techmic and absolute hemostasis are essential for uncomplicated
healing The mtercostal and muscle layers must also be accurately and carefully
apposed Controversy still exists as to the relative merits of catgut, sik, or cotton
suture material Thus 1s largely a question of personal preference, but, if the opera-
tion has involved a septic focus, nonabsorbable sutures should be avoided as trouble-
some stitch abscesses may form later

The wrter has found that a carefully placed subcutaneous layer of interrupted
fine plain 00 catgut sutures, together with fine nylon skin sutures, allows suture re-
moval within seven days The subcutaneous layer also ensures careful apposition of
the skin edges, excellent healing, and fine supple scars If wound infection does occur,
free drainage must immediately be established by releasing the sutures

Chemotherapy Preoperative chemotherapy 1s continued into the postoperative
phase until the danger of sepsis has passed and the patient’s temperature is normal,
usually within one week However, when sepsis 1s a complication, the antibrotic agent
may be changed accordimg to the sensitivity of the infecting orgamism When there
1s no nfection, chemotherapy 1s best avoided entirely

Prevention of Pulmonary Complications. Sputum retention is the most important
pulmonary complication, leading to coliapse of the lobe or lung, and, if untreated,

to bronchopneumonia, abscess formation, or even death All this tramn of cvents 1s

preventable
Tenacious sputum from mild bronchitis may be loosencd with Friar's balsam in-

halations, and with expectorants such as the following, taken in hot water:
Mist. AMMON, CARB

Ammon carb 450 mg Syrup tolu 2 ml
Tinct. camph co. min. 2 mi Aq chior to % oz. 15 ml

Nebulized water and detergents are also valuable



Postoperative Management 53

Every patent should have an anteropostenor film of hus chest taken with a port-
able x ray machine on the day immediately following operation, and, if all 15 well,
at mtervals of not longer than three days for the first week. These films show the po-
sition of the mediastinum and the state of the lung and of the plenral canty The
daily state of the lung 1s made known to the associated physiotherapists The pleural
problems have already been described.

If the lung or segment of lung 1s collapsed from retained sputum, vigorous pos
tural demnage s commenced. When this falls to re-expand the lung, or when the pa
tlent is exhausted or unable to cooperate then postoperatrve bronchoscopy Is re-
quired, as described in Chapter 2

Restoration of Ventilatory Fenction. Ventilatory function depends on the bellows
action of the diaphragm and chest wall, together with the ability of the lung to ex
pand 1o response to the negative pressure created in the chest cage Thoracotomy,
by traversing the chest wall and causing pain with every breath and movement, inter
feres with thus function and increases susceptibility to pulmonary compheations The
discomfort after thoracotomy can be considerably lessened by intercostal nerve block
with 5 mL of a long-acting local anesthetic such as proctocaine

Physiotherapy holds the key to success The closest cooperation with a team of
physiotherapists Is cssential for correcting postoperative posture supervising and
encournging dinphragmatic breathing, coughing, and full arm trunk, and leg move-
ments, and for preventing pulmonary complications The exercises taught in the pre-
operative period should be repeated hourly and, during coughing, the chest must be
firmly supported by physiothcrapist, nurse or doctor Posture is best corrected by
the patient viewing himself In a large mirror wheeled to the foot of the bed. Early
ambulation 1s encouraged but should not be hastened in the eldedy who may develop
cardiac arthythmia, including aunicular fibrillation, if forced to walk too soon. Due
regard too must be paid to the reason for operation. For example if mitral valvot-
omy has been done for mitral stenosis with heart feflure 1t is advisable to “make

haste slowly ” As the patient Increases hus own renge af exercise, he will attend
physical trammg classes in the massage departmeat and will ultimately regain full
chest movement and ventilatory function.

Nutrition. Few patients take more than a fluid diet dunng the first 24 hours after
opezation. On the second postaperative day light gastnic diet can usually be given
and quickly maised to a normal dist. As potassium loss also follows thoracic opera
tions due amounts of potassium for replacement are requred.

Refwurn of the Patient to Foll Exmployment. It ix surprising how often in recent
years when men have had chest operations and have apparently beon restored to
full health, they have not only failed to return to useful employment but have even
registered as disabled persons The question, “How semous are chest operatons?”
Is asked by many patients, it requires an understanding reply The time has long
nneo passed when e man recovenng from a chest operation can consider himself g
freak. Occasionally even now a surgeon or a Tamily doctor may unwittingly fafl
to enconrage his patlent back to full employment. That patient, though phyically
fit, may then remain a mental invahd. It behooves all who are concermed with sach
patients to sce them regularly at follow up clinics, preferably one month after dis-
charge from hospital agun in thres months sgain in %X months and finally an
nually A physiotherapist should be in attendance at the follow-up chnic so tha{ any
related problems can be discussed and arrangements made for thesr correction. Tn
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addition, vital capacity 1s measured, breathing checked, and posture and movements
mspected -

Every encouragement should be given to the patient, especially by his famly
doctor, to return to a full, normal, useful life For some elderly patients, return to
work is not possible Nevertheless, they should be encouraged to do all that they can
for themselves instead of remaining chronic mvalids Such 1s possible only when
correct mental attitudes can be mamtained
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4

MANAGEMENT OF FRACTURED RIBS
AND STERNUM

Introduction, Though fractures of the ribs are commonly regarded as tnvial
injuries the complications can be 80 serious and often clinically so obscure that all
cuch cases should be treated with respect. As Watson Jones (1) aptly states “Chul
dren and adolescents seldom sustam fractures of the ribs but the risk of this injury
increases with advancing years as the chest wall becomes more rigid It should be
recognized that the rarity of theso fractures m children 1s the consequence of elas
ticsty and flexibility of the chest wall, which obviously increases the danger of injury
to the viscera within the chest. The degree of internal infury cannot be judged by
the injury to the ribs Similarly in adults, 1t is fallacious to assume that a trivial rib
fracture cannot be assoclated with more than a trrvial lung injury ”

The 1njury varies i severity from a single uncomplicated fracture to the gross
injury and multiple fractures of a modern automobile eccident. This chapter in the
main refers to patlents who have had less than three ribs fractured

PATHOLOGY

Fructures of Ribs, The most common cause of nb fractures m both war and
peace 15 external trauma especially fore-and-aft blows to the chest wall Rarely the
ribs are fractured when the chest is crushed 1n a crowd. Internal trauma from violent
coughing, stralnmg, or heavy Irfting has occasionally caused fractured ribs (2,3 4 5)
cven in the later months of pregnancy (6)

As with all fractures, thore are four possible types of rib fractures simple com
pound complicated and pathologic The term “stmple” is sclf-explanatory Com
pound fractures arise either when the causative agent penctrates skin and pleura or
when the nb ends are driven out through the skin. Complicated fractures have as-
sociated visceral injunes Pathologic fractures arise on b cysts or secondary neo-
plastic deposits

Tho sitc of the fracture depends on the direction of the forco and the convexity
of the ribs and 1 most common near the costal angles In tho over ll picture Hinton
and Steiner (7) have emphasired that

1 The fifth to ninth ribs usually bear the brunt of trauma

2 Indirect trauma by approximating the rib ends increases their curvature so
that they break outward near the muddle of the shaft and, though such trauma
usually involves more than one rib it rarely produces complications

3 Direct trauma however produces fractures of one or more tibs at the pomt
of impact, the traumatzng force thereby causing sharp nb fragments to
penctrate the pleura and lung with complications.

35
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Chapter 4: Management of Fractured Ribs and Sternum

Fig 1A Severe crush mnjury to left chest, with multiple fractures and deformuty




Pathology

ey T

Fig. 1B Film threc months later thowing return of normal chest contour No specific treat
ment had been ghven.
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Fig 2A Fracture of nbs Simple fractures of left nibs three to eight

4. Muscle violence usually breaks the rib nearer the front and subperiostally,
the seventh to eleventh nibs being most frequently nvolved
5. Single fractures are usually end to end, but multiple fractures may overlap

Fractures of the Sternum. The fracture Iine 1s usually transverse at or near the
junction of the manubrium with the body of the sternum and 1s invanably associated
either with nib fractures or costochondral or chondrosternal dislocations The frac-
turc may show (a) no obvious deformity, (b) a backward angulation with over-
riding of the fragments, or (c), if compound in type, a wound opening mnto onc or
both pleural cavities

Holderman (8) emphasizes the statistical evidence that “simple fractures of the
sternum are exceedingly rare.” Regarding cause, he say that Gurlt (9) i1n 1864 rc-
ported the most common causes to be falling with the breast aganst a sohd body,
compression of the chest, falling from a height, a blow, thrust or step on the chest,
and muscular action Gurlt cited six nstances of double fracturc and two of triple
fracture, all associated with other fractures Nowadays, the sternum 15 most com-
monly fractured by a blow from a steering wheel or when the victim 1s struck by a
vehicle (10)

The prognosis 1 good for uncomplicated injuries, but bad for the compheated.
Gurlt reported 8 deaths i 54 uncomplicated lestons and 44 deaths in 45 complicated
ones Modcrn methods have naturally improved this picture, but the basic fuct re-
mamns. “any complicated chest injury 1s serious ™
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Clinical Features

v
Fig 2B Fracture of ribs. Pathologic fracture right sixth b

Healing of the Fractures. The intercostal muscles and surrounding 1ibs give
considerable support to the fractured rib ends nonumon of sumple fractures is un
known. When the underlying lung 18 functioning normally even the most markedly
displaced fractures will unite in thelr normal position (Fig 1)

Callus forms withm a fortmght, the fractures become stable and although roent

genographic signs of umon may be delayed for some months functional recovery
is completo in five to sIx weeks

\_ CLINICAL FEATURES

Symptoms. Pain with each breath or cough 15 the most common symptom and
the pamn can usually be well localized. With coexisting pncumothorax, there is a
sense of tightness i the chest which is aggravated when tenslon pneumothorax dis
places the mediastinal viscera to the normal side

Physical Signs. General Breathing is short and shallow Steadily increasing
surgical emphysema mey also develop with pitting of the skin on pressure and a
characteristic crackling semation. Flail chest is recognized by the mdrawing of the
affected area with each msprration and a retarn to normal contour on expiration. In
the presence of multiple fractures the patient characteristically bends forward with
his head toward the affected side in order to reduce movement. The fracture site 1s
tender to the touch, and crepitus may be felt.\

.| Sternal Signs Sternal fractures without displacement may not at first appear ob-
vious, but pressure will elicit pain, crepitus, and possibly undue mobility When there
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b

Fig 2C Fracture of nbs Complicated fracture with right pneumothorax

. - e oo o

15 displacement with exther overriding or depressed sternum, the deformity 1s usually
clearly visible
Pleural Signs Hyperresonance and dimimished air entry confirm the presence
of pneumothorax, while dullness to percussion, dimimshed air entry, and egophony
confirm a pleural effusion With hemothorax, signs of blood loss are added These
may be slow to develop and can be confirmed by diagnostic chest aspiration
Pulmonary Signs These are related to the degree of lung damage With minimal
lung contusion, there 1s blood-stained sputum Even with mild njury, fear of pleural
pain may inhibit effective coughing and quickly lead to sputum retention, blocked
bronchus, and atelectass of a lobe or lung with corresponding physical signs.
the gross lung damage of major trauma, the paticnt may cough up pu
quickly show signs of relative anoxia, such as dusky color, ncoord
breathing, and a rapidly falling blood pressure )
Cardiac Signs With hemopericardium, there 1s cardiac tamponaiicy
by (a) muflled heart sounds, (b) falling blood pressure and (¢) v L
surce -
Rocenfgenograms. Chest films are essential to show the ate and >«
tures and the state of the pleural cavitics, Jungs, pericardial cavity, . +°
(Figs. 2A-D) Sternal fractures require lateral films for proper recogas |
tinal emphysema is casily recogmized by roentgenograms; lateral vi
retrosternal air. They can, however, be very deceptive, for they may™
tracture sitee and certainly mav not indicate the gravity of the cls
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Fig. 2D Fracture of ribs, Fracture of ribe complicated by sputum retentlon, atelectasis and
displacement to right.

repeated at half hour intervals or longer as the patient recovers from hus injury, are
of ntmost velne in assessing the progress of complications

Diagnosis. Diagnosis is usually obvious It is suggested by the histary, confirmed
by physical examination, and accurately localized by chest roentgenograms

MANAGEMENT OF FRACTURED RIBS
The principles of treatment are to
1 Ensure adequate acration of fungs
2 Relicve pain
3 Restore chest wall function

4 Anticipate and prevent such complications as atelectasis
5 Treat existing complications

CASES WITH MILD SYMPTOMS

The majonty of patients are in this group

In young maley as a first md measure the pain of fractured ribs can usually be
adequately refieved by clastoplast support. The chest is shaved, the patient breathes
out, and 3 wnch elastoplast is applied In overlapping strips, stretching from at least
2 1nches on the sound slde behind to 2 inches on the sound sids In front. Less than P
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Fig 3 Method of strapping chest Elastoplast must cross midline in front by the same amount

this 1s useless If this support proves madequate, encircling the chest wall with elasto-
plast fixes 1t and allows only diaphragmatic breathing (Fig 3) This support can
usually be removed after two weeks

When the fracture 1s posterior and subscapular, the skin 1s abraded, or respira-
tion 1s embarrassed by pain or pneumothorax, elastoplast support 1s useless

When the patient 1s immobilized from some other reason such as a fractured leg,
bed rest alone may suffice for uncomplicated fractured ribs

CASES WITH SEVERE SYMPTOMS

When pamn 1s constant, annoyimng, or severe—especially i mddle-aged or
elderly patients—it may be promptly relieved and the risks of sputum retention
greatly lessened by intercostal nerve block This was first suggested by Latter: (11)
who used alcohol Rovenstine and Byrd (12), and Harmon and others (13), re-
ported marked and lasting relief of pain by procaine block
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Fig. 4 Tray for intercostal nerve block.

TRAY FOR MANAGEMENT OF FRACTURED RIBS (FI0 4)

Sterlle Equipment
antiseptic solution, a;, cetavalon In spirit

mfurmpl nnd scimors

Zﬁnc.thurt
21% inchneodla.unndﬂ gauge
23—md1nmd]a

fvmcahnloluﬂ.unlpercmt.’mml.
acting local anesthetic solution, 6 to 10 mL

Unsterile Equipment
collodion

absorbent cotton
elastoplast 3 inches wids
scinon
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Fig 5A. Anatomy of the paravertebral region and intercostal space
Fig 5B Technic of mtercostal nerve block
The needle 15 advanced to the lower border of the ribs, withdrawn a fraction of an inch, and
then advanced into the subcostal groove where the local anaesthetic 1s mjected Care should
be taken not to enter the pleural cavity especially if the syringe 1s detached

Technic. Position. It is more convement if the patient can be sat up and supported
on a cardiac table, especially if the fractures are bilateral If the patient is too ill, he
15 turned on his side with knees drawn up as for lumbar puncture

Infiltration Procame skin wheals are raised just lateral to the vertebral transverse
processes and directly behind the lower border of the factured nbs The needle 1s
advanced to the ribs, withdrawn a fraction of an inch, and then advanced again to a
point immediately beneath the rib in the subcostal groove, where 5 ml of 1 per cent
procaine are mjected (Fig. 5B). As there 1s an intercommunication between inter-
costal nerves, the normal rib spaces above and below the fracture are similarly 1n-
jected It is not necessary to infiltrate the fracture site, though 1t is of value where the
patient cannot easily be prepared for posterior itercostal nerve block

As the local anesthetic takes effect, pleural pamn disappears and the patient can
breathe and cough in comfort To prolong this effect, a long-acting local anesthetic
solution (such as procaine base 1.5 per cent, butyl p aminobenzonate 6 per cent,
benzyl alcohol 5 per cent n sterile almond oil) 1s next myected through the same
skin punctures. As the mixture 1s very viscid, a wide-bore 15 or 17 gauge needle is
recommended. One such treatment usually suffices

If the patient stull has difficulty m raising his sputum or if x-ray film confirms the
presence of a collapsed Iobe or lung, aspiration bronchoscopy Is then performed.
This is most conveniently done with a portable bronchoscope and suction, and with

the patient sitting up in bed (see Chapter 2).



Management of Sternal Fractures 65

Thus, by intercostal nerve block and bronchoscopic aspiration, ;]m vxdou; c;rc(l:;
of fear of coughing from pam, sputum retention, atelectasis and aggravatio
respiratory distress leading to pneumonta 13 effectively broken.

MANAGEMENT OF STERNAL FRACTURES

When there is no displacement and no ewidenes of chest wall and intrathoracic
comphcations, bed rest for two weeks alons Is required, by the end of which time the
fracture will be firm.

Scudder (14) describes how overriding fragments may be reduced by placing
the patient on his back, extending his head over the end of a table, next ralsing
hus arms above his head, and rotating them slowly and firmly outward, during which
time the assistant applies counter traction to his body An attempt should be made
to mmntain reduction by placing a firm pad over the Line of fracture and fixing it in
position with elastoplast.

The staved-in sternum  further described in Chapter S can be readily clovated by
screwing in a cup hook or passmg a stainless steel wire around it with a Gilllam
needle and thereafter supporting the sternum with a two-pound weight passed over
pulleys on a Balkan beam. Operative treatment may be requred—an incision is
made and the fragments are reduced and held in place with stainless steel sutures

If however there is a compound fracture with accompanying hemopneumo-
thorax, then operative treatment as described below under “Complications ” 1s e

COMPLICATIONS AND THEIR MANAGEMENT

The complications of fractured ribt and sternum ars wnportant, aince they ac
count for most of the symptoms signs and dangers, The complications are grouped
pethologically as follows chest wall, pleural pulmonary cardiac, dizphragmatic,
esophageal aortic, and abdominal lesions The most common lesions are hemo-
thorax surgical emphysema and pneumothorax knoepp (15) reviewing eatlier
work, re-emphaszed that mortality occurred only in the group with complications,
especually those with lung involvement.

In & review of 730 consecutive cases Rapport and associntes (16) found com
plications i 28 por cent of the total, or in 41 per cent of the 490 patlents admitted
to the hospital The complications were grouped as follows

1 Chest wall 179%
2 Pleural 26.5%
3 Pulmonary 32 6%
4 Mediastmal 16%
5  Abdominal 11 8%

CHEST WALL COMPLICATIONS

Thero are three chest wall com tions, namely surgical ysema chest,

and the rarer compound lrm:tm'ecph&El e el
Surg:‘mtemphy:emamnyuﬁntbcbcahmd.mhmm,h

owever it may be

widespread, extezding to the eyelids hands, scrotum and feet (Fig. 6) Inmznee

utompa.rlumlp}enmallownheucapeofakfromtheplemnlmvityandofmﬂmmnt
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Fig 6 Gross surgical emphysema

lung into the subcutaneous tissue Emphysema can, however, act as a safety valve,
even averting death from tension pneumothorax

Mediastinal emphysema 1s a serious complication both because mediastinal ten-
sion prevents adequate filling of the great vemns and the heart, and because of the
danger of infection Chmnically, 1t can be detected by auscultation, revealing a peri-
cardial crunching sound synchronous with the heart beat Later, suprasternal crepi-
tus appears and, as it progresses, the signs of pressure on the great veins appear and
lead to circulatory failure, shock and collapse (see Chapter 20).

Flail chest with multiple fractures produces paradoxical respiration, thus se-
riously interfering with the bellows action of the chest wall (see Chapter 5)

Compound fractures that communicate with the pleural cavity are the more se-
rious, on account of the accompanying hemopneumothorax

Management of Chest-wall Complications. Surgical Emphysema 1f localized and
static, surgical emphysema may be ignored If localized but extending, a pad and firm
elastoplast support will prevent any further extension If generalized and uncomfort-
able, 1t can be relieved by pamnting the skin with antiseptic lotion, and puncturing
with a sharp pointed scalpel, e g Bard Parker, No 11 blade If severe and mediastimal
and associated with a pneumothorax that 1s showing no response to an intrapleural
Malecot catheter water-seal drainage, the possibility of a major lung laceration or
even tracheal or bronchial rupture must be seriously considered, and thoracotomy
1s advised

The management of flail chest 1s described in Chapter 5 The management of
compound fractures 1s detailed under pneumothorax below
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PLEURAL COMPLICATIONS

There are three pleural complications namely pneumothorax hemothorax, and
pleural effusion

Preumothorax This may be open closed, or tension in type It commonly arses
when the fractured rib ends penetrate the lung ¥t 13 also a sequel of compound cheat
wall fractures the author has seen 1t in a football player who had been kicked on the
chest wall without any detectable sib fractures Crutcher and Nolen (17) reporting
three other such cases feel that this supports Lindskog and Licbow s (18) contention
that nonpenetrating trauma mey produce paeumothorax by bruising njuries to the
Iung especlally when the force 18 applied to an expanded lung wth closed plottis

1f the aur leak is valvular a tension pneumothorax develops with shft of the
medinstinum toward the unaffected side steady reduction of functioning lung volume
and, when unrelieved death from asphyxia

Hemothorax results from rupture of an intercostal or internal mammary ariery
torn pleural adhesions, lacerated lung, or rarely leaking aorfa. The result 1s collapse
of the underlying lung and progressive exsangmnation

Pleural effusion may be secondary to the pleural irntation of fractured rib ends

Msmagement of Pleural Complicatl Closed Pn horax The immediate
question regarding this complication 15 “Is there & tension pncumothorax as well?”
The presence of both types of pneumothorax is suggested by severe respiratory dis
tress and the position of the heart and trachea and it is confirmed by measuring the
mntrapleural pressure with a pneumothorax apparatus and a needle mserted through
the second intercostal apace antertorly It can be immediately rebieved by inserting
an open mtercostal needle or trocar and cannula (Chapter 2) It 18 however more
effectrvely treated by an mtercostal Malecot catheter and water-seal dramage

Inasmuch as & small uncomplicated preumothorax will slowly absorb 1n the
absence of respiratory distress it may be observed for 24 to 48 hours and then re
checked with roentgenograms

It the pneumothorax is large or increasing 1t 1s unlikely to be controlled by
aspiration alone In fact, when contrnued aspiration of air leaves the pneumothorax
at atmospheric or positive pressure a persisting lung fistula is confirmed Water-seal
dramage and continuous suction with an efficient pump are the only sure way to
remove the air and to allow the lung to re-expand and reach the parietal pleura.
Thereafter the fistula usually closes (see Chapter 2)

If this measure fails and a large pneumothorax persists for more than 24 hours
then the presence of a bronchial rupture or a gross tear of the lung is strongly sus
pected. Bronchoscopy may reveal a bronchial rupture but not a lung laceration. Both
conditions require thoracotomy and suture Thompson and Eaton (19) reported
successfal carly repair of a rupture of the intrathoracic trachea comphicated by avul
gion of the nght upper-lobe bronchus, using mterrupted 00 silk sutores

Open Pneumothorax and Compound Fractures In treating compound fractures
the practitioner is constantly aware that open preumothorax is the principal danger
Theso compound fractures most commonly occur as a sequel to automobile accidents,
gunshot wounds falls from trees, and the like The affected lung 15 collapsed thus
aggravating respiratory distress

The prenmothorax is temporarily controlled and air excluded bya
wound a pad sorked In antiseptic solution or a sterile petrolatam jeuyy }iilkyjnoi::dt:;
thus wath a lergs cotton pad, and strapping firmiy to the chest wall with elastoplast.

i
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As a further first-aid measure, when the wound is small, 1t has also been possible to

plug the opening temporarily by grasping the lung substance with forceps and draw-
mg 1t into the wound

The patient 1s immediately admutted to hospatal, taken to the operating room, and
anesthetized and intubated with a cuffed endotracheal tube Thereafter, exploratory
thoracotomy and débridement and suture of Iung, other viscera, and chest wall can
be safely performed The chest wall 1s closed over water-seal dramage, and strong
suction 15 applied to remove air and to achieve complete re-expansion of the lung

Twenty-four hours later, the chest 1s x-rayed If the lung 1s fully re-expanded and
all fistulas closed, the mtercostal tube 1s removed If the pneumothorax 1s still present
but the tube is blocked, 1t 1s changed on a Malecot catheter introducer and a further
check made next day ‘This may need to be repeated several times until re-expansion
of the lung 1s complete The patient receives antibiotics—penicillin, one million units
daily and streptomycin 1 gm daily as “crystomycin,”—for four or five days after
operation If convalescence 1s then uncomplicated, antibiotic therapy 1s stopped

It 1s rare for such a wound, properly treated, to lead to empyema; but, if 1t
does, then the principles and methods of treating empyema apply

Case REPORT CoMPOUND FRACTURE OF THE STERNUM On December 18,
1955, a boy aged 10 years was struck by his father’s truck while niding his bicycle
up a driveway He received a sucking pneumothorax with a large wound across the
front of the chest As a first-aid measure, this was covered by a “shell dressing”
firmly strapped to the chest He was transported 30 miles to a hosprtal by ambu-
lance, and the physician who attended him at the scene of the accident wisely tele-
phoned ahead to warn the thoracic surgeon of his approach

On admussion, he was taken directly to the operating suite where everything
was in readiness for thoracotomy Anesthesia was induced, using oxygen and cyclo-
propane. A cuffed endothracheal tube was iserted mnto the trachea and inflated.
Thus, the pneumothorax was controlled and the lad made safe His clothing was
then removed

When the shell dressing was lifted, a wound seven inches long and three 1nches
wide was found across the front of the chest, on both the right and left of the
midline There was a transverse compound dislocation of the sternum at the level of
the sternal angle On the left side, the second and third costal cartilages were
dislocated from the sternum, and there was a sucking pneumothorax of the left
pleural cavity. Bleeding from the left internal mammary artery had caused a large
left hemothorax The right pleural cavity had escaped injury

The wound was pawnted with antiseptic solution (cetavlon n alcohol), towels
applied, and the left pleural cavity inspected It was found to contamn at least 150
ml of blood and clots These were removed and an ntercostal dramnage tube in-
serted 1n the fourth left intercostal space and attached to a water-seal bottle The
sternal fragments were drilled and umited by three stainless stecl sutures, the wires
being threaded through a Gilliam needle After the sutures were ticd, the sternal
fracture appeared firm. The second right costal cartilage and the second and third
left costal cartilages were sewed to the sternum with chromic catgut sutures The
pectoral muscle fibers were next reapproximated and the skin closed with inter-
rupted nylon sutures A firm pad and elastoplast cover were applied to the wound.
During the course of the operation, the patient had a one-pint blood transfusion

An immediate postoperative x-ray film confirmed that the left pncumothorax
had almost completely disappeared The shull was also x-rayed, but no cramal
lesions were detected Two hours later, the boy's condition had greatly improved
and he was talking and drinking fluids He returned to school 1n February 1956,
and he remains well
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Hemothoras Besids being the most common complication, hemothorax is the
most serious but 1t usually ce:glm before blood loss is great. Occasionally, however
blecdmg may contimue and fill the plenral cavity with clots and serum. The underlying
lung collapses and becomes functionless Diagnostic aspiration confirms the presence
of blood

When hemothoraz is detected early half howly x ray films are taken with the
patient supported 1n the upright position in order to check the rate of bleeding. If
the scrial films reveal the fluld level to have risen one or more Intercostal spaces, the
bl is continuing and emergency thoracotomy is required.

mlj;]:%e hemazo:‘rﬂu?%: small basal, and tnaccompanied by respiratory dustress early
and complete aspiration Is the am. Tt should however be remembered that when the
blood lras clotted, only half the x ray “shadow” can be aspirated, namely the serum.
The clot must then be Hquefied with enzymes such as vandase and aspirated 24 hours
Jater Varidase itself is not withoat some disadvantages, as () a rind of fibrin may re~
main on the lung to keep it permanently collapsed unless formally decorticated (b)
the fever and accompanying tightuess in the chest are an annoyance to many patients,
and (c) repeated aspirations may introduce staphylococe: and produce an unwel-
come empyema. Aspiration Is of value only for a mall hemothorax.

If however the hematoma Is large and the pleural cavity more than a third full
of clot, or if organization has occurred, it is useless to tomporize Early thoracotomy
and evacuation of the blood clot with water-seal drainage allow full re-expansion af
the lung with mummal convalescence At the same time the chest wall can be stabl
lized with chromic catgut or stainless steel sutures (see Chapter 5)

The guiding principle of removing blood clot to avoid empyema and to restore
lung function remains the key to successful 8 of h horax Surgical
removal gives the best results with least residual disability and quickest recovery (20)

Pleural Effusion Rarely a pleural cffusion accompamed by fibrin clot develops
some days after the ribs are fractured. In the following case, chest aspiration proved
fruitless until the fibrin clot was liquefied by varidase

Case RerorT FRACTURED Rims CaUsNG PrrumiL ErrusioN On June 9
1955 W B, a male aged 72 years was admitied 10 a county bospital 24 hours
after a beavy fall from his horse onto his left slde and shoulder Chest films showed
fractures of the left fourth, fifth, uxth, and tenth ribs At first, ho improved with
rest, chemotherapy and postural drainage.

On June 20 he became febrils and developed a large left plenral effusion

On June 30 he was tramferred to a base hoapital where chest films and chest
wpiration confirmed left pleural effalon which consisted of clear straw-colored
ﬂuldwithngmmin:outmtof37pefeent.OnIv4o1.muldheupln!cd.

July 4 because the effuslon perxisted, varidase was injected Into the left pleural
cavity Twenty four hours later upon 2 further chest aspiration, 46 oz. of steile,
straw-colored pleural fluid were removed. Chest x ray fllms thereafter showed &
completely expanded left lung, and the patient was discharged on July 15 Study
of the films showed that the ribs were not In exact alignment, Tt was surmbsed that
their sharp ends had demaged the underlying Tung and caused the pleural effusion

PULMONARY COMPLICATIONS

There are foor pulmonary complications laceration, contusion, atelectasis from
sputum retentlon, and ruptured traches or bronchus

Laceratlons of the Lung Lung lacerations caused by fractured rib ends may be~
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small or large, single or multiple, superficial or deep There 15 invariably an accom-
panying hemopneumothorax.

Contusion of the Lung with Lung Collapse. Pathologically, m this condition the
lung parenchyma and alveol: are disrupted with blood Blood-stained sputum 1s the
rule and, because of shock, pam, flail chest, and rapidly increasing bleeding, the
patient may be unable to clear the sputum Since the sputum hes in the trachea and
bronchi, these passages become blocked, the arr behind the blood 1s absorbed, the
corresponding lung tissue becomes atelectatic, and the heart and mediastinum are
forced toward that side by atmospheric pressure overdistending the still-functioning
pulmonary segments The patient 1s i 1mmediate distress, has a sense of tightness
m the chest, and physiologically experiences relative anoxia If both mam bronch:
are blocked, there 1s complete anoxia and death occurs within three minutes The
essential problem 1s, therefore, sputum removal to relieve anoxia and restore lung
function

Traumatic Rupture of the Trachea or Bronchi This type of rupture is accom-
panied by subcutaneous and mediastinal emphysema as well as pneumothorax The
lung segment beyond the rupture collapses and remains functionless until treated
surgically

Management of Pulmonary Complications. Laceration of the Lung. Air mvari-
ably escapes from the lacerated lung and is discovered as surgical emphysema or
pneumothorax.

If the lacerations are small, provided the accompanying pneumothorax 1s treated
by mtercostal water-seal drainage and suction, these lacerations usually seal them-
selves within two days If the laceration is large and the pneumothorax fails to respond
to the above measures, and if other lesions are suspected at the time of injury, then
thoracotomy and lung suture are the only satisfactory treatment Not only should the
lungs be mspected, but also the possibility of bronchial or tracheal rupture should
be borne 1n mind and looked for, especially n the presence of mediastinal emphy-
sema

Lung Contusion and Sputum Retention One of these 1s the sequel to the other,
especially 1if effective coughing 1s further prevented by pam or a flail chest wall. If
there 15 the least sign of retention of sputum, with or without lung collapse and espe-
cially persisting after physiotherapy, then emergency bronchoscopy is required
forthwith

If bronchoscopy 1s repeatedly required or if there is sputum retention mn a patient
with a fractured jaw that prevents bronchoscopy, then tracheotomy must be per-
formed immediately Thereafter, sputum is easily aspirated by the special nurse, the
airway 1s kept clear, the dead space is lessened, and the patient’s convalescence 18

made smoother
Ruptured Trachea and Bronchus Treatment of these complications depends on

the following

1. The time-lag between rupture and discovery,
2 The extent of the rupture,
3 The cxtent of distal lung damage

These pornts can be clanfied only by bronchoscopy and thoracotomy /. f ruprure is
discovered within three days of mpury and if the fracture 1s clean and the fung beyond
1s not infected, then suture with fine No 2 silk sutures 1s required The chest wall 1s
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closed over two water seal tubes oo as an arr vent and one as a drain for pleural
flud. Suction must be applied to both tubes to encourage full jung expansion. Antl
biotic therapy such as pemucillin one mullion units per day and streptomycin 1 gm
per day, is given by mjection, and the state of the cxpanded lobe 15 watched by daily
roentgenograms The tubes arc removed when they ceasc to function Final bronchos-
copy and bronchography two months later should confirm a satisfactory result.

If rupture is discovered two or more weeks dafter injury when persisting lobar
collapss has necessitated bronchoscopy and a stricture 13 revealed at the mite of the
bronchsl rupture then thoracotomy 1s indicated The definitive treatment—be it
excision of the strocture and resuture or resection of the functionless lung segment—
depends on the findings Age appears to be no bar for in 1955 Ellit and associates
(21) successfully repaired, by end to-end anastomosis a completely severed right
matn bronchus which a three year-old chuld had had for a week. In Thompson and
Eaton s case (19) e completely severed left main bronchus was satisfactonly anasto-
mosed two months after injury with restoration of lung function.

CARDIAC COMPLICATIONS

These include traumatic asphyxia hemopericardiym from cardiac wounds
and traumatic myocardial wnfarction In traumatic asphyxia owng to a sudden
blow on the chest, blood is forced back up the supenor vena caval system with
multiple ruptunng of the subcutaneous capillares of head, neck, arms and con
yunctivas As Souttar (22) points out, it 15 remarkable that the shightest local
pressure provents the discoloration so that the lines of suspenders, shirt collar, and
hat nm stand out as white bands on a blue background.

Hemopericardium may cause death from massive hemorrhage or tamponade As
Ittle as 200 ml of blood may cause fatal tamponede if it escapes rapudly into the
pencardium (23) These complications are further discussed in Chapter 22

Traumatic myocardial infarctlon is rare and iy usually an autopsy finding

DIAPHRAGMATIC COMPLICATIONS
See Chapters 5 and 21

ESOPHAGEAL AND AORTIC RUPTURE
See Chapters 5 and 18

ABDOMINAL COMPLICATIONS

Ruptured liver splesn, and kidneys may accompany fracture of the lower ribs.
These ruptures are discussed 1n Chapter 5

CONCLUSIONS
To summarize then, the usual treatment of fractured ribs embodies

1 Intercostal nerve block to relieve the pamn of resplration

2. Intercostal catheter to remove the
e ool o drainage poeumothorax and any fluid
3

ﬁ:npgiration bronchescopy to remove the sputum and allow re-expansion of the

g
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4 Support of a flail chest;

5. Prompt recognition and correction of chest-wall, pleural, and pulmonary com-
plications.

Pamn is the chief cause of sputum retention Only by application of these five

principles of treatment can the vicious connection between pain and sputum retention
be broken
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CRUSH INJURIES AND CHEST WOUNDS

The principles of managing major thoracic trauma differ in no way from thosc
governing fractures of one to three ribs but, as the effects of mejor injury are more
gevere and extensive the management is more execting This chapter 13 concerned
wath patients who have more than three fractured ribs

PATHOLOGY

Most patients i this category are men in the 20 to 40 age group The frequency
of serfous injury 18 emphasized in a senies of 30 chest mjunes referred to the Dunedin
Thoracie Surgical Department in the past 3 years Ten had met with violent accidents
of these 6 died 3 wittun 6 hours 2 within 19 hours and the last after 3 days

The wide variety of causes included a fall from & motorcycle crashing off the
road in & van bemg crashed between two vehicles bemg struck down by a passmg
tram or car and being tossed by a bull. To this Lt are added gunshot wounds or
kmrfe mjuries of war or peace As Bornatz and Kirklin (1) stress the high mortality
rate attending these severe mjurics 18 attributable to serous derangement of cardio-
resplratory functon

The exact pathologic lesion not always obvious, vares preatly in extent and
severity and 13 usually proportional to the scventy of the trauma. The ribs long
heart, and sortic injuries have already been described.

Major traume, m addition, produces a traumatic wet lung m which there 18 an
increased quantity of interstitial and intraalveolar fluid with increased fluid in the
bronchopulmonary tres and increased difficulty in coughiag it up (2)

The duphragmatic lesion is a traumatic rupture of the dome producing herma
tion of abdominal contents, usually nto the left pleural canity It may at first be
overooked, musinterpreted on subsequent rocntgenogramsa as “raiscd disphragm
and only later found to be present when acute or chronic gastric symptoms demand
complete investigation (3) (sec Chapter 21)

Abdominal [esions which occur are rupture of the sohd viscera, liver kidneys
spleen, and rarely perforation of the bowel

The wide varjety of senous lesions which chmically a tro
low geveral hours of life 13 shown m the following cn_gcyhisrt,c}:;: vl and evea ol

Cast REPORT MULTIPLE THORACIC INJURIES J H. a male
November 25 1952, lost control of a fully loaded gasoline tmck..gcdcharged% y‘:;:no’:
steep strect at 80 miles per hour and crashed through a factory wall. He was
briefly pinned between the steermg wheel and the seat He was promptly admutted
t0 hospital and, despite a flail chest, appeared to be in surprisingly good condition.
’:‘g}m :J;nzbﬂaternl fractures of the fourth to elghth ribs, with a 3mall bemothorax
e diate tr included blood tramfuslo
drainage, intercostal injections of a long-acting local mml;l‘cﬂbf,a:;l:;?n*:fl
bis fiall chest with cotton pads and adhesive plaster with apparent relsef He died
suddenly three hours after admission, when thoracotomy was being considered,

3
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Autopsy showed trachea and bronchi obstructed by blood and confirmed the

fibs There was & bilateral hemothorax ruptures of both domes of the

diaphragm, the esophagus the aorta, the Hver the spleen and the left kidney as
well a2 2 mediastinal hematoma and {ractured pelvis

With the many assocuated mjunes e g of abdomen, spine spinal cord, head,
and limbs, a patient is frequently and understandably admutted to the care of a gen
eral or orthopedic surgeon While the patient must be treated as a whole the rapidity
with which asphyxia falls makes 1t unperative to glve priority to the thoracic lesions
of which mjury to the lung is tho most wnsidious and most lethal. For the result of
severe chest trauma 15 loss of ventllatory lung function from flail chest, blocked
bronshy, and disordered pleural cavity and also loss of parenchymal lung function
from contusion of the lung

CLINICAL FEATURES
Patients with crush injuries and chest wounds fall into four cluncal groups

1 Those so severely mjured that they never reach the hospital
2 Those with relatively mild injuries

3 Those with severe injury and closed pocumothorax

4 Those with open pneumothorax

In all these groups complacency 15 unwarranted. Each case demands respect
immediate critical assetsment, and constant vigilance

Patients with open pneumnothorax are often more satisfactory to treat in that the
very urgency of their copdiion demands immediate operative relief. To decide
whether the patient with a closed pneumothorax is mildly or severely myured 1s the
real problem Even the gravely ill patient may at first sight appear to have recover
able Jesions At times this distinction proves difficult and disappomting The follow
g points are of assistance 1n assessing these cases

History The practitioner can attempt to gauge the seventy of the blow and
the possible pathologc state if a hustory can be obtained

Physical Examination. This nsually shows surgical emphysema flail chest, and
pocumothorax, and sometimes tracheal deviation and respiratory difficulty Heavily
blood stained sputum is of serious sigruficance

Where there has been a penetrating wound the course of the projectile is best
determmed by conmdening the external wound, identifying the fractured ribs visual-
izing the metalfic fragment (when present), and reconstructing the patient position
at the tme of wounding (4 5)

The abdomen must be carefully examined in all thoracic casnaltes Tenderness
and ngidity over the liver spleen or lowns combined with signs of blood loss—
namely increanng pallor and sweating, nislog pulse rate end falling blood pressure
—indicate associated myury to these organs Repeated specimens of unne should be
“Bn;mfs for blood stauing Acute dllatation of the stomack may also occur with a

ure! oracic wound, accompanied by abdo; nderness,
E.ud ays[lcnt abdomcn.d‘ ¥ » sl pan, e and ngidiy

Regarding differentiation, when the lesion is thorade the 13
obvious on inspiration, and largely relleved by intercostal nepravj: blo?kl.lalt;;ﬂ’;vcl:?

when the lesion Is abdonunal soms degree of spasm dity and rness
tend, 1mne
deep pressure usually remain. ey ’
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Roentgenograms. A straight chest film taken with the patient lying flat 15 often
disappointing, the hemothorax masking the degree of pneumothorax and often the full
extent of the rib fractures as well. When, however, the patient can be supported
semirechning or sitting up, the proportion of hemothorax to pneumothorax is far
more clearly defined Sternal fractures can be adequately shown only by lateral films.

A mouthful of radiopaque fluid swallowed before the chest films are taken may
reveal the presence of an otherwise unsuspected esophageal perforation By this
means, or by swallowing a Levin tube, the practitioner can demonstrate that a sus-
pected raised diaphragm is in fact a ruptured diaphragm An increasing or unusual
mediastinal shadow may also be a traumanc aortic aneurysm or mediastmal
hematoma

If the question of contmnued intrathoracic bleeding 1s raised, roentgenograms
must be repeated at half-hourly or hourly mntervals If there 1s the least doubt about
an abdominal lesion, an abdominal film also 1s required

In these patients, however, the taking of roentgenograms must not be made an
end in itself, nor should roentgenograms take priority over a real emergency such
as clearing a blocked awrway (6). X-rays are of little value 1n assessing the serious-
ness of the injury and the imminence of death and have been known to mislead even
the expenienced

Further Assessment. The history, clinical findings, and roentgenograms usually
suffice for diagnosis, but the exact state of the patient can often be determimed only
by continued observation When carried out with the help of a special nurse who
records pulse, respiration rate, and blood pressure at five-minute ntervals, and w1t'h
judicious repeat skiagrams, continued observation will materially assist in recogni-
tion of advancing lesions, especially when intrapleural bleeding, tension pneumo-
thorax, or a bronchial obstruction are insidiously progressing

GENERAL PRINCIPLES OF MANAGEMENT

The fundamental problem in all major thoracic trauma is to correct the disordered
chest function Though some patients may be doomed, by strictly observing the fol-
lowing principles of management many can be saved.

The six essentials are to:

Secure the airway and administer oxygen;
Relieve intrapleural tension;

Relieve pain,

Stabilize the chest wall,

Give blood as required,

Explore the chest when indicated.

S AW

The Airway and Oxygen. The airway commences at the nose and ends at the
pulmonary alveoli. For oxygen admunistration to be effective, there must be (a) an
cfficient method of supply (such as nasal catheters or a plastic mask); and (b) a
clear airway

Bronchoscopy When blocked, an airway can be adequately sccurcd only by cx?do-
bronchial suction, via either a bronchoscope or the tracheotomy tube ' In serious
cases, Jesser procedures such as blind, intermuticnt transnasal or oral aspirations ar¢
worthless. Repeated bronchoscopic aspiration is also unsatisfactory, as it requires
repeated mampulation of the paticnt, with trauma to the larynx resulting in cdema
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Further an emergency bronchoscopy may bo required before the bronchoscopist
can be summoned.

Tracheotomy (Ses Chapter 2 ) It 13 permussible in these cases to perform bron
choscopy once But, 1f there 13 the least suggestion of re-accumulation of endobron-
chial secretion, or if the onginal secretions are thickly blood stained, it s a far safer
and sounder practice to do an immediate tracheotomy Tracheotomy is further indi
cated when there are oral injurlss or fractures of the jaw or of the spine

Tracheotomy 15 readlly performed 1 the ward with mimimal disturbance to the
patient and allows of frequent endotracheal aspiration by anyons, above all by the
special murse who must be in attendance In severe cases especially with marked
flail chest, an Engxtrom type of respirator can be lifesaving, particularly when used
with a cuffed tracheotomy tube (7) Tho Engstrom respirator 1 a potitive pressure
resuscitation apparatus

Carter and Giuseffi (8) pomt out that beside the mechanical advantages of being
abie to clear the airway readily through a tracheotomy tube there are two equally
important physiologic benefits

1 Decreating the respiratory dead space and thereby increasing effective ven-
tifation

2 Decreasing the breathing resistance to lnsplration and expiration. Any tend
ency to progressive mediastinal emphysema 1s elso reduced.

Reliet of Intraplenral Tenslon. Tension pneumothorax and hemothorax are
promptly relieved by water scal dramags A Malecot catheter is inserted with a tro-
car and cannula low down in the midaxillary lins A catheter in the second 1ntercostal
space 1n front and connected to an electric suction device may enhance the effect of
the first catheter (see Chapter 2 Figs 3 through 6) However when intraplsural
bleeding continues or the pneumothorax is unrelieved, urgent thoracotomy is re-

Relief of Pain, With the airway secured and the pleural tension controlled, chest-
wall pain is next reheved by paravertebral mjection of & long-acting local anesthetic
as described 1n Chapter 4

Sedatives should never be given as a sole treatment They do reliove pain, b=
they also depress the cough reflex and encourage m patient and surpeon alike zx
attitude of unreal complacency until the final moment when the patient, unzhe <=
clear his unge, drowns in his own sputum.

That relief of paln is not of the highest priority 1n these sorious emerpEeyr =
well shown by the following case )

CaseE REPORT WK.,lmnlclgcd:iOymmfd.lfmmamotorcyd 1
29 1955 Four hours Iater after an ambulance Journey of 100 mﬂc:kc::y P
mitted under the care of the emergency surgeon He was semicomscion: a——;«,-’
Tounieable and pink in color his breathing was shallow and bubblizz, z;.’;;_p:
was o flafl chest A roentgenogram showed fractures of the right dhrznz;(;‘
Tight second 1o fourth ribs and left second, Alih, and sixth ribs, Thiy fag, o
was taken with the patient recumbeat, the blood ia the iy

pleunl cover g e
l;;gdpne\t:];]mv.:;r‘:yx His observers during the night believed b ¢5 ;:;x{,;, ::c{
on, thou, morning he had surgical ysema ,._; . it
45 per minute. : el dars e

At this stage, when semicomatnss and cvanmad ha e - .

Irweser
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surgeon He was taken at once to the endoscopy room for aspiration bronchoscopy,
but before 1t was done, an attempt was made to relieve his pan by paravertebral
mjection of local anesthesia While this was under way, his condition suddenly
deteriorated, he was bronchoscoped and the bronchial tree, full of blood and
clots, was sucked clear A right pneumothorax was simultaneously relieved by an
intercostal water-seal drain He did not respond, and further resuscitative measures,
mncluding cardiac compression, were of no avail Autopsy confirmed the immediate
cause of death to be asphyxia from contusion of the lungs with bilateral hemo-
thorax and bronchial occlusion

Comment The delay 1n referring this patient proved to be his undomg His flail
chest, moust respiration, deepening cyanosis, and inability to cough up sputum were
clear indications for emergency action Had he been treated promptly by bronchos-
copy, enhanced by tracheotomy, to secure an adequate airway, mntercostal drainage,
and chest support with pad and elastoplast, the immediate dangerous corner could
have been turned to allow of subsequent thoracotomy for hemothorax and chest
stabilizing procedures. The final error was to assume that relief of pain took preced-
ence over adequate oxygenation of the lungs

Stabilizing the Chest Wall. The four objectives for stabilizing the chest wall are

1 To restore the elastic continuity of the chest wall,
2 To restore negative mtrapleural pressure,

3 To correct paradoxical respiration,

4 To correct mediastinal motion (9)

With the intact chest wall so fundamental a part of the mechanism of normal
respiration, a flail chest wall 1s one of the serious emergencies of traumatic surgery

When there are unilateral rows of fractured ribs (which usually occur in the an-
terior or postertor axillary lines), the unstable segment lies laterally When there
are bilateral fractures (which usually lie in the anterior axillary Iine or costochondral
junction), the unstable segment lies 1n front Because of muscle and scapular support,
posterior rb fractures seldom produce paradoxical respiration

There are three ways of stabilizing a flail chest wall.

1. Pad and strapping support,
2 Skeletal traction,
3 Surgical fixation

PAD AND STRAPPING SUuPPORT While intercostal nerve block plus pad and strap-
ping support can relieve a patient with fracture of onc or two ribs and are funda-
mental first-aid measures m controlling a sucking chest wound, they have little
place 1n final treatment of an obviously flail chest wall Regarding strapping suPpon
of these serious cases, Bernatz and Kirkhin (1) mightly point out that immobiliza-
tion cannot be satisfactorily accomplished unless both sides of the chest are strapped
This 1n itself limits respiratory excursion, and the effectivencss of the cough is re-
duced, especially in the aged with poor respiratory reserve At times, too, the skin
becomes cxcortated at the site, hindering subsequent intercostal nerve block or tho-
racotomy Nevertheless, this method has saved hives when the flail chest was not too
severe It 1s mntercsting further to note how nature can readjust a scvere dc’formuy
of the nibs when treated by strapping support, provided the underlying lung is func-
uomng normally (scc Chapter 4, Iig 1).
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Fig 3A Fracture of sternum Fig 3B Reduction by cuphook traction

5 Apply dressings to the wound,
6 Apply up to five pounds traction over a pulley, supported on a Balkan beam.

In an alternate method, Jones and Richardson (11) advise the use of tenaculum
forceps to obtain sternal traction Agam, the author has passed wires around the
sternum with a Gilliam needle (Fig 4B)

Traction 15 usually required for 10 to 14 days, by which time the chest wall will
be firm once more

SURGICAL FIxaTION In 1950, Coleman and Coleman (12) first reported a serics
of 11 paticnts with multiple rib fractures associated with varying degrees of shock
and paradoxical respiration who were treated by internal fixation of the fracture
sites by wire According to their report, disturbed thoracic function was immediately
corrected, known and unknown complications were recogmzed and treated at the
time of the operation, and the pamn of the fractured nibs was immediately abolished

Approach for Anterior Fractures Fractures of the upper five nbs anterior to the
nudaxillary hine are best approached by an anterior incision along the axillary border
of the pectoralis major muscle Elevation of this muscle will then give cxcellent access
for wiring cither the ribs or the costal cartilages (Fig 5)

Approach for Posterior Fractures Fractures mvolving the upper five nibs pos-
terior to the mudaxillary hne are approached through a penicapsular ncision Frac-
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Fig. 4A. Alternstive method of applying continnons traction for anterjor flail chest wall,
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Fig. 4B. Closcup showing detail.
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Fig 5 Approach for drect fixation of anterolateral flail chest

tures of the sixth to tenth ribs are exposed by placing the skin incision over the frac-

tured nbs
Approach for Double Fractures Excellent exposure 1s obtamned with a U-shaped
incision, after which skin, subcutaneous tissue, and latisstmus dorst are reflected

upward
A combination of these approaches can be used for exposing fractures at all sites

(F1ig 6)
Method of Fixanon To avoid dislocation of the fragments by coughing, ribs
must be wired in two planes The following methods have been found dependable

and adaptable to almost any type of nb fracture.

1 Oblique fractures requirc end-on wiring as well as circumferential wiring.
2 Transverse fractures require either overlapping of the fragments or end-on

fixation over a bone peg

Overlapping of fragments leads to shortening of the rib and 1s thus not adaptable
to multiple fractures n one b Intramedullary pegging of transverse nib fractures
accompanied by cnd-on wiring with No 28 stamless steel ware gives sturdy freation
capable of withstanding respiratory excursion and coughing
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The ribs are drilled 2 cm. from the ends of the fragments A smtable peg of cor
tical bone 3 cm. long is cut from the supenor border of a neighbonng healthy rib
After tunneling the medullary cavity of the fracture tragments with a hemostat, the
bome peg 18 introduced and the fragments approximated over the bone graft by draw
ing the previously placed wirc taut. The wirc maitains the rib alignment in the longi~
tudinal areas while the bone peg prevents dislocation in the transverse plane Inter-
costal muscles sutured around the fractures give additional support.

Blood Replacement. After severe chest wnjunes, shock is the rule and accompa
[es extravasation of blood nto the lung parenchyma or pleural cavity As bleeding
can continue msidionsly and es the pleural cawity can readily hold four pmts of
Ylood and clot, blood grouping and crossmatching are essential. Any blood loss must
be replaced by transfusion.
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On Adnussion to Hospital The procedure on admission of the patient to the
hospital is as follows, depending on the case:

1. If respiration is seriously embarrassed, emergency tracheotomy and inter-
costal drainage may be required i the emergency ward. Chest roentgenograms
follow and further treatment is carried out. The time to do a tracheotomy is
when considering whether or not it should be done

2 If there is a compound fracture, the patient should be admtted directly to
an anesthetic or resuscitation room adjacent to the operating room He 15
then anesthetized and intubated, and the situation is thus brought under con-
trol. He is next undressed and prepared for operation

3. When there 1s a closed injury and the patient is not m acute respiratory dis-
tress, chest films are taken and are used as a guide—but by no means the only
guide—to his lesion. If at all possible, the patient should be sat up, if only
to 45 degrees, to allow the shadows of hemo- and pneumothorax to separate
As has been seen, roentgenograms do not answer the most important problem
of all. “How serious is the lesion?”

4 Thereafter, 1f the patient has a bubbling respiration, bronchoscopy, with or
without tracheotomy as indicated, is performed. Tension pneumothorax is
relieved by intercostal water-seal dramnage. Pain is relieved by mtercostal
nerve block, and the chest wall 1s supported and transfusion set up.

5 A special nurse and physiotherapist are essential, and the least labored breath-
mg, quickening of the pulse or falling of blood pressure must be reported to
the surgeon

As time 1s paramount in these problems, sterile tracheotomy, mtercostal dramn-
age, chest aspirating, and bronchoscopy sets must be kept by the patient’s bedside
Such sets should also be standard equipment in all casualty departments

Clinical Course. Any mcrease in the hemothorax 1s gauged by increasing pallor.
pulse and respiration rates, and by seral chest films at hourly intervals If bleeding
is uncontrollable, if a large hemothorax cannot be aspirated, if a major bronchus or
the diaphragm is ruptured, or if the lung 1s severely lacerated or other lesions are sus-
pected, urgent thoracotomy 1s indicated

Since thoracotomy often results in rapid improvement when performed for pa-
tients who have compound fractures, and also provides the opportunity for suturing
the torn lung and evacuating a hemothorax, 1t may well be that, with the site of the
lesion localized, thoracotomy should be performed for all senous closed-chest in-
juries Growing experience backed by autopsy findings supports this view. '

In country districts where animal or tractor accidents occur, the injured Pauent
may first be admutted to a small country hospital. If, by the above measures, his con-
dition can be improved and made relatively safe, he should be .transported as soon as
possible to a thoracic unit where all the complexities of persisting pneumothorax, re-
tamned secrction, meffective chest stabilization, and blocked tubes and bottles are
more familiar and more readily adjusted. In such a transfer, a doctor should accom-
pany him in the ambulance

CONCLUSIONS

Any thoracic trauma is serious It must be treated with the utmost respect Mapy
pauents recover, but those admitted after major thoracic trauma still remain a major
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problem the more so in that their injuries 80 effectlvely destroy the mechanism of res-
plration. The danger 1t anoxie, and three minutes of complete anoxia is fatal

That these petients with major traume can live several hours after admission to
hosputal 18 a challenge above all becanss the victums are often young men and be
canse death 15 more often based directly on the effects of asphyxia from disorder
of chest function than from associated irrecoverable lesions Time and timing are
the essence of the contract

Shefts recent monograph (21) gves an excellent account of this smportant sub-
Ject.
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Pleural Emergencies

6

THE MANAGEMENT OF SPONTANEOUS
PNEUMOTHORAX

The spontaneous leaking of air from one or both lungs mto the pleural cavity 1s
basically a sign of lung disorder the nature of which should, if possible, be determined
before 1t 1s treated

Historical Note. Emerson (1) records that spontaneous pneumothorax was first
named by Itard (2) in 1803 and accurately described by Laennec (3) in 1826 After
McDowel’s (4) report in 1836 of the lesion 1n a tuberculous patient, the cause was
usually accepted as “tuberculous” until Kjaergaard (5) 1n 1932, analyzing 51 cases,
found that spontaneous pneumothorax rarely had anything to do with active tubercu-
losis, which developed m only one of his series Legget and associates (6) found
negative Mantoux tests 1n 50 per cent of their series This nontuberculous etiology
18 supported by all subsequent contributors

PATHOLOGY

Etiology. No age 1s immune, but healthy males aged 15 to 30 years are most
commonly affected Shefts (7), analyzing 114 cases, found the average age was 27 5
years, with the youngest a newborn infant 2 months premature, the oldest 73 years
of age. Fafty per cent of the total cases were under 25 years of age and 80 per cent
under 30 Males predomimate over females in _the ratio of 10 1 Harris (8) reported
the lesion 1 10 newborn infants with resprratory distress.

Rappot (9) divides the causes into five groups

I Structural cysts,

+Z. Inflammatory disease,

3. Emphysema, especially the chromic obstructive type,
4 Trauma, including the postoperative group,
5. Idiopathic.

The most common cause 1s rupture of subpleural emphysematous vesicles of two
types

L1 A vesicle occurring on localized emphysema without scar tissuc,
2~ Multiple apical vesicles beyond the scar of a healed primary tuberculous focus.

Only 6 to 10 per cent of cases of spontancous pneumothorax are associated with
activg tuberculosis (9, 10). Rarer causes include rupture of a subpleural staphylococ-
cal lung abscess, especially in infants, partial bronchial occlusxo.n from forcign body
or primary or sccondary ncoplasm (11), ruptured hydatid or giant emphysematous
cysts; bronchicctasis, and chest-wall trauma without fractured nbs Spontancous

88
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poeumothorax has also been reported n 36 cases in which 1t complicated pneamo-
peritoneum therapy (12) and has oecurred on the patient’s contralateral side as an
unexpected complication of thoracic surgical procedures (13 14) In the authors
experience it has a{so occurred on the ipsilateral side after three days of normal
convalescence from ligation of patent ductus arteriosus As D Abreu (15) stresses
in some 30 to 40 per cent of patients 1t develops without obvious signs of pulmonary
discase

Regarding the side affected, Crowther (16) reported that, in over 400 cases
collscted from the literature the relative incidence was 57 per cent on the right side
and 43 per cent on the left. Tt 15 usnally unilateral, but approximately 10 to 12 per
cent of spontancous pneumothoraces arc bilateral. In his 71 cases Brock (17)
studied 15 bilateral alternating cases and in 8 both sides were involved simultane
outly

Meck " Pn T

les of Sp P A wubpleural vesicle may rupture
directly mto the pleural cawity or awr may leak from a decper bronchiole or alveolus
migrate under the visceral pleural surface and form blebs which then rupture into
the pleural cavity Occasionally too air treks back along the main bronchus into the
lung hilum and medastinum  causing mediastinal and cervical emphysema. When
a pleural adhesion 18 torn, blood or pleural fluid may collect, and if the ppeumothorax
18 due to an nfective process an empyema will develop

Course. In many cases with an uncomplicated attack, the pneumothorax steadily
absorbs untll the lung ix fully expanded. Provided the pulmonary leak has sealed,
the air absorbs at the rate of 125 per cent per day (18) the time required being
directly proportional to the size of the pneumothorax

Kjacrgaard found most absorbed withun 6 weeks to 24 months whils Rotten
berg and Golden (19) reported the averags time required for complete re-expansion
was 4 weeks with the shortest 6 days and the longest 12 weeks

But the mers absorption of air is no guarantes against recurrence, for 16 of these
same aothors 105 cases had 1 recurrence and 8 had 2 or more recurrences with
an average time of 23 2 months between attacks Fifteen had recurrence in 1 vear
orless and 5 in 5 years or more after the first pneumothorax. Brock s (17) 71 cases
all had recurrent or chronic spontaneous pneumothorax.

Complicxfions, The complications of spontancons pnewmothorax are

Tention pneumothorax

Simultaneous bilateral preumothorax
Recarrent or chronic pneumothorax
Pleurel effusion

Hemopreumothorax,

Empyema.

The firat four of these will be discussed in this chapter the last two will
custed n succeeding chapters i ° b\edl!~

A s LN =
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lngSyt;g‘tlomt]}! Spontaneous pncumothorax rarel

or heavy lifting (10 20) Thirty per cent of Shefts (7) cases associa

w:th’lx‘[n;l;d physical actvity and in 20 per cent the patients wemrcsllu::ebed. o
onset is usually sudden and accompamied by & sharp pleuntc pam :

y occurs doring a period of stram
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anteriorly or on the shoulder of the collapsed side Breathlessness and tightness are
present When the lesion 1s bilateral, respiratory embarrassment and cyanoss are
added The greater the degree of collapse of the lung, the more severe the symptoms

Signs. General Depending on the severity of the pneumothorax, the patient may
have hittle distress, or he may be anxious and apprehensive because of respiratory
embarrassment There may be surgical emphysema of the face, neck, arms, and chest
wall

Further physical signs fall into five groups, of which the first 1s usual and the
rest are complications

Pneumothorax Without Tension The heart and trachea remain central, but there
are signs of pneumothorax with unilateral reduced air entry, hyperresonance and
dimmushed breath sounds

Bilateral Pneumothorax When the pneumothorax 1s bilateral, the mediastinum
1s again central, but the bilateral hyperresonance and acute respiratory distress point
to the diagnosis -

Tension Pneumothorax In addition to the signs of a unilateral pneumothorax,
there 1s evidence of increasing tension 1n the pleural cavity, with displacement of the
trachea and apex beat away from the affected side Physical distress is acute, and, if
the intrathoracic pressure 1s high enough to hamper the function of the normal side,
respirations become gasping, the face cyanotic and the pupils enlarged Finally, if
the condition 1s unrelieved, death ensues from asphyxia

Hemopneumothorax Besides pneumothorax, there are associated signs of blood
loss (See Chapter 7 )

Pyopneumothorax This 1s associated with signs of toxemia (See Chapter 9.)

Differential Diagnosis and Clinical Course. The sudden pain may occasionally
be confused with myocardial 1schemia, dissecting aneurysm, spontaneous rupture of
the esophagus, perforated peptic ulcer, or cholecystitis with stone

It 1s tmportant that all cases of spontaneous pneumothorax be recognized and
treated, because 1if untreated the condition may be fatal, especially if there 1s tension
pneumothorax This 15 particularly true mn mfancy, Harns reported 2 deaths m 10
cases 1 1nfants

Investigations. Unless the patient 1s so distressed that immediate decomp‘rcssmn
of the pleural cavity 1s urgently required, there are six important mvestigations to
consider-

History,

Chest roentgenograms,

Sputum examination,
Bronchoscopy and bronchography,
Pleural pressure measurement,
Thoracoscopy

AN B W

History A careful history of previous respiratory discase 1s most important In
addition to tuberculosis, one should enquire about previous asthma, especially n
childhood, and scek evidence of lower respiratory infection including bronchitis :u'1d
bronchicctasis Twenty of Brock’s (17) cases gave a history of chromc bronchitis,
while 1n an additional 5 bronchiectasis was present
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Fig 1 Right spontancons pneumothorax due to apical bullous cyst.

Roentgenograpky Posteroanterior and lateral films usually disclose
1 The extent of the pneumothorar, pulmonary collapse and mediastinal dis
placement
The presence or absence of pleural effusion
The site size and shape of any plenral adhesions
The probable nature of the underlymg lung discase such as cystic cmphysema
or rarely tnberculosis (Fig 1)

karcher and Swartzel (18) by calculating on the x ray film the area of two rec
tangles drawn around the x ray outline of (a) the hemithorax and (b) the collapsed
lung, determined the percentage volume of the pneumothorax (Fig 2)

This method not only demonstrates that 1.25 per ceat of the pneumothorax 1s

reabsorbed per day but can also be used to estumate length of convalescence if the
condition 1s treated by rest alone

2
3
4

When viewing the plain film it is most important to establish whether the con
dition 13 a true pncumothorax or a gant cyst simulatmg one for 1f glant cysts are
bilateral and are treated with water-seal dralns when mustaken for bilateral spontane

ous pneumothorax tension pneumothorax will rapidly develop and may even prove
fatal

Tomography Is of value in detecting apical bullas
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Fig 2 Method of estimating percentage of pncumothorax (Arca of pleural cavity minus
area of lung gives arca of pneumothorax This 1s expressed as percentage of total area)

Bronchography 1s helpful in (a) detecting unsuspected bronchicctasis, and (b)
diffcrentiating between spontancous pneumothorax and giant bullous cyst.
Sputum Lxamination Sputum if present 1s examined by direct smear and cul-
tured for organisms, including acid-fast bacilh
Bronchoscopy This 1s at times of great valuc in disclosing a partial obstruction
of the bronchi and should be part of a complete investigation of spontancous pncumo-
thorax Figure 5B in Chapter 1 shows a spontancous pneumothorax caused by a
peanut partially occluding the left main bronchus and producing obstructive emphy-
sema beyond Agam, bronchoscopy m a man aged 62 years who had spontancous
neumothorax revealed an unsuspected ncoplasm of the rnight man bronchus not

cvident 1n chest roentgenograms.
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The measuring of Intrapleural pressures with a pneumo-
Lhor};xm show whether or not tha:g is a bronchoplenral fistula l;y wﬂ;g
rapid return of the pressurc gaugs to the inital reading after withdrawel of air It

n pneumothorax,

mfhmto%a most valusble and often the most conelustve way of disclosing
the actual leak in the lung and its nature is by thoracoscopy, which should never bo
omlitted. It may discloss a ruptured bulla of a bullous emphysema, a polycystic lung,
& small bulla beyond an apical scar, or a torn lung In addition, it 1s the finat step in
one well recognized method of treatment.

TREATMENT
The alny of treatment are

Ta securs complete re-expansion of lung a8 00n as possible,
To relieve symptoms

To prevent complications,

To minmize the period 1 hospltal,

To secure early return to normal work.

W=

General Treatment. With spontancous pneumothorax considered as a sign of
underlying lung disease the foregolng mvestigations and assessment should be done
as s00n as possible m order to formulate 2 sound plan for treatment. There s no
place for a policy of laissez faire If the tung does not quickly re-expand of its own
accord, active methods can more rapidly and effectively achiove the desired result.

Thoracenfesis Alone, This 15 of doubtful value and 1s not advised. Rapport (9)
states that of five patients treated by this method only one recovered uneventiully at
the end of tix weeks

Intraplenral Needle and Water-Scal Drainage. Basically thus is of value as an
emergency measure only and should never be relied on as the sole defimtive method
of treatment. For example in two cases it was used when the patients were trans-
ported 80 and 100 miles respectively to a thoracic surgrcal unit.

In ono case—aes there was no closure aftor three weeks and as the patients s
condition was deteriorating and he was developing auricular fibriliation—thora
cotomy excision of the ruptured bull, and lung sature were advised, these pro~
cedures gave a rapid sure cure

The second case fllustrates the pitfalls of the method and the fallacy of 2 laissez
faire policy The patent was admutted to the medical ward after a 100-mile journey
with 2 needle and water-seal dramnage controlling the spontancous poeumothorax.
Within 24 hours the needle had broken and the polnt lay m the chest wall, whers
it could not be located. The patient was treated expectantly one month later the
pn:umntbomxmrred.thnhswmﬁnaﬂymfmed,thamdlalﬁydwpinacymc
left upper lobe Thoracotomy allowed removal of the needle closure of the leak,
and induction of artificial pleurisy to prevent recurrence (Seo Chapter 13, Fig. 7)

Intercostal Tube with Water-Seal Draleage. Where thoracic surgrcal facilitles
ere avaflable this is not advised as definitive treatment. It does not strike at the
heanofﬂnpmblcm——tholeak&cmthahmg—ncrdouxtpmndennyummms
against recurrence Like an intrapleural necdle, it ahould be regarded as an im
portant emergency method, especially writh tension or bilatera) Ppocumathorax.
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Fig 2 Method of estimating percentage of pneumothorax (Area of pleural cavity minus
area of lung gives area of pneumothorax This 1s expressed as percentage of total arca )

Bronchography s helpful 1n. (a) detecting unsuspected bronchiectasss, and (b)
differentiating between spontancous pneumothorax and grant bullous cyst

Sputum Exanunation Sputum if present i1s examined by direct smear and cul-
tured for organisms, including acid-fast bacih.

Bronchoscopy This 1s at times of great valuc 1n disclosing a partial obstruction
of the bronchi and should be part of a complete investigation of spontancous pncumo-
thorax Figure 5B in Chapter 1 shows a spontancous pncumothorax caused by
peanut partially occluding the left main bronchus and producing obstructive emphy-
sema beyond Again, bronchoscopy in a man aged 62 years who had spontancous
pneumothorax revealed an unsuspected ncoplasm of the night mamn bronchus not

cvident in chest rocntgenograms
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Pleural Pressures The measuring of intrapleural pressures with 8 preumo-
thorax apparatus will show whether or not there is a bronchopleural ﬁ:fn{lﬂz: t;{ wﬂ:;i
rapid return of the pressure gantﬁp to the inttial reading after withdrawal

confirm poeumothorax.
dwThomm::;;I;ﬁfI)ic most valusble and often the moat conclusive way of disclosing
the actual leak in the lung and its nature Is by thoracoscopy, which should never be
omitted. It may disclose a ruptured bulla of a bullous emphysema, a polycystic lung,
Bsmnﬂbuﬂabcyoudnnapicalmr,orntomlung.lnaddit}on,itmtheﬁntnupin
one well recognized methed of treatment.

TREATMENT
The aims of treatment are

To secure complete re-cxpansion of lung as s00n as possible,
To relieve symptoms

To prevent complications,

To mismmizs the period m hospital,

To securc early return to normal work.

wmph Wk

General Treatment. With spontaneous pneumothorax considered as a sign of
underlying lung disease the foregoing mvestigations and assessment should be done
as s00n as possible 1n arder to formulate a sound plan for treatment. There Is no
place for a policy of lalssez fmre If the lung does not quickly re-expand of its own
accord, active methods can more rapidly and effectively achieve the desired result.

Thoracenfesls Alore, This i3 of doubtful value and 1s not advised. Rapport (9)
states that of five patients treated by this method, only one recovered uneventfully at
the end of tix weeks

Intrapleural Needle and Water-Seal Drainage. Basically thus is of value as an
emergency measure only and should never be relied on as the sole definitive method
of treatment. For example in two cases 1t was used when the patients were trams-~
ported 80 and 100 mules respectively to a thoracic surgical umt.

In ono case—as there was no closure after three weeks and as the patientss
condition was deterjorating and he was developing aunricular fibrillation—thora
cotomy excision of the ruptured bulls, and lung suture were advised, these pro-
cedures gave a rapid, sure cure

The second case fllustrates the prefalls of the method and the fallacy of a lassez
faire policy The patent wes admutied to the medical ward after a 100-mile jonrney
with & necdlo and water-scal draunage controlling the spontancous preumothorax
Within 24 hours, the needle had broken and the polnt lay in the chest wall, whers
1t could not be located. The patient was treafed expectantly ons month later the
pocumotharax recurred. When he wes finally refesred, the needle lay desp in a cystic
left upper lobe Thoracotomy allowed removal of the needle closure of the leak,
and induction of artificlal pleurisy to prevent recurrence (See Chapter 13 Fig. 7)

Intercosta) Tube with Water-Seal Dralnage. Where thoracic surgical facilines
ere avaflablo this is not advised as definitive treatment. It doex not strike at the
heart of the problem—the leak from the lung—nor docs 1t provide any assurance
against recorrence Like an intrapleural needle, it should be regarded as an im-
portant emergency method, especialty with tension or biinteral Ppacumothorax.
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PROBLEMS ASSOCIATED WITH SPONTANEOUS PNEUMOTHORAX

The problems of spontaneous pneumothorax may present themselves in seven
different ways, each requiring variation in management:

Tension pneumothorax,

Pneumothorax simplex of less than 10 per cent,
Ppeumothorax simplex of more than 10 per cent,

Recurrent pneumothorax and that due to obvious lung lesions,
Pneumothorax from mtrabronchial foreign body,

Resistant pneumothorax,

Postpneumornectomy spontaneous pneumothorax

N O A WL

Tension Pneumothorax. This 1s a true emergency, requiring prompt recognition
and treatment

In the most dire case, a stab 1 the chest wall with a scalpel will allow escape of
air and the more leisurely insertion of a water-seal dramn

Alternatively, a needle inserted into the pleural cavity and attached by a tube to
water-seal dramnage usually functions for 24 hours With bilateral pneumothorax
this treatment 1s of even greater value as a first-aid measure However, as already
stressed, this method neither removes the cause nor guards agamnst recurrence, and
an artificial pleurisy must later be induced (See below )

Pneumothorax Simplex of Less Than 10 Per Cent. If serial roentgenograms of
a first attack show a steady absorption of air and re-expansion of the lung during the
first week, the pneumothorax can be treated conservatively by rest The principal
disadvantage 1s that 1t takes a month or more to re-expand the lung (19) In addition,
both the patient and the physician should understand that recurrence can occur in
30 to 40 per cent of cases (16, 21) and that this method 1s no safeguard against re-
currence which can be more severe and most inconvenient when the patient 1s far
from medical aid The only true security for the future les in obliterating the pleural
cavity

Pncumothorax Simplex of More Than 10 Per Cent. As this disease occurs mainly
m fit, young, famuly-supporting males, the prospect of treatment by bed rest alone,
with 1ts prolonged convalescence and no secunty for the future, 1s too unreahstic. In
a first attack, when there 1s no x-ray evidence of a bullous cyst or scrious leston, the
most satisfactory approach 1s as follows (Fig 3A)

1 The patient 1s well sedated with Morphine 22 mg and scopolomine 0 43 mg ,
and under local anesthesia a thoracoscope 1s passed n the midasillary lmne.

2. The apex of the lung 1s mspected and, as likely as not, a small apical bleb
will be scen If there 1s an adhesion, this 1s divided by clectrocautery

3. An artificial pleurisy 1s next induced by hberally puffing 10dized talcum pow-
der throughout the pleural cavity The author has used this method over ‘thc
past eight ycars and has found that it gives an cxcellent pleural reaction with-
out the scvere pain and excessive fluid formation of silver mitrate solution
Further, the wide coverage ensures a generahzed pleurisy as opposed to the
Jocalized reaction from injecting camphorated oil (which 1s more valuable as
a counterirnitant on the chest rather than in at).

4 To ensure immediate and total re-cxpansion of the lung, o Jacques or Malecot
rubber catheter 1s next mtroduced through the thoracoscopy cannuly and
connected to water-seal dramage and continuous suction (g 3B8).
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Flg. 3A. Total left spontanecns pncamothorar.

S The patient is returned to tho ward v the x ray department, where films
confirm the reexpansion of the lung Continuous suction 18 maintmned at
2 pressure sufficient to remove all escaping air usuafly 5 to 10 mm. Hg If
the lung has not re-expanded, bronchoscopy 1s required, lest there be retained
endobronchial secretion requiring aspiration (22)

6 The fistula usually closes within 36 hours and the tube bocomes blocked
within 48 hours. After a further roentgenographic check of full Jung expan
sion, the tube is removed.

7 If an apical pocket of air persists this is aspirated in the first instance but if
the fistula is still present, the intercostal tube is remnserted higher up and a
further 48 hours of suction and roentgenographic check carried out.

CoNVALESCENCE The patient has pain for two or three days thereafter it lessens,
and he can usually be discharged withun a week and be fit for light duties withm two

weels. With adequate treatment and careful tube management, recurrence 1s un-
known (Fig 3C)
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Fig 3B Re-expansion of lung following thoracoscopy, artificial pleurisy, intercostal water-
scal drainage and continuous suction

COMPLICATIONS OF TREATMENT OF PNEUMOTHORAX SIMPLEY These can arise
1n patients not promptly referred for active treatment, and they constitute a further

reason why laissez faire 1s not advised. The complications are.

1. Pleural effusion;

2. Empyema;
3. Bronchopleural-cutancous fistula.

Pleural Effusion. There is an associated outpouring of fibrin which coats the

visceral pleura and prevents full expansion of the Jur -
In addition, the cffusion may become nfecte m an empyema. Both are
reventable by prompt treatmenpt as described a 'y constant postoperative

leural suction with waterz ape ‘

If these complication: !, however
'ts toler

nolytic cnzymes may free
size of the empyema, £ib Lcatio.

qu

racentesis sath fibri-
at de - an the
“fu rc-
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Flg. 3C. Fistula closed and lung well acrated ono week later

Bronchopleural-cutaneous fistula is more likely to occur (a) when no suchion
has been used or (b) whea there is a largs apical emphysematous cyst or cysts Tho-
racotomy 1s advised, and this procedure can allow excision of the causatve lesion.
If still persistent, then thoracoplasty 1s advised (Fig. 4D)

Poemmothorax That Is Recmrent or Dus to Obvious Lung Lesons, Here the same
small apical bicbs as mentioned above large or glant cysts or a polycystic lobe are
the usual causes In particular the last named require prophylactic resection before
they rupture and produce tension pneumothorax. On other occasions a pulmonary
neoplasm or locelized bronchiectasis is discovered at mvestigation.

These cases require thoracotomy and palmonary resection, be it wedge resection,
segmental rescction, lobectomy or pocumonectomy according to the lesion being
treated. After resection is complete 10dized talcum powder 18 blown over any remain-
ing lung tissue and the chest wall Is closed over watcr-seal dralnage Convalescence is
usually rapid, and most patients are duscharged within 14 days. Ehrenhaft and as-
sociates (23) reported thoracotomy and resection In 19 cases, with eradication of the
lesion and prompt and complete re-expansion of the lung.
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Pneumothorax from Intrabronchial Foreign Body (see Chapter 1, Fig SB).
Treatment 1s primanly endoscopic removal of the foreign body In the author's ex-
penience, this has sufficed If the pneumothorax does not absorb with rest alone, aspi-
ration and thoracoscopy may be required

Resistant Pneamothorax. Spontaneous pneumothorax occurring 1n a patient with
advanced, generalized emphysema may prove most resistant to treatment The fol-
lowing case report illustrates the complexities of management (Fig 4).

Case REPORT. R. T, aged 52 years, was admitted to a country hospital on
March 17, 1955, with severe left spontaneous pneumothorax Inmitial treatment
consisted of thrice-daily aspiration of air from the left pleural cavity As this was
neffective, on the tenth day of his 1llness he was admutted to Dunedin Hospital
The admussion roentgenogram showed apical scarring, generalized pulmonary
emphysema, surgical emphysema of the chest wall, and complete collapse of the
left lung (Fig 4A)

As the patient was 1n poor physical condition, with low respiratory reserve and
blood pressure of 104/80 mm Hg, immediate intercostal water-seal drainage was
mstituted It relieved the tension but did not close the fistula (Fig 4B)

On the twelfth day, he had thoracoscopy, artificial pleurisy with 10dized talcum
powder, dranage, and continuous suction (Fig 4C) On the twenty-fifth day as
there was still a large persisting fistula, left thoracotomy was performed through
the fifth rib-bed The pleural layers were partially adherent, but at the apex was
a ruptured giant bullous cyst communicating with a system of bullous cysts. The
tear was oversewn, and tension on the suture line was reheved by stripping the
upper lobe from the parietes 1n the extrapleural plane In order to produce a more
severe pleurisy, the lung was painted with 10 per cent silver nitrate solution The
chest wall was closed 1n layers with catgut over water-scal dramage Continuous
suction was agamn instituted

On the fifty-fifth day, as the fistulas still persisted and as the space was nfected,
the drainage was made more dependent by r1b resection, on the sixty-ninth day of
his illness, an apical three-rb thoracoplasty was performed The eatrapleural space
required postoperative drainage, and the patient was discharged fit for work on
September 17, 1¢ 153 days after onset (Fig 4D)

In summary, therefore, his treatment was:

1 Aspiration,

2 Intercostal water-seal drainage;

3 Thoracoscopy—poudrage—drainage and suction,
4 Drainage of apical cmpyema;

5 Thoracoplasty with dranage.

Comment* The cxtreme degree of apical scarring and bullous cyst formation on
an old tubcrculous infection made for comphcated, protracted treatment in this

patlcnt.
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Fig. 4B. Fllm after intercosal water-seal dratnage.



Fig 4C After thoracoscopy, poudrage and continuous suction, persisting fistulas
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Fap 3D Finadclosure by three nibapic of thor coplanty
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Fig. 5A. Right sp P thorax after left p y
P ctomy Sp Pneumothorax. In these days of routinely suc

cesstul ;n:\xmoncctomy emphysema 1 the remaning lung 18 almost inevitable
Rarely a postoperative spontancous pneumothorax will develop with serious conse

quences Management 13 as follows

1 Chest roentgenogram to confirm the diagnosis
2 Iatercostal water-seal drainage to make the patient safe
3 Induction of an artifictal pleurisy

Case REporT (Fig 5) R.C. alad aged 10 years, had left pneumonectomy in
September 1954 for total left hronchuectasls Three months later—while on a
carrousel at & seamnde show—he became “tight in the chest™ and was taken to the
hospital. A right pneumothorax was aspirated, and he traveled 140 miles home
Two weeks later the pneomothorax recurred, and be was admitted 1n a distressed
state to the pediatnc department where an intercostal needle was Inserted This did
not seal the leaky, and on January 1 1955 he was referred for induction of an artifi-
cial pleurisy

With the patient intubated to allow of controlled anesthesia, a trocar and can
nuls were Inserted into the right pleural cawity and poudrage with lodized tale
was performed, Two Malecot catheters were inserted—one a3 a drain and one as an
alr vent—and connected to water seals and suction,

On January 31 10 oz of strawcolored fluid were aspurated thereafter con
valescence progressed mathsfactorily
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Fig 5B Right lung re-expanded after thoracoscopy, poudrage, and suction drainage
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Fig 5C Chest film cight weeks later
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CONCLUSIONS

Spontaneaus preumothoraX 15 an CMEIEEncy that requires prompt adequate
treatment, if prolonged convalescence and recurrences arc {0 be avoided. All cascs
of recurrent spontaneous pncumothorax, chronic poevmothorax and bilateral re
current preamothorax require thoracotomy
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SPONTANEOUS HEMOPNEUMOTHORAX AND
HEMOTHORAX

Introduction. Spontaneous hemopneumothorax, the most serious complication of
spontaneous pneumothorax, requires fuller consideration In 1828 Laennec (1) re-
ferred to an autopsy in which “upon penetrating the left side of the chest, a large
quantity of inodorous gas made 1ts escape with a hissing sound” from a pleural cavity
that contamned “about ten ounces of a bloody serosity ” In 1876, aspiration was suc-
cessfully used by Whittaker (2) whose patient, after the removal of 34 oz of bloody
fluid and air from his chest, made an uncomplicated recovery

In 1900, both Pitt (3) and Rolleston (4) each mdependently reported a fatal
case 1n a young man, and Pitt gave the lesion the present-day name of “spontaneous
hemopneumothorax ” In 1948, Elrod and Murphy (5) first published an account of
pulmonary decortication for this lesion, while in 1951 Neuhof (6) recorded having
done such an operation in 1936 B

In 1951, Myers and associates (7) described the first “early” thoracotomy 60
hours after onset of symptoms Ross (8) and the author (9), 1n 1952 and 1953, each
reported successes with emergency thoracotomy for massive spontaneous hemopneu-
mothorax, and smce then this direct approach to secure the bleeding point has become
a standard procedure In 1955, Fry and associates (10) found a total of 174 cases
in the literature, and they published an extensive bibliography

PATHOLOGY

Both spontaneous hemothorax and hemopneumothorax are complications of
spontaneous pneumothorax The lesion 1s 15 times as common 1n males as 1 females
(11) The ages most commonly affected are between 17 and 32 years, and the aver-
age age incidence for all reported cases 1s 28 years (10). The right and left sides are
affected equally Though unusual, recurrence has been authenticated (12), while
an earlier or later spontaneous pneumothorax has been described (13, 14) . .

Pathogenesis. Hemothorax may be expected in 8 to 10 per cent of patients with
spontaneous pneumothorax The bleeding may arise 1n two ways, eltl}er 1, fron} a
vessel 1 the wall of the torn cyst, or 2, from mounting mtrapleural tension stretching
and finally rupturing an adhesion If the fistula persists and has a “ball valve” mecha-
nism, a tension hemopneumothorax results Helwig and Schmudt (15), reporting 14
fatal cases exammed at autopsy, found 4 with torn adhesions, 4 with ruptured blebs
and 6 mn which no bleeding pomnt was detected

Course. The bleeding 1s insidious and steady, and 1t 1s chnically Iatenf until 1 to
1 5 hiters have been lost The pleural cawity steadily fills with blood which rapidly
clots and becomes defibrinated As much as a 10-liter bleed has been recorded (10)

Rarely, espectally when the patient has a blood dyscrasia, spontancous hemo-
thorax results with similar problems (16, 17)

Depending on the severity of the bleeding, there are two cffects.

104
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Clinical Features

Fg 1A Chest Sim showlng wmell sight spontanects preumathorax (Feb 26 1952 530PM)

1 Locally the lung 13 collapsed by the hemothorax and is held collapsed by fibrin
which is depostted In thick layers on the parietal and visceral pleurae thus
seriously restricting lung function

2. Systemically there are the cfiects of blood loss Massive bleeding, unrelieved,
is rapidly fatal within 24 to 48 hours

Congriff (18) has clearly shown that the hemothorax clots earlv and 1s followed
by the usual phenomenon of fibrinolysis and by the deposition of flbrin on the col
lapsed lung

CLINICAL FEATURES

The onset may be sudden or insidions and occur while the patient is resting
Occaxionally it occurs durmg exercise (9)

Typically the paticnt, e healthy young male, suddenly develops spontaneous
pocumothorax with accompanying tightness in the chest, shortness of breath, and
pain which may radiate to the neck, shoulder or upper abdomen The tymptoms may
abate, but usually they recur within 24 to 48 hours with faintness sweating, shock
collapse a rising pulse rate and falling blood pressure indicating blood loss In ad
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Fig 1B Sameday (7 30PM ), rapid 1ncrease 1n blood loss, with total collapse of right lung
Emergency thoracotomy Bleeding from wall of torn apical bullous cyst

dition, physical exammation of the chest shows the classical signs of pleural effusion
and perhaps displacement of the mediastinum to the opposite side

If the patient 1s first seen some days after hemorrhage has ceased, there will agan
be signs of pleural effusion as well as anerma There may be slight pyrexia, leukocy-

tosis, and a raised erythrocyte sedimentation rate
Investigations. Awareness 1s the way to prompt diagnosis and treatment The

four 1mportant investigations are.
1. Chimcal Examnation This will reveal signs of air and fluid n the pleural

cavity, and of anemua,
2 Roentgenography. Anteroposterior and lateral films support the chnical find-
mgs When repeated at hourly or two-hourly ntervals, they show if bleeding
1s continuing and 1if the mechanics of the lung are being altered (Figs 1A-C)
Chest Aspiration This confirms the diagnosis and must never be omitted The
aspirate may be fluid; but if clotted, only a few flecks of blood clot will be

drawn 1nto the syringe
Blood Examinanon Blood grouping 1s essential Serral hemoglobin and

4
acked-cell volume estimations indicate the rate and extent of blood loss and

what volume must be replaced
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Flg. 1C. Chest film taken 10 daya after operation (Mar 7 1952)

- poras

Differential Dingnosis. Hemopneumothorax can readily be mustaken for other
lesions especiaily if the pleural signs have not been detected. Calvert and Smith (11)
report the recorded errors 1n diagnosis Irntation of the diaphragm may produce
signs smmulating an acute abdominal emergency while nansea, vomiting and cven
abdominal rigidity may saggest a bleeding or perforated peptic vlcer acute pancre-
atitls or appendicitls as well as biliary or renal colic Agan, the pain may suggest
coronary thrombosis or 1n the ciderly a dissecting ancurysm.

Proguosds, Most deaths occur withm two days of onset, from exsanguination
Whereas the mortality of reported cases in 1951 was 25 per cent, by 1955 it had
fallen to 12 per cent. Even this figure may be high, because mild cases have not been
recorded. Nevertheleas it indicates the seriousness of thiy leson which 1 essentlally
“internal hemorrhage 1nto a cavity capable of holding the circulating blood volume

As Clyne and Hutter (19) pomt out, “reluctance to operats has led to the hugh
mortality with a chest disability in survivors which at the best results in slow convales-
cence with probably some pormanent plearal thickeung while less fortunate cases
will require the major procedure of pulmonary decortlcation to correct a cippling
chest conditlon. Ono must remember that after initial resuscatation the patient, a
healthy young adult, is fitter for surgery than he is Yikely to be for a long time #

surgery 18 delayed, andthnttherenlmkinthesemllunotlnaperm,,& but In
not operating ™
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TREATMENT

The objects of treatment, therefore, are to-

1 Resuscitate the patient and replace blood loss;

2 Arrest the bleeding and prevent 1ts recurrence,

3. Remove all air, blood, and clot from the pleural cavity;

4. Obtam and mamtam full lung expansion, so that there is a return to full
normal function 1n a mimmum of time

Management depends on whether the patient 1s seen early or late.

THE ACUTE STAGE

Whether the condition is mild or severe, the following routine 1s advised.

1. Sedative. Morphine 15 mg. or pethedine 100 mg will relieve the patient’s
immediate anxiety !

2. Blood Transfusion. Even if the hemothorax 1s small, packed-cell volume,
hemoglobin, and blood grouping must be done as a safeguard agamst further
bleeding If serial roentgenograms show bleeding 1s contunung, blood loss
must be replaced by transfusion In one of the author’s cases (9). the patient
required 4 5 liters of blood 1 six hours, given simultaneously into an arm
and a leg vemn

3. Intercostal Drainage. When there 15 an associated tension pneumothorax,
temporary intercostal drainage 1s Iifesaving, but, because of dlfﬁculty‘ 1 re-
moving the associated blood clot, intercostal dramage cannot be advised as
a permanent measure As Ross (8) advised, one should be prepared to do a
thoracotomy if necessary

4. Aspiration. The diagnoss 1s usually confirmed by aspirating the chest through
the eighth or ninth ntercostal space below the angle of ‘the ‘scapula. At best,
further aspiration by removing most of the blood and air will a]l.ow the Jung
to re-expand and the pleural surfaces to adhere. A chest film is thereafter
taken. If the lung has re-expanded, 1t may be watched by senal roentgeno-
grams at eight-hourly intervals If, however (as 15 more common) there 35
no alteration in the shadow, or if the bleeding continues, other treatment 1s
required

5. Fibrinolytic Enzymes. Fibrinolytic enzymes have a imited place in treating
a small hemothorax with arrested bleeding Though Read and I?erry (20)
have reported successes, the author has found their use disappointing Be-
side the mmtial reaction, the patient must withstand repeated thoracentcs;:l?
with the distinct possibihity that the thick fibrinous walls coating 'thc lunglw y
be unaffected by the lytic process In addition, intrapleural mfectxox; may ccr:;i !
to chronic empyema and the prospect of decortication or an unroo ;x;g o%w
tton Repeated use of these enzymes has also Ied to anaphy]axx.s ( );:ur by
offer no security against further bleeding and may even cause 1tfttoh (r:chm i{
dissolving the blood clot over a bleeding vessel Re-expansion ?t o fr iy
not guaranteed, nor does the method approach the case and safety

cotomy.
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Fig. 2A. Right spontancous pneumothorax (Jan. 11 1952)

THORACOTOMY

Inmost cases the only way to fuifill the aims of treatment, reduce morbidity and
secure prompt return to full uscful employment 13 by thoracotomy This is of espe-
clal value when the blecding has been sudden massive and is continwng Without
operation tuch cases are rapidly fatal The correct attitude to adopt 1s “Now 1s the
hour” (8) (Figs 2A-C)

Preoperative Management. The patient 1s resuscitated, the blood pressure im
proved to over 100 mm Hg, and the hemoglobin rased to at Jeast 80 per cent of
normal with one or more blood drips He 1s then prepared for thoracotomy with the
usual skin toilet. The only premedication required is atropme 0 65 mg

Anesthesia. Because of the blood clot, and air collapsing the affected fung and
because of the distnct possibllity of pleural tension phenomena a cuffed endotra
cheal tube 13 essential A forther safeguard is to Insert temporanly an intercostal
drainage tube into the pleural cavity and so relleve any tension pneumothorax, Thers
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Fig 2B Massive hemothorax, emergency thoracotomy, bleeding from adhesive stump on
paretal pleura (Jan 13, 1952)

after, light anesthesia and oxygen suffice The surgeon also nfiltrates the thoracotomy
site with a local anesthetic solution

The Operation. The chest 1s opened through a standard sixth-rib-bed approach
When the r1b 1s resected, the underlying pleura has a characteristic black color After
the pleura 1s opened, the blood clot, as much as 2 5 liters, 1s manually removed, the
pleural cavity sucked clear, the lung freed and then re-mflated by the ancsthetist A
search 1s made at the apex of the lung and the pleural cavity for the blecding point

In two of the author’s cases treated by emergency thoracotomy, the blecding
pomnt 1n one lay at the parietal pleural end of a torn apical adhesion, 1n the other 1t
was from the wall of a torn apical bullous cyst The first case was arrested by touch-
ing 1t with continued suction 1n connection with diathermy The second case rcqmrc'd
wedge rescction of the oozing, ruptured, cystic arca by clamping with Maingot's
central ridged pedicle forceps and oversewing n two layers with O chromic catgut
mounted on an eyeless needle
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Fig 2C. Postoperative re-cxpansion of right lung (Jan. 14 1952)

An artificial pleuritis 15 next established wth tale and iodine powder or by pamt
ing the parieties with 3 per cent silver mtrate solution. The fung 1s fully re-expanded
and the chest wall closed in layers over two water seal drains—one as 2 draun and
the other as an air vent. Throughout the procedure blood loss must be replaced

Postoperative Management. On return to the ward, the patient requires

1 Continuous intrapleural suction to keep the lung fully expanded

2 Sedatives such as morphine 15 mg or pethedine 100 mg six-hourly
3 Antibiotic therapy

4 Iron therapy such as colliron 4 ml. thrice daily

The patient lies on the operated side with head down and the foot af the bed
rused, in order to encourage blood clot to cover and scal any residual lung leak.

The tubes will usually cease drawmng air or flurd within 24 hours If a chest
roentgenogram confirms that the lung is fully expanded the Intercostal tubes are res~
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moved If, on the other hand, there 1s still a pneumothorax, a fresh intercostal dran
must be inserted at the required site and the earlier ones removed Atelectasis 1s
treated by bronchoscopic aspiration with further check roentgenograms

In practice, these patients do well The lung is re-expanded at operation and re-
mains re-expanded thereafter Sutures are removed on the seventh or eighth day, and
the patients can be discharged between the tenth and fourteenth days Convalescence
is minimal, and return of full lung function and normal activity 1s maximal

THE CHRONIC STAGE

Object of Treatment. When seen in this stage, the bleeding has ceased, the fistula
has usually closed, and the patient is partially adjusted to his blood Ioss, collapsed
lung, and mediastinal displacement. The aim of treatment 1s early and complete re-
expansion of the lung that 1s held collapsed by layers of fibrin and fibrous tissue
There are two methods

1 Chest Aspiration In early cases, repeated and complete chest aspiration has
been reported to be of value,

2 Decortication In the more common established case, however, with a large
hemothorax, the only adequate way to secure these aims 1s by decortication,
to remove the encasing fibrin

Preoperative Treatment. Chest roentgenograms and blood examnation are
necessary, while differential bronchospirometry shows how limited 1s the abulity of the
affected lung to absorb oxygen Bronchoscopy confirms that there 1s no endobron-
chial lesion to hinder complete re-expansion of the lung after decortication

The Operation. Depending on the site and size of the chronic hemothorax, the
chest 1s opened through the bed of the sixth to eighth ribs In large decortications, it
may be necessary to resect the sixth rib to approach the upper pleural cavity and the
eighth to ninth nbs to free the diaphragm On opening the pleural cavity, a dense
wall of fibrous tissue 1s found This 1s stripped digitally from the parietes, and a rib
retractor 1s mnserted

Thereafter, 1t 1s wise to commence from below and 1n front, dissecting free the
diaphragm, the lower lobe, the phrenic nerve, and finally working back toward the
aorta As the lung 1s released, 1t re-expands and fills the pleural cavity. After the
major “peel” has been removed, further constricting fascial bands are separated from
the lung surface

After securing hemostasis with diathermy, gelatin sponge and simlar means, the
chest wall 1s closed over two water-seal dramns which are connected to continuous
high-pressure suction on return to the ward y

Postoperative Management. The routine measures have already been mentione ]
The major objective 1s to keep the lung re-expanded and the visceral and pleura
surfaces adherent so that parenchymal fistulas will close This requires continuous
suction (see Chapter 2), and daily roentgenographic check of the lung The cons1ph-
cations—sputum retention and pleural mnfection—are discussed 1n Chapter 12 tup-
portive antibiotic and 1ron therapy—colliron 4 ml thrice daily—assist correction

e anemia.
o tI;’ostoperatlve check bronchospirometry will reveal if the lung does in f'};}t] abczonr]lf
oXygen OF 1S Just a space-occupyng organ, obliterating thchplcfurl;ﬂl \t:'a:uquc crcpor(
plexity of management of such cases 1s illustrated n the following c:

(Figs 3A-B)
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Fig. 3A. Cheat film (made June 23 1954) five days after onset of left hemopreumothorax,
showing adhesions and collapsed left lung.

Case REPORT D A. aman aged 34 years, was seated at breakfast on June 18
1954 when he expenenced left chest pain which rapidly increased 1n seventy and
spread to the left shoulder On June 21 he was admitted, cyanocsed and breathless,
to a country hospital. His pulse was 140 per minute, respiration 30 per minute and
he had signs of a left tenslon pneumothorax with the trachea and heart displaced to
the right of the sternum. He was considered to have a spontaneous hemopneumo-
thorax which was treated by thoracentests with great rellef. The needle was left in
sdtu and attached to a water-seal drain for three hours after which it became
blocked and was removed

On June 23 he had 1.2 liters of blood transfused and was transferred 100 miles
to Dunedm Hospital On June 24 450 ml. fluid were aspirnted and the hemoglobin
was 9 gm. per 100 ml. His temperature rose to 102 F As there was no great mdio-
logic improvement, ay expectant treatment would prolong morbldity and as the
fever indicated a possible developing empyerma, surgical treatment was advised

On June 25 a week after onset, a left thoracotomy was performed. The left
pleural cavity contained 12 liters of blood stained serum and 0 8 liters of blood
clot. Thess wero removed together with & film of fibrin over the lung, which then
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Fig 3B Two days later (June 25, 1954), no change, despite thoracentesis Thoracotomy,
with decortication of left lung, was done

completely re-expanded At the apex of the lung were small bullous cysts beyond an
old healed apical scar One cyst had torn and bled The cysts were excised, the lung
sutured with continuous catgut, and the chest wall closed over water-seal drainage
The lung remained fully re-expanded, and the patient was discharged convalcs-
cent on July 5, 1e 12 days after admission and 19 days after onset of his lesion

CONCLUSIONS

In conclusion, spontancous idiopathic hemopneumothorax 1s almost caclusively
confined to males between the ages of 17 and 40 It usually occurs as a result of
perforation of a bullous cyst that gives rise to bleeding from its wall, or from a torn
pleural adhesion The most common symptoms are chest pamn and increasing dysp-
nea and shock from blood loss The morbidity 1s high {rom fibrothorax, and the
mortality 1s approximately 12 per cent. The treatment of choice 1s primary thora-
cotomy which not only 1s a life-preserving operation but also lowers morbidity. Late

sequclac require decortication
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TRAUMATIC CHYLOTHORAX

Historical Note. “Injury to the thoracic duct 1n the chest and the ensuing escape
of chyle mto the free pleural space constitutes a grave catastrophe in which there 1s
scarcely an even chance of recovery” (1)

Ascellius 1n 1627 first described the lymphatic system (2) Six years later, Barte-
lot gave an account of chylous effusion into the pleural cavities (3) The first authen-
ticated case of traumatic chylothorax was reported by Quincke (4) in 1875 In 1935
Lillie and Fox (5) stressed that careful analysis of the aspirated fluid 1s essential 1n
making the diagnosis

Regarding treatment, intravenous chyle was mtroduced by Oeken in 1908 (6)
and first described 1n the English Iiterature by Wilhamson 1 1920 (7) In 1931,
van Nuys (8) reported using roentgen therapy, while n 1943 (9) Peet pioneered
intrasternal injection of chyle In 1944, Loe (10) successfully treated a case caused
by a gunshot wound through the upper chest and the root of the neck by thoracic duct
ligation Lampson (1) 1n 1946 and Baldridge and Lewis (11) 1n 1947 each proved
that the lesion could be cured by ligation of the thoracic duct within the chest; this
1s now accepted as the logical approach to treatment )

Anatomy of the Thoracic Duct. The anatomy of the thoracic duct has been de-
scribed by many different authors It shows numerous variations 1n structure, even
in normal mdividuals Davis (12) describes 9 types, Anson (13) shows 12 These
vary all the way from a single trunk to completely symmetrical bilateral structures
Stuart (14) felt that a single channel might almost be regarded as an abnormality,
so frequently 1s this part of the Iymph system found to branch and subdivide

Whether single or branching, this duct, whose walls are composed of smooth
muscle and fibrous tissue, varies from 4 to 6 mm 1n diameter It arises 1n an irregular,
saclike dilatation, the cisterna chyli, on the anterior surface of the second lumbar ver-
tebra and between the right crus of the diaphragm and the right side of the aorta
There are tributary trunks—the intestinal, the bilateral lJumbar, and the descending
trunk—draiming the lymph from the lower six mtercostal spaces Entering the thorax
through the aortic hiatus 1n the diaphragm, the thoracic duct is usually described as
ascending on the vertebral column, behind the mtercostal arteries, and between the
azygos vein and the aorta At the fifth thoracic vertebra, 1t inclines to the left into the
superior mediastinum, to ascend behind the aortic arch and the left subclavian artery,
and between the left side of the esophagus and the left pleura.

In the neck, the thoracic duct, arching above the clavicle, crosses in front of the
left subclavian artery, the vertebral vessels, and the thyrocervical trunk .(or its
branches), to enter the venous system at the junction between the left subclav.mn and
the right subclavian vemn at its junction with the left subclavian and the left internal
jugular veins,

If there is also a right duct, 1t will be about 125 cm long and normally cnds 1n
the right subclavian vein at its junction with the left subclavian and the left internal

jugular veins
116
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Stranahan and associates (15) from an original study of thoracic ductography
reported that In 30 cases studied the anatomuc variations fell into five groups

Group 1 An entirely nght-sided duct—13 per cent,

Group 2 Duct single throughout 1ts course—30 per cent

Group 3 Duct single at and below level of the tenth thoracie vertebra with a
double duct or ‘Insular pattern In the upper thoracic region—33 per
cent

Group 4 Many channels at the diaphragm but single trunks above—16 per
cent

Group 5 Two distinct ducts at and below the level of the tenth thoracic vertebra
—-16 per cent.

Phystology The thoracic duct conveys chyle, lymph, and Iymphocytes into the
systemlc circulation Its rate of flow vanes from 60 to 90 ml per hour (16) so that
if the duct were severed a patient could theoretically lose as much as 2 or 3 liters per
day The pressure within the duct is normally low, but after ligation it may nse to as
much as 35 cm of water (11) The same factors which affect venous return mnflu
ence the flow of chyle in the thoracic duct.

The chuef characteristics of chyle are that it 1 milky in appearance odorless and
opalescent with a distinct creamy layer on standing which results from finely emulsi
fled fat globules It 1s sterile resists putrefaction, is alkaline has a specific gravity of
1010to 1021 with & hugh fat content of 0 4 to 4 per cent, total protein exceeding
3 gm. per 100 mL. and total solids greater than 4 per cent. It is also rich 1 lympho-

In chylothorax there is a progresssive fall in lymphocyte percentage of the blood.
With Sudan IIT its lipord substances are stuned orange

Bacteriology Many observers (1, 16 17) support the view that chyle is bacten
ostatic,

Pharmacology Vagal stmulation produces contraction of smooth muscle and a
decrease 1n the flow of chyle through the duct. Adrenalin produces dilatation of the
duct and an increased flow (16)

PATHOLOGY

Traumatic chylothorax 1s an unusual disorder Lampson (1) found only 69 cases
recorded in the accessible literature The formudable mortality however and the
easel:xth which it can be effectively controlled by prompt treatment warrant descrip~
tion here

InLampson s series the age ranged from 9 to 62 years but younger children are
oot immune Sakula collected 13 cases in pationts under 1 year of age and 5 within
the first 4 weeks of Life.

Etlology The causes foll Into three large groups

1 Closed trauma—suth or without fractured ribs, vertebrae, or clavicles. This
group includes compression of the trunk, contusion of the back or chest wall
or even a blow on the abdomen (20) as well s coughing, heavy Ifting or
hyperextension of the spine

2. Operative trauma—such as sympathectomy (21) thoracolysis, excision of
?;'Slmnml tumors, operations on the esophagus or for the tetralogy of

ot

3 Penetrating wounds—stab or gunshot wounds.
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The chyle accumulates 1n the posterior mediastinum, but sooner or later 1t erodes
the overlying pleura and escapes 1nto one or other of the pleural cavities

There 1s always a latent period between the time of mjury and the onset of symp-
toms usually of three to seven days, though 1t may be months (22, 23)

As a general rule, injuries low 1n the thorax result m right chylothorax, and high
injuries 1n left chylothorax

Morbidity. A tremendous volume of chyle can be lost, and thoracentesis may be
required for many months Bauersfeld’s (24) patient lost 22,275 ml of chyle by as-
piration mn 16 days Gordon’s (23) case, admutted to hospital in August 1937, re-
qured monthly aspirations until December 1938, some 16 months later

Mortality. In analyzing 58 cases, Lampson found the mortality was 45 per cent,
primarily due to respiratory or cardiac embarrassment or severe malnutrition “The
patient bleeds to death, his death being due to loss of Iymph and chyle, rather than
to loss of actual blood” (11) Surgical ligation, however, has brought about a marked
decrease m mortality

CLINICAL FEATURES OF TRAUMATIC CHYLOTHORAX
Symptoms and Signs. These fall into four distinct and important stages (25)

1 Accident shock,

2 Recovery and latent period of pleural effusion,
3 Profound collapse,

4 Asthenia, and 1nanition

Typically, following an mjury which severs the ntrathoracic portion of the tho-
racic duct, there 1s a short first stage of shock, ending m apparent recovery In the
second stage, lasting from 2 to 10 days, except for extreme thirst and hunger, the
patient feels improved

In the third stage, with mounting quantity and pressure of intrathoracic chyle,
there are signs of pleural effusion, collapse of the underlying lung, reduction of re-
spiratory function, and perhaps a shift of the mediastinum As the quantity of chyle
steadily increases, the patient becomes critically 1ll, with suddent onset of dyspnea,
pale sweating facies, and even unconsciousness He may have glassy eyes and a weak,
thready, racing pulse Following relief by thoracentess, there 1s rapid recovery, but,
depending upon the rate and quantity of chyle escaping mnto the pleural cavity, the
pleural effusion re-accumulates and the symptoms recur.

In the fourth stage, through continued loss of chyle with 1its fluid, fat, and protein,
there 1s progressive loss of weight and strength, with cyanosis and collapse

Investigations. There are three investigations

1 Roentgenograms of the chest to confirm the extent and cffect of the cfTusion
and the displacement of the mediastinum,

2 Thoracentesis A sample of the aspirate must be sent for Jaboratory identifi-
cation, including estimation of fat content,

3 Kilepser (26) advises that the patient cat a sandwich m which the dyc has
been mixed with butter The following day, on thoracentesis, the chyle, pre-
viously milky or blood-tinged, will be green, purple, or red, depending on the
dyc used, and will confirm that the duct is still Ieaking.
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Disgnosts “Traumatic chylothorax should be consdered as a possibility 1n
every case of pleural collecton of fd dus to surgical or accidental trauma to the
neck, spine chest or its contents (18)

The rapichty of onset, the seventy of symptoms and the equally rapid rehef fol
lowing thoracentesis are charactenstic and disunguush this lesion from hemorrhagic
or other types of shock. The pinkish gray “purulent” appearance of the flud can
readily be mustaken for empyema or hemothorax Though rare complicatons such
a3 chylopericardium and chylous ascites may occur 1n asseciation with chylothorax.

TREATMENT
There ars three aims of treatment of this condition

1 To reduce the volume of chyle and so provent pressure efiects on the lung and
cardiovascular system

2 To mamtam nomtbon,

3 To secure healing of the injured duct.

Prevention of Mechanical Effects. Chyle formation and flow 15 reduced by 2 low
fluid intake and low fat diet 1ts intrathoracic effect 1s reduced by repeated thora
centens

Maintenance of Nutntion. The patent should be weighed daily after thoracen-
tesls A strict fluid balance chart 18 kept, A hugh protein, hugh carbohvdrate diet 1s
taken and blood and plasma transfusions are given as required Bed rest 13 essential
to reduce the pumping action of respiration.

The idea of returning the chyle to the blood stream after aspiration from the
pleural cavity at first xight, appears attractive In 1942 Little and associates (22)
reported retarming 22 liters to the blood stream but this procedure has not been
without mishap for Whitcomb and Scowille (21} reported sudden death, anaphy
lactic m nature though Peet and Campbell (9) could establish no cause for a similar
catestrophe Skin seasitivity tests end the measunng of fat droplets (discarding chyle
when the droplets have a diameter greater than three microns) sbould be used

Healing of the Injured Duct. Regarding measures to promote healing of the
forn duct Seaman (17) advises

1 Dally complete evacuant thorecentests to avold serous respiratory and car-
diac embarrassment,

2 If, after seven days the Ieakage of chyle has not subsided, closed water seal
catheter dramage with positive pressure suction should be instituted

3 1f after an additlonal teven days thus latter therapy does not produce definite
progress exploratory thoracotomy is required.

THORACOTOMY

The author feels that, because of the 50 per cent mortality that
acco

;hlylo\hcmx, zh:nd the excellent results of eatly operation, it 1s usclassty to te:;g::;?

soon a3 the diagnosis has been made and the pan
s o 2 the diogrosts & patient mado safe for thoracotomy

The affected pleural cavity Is explored, the lung retracted, the
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lest empyema supervene The normal apposition of visceral and mediastinal
pleura may be all that 18 necessary

4 1f the lung does not fully re-expand nor the chyle fistala close thoracotomy
and sutare of the leak are essential.
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THE MANAGEMENT OF ACUTE EMPYEMA

Introduction. Although the incidence and severity of acute pleural empyema
have fallen remarkably 1n the past two decades, nevertheless the appearance of anti-
biotic-resistant organisms makes 1t by no means certain that this state will continue
It 15 therefore felt justifiable to discuss in detail the management of acutc empyema
and 1ts bearing on chronic empyema

Empyema confronted and baffled physicians from the time of Hippocrates until
the development of anesthesia, antisepsis, and roentgenography The desire to dramn
the chest was offset by the 1ll-understood problems of pneumothorax resulting from
such drainage

The principle of “closed” intercostal drainage with water seal was introduced by
Kenyon (1) 1n 1911 “Open” dramnage had been practiced for centuries, but m 1918
Graham and Bell (2, 2a), faced with the prohibitive mortality from empyema accom-
panying the great epidemic of pneumomnia of that year, showed experimentally that
the mediastinum 1s so mobile that any increase of pressure 1n one pleural cavity from
pneumothorax pushes 1t over mto the opposite one, so that both lungs are cqually
compressed They showed conclusively that, 1n treating these cases of synpneumonic
streptococcal empyema, safe management required repeated aspiration until adhe-
sion formation Jocalized the empyema sufficiently for rib resection and dramage.

During World War II, further advances m management were made With the
introduction of antibiotics (3), positive pressure anesthesia to control mediastinal
movement, the safe use of wide thoracotomy for decorticating infected hemothoraces
(4), the application of the principles of water-seal drainage and the better apprecsa-
tion of lung function, the dangers that Graham and Bell foresaw were overcome. Not
only can the acute episode be largely controlled by careful aspiration and chemo-
therapy, but full lung re-expansion can be obtamed by formal decortication, and any
causative lung pathology, as bronchiectasis or neoplasm, may be removed by re-
section

Modern treatment, therefore, aims not only to save the patient’s life but also to

Eliminate infection,

Seek and treat its cause,

Produce full lung re-expansion,

Avoid a rigid chest wall with 1ts secondary postural deformities,
Prevent chronic empyema

th N

PATHOLOGY

Empyema thoracts 1s an abscess within one or both pleural cavitics It 15 not
primanly a diseasc entity in stsclf but 1s always secondary to some other causc.

Causes of Empyema. The chief causc of empyenia is lung scpsis, usually mduced
by lobar pneumonia In spite of the introduction of chemotherapy and antibiotics,
lung sepsis probably 1s stll the most common causc Empyema may develop frm?)
pleurtsy during the acute attach of pncumonta (<ynpneumonic empyenma), or follow-
ng the pnecumonia (metapneumonic empyema). 1t may also follow &« bronchopneu-
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Pathology

Flg. 1 Organized fibrin, 2.5 cm. thick, forming vice that cripples lung ventllation. Decortication
speamen.

monia based on bronchiectasis lung abscess, nfected lung cyst or blocking of a
bronchus by a foreign body or by a neoplasm either benign or malignont.

Rarer causes include penetranng wounds of the chest wall postresection bron
chopleural fistulas and perforation of the csophagus be 1t rpontancous (postopera
tive or the result of a penetrating foreign body) or from upward spread of a sub-
phrenic or pennephric abscess

No age group is immune In the author s experrence males are more commonly
affected than females Though usually unilateral empyema can be bilateral It 1s
nssociated with a variety of infecting organisms  preumococn streptococes staphylo-
coccl rarely B coli Fnedlinders bacillus or anncrobic organisms Chronic
empyema due to the tubsrcle bacillus and to actinomyces 11 fot included hers

Pleural infection is at first accompanied by the outpounng of a thin effuston filled
with bacteria This fluid rapidly becomes turbid, thickenung and forming pus

At first, with no plearal adhesions, the condition bs essennelly o diffuse suppura
tive pleunsy The effusion however is rich 1 fibnn which 1s deposited 1n thick
layers on the parietal and visceral pleura and diaphragm The undeslying lung tissue,
held captive by the fibrin vice becomes compreased and nonfunctioning (Fig 1)






Fig 2C. Latenl film showing bilocular empyema.

Fig. 2D Bilateral empyema,
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The empyema may be total, filling the pleural cavity completely, and may even
have tension phenomena with shift of the mediastinum When patients are nursed
1n the sitting position, however, empyema 1s usually basal and posterior Following
aspiration, i1t may loculate 1 any part of the pleural cavity, causing such other
varieties as a lateral, apical, mnterlobar, or bilocular empyema (Figs. 2A-D)

Complications of Acute Empyema. Complications are four 1o number

—t

Bronchopleural fistula,
Empyema necessitans,
General toxemia producing
(a) Progressive anemia,
(b) Heart failure,

(c) Cerebral abscess;

4 Chronic empyema

W N

e e e -

Fig 3A. Roentgenogram with typical fluid level of bronchopleural fistula
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Bronchopleural Fistula (Fig 3A) Thus arises m one of two ways

1 A neglected or unsuspected empyema masked by antiblotics penetrates the
lung parenchyma and ruptures into a bronchus or

2. Alung abscess, secondary to a blocked bronchus bronchiectasis or suppura
tive pneumonitis tuptures into the pleural cavity

The result 13 a “putnd empyema” with virulent mixed pyogemic organisms 1n
cludng B coli producing brownish foul smellmg pus The dangers are total
empyema, tension pyopoeumothorax and drowning by aspiration of pus through the
fistula mto the lungs

Empyema Necessitans This is the name given to an empyema which presents
subcutaneously

In peglected cases the empyema may track backward between the ribs and
then down in the paravertebral tissuc planes to present as a subcutancous lumbar
abscess or 1t may pass forward along with the intercostal vessels and appear on the
ventral thoracic or abdomipal wall

General Toxerma Pleural sepsis rapidly causes weight loss and a severe pro~
gressive microcytic hypochromic ancmia. Especially n the elderly signs of heart
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fallure with ankle edema may follow, and even auricular fibrillation Metastatic ab-
scesses, especially cerebral abscess, may also occur occastonally in neglected cases

Chronic Empyema (Fig 3B) This 1s one which, after six to eight weeks
of treatment, 1s not steadily healing It 1s the most common complication of acute
empyema and as such 1s preventable Recogmtion and treatment must be prompt,
for a “week’s delay 1 the early stages means a month’s longer convalescence” (5).

The most common causes are.

1 Delay in recognition of acute empyema,

2 Delay 1n starting adequate treatment,

3 Faulty equipment and inadequate aspiration,

4 Too much reliance on antibiotics which remove the toxemia but leave the
space,

5 Delay in consulting with a surgeon

6 Inadequate mtial drainage

The patient’s best chance of cure depends on surgical consultation as soon as the
diagnosis 1s made and complete continmty 1n treatment from then until the space 1s
finally obliterated

CLINICAL FEATURES

Types of Onset and Physical Findings. Empyema, once a readily recognizable
disorder, 1n these antibiotic times 1s fast becoming one of the great imitators Further,
when assessing the patient we must constantly ask and answer the question, “What
1s this empyema due to?”

When an acute empyema follows a pneumoma not treated by antibiotics or 1s
caused by organisms resistant to antibiotics, signs of mtrapleural fluid are added to
those of the pneumoma This may occur during or following the pneumonic episode
If the latter, then the temperature does not fall to normal as the pneumonza resolves,
but remains elevated

When, however, antibiotic drugs have been given, the clinical course of the pneu-
monia and of the empyema 1s usually so altered that the empyema 1s often detected
only late in the illness Many patients do not show the classical picture, and many
have few signs and symptoms The effusion may even go undetected until an
established bronchopleural fistula demands urgent relief Then there are signs of
emaciation and anemia, together with copious, foul-smelling sputum dramu.lg from
the mixed infection i the empyema space. Physical signs again show fluid. The
rapid decline in health can be misdiagnosed as pulmonary tuberculosis or bronchial
carcinoma, only after full mvestigation, mcludmg thoracentesis, 1s the true diagnoss
established.

In children, especially with staphylococcal pneumonia, the sudden onset of ;3
tension pyopneumothorax from rupturing of a superficial abscess into the p]c:urd
cavity creates a profound emergency The signs of pneumonia are suddenly altere
to those of tension pneumothorax, extreme breathlessncss, even cyanosis, hyper-
resonance on the affected side, and compression of the sound lung by intrathoracic
tension displacing heart and mediastinum (Figs 4A-C)
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Fig 4C Same patient, cure by intercostal water-seal drain

When the empyema follows spontaneous rupture of the esophagus or the rare
leaking anastomosis after esophageal operations, the patient also has signs of fluid

and air 1n the pleural cavity (Figs 5A and B)
Investigations. There are four important steps 1n diagnosing and treating acute

empyema

1 Careful history taking and physical examination,
2 Chest roentgenograms,

3 Thoracentesis and aspiration of pus,

4 Finding the cause

History taking and physical examination have already been discussed under
Clinical Features

Roentgenography in Acute Empyema An uncomplicated acute empyema has
a characteristic roentgenogram ot fluid n the pleural cavity with a shadow obliterating
the costophrenic smus and arching outward and upward 1n a curve toward the axilla
Lateral films will localize the fluid

When the empyema has become encapsulated, roentgenograms may simulate a
lung abscess or tumor The tension pyopneumothorax of children and its effects are
obvious With a bronchopleural fistula there 1s a distinct fluid level Check should,
however, always be made to determune 1if the patient has not already had a thoracen-
tesis without a two-way tap, thus letting air into the chest from outside
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Fig 5A. Rocntgenogram of patlent referred with right total empyema from leaking esophageal
anastomosis,

Thoracentesis The value of thoracentes:s is fourfold

1 Tt confirms the presence of flmd

2 It determines whether or not the fluud is purulent
3 It provides material for culture

4 Tty usually the first step m treatment.

Thoracentesls follows careful clinical and x ray localizing of the lesion. Fluoros-

copy is helpful in deciding the exact site at which to asprrate The techmic 15 described -
in Chapter 2.
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Fig 5B Lungre-expansion after intercostal water-seal dramnage

A 10 to 20 ml specimen of pus 1s sent for aerobic and anaerobic culture of the
organisms, and for determining their sensitivity to antibiotics If antibrotics have al-
ready been given, however, the pus may be sterile

After the specimen 1s collected, formal aspiration proceeds (see below) until
the space 1s empty Thereafter, 1 million umts of pemcilhin in 10 ml of saline are
left in the space _

The operator must not allow any air to enter from outside, as this will precipitate =
collapse of the lung, separation of the pleural layers, tension pyopneumothorax, and
acute respiratory distress (Fig 2B) Such an emergency can be adequately relieved
only by prompt intercostal water-seal dramnage
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MANAGEMENT OF ACUTF EMPYEMA

The introduction of antibiotic agents over the past 20 years has revolutiomzed
the management of acute empyema. Not only is the meldence of empyema following
pneumonia greatly reduced, but 1t 18 occasionally possible to effect a cure of thcf
empyema by aspiration alone Each such case, however must satisty all the aims ol
treatment already mentioned, for the price of faffure is chronic empycma.

Brefly the treatment of an acute empyema varres with the stage of the discase

Wuw pleurlsy requires antibiotic therapy with

dspiration ater pl a Jocallzed em| 2 surgical draingge This
Tany be enough but when (be Tung does not tully re-expand or 18 found to contain
correctable disease then pulmonary decortication wth or without resection 11 fipally
required.

Antiblotic Therapy Culture of the diagnostic aspirate establushes the nature of
the mfection, and the sensiuvities of the organisms to antibiotics The appropriate
one 18 given systemically and ijected locally atter each therapeutic pleural aspiration
Once the space is sterilized or dramned, however thus i discontinued

(® Aspiration. PRiNciPLES Combined with antiblotics, aspiration aims to (a) sterl-
lize the space and (b) keep it obliterated 2o that the panetal and viscoral pleura will
adhere firmly together

For this procedure to succeed, the empyema must be aspirated as completely
a8 possible cach day and a dose of the cfiective antibiotic must be loft in the space
before the needle is removed At the outset, 1t must be fully appreciated that success
depends on aspiration that provides the equivalent of free drainage

TecaNC, In adults a 50 ml syrmge with & wade bore needle 13 ideal whereas for
children & 20 ml synnge Is advised. The needle, tap and synngs should have the
Loer locking device and all should be thoroughly tested before nse The techmcal
detals are described in Chapter 2. As the aspiration may take from 20 to 30 minutes
both patrent and technician should be comfortably placed.

_ Fremorynic Enzymes. With this method, intraplearal fibrin clots may be
liquefled by fibrmolytic enzymes (streptokinase and streptodornase), but, unless
these enzymes are used carly in the treatment, they will be uscless The dose is
10000 unts SK. and 4000 umts SD Injected intrapleurslly after complete
aspiration Within a fow hours there 1s a febrilo reaction the patient fesls an uncom
fortable tightneas fn tho chest and needs prompt relief by aspiration the next day

LDATATIONs OF ASPRATION Aspiration has soveral Limitations. It is unlikely
to care 2 fully established empyema when it is multilocular or when the
are antibotic resutant. Further while 1t may sterilirs 1t may not obliterate but may
leave a sterile empyema which produces all the physical deformities of a chronic
fibrothorax. 1t Is absolutely contraindicated when the emy is dus to esophageal
peorton o complited b rontbap v s e e et
For thest more efiective MM%W—M‘

o y wam that “recogniton of these limmtations Jof
aspication] 18 important. Persistence 1 utilizing this method of treatment wh[cn

prompt mprovement s not evident only leads to the development of chronic em
pycma. If the patent s temperatore 13

*: ot normal and the cavity s not well
way towards obliteration after 7 to 10 i

A days, surgical dramage should be mnstituted.”
© gumman.e therefore aspiration therapy can succeed only m empyemas
found early (e within a week of onset), with thin pus no thick fibna rind on the
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lung or 1n the pleural cavity, and when aspiration 1s diligent, daily, and complete
and 1s checked by postaspiration fluoroscopy or roentgenograms

Surgical Treatment. In acute empyema, surgical treatment means dramage,
erther (a) intercostal drainage or (b) mb-resection drainage

INTERCOSTAL DRAINAGE The technic 1s described mn Chapter 2. This 1s the
simplest of thoracic surgical operations It provides airtight dramage of the pleural
cavity and 1s a true emergency method In the management of acute empyema, nter-
costal drainage 1s indicated for immediate rehef from the dangers of

Large pyothorax, especially with tension phenomena n children,
Empyema with bronchopleural fistula,

In desperately 1ll patients with a large neglected empyema,

Empyema secondary to leaking esophageal anastomosrs,

As preliminary control of the empyema accompanying intrathoracic perfora-
tion of the esophagus

bW

The advantages are that the method 1s quick, simple, effective, often hifesaving,
mnflicts mimimal surgical trauma, and produces no open pneumothorax

Like aspiration, however, there are disadvantages Except with small children,
or with an early empyema containing thin pus, 1t 1s rarely completely effective alone
Fibrin clots cannot escape, 1n four to five days the tube frequently blocks, and at the
time of the emergency the tube may not have been placed 1n the most dependent
part of the pleural cavity Within a week, therefore, intercostal drainage should be
reassessed by roentgenograms and, if unsatisfactory, corrected by rib-resection dram-
age mn a more favorable site (Figs 6A-C)

Fig 6A Acuteempyema with bronchopleural fistula treated by intercostal dramage
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RiB-RESECTION DRAINAGE. Time to Operate In uncomplicated empyema, opera-
tion is usually delayed until repeated chest aspiration and adhesion formation be-
tween the parietal and visceral pleurae have localized the empyema In pneumococcal
empyema, with its heavy outpourmg of fibrn, this usually occurs within 10 days,
whereas with streptococcal empyema 1t may take longer As Romanis (7) wrote 1n
1924, “In general, whatever the orgamsm, the longer the pus has been present in the
pleura, the thicker 1t will be, and the greater will be the hability for the formation
of pleural adhesions, thickened pleura and solid fibrinous masses ” To delay, there-
fore, is to 1vite chronic empyema.

The site for correct dependent drainage 1s determined by studying posteroanterior
and lateral chest roentgenograms. This can be aided by injecting radiopaque oil
(5 to 10 ml ) into the empyema space to define its lowest limit

Position. Usually, the patient sits on the operating table with his feet on a stool
and his arms and head resting on a pillow placed on a Mayo nstrument table (Fig
7). If too ill to sit up, he lies with his chest over a pilow on an mclined operating
table, thus making the involved side more promment and accessible. When the
empyema 1s anterior, the patient lies on his back.

Anesthesia Because of the dangers of bronchopleural fistula and endobronchial
asprration of pus, local anesthesia 1s advised, and 1t 1s mjected mnto the subcostal
groove of the selected nb, as well as mto the two 11b spaces above and the two below
Injection of 5 mi of 2 per cent lignocaine per mtercostal nerve gives a safe, effective,
rapidly acting anesthesia. The skin over the site of operation 1s next infiltrated with
0.5 per cent lignocame with adrenalin solution (see Chapter 4, Fig. 5).
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The Operation (Fig 8) The empyema should be opened as low as possible by
resecting portions of the minth or tenth ribs m the postenior axillary ine A 6 cm
vertical skin 1ncision 1s made This 1s certain to be over the empyema and can be en-
Jarged downward if required. The underlying muscles are divided, and the periosteum
1s exposed and incised along the rib for at least 6 cm The r1b 1s next bared with a pern-
osteal elevator by pushing the divided periosteum to the rib edges The upper edge 1s
cleared 1 one stroke by sweeping the periosteal elevator along it from behind for-
ward The lower edge requires the reverse action, and the posterior surface 1s cleared
with the same elevator or a Doyen rib raspatory A 5 cm length of b 1s resected, the
bone ends protected with Horsley’s wax, and the site of the empyema agamn verified
by asprrating pus The thickened parietal pleura 1s next incised Pus now drams freely
and 1s aided by coughing or suction. Fibrn clots are removed with a pair of sponge-
holding forceps A pleural biopsy 1s taken for histologic examunation, and, if required,
pus 1s aspirated for aerobic and anaerobic culture Finally, the cavity 1s nspected
with a malleable hight and its lining walls wiped with gauze swabs on sponge forceps
A wide-bore rubber tube with several side holes 1s mserted, and the skin 1s approxi-
mated around 1t with nylon sutures which also anchor the tube

BrLATERAL EMPYEMA This 1s not common, but the principles of its treatment
are the same as for unilateral empyema except that one side only—the larger or the
complicated empyema—must be drained first. The opposite side 1s controlled by
aspiration as long as possible Aspiration may suffice, as shown i Figure 9A; or rib-
resection dramage (Fig 8) or decortication may later be required (Figs 9B and C)

After-Care. If the empyema space 1s large and there 1s a tendency to paradoxical
movement, the tube 1s connected 1n the operating room to a water seal for closed
dramnage, and continuous suction to assist lung re-expansion 1s apphied m the ward

The patient 1s seated upright soon after his return to the ward, and an x-ray check
is made of the chest and of the tube If the latter 1s not satisfactory, 1t 1s adjusted.
Subsequent management of the tube 1s the surgeon’s responsibility, he must super-
vise all shortemng until healing 1s complete

When there 1s considerable purulent discharge, closed dranage 1s continued up
to a fortmght or more From a nursing standpomt, closed drainage 1s easier than
open dramage When the discharge lessens, however, the bottle 1s removed, and a
short tube with side holes mserted, fixed to the chest wall with a safety pin and strips
of adhestve plaster, and covered with cotton and an elastoplast corset (Chapter 2,
Fig 5) As Allison (8) wisely points out, “any system of closed drainage tends to
focus attention on the apparatus rather than the empyema cavity ™

If there is no fistula, daily irngation with eusol solution further aids healing, and,
if pyocyaneus infection 1s present, irrigation with phenoxytol 2 per cent 1 of value
Mason’s (9) method of irngating by keeping two tubes of different sizes in the wound
and connecting the smaller to a funnel ensures that fluid readily escapes without I?uxllt)]-
g up excessive intrapleural pressure Syringing with positive pressurc should be
avoided.
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Fig 9A Bilateral empyema treated by aspiration on night side and decortication on left
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Progress (Fig 10) At fortmghtly intervals, the size of the empyema space is
checked by pleurograms, during which radiopaque o1l 1s instilled into the space, the
opening plugged with cotton and marked, and films taken in two planes As the space
heals, it closes in around the tube which should be kept 2 cm short of the total length
of the sinus Each time the tube 1s changed, the length of the sinus 1s measured with
a catheter or empyema sound and the tube adjusted Only when the sinus has healed
to nb level, as outlined by pleurograms and sounding, s the tube finally removed

If at any time the tube slips out, it must be immediately sterilized and remnserted,
for the sius contracts 1n a matter of minutes and will require Hegar dilators to re-
establish 1t )

General Measures. The following general measures assist healing

]

V)

J3
\A

The patient 1s encouraged to get up as soon as possible Even when on closed
dramnage, he can carry his bottle about and take part 1n physical traming
classes -

Deep breathing exercises are important to encourage lung re-expansion and
closure of the empyema space and must be done repeatedly throughout the
day to be effective

Diet Because of continued proten loss 1n the pus, high protein diet 1s required
Blood Fortmghtly blood examination 1s advisable Iron i the form of coll-
iron 4 ml thrice daily 1s given to correct the ron deficiency anema A hemo-
globin level below 10 gm requires blood transfuston

Acute empyemas treated by intercostal or rib-resection drarnage are rarely healed
1n less than six weeks and may take from two to three months, especially m the

elderly

Difficulties of Tube Management, When a tube blocks, investigation will prob-
ably reveal one of the following causes (8)

1

Obstruction by Fibrin Masses Fibrin may have been left loose or on the walls
of the cavity during dramage or may have formed after dramage The fibrin
acts as a nidus for chronic infection In management, the tube 1s removed
daily, sterilized, and put back, and the cavity at first 1s left strictly alone When
there 1s no bronchopleural fistula, eusol 1rrigations help If the fibrin persists,
exploration under anesthesia and removal of the fibrin with sponge-holding
forceps 1s required

Obstiucting Granulating Tissue This grows nto and blocks the tube, espe-
crally when the cavity has narrowed to a track and where regular tube toilet
1s not strictly observed

Obstruction by Kmking of Tube This may occur in a tortuous sinus track or
with closed water-seal dranage It 1s avoided by using a tube of reasonable
strength and also by sceing that the patient does not rest on any part of the
tube leading to a dramnage bottle.,

Tube Too Short to Reach Pleura This occurs

(a) When an unimstructed nurse shortens the tube with every dressing,

(b) When the sinus has narrowed after a tube has fallen out and not been
promptly re-mnserted,

(¢) When, with a self-rctaining tube tethered to a bed, the patient suddenly
turns and pulls the tube from the empyema cavity nto the chest wall



i aee

Fig. 10A. Poorly drained space requiring longer tube.

Fig. 10B. Five weeks later the space nar
rowed to tube track tube therefore could be
shortened untll closure of space completed.
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Fig 11A Bilocular left empyema treated by decortication For corresponding lateral film sce

Fig 2C.

5 Tube Through the Chest Wall but Not Reacling the Cavity This can happen

during the healing of an apical empyema, when, as a result of clevation of the
diaphragm and expansion of the lung, the base of the empyema may heal more
rapidly until a cavity 1s left above, communicating with the tube by a long
narrow track Either the tube must be lengthened to enter the space, or clse
a sccond drainage opening established higher up

Tube Too Far Into Cavity The end may be so far into the cavity that pus
collccts below 1t and only drains as an overflow With open dramage, this 1s
avoided by having a lateral hole where the tube enters the space With closed
drainage, a safety pin marker, placed at skin Jevel after the tube has been
pulled down, will ensure that it does not nde up again

Part of the Cavity Below the Drainage Opemng. When there 1s a broad-based
empyema cavity and the anterior and posterior ends arc lower than the middle,
two drains—one 1n front and one behind—are required With onc drain only,

there is always a puddle of pus that will never clear.
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Fig 11D Samo paticnt as discharged fit 17 days after operation.

8 Loculation. Rarely pleural empyemas become loculated, especially dunng the
1nitial phase of asprration. Theso loculi may be separate jorned by a narrow
sinus or have a wide openmg between They usually requure separate dramage

FURTHER TREATMENT OF ACUTE EMPYEMA

Antiblotic agents, by altering the course of acute empyema, have made possible
two further methods of treatment. These are decortication and resection

Decortication. In patients in whom aspiration has controlled the acute phase
and intrapleural antibiotic agents have made the cffusion sterile lung movement
may still be grossly himited by fibrin lining both parietal and visceral layers of the
pleura. Each layer may be as much as 2 cm thick. Unless removed, this fibrin will
hold the lung firmly and permanently collapsed (Chapter 9 Fig 1) As modern aims
of treatment ineclude full lung expansion and the avoldance of a rigid chest wall, the
fibrin vice must be removed Provided, therefore Investigations are satisfactory and

bronchoscopy and bronchography have revealed no permanent lung disease” then
decortication is the treatment of choice
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Fig 12A Left acute empyema relieved by intercostal dramnage

The operative details are the same as those described under hemopncumothorax
(p 112), and the secret of postoperative success lies 1n holding the decorticated
lung fully expanded, with the pleural layers 1n contact by strong intrapleural suction
The operation 1s especially effective 1n young and middle-aged patients, and
it should not be delayed beyond the time the empyema has been sterihized A feature
of successful decortication 1s the great reduction 1n length of postoperative care—

to as Iittle as a fortmight (Figs 11A and B)
Pulmonary Rescction. In hke manner, when investigation by bronchography

reveals lobar bronchicctasis or bronchoscopy reveals a ncoplasm, then pulmonary
resection 1s combined with decortication.



Further Treatment of Acute Empyema 147

Fig 12B. Subscquent bronchograms revealed Emlﬂ
Tof

re-expanded upper lobe and lower
be bronchiectasis, The patient recovered after p

omy (Courtesy George A. Mason)

1If for example, the discase is lower-lobe bronchiectasis or penipheral neoplasm
decortication of the upper lobe combined with resection of the diseased lower lobe
by the operation of pleurolobectomy 15 the treatment of choice (Figs 12A arnd B)
However when the duorder 15 a total bronchuectasis or a central neoplasm, especially
carcinoma, then treatment is pleuropneumonectomy (Figs. 13A and B)

Preoperative assessment requires complete aspiration and stenlization of the
empyema cavity with antibiotics as well as the usual blood check, splrometry and
30 on. The operation commences with panetal pleural decortication, and thereafter
consists of the standard resection required for the discase

In the postoperative penod, the appropnate antibiotics are given systemically
and locally to ensure that no farther empyema develops After pucumonectomy this

Is most important and requires dally aspiration and instillation of antibiotics for at
least 10 days after operation.



Fig 13A Acute empyema referred for dramnage, bronchoscopy revealed carcinoma of lung
causing collapsed lower lobe, recovery after pleuropneumonectomy
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CONCLUSION

In conclusion, when the aims of treatment are fully realized at the outset and the
“dangerous corners” appreciated, patients with an acute empyema, by having prompt,
well-coordinated treatment, can be cured in mimimal time and without the tedium
and dangers of complications or the endless disappointments of a chrontc empyema
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Pulmonary Emergencies

* 10
THE MANAGEMENT OF ACUTE LUNG ABSCESS

Introduction. The same factors that have reduced the mcidence of acute pneu-
monia and empyema have lessened the severity of most lung abscesses, so that now,
when uncomplicated, such abscesses seldom present themselves as acute surgical
emergencies. Nevertheless, because of the serious complications and emergencies
that can, and do, arise if these conditions are neglected, and because so many lung
abscesses ultimately require surgical treatment, their “dangerous corners” should be
well appreciated and further treatment carried out m cooperation with a thoracic sur-
geon as soon as the diagnosis 1s established

Historically, lung abscess was always a highly fatal disease In 1924, Romans
(1) stated that, treated medically, the mortality was 90 per cent, treated by dramnage,
1t was 40 per cent In 1934, Brunn (2) reported a mortality rate of 35 per cent in
205 patients, Cutler and Gross (3) a 45 per cent mortality m 47 patients, and m
1940, Sweet (4) reported 34 per cent mortahty mn 124 cases Yet as Betts (5) wrote
mn 1941, “It 1s rare to find a reported cure rate of 50 per cent or over ”

The apphlication of three principles has greatly improved the results 1n treating
lung abscesses These principles are.

1 Control of infection by antibiotics;
2 Use of postural dramage, based on a knowledge of bronchial anatomy,

3. Earher surgical treatment—either dramage or resection

With prompt surgical dramnage, in 1942 Neuhof (6, 7) and associates reported
a remarkable fall of mortality to 3 27 per cent, and 1n 1950 they (8) reported 4 oper-
ative deaths m 165 cases—an operative mortality rate of 2 43 per cent Of these, 154
were operated on mn the prepencillin era Follow up of 115 of these patients for from
5 to 25 years showed 87 per cent free from symptoms, with healed wounds and nega-
tive chest films or bronchograms In 15 cases, however, there were residual postoper-
ative pulmonary cavities or bronchiectasis. Six cases had had hemoptysis, 9 others
were symptom free

Brock (9), however, m a series of 176 cases treated by operation at all stages
from acute to late chronic, reported a 26 5 per cent mortality This, he stz%tes, n
great part reflects “the poor condition of many chronic neglected cases In which the
patients were operated on after failure of prolonged medical treatment

Although at first sight antibiotics appeared to mfluence physicians to a return to
conservatism, surgical treatment 1s nevertheless still required, above all for two

reasons.
1. There is an increase i the incidence of abscesses due to antibiotic-resistant

Orgamisms
2. Though postural dramnage may partially empty an abscess, the cavity often
remains as an mfected “cyst” filled with mspissated pus and acting as a focus

of chronic infection and a source of contmuing il health.
150
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Fig 1C Stage of endobronchial rupture The abscess fully developed

PATHOLOGY

A fully-developed lung abscess—a pus-contamning cavity within the lung paren-
chyma-——is the final necrotic stage of a suppurative pneumonitis (Fig 1), all degrees
of variation from pneumomitis with multiple small abscesses to a large single abscess
may occur Lung abscess 1s seen at any age Males are more commonly affected than
females, 1n a ratio of three to one (13)

Like empyema, lung abscess 1s rarely a primary lesion but 1s almost always sec-
ondary to some detectable cause which should be sought and found before treatment
1s started Brock (9) reported over 75 per cent due to identifiable causes and, as

Cleland (10) suggests, these fall into five major groups

1 From bronchual occlusion by.
(a) Aspiration of septic material causing atelectasis,
(b) Bronchial carcinoma (10 to 12 per cent);
(c) Bemgn bronchial tumors,

(d) Bronchostenosis,
(e) Intrabronchial foreign bodies (1 per cent).
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Fig. 2A. Neoplastic hang abscess showing calclfication in i3 wall and in the hilar lymph nodes.

2 From specific pneumonias especially
(a) Staphylococel,
(b) Actinomyces, Friedlander's bacillus,
(¢) Annerobic organisms, and rarely from pnevmococe: and streptococei.

3 From nonspecific suppurative pneumonig—aspiration pneumonia
4 From vascular occlusion by

(a) Embolus
(b) Pyemia
5 From trauma.
(a) Producing an infected hematoma
(b) Due to a foreign body 1n the lung

Pathogenests, In hus classic studies on lung abscess, Brock (11, 12) has convine
ingly shown that 1t 15 most commonly due to bronchial embolism from nhalation of
septic material dunng sléep narcosis, or anesthesia. The embolus 15 most commonly
derived from seplic gums or dental tartar but can be denved from nasal and/or
pharyngeal secretions whether mucoid or purulent blood clot after tonsillectomy or
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Fig 2B Resected specimen of neoplastic lung abscess seen 1n Fig 2A

dental extraction, postoperative vomutus or, rarely, bronchiectatic pus. It must never
be forgotten that at least 12 per cent of lung abscesses are due to carcinoma of the
lung (Maxwell (13), 10 8 per cent, Brock (11), 13 8 per cent) (Figs 2A and B).

Bacteriology. Whereas the acute fetid abscesses are usually due to mixed infection
of spirochetes, fusiform bacilli, and anaerobic streptococcy, the nonfetid abscesses
are due to staphylococci, streptococcs, and Friedlander’s bacillus

Of the specific lung infections, staphylococcal pneumonia 1s not infrequently
complicated by the formation of small, multiple, subpleural abscesses, and, especially
n chuldren, one of these may rupture mto the pleural cavity producing tension pyo-

pneumothorax (Chapter 9, Fig 4).
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Location, Abscesses due to ‘bronchial embolism atways form peripherally in 8
depondent lung segment. The bronchus affected 1 determined by whether the patient
15 lyang on his mide front, o back at the tlme of bronchial crobolism The posteriol
segment of the right upper lobe 1s most commonly affected, foliowed by the aptcat
segments of the nght and left lower lobes (Fig 3) The aim of clinlcal 1nvestigation,
therefore 18 10 deaide which anstomic lung segment is affected, for this forms the
bans of logseal treatrment (Chapter 1, Fig D

Development of the Abscess. Occlusion of a bronchus 13 rapidly followed by seg-
mental or subsegmental atelectasis, stesis, and suppurative pneumontts whose sever
ity vanes with the virulence of the infecting organisms Within 10 to 14 days gan-
grene sloughng and cavitation will have oceurred 1n the affected scgment (Fig 1)
‘Ax the abscess develops near the surface of the lung there 1s invarably an overlying

leurisy with adhesion formation and local fusion of the pleural layers “Surgically
speaking, 1t therefore becomes a ‘matter of deciding whero the adhesions cxist ot 1f
they exist (14) Rarely 2 fulminating abscess may rupture 1nto the pleural cavity
before any adhesions have formed and may thus cause pyopneumothorax.

ZONE OF ASPIRATION

Flg 3 Path of lun bronchial
g abscess. A, With patlent
?&eﬂtlﬁ%mo“m]hﬂ W'hf::tkﬁ on fide m:;uboﬂgﬁnm
and Licbow A.?T‘;:‘D:d — oS P % g : ¢ 5
c Surgery and Related Pathology 1953 p 144 flg. 71) o
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Brock found that all his 117 cases of abscess treated by operation were super-
ficral 103 faced the thoracic cage, 6 faced the fissures, 5 faced the vertebrae, 2 faced
the mediastinum, and 1 faced the diaphragm None lay deeply.

At first, the intrabronchial communication 1s occluded by swelling, edema, and
tension Sooner or later, the abscess discharges into a bronchus, either mtermittently
or as a “sudden massive emptymng.”

This fully developed abscess may present in one of three forms

1. Filled with a Jarge slough of surrounding lung (Fig 4),
2 Without slough;

3 Asachronic pneumonitss.

In the presence of slough, rapid effective intrabronchial drainage 1s impossible,
and surgical dramage is the only logical treatment.
When the dramage has been better and the slough mimmal, complete emptying,

followed by rapid healing of the abscess without permanent sequelae, can occur
(Figs 5A-C)

b e e - e e

Fig 4 Large slough in acute lung abscess secondary to fractured jaw



Flg. 5B Lateral film confirming abscess in apical segment of right lower lobe,
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Fig 5C Resolution without sequelae after bronchoscopic aspiration and posteral drainage,
postoperative treatment bronchogram showing mimimal bronchiectatic change 1n apical segment
(Antenior and middle segments have not filled )

’

Finally, when neglected, a lung abscess may persist as a partially collapsed, thick-
walled abscess surrounded by dense fibrous tissue and filled with semisolid granula-
tions It cannot heal unarded but remains as a source of further emboli and additional
lung abscesses (Fig 6).

Complications of Lung Abscess. Despite chemotherapy, complications do still
occur, and an apparent clinical response of the abscess to “medical treatment” should
not blind us to this very real possibility The complications may be either local or
general
LocaL COMPLICATIONS As already indicated, the abscess may spread directly
mnto adjacent lung segments or across a fissure It may also spread by bronchial em-
bolism to form fresh abscesses Pleural effusion or empyema may occur without intra-
pleural rupture, or sudden pleural rupture may precipitate a tension pyopnesmo-

thorax. ,
GENERAL COMPLICATIONS These occur as.

1. Cerebral abscess which may be single or multiple and which arnses either by
systemic blood stream spread or via the vertebral venous plexus (15, 16);

2 General dissenunation The patient may develop multiple abscesses, general-
1zed arthritss, and a profound and rapidly advancing ancmia
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CLINICAL FEATURES

Clirical features vary with the cause and severtty of the mfection, and they mirror
the pathologlc progress They will be considered as they present with

1 Tho acute abscest
2 The subacute abscess.

The Acute Abscess, Following an nitial latent penod of 10 to 20 days during
which the causal factor is acting, an acute Jung abscess typically has the sudden omset
of a severe febrils iliness associated with pleural pan and gencralized toxemia. The
patient rapidly loses weight and becomes anemic, toxic, and gravely ill When arising
after a surgical operation, the acute abscess may masquerade as postoperative bron
chitls with fever coogh, sputum, pleurnl pain, and general malmse

Some 7 to 10 days efter the onsct of severs symptoms-—and often preceded by
o warmung foctor and hemotysis—the developing acute abscess ruptures into the
bronchial tree The patient coughs up coplous foul-smelling brownish sputum whuch,
it collected into a tall glass can separate into thres typical layers—froth, fiud, and
solid. On other occanions the sputum may appear gradually and be preceded by
hemoptysis If endobronchual druunage of thus abscess is adequate, symptoms can re-
gress rapidly” but if not, the abscess may spread, form embolic sbscesses throughout
both lungs and cause the complications already mentioned, leading to toxic arthrith,
nephritls, and terminal bronchopneumonia.
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The Subacute Abscess. A subacute abscess, or one masked by antibiotics, de-
velops insidiously and is often detected only when chronic 11l health, pleural pain,
cough, and sputum demand full investigation There are alternating periods of relief
and recurrence of symptoms with fever, increased sputum, and a steady decline 1n
health

Although a neoplastic abscess is usually subacute or chronic 1n onset, the author
has encountered 1t as an acute fulmmating lesion advancing to pyothorax

Physical Signs. GENERAL. With an acute abscess, the foul smell as well as the
appearance of the patient sitting up, continually coughing, freely expectorating, and
anxiously clutching a half-filled sputum pot 1s typical When combimed with septic
gums, dental caries, or a history of a recent surgical operation and postoperative
“bronchutis,” the diagnosis 1s certain The patient has pale, sunken cheeks and an
anxious expression Frequently, there is clubbing of the fingers and toes

With a subacute abscess,-there is much less cough and sputum and less severe
signs of general 1ll health.

LocAL These vary greatly from few signs to those of segmental collapse of the
lung When a pleural effusion has developed, there are signs of flmd When intra-
pleural rupture has occurred, the signs of pyopneumothorax are present and are con-
firmed by thoracentesis

Investigations. There are three important investigations

1 Sputum examination,
2 Roentgenograms of the chest;
3 Bronchoscopy

SPUTUM EXAMINATION With an acute abscess, the smell, color, and volume of
sputum 1s characteristic It 1s examimned for acid-fast bacilli and malignant cells and
cultured aerobically and anaerobically for pathogens, especially staphylococci and
Friedlander’s bacillus The volume of sputum expectorated each day is measured
and graphed

ROENTGENOGRAMS 'Two-plane roentgenograms are required Not only do they
accurately localize the abscess, but when taken serally they are the most valuable
single guide to the progress of the abscess The findings vary with the stage of the
abscess

In the earliest phase, there 1s lobar or segmental atelectasis or consolidation (Fig
1) As the abscess develops, the shadow tends to become more spherscal, but, Qc-
cause of surrounding pneumonitis, the outline remains hazy With endobronchial
rupture, a flmd level will usually be seen; and, depending on the efficacy of trcat-
ment, the level mn serial films may rise or fall When a slough partially occludes the
bronchial opening, 1its shape 1s outhned by surrounding air With total occlusion, no
air enters and no fluid level 1s seen Following intrapleural rupture, a flud level 1s

seen 1n the pleural cavity

In the hyperacute vanety of abscess, Neu ouroff (7) emphasized four
typical features

1 Alarge area : 1 contaimning a .

2 Moregmﬁ]traf, 1 of the abs . 1n an acule abscess;

3. An 1rregular arder due t « grenous pul-

monary slough
4. An intense and reaction
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Fig 7A. Lung abscess treated medically (Jan. 16 1956)
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Fig 7B Desplte postural dralnnpe one year later abscess remained as thin walled cyst (Jan.
17 1957) causing chronk invalldity
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Fig 7C Resected specimen showing epithelialized lining

When postural dramnage treatment 1s successful, the abscess usually shrinks mn
size over the next two to three weeks, and the surrounding zone of pneumonitis grad-
ually fades (Fig 5C) At times, however, though the abscess 1s dramned, the cavity
wall does not collapse but remains as a thin-walled cyst (Figs 7A and B)

In subacute abscesses, further roentgenograms, ncluding lateral tomography or
bronchography, are required Bronchography 1s also advised when treatment 1s com-
pleted, to exclude residual bronchiectasis

BroncHoscory This 1s an essential step in the management of every lung ab-
scess It may reveal the cause, such as carcinoma or foreign body, and 1t can be the
first step m effective treatment (Fig 5C)

Differential Diagnosis. A developing lung abscess simulates lobar pneumonia.
When established, it must be differentiated from an empyema (especially with bron-
chopleural fistula), carcinoma of the lung, infected lung cyst (including hydatid
cyst), and a tuberculous cavity

Empyema. A lung abscess may simulate empyema thoracis, and, if either has
caused a bronchopleural fistula, further differentiation may be impossible. In each of
these conditions, sputum 1s considerable, there is secondary contraction of the chest
wall, roentgenologically the shadowing extends to the costophremc sinus, and as-
piration will reveal pus

Carcinoma of the Lung A peripheral carcinoma of the Jung with cavitation and
fluid level can often be distinguished radiographically by its thick, irregular outline
(Fig 8) Regular walls and diminution n size of the cavity by postural dramnage,
however, are no guarantee that the lesion 1s not ncoplastic, nor does calcium in the
walls of the cavity denote only a tuberculous etiology (Fig 2). Any chronic pe-
nipheral abscess, especrally m a patient over 40 years of age should be viewed with
the utmost distrust and should be regarded as neoplastic until proved otherwise
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Infected Lung Cysts These cysts are spherical m shape, and when communicat-
ing with a bronchus have a fluid Jevel that vanes In height. From time to tme sur-
rounding pneumonmtis is also present.

In sheep-rearing countries such as New Zealand, infected hydatid cysts simulate
acuto lung abscess in all thelr characteristics Specific tests such as the hydatid com-
plement fixation and Casont tests are of value Eosinophilia s confirmatory When
the cysts have ruptured mto a bronchus and the fluid has been coughed up roen
genograms are characteristic (Fig 9)

Tuberculpus Cavity This specific “lung abscess” 15 differentiated by sputnr
findings, site and chest roentgenogmms. Whether an abscess is tuberculous or nc
can sometimes be declded only by histologic examination after excision (Fig. 10)

-~
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Fig 9 Ruptured infected hydatid cyst, with crumpled endocyst, lobectomy successful
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Fig 10 Pcnpheral lung abscess in left lung—regarded as tuberculous, proven chromc pyogentc
only after resection
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Principles of Management

Prognosts. All lung abscesses arc seriows, mdthoughsomc-nﬂi:;‘_‘:
young, may resolve completely many leave resrdual meﬁ:s:‘\
grounds for complacency in their management, for, even though
regressing or have regressed, complications can #iill oconr N

In summary therefore, the essential steps of investigation are

1 Check the site by roentgenograms,
2. Check the organism by sputum culture,
3 Check the causs by brenchoscopy

,ll

PRINCIPLES OF MANAGEMENT
Brock (9) epitomizes the principles of management as

1 To encournge resolution or maturation and spontancous dishir= T =
rest, chemotherapy, and general nussing; .

2 After endobronchlol rupture, to encourage emptying of for == =
and resolution by bronchoscopic and postural drainage

3 1f the abscess 1s enlarging, to incse,

4 1f the abscess is statlonary and 1 suspected of bewng a poms = =

The management therefore veries with the stage at winch the sbo = =

EARLY STAGE

With an acute inflammatory process 1n the lung, the lung woy~ - = =—
and antibiotics Peniclliin, 1 million units twice daily, is gye= = _ oo
of the organism in the sputum Is varified thereafter the apr—— —~c
administered Bronchotcopy w required to check whether ot pte—— o e
body bronchial occlusion is present. The progress of the D e
genograms repeated at two-day intervals 1f the patient is - .
shadowing wil lessen. The shadowing may hgwcver mn;;?:?: i

enter either the stage of endobronchial rupture or the fubre—— -

STAGE OF ENDOBRONCHIAL RUFT-

As already mentioned, endobronchinl ruptoro may e . _
copious foul-amefling sputam or quectly with a significant e "2
bronchoscopy i required To avoid the possibility of the . _ ~— " - This
choscopy is performed with a minimal amount of oz - . =
paticnt s head down When the abscess lies n the apicalgm. ~ — ~ —

18 frequently possible to pass the soft rubber aspirmtingpr— -~ T

this bronchus and into the abscess cavity The suction «....:_._:: -
which acts as a trap between suction pomt and apparst == T
yellow pus immediately appears 1 the Luken ube, 4 =~

comes tinged with blood (This procedure thould pr . 2= © )

there 13 little or no chance of entering the abscess e =,

of anupper labe ) (Figs. 5A-C) aal

Thercafter the bronchoscope is removed and 1t e
tus side for postural drainage wath =
ll))mchoscoplc dramnage also palhiates =

tock
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Fig 11A Fulmmating left upper-lobe abscess associated with profound chimcal deterroration
despite medical treatment, emergency drainage

Physiotherapy. Continuous postural dramage together with repeated vibration
therapy, at least three times daily, until the quantity of sputum lessens, greatly en-
hances the chance of a complete cure Thereafter, breathing exercises ensure com-

plete re-expansion of the lung
Antibiotic Therapy. Antibiotic therapy, started in the early stage, is continued

EVALUATION OF MEDICAL TREATMENT

With medical treatment, one of three things may happen

1. If the fever abates, the sputum lessens, and the serial roentgenograms show
progressive improvement, 1t is Iikely that the abscess will resolve Final
bronchograms—a month after complete resolution—are required to check
that there 1s no residual bronchiectasis (Fig 5C)

2 There may be delayed resolution (Fig 4),
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Fig. 11B Pack in drained abscess, persisting smus.

3 The patient may continue to be profoundly ill and may rapidly become
emaciated with hectic temperatures and increasing size of the abscess This
indicates a folminating abscess that reqmires prompt rib resection and external

drainage if life 15 to be saved. At a later date the destroyed lung segment may
be resected (Figs 11A-D)

FULMINATING STAGE

Operative Treatment. Even in 1924 Romams (1) advised that once the diagnosis
is made and the decision taken to operate 1t should not be delayed beyond 24 hours
for further locallzing roentgenograms to be made

WHERE TO DRAN The site for drainage is selected either by studying two-plane
roentgenograms, carclully counting ribs on the patient, or preferably by fluoroscopy
when the overlying skin is marked with a skin pencil

ANESTHESIA, Local anesthesta, as for empyema, is desirable as wmnhalation an-
csthesia may precipitate drowning
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Fig 11C Sinogram reveals destroyed upper lobe and uncollapsed abscess cavity

POSITION FOR SURGICAL DRAINAGE This depends on the site of the abscess If
the abscess 1s 1n the axilla, the patient reclines on the oppostte side with the head and
shoulders raised, if 1t is 1 the pectoral segment, he reclines on his back, if 1t 1s in
the apical segment of the upper or lower lobes, he lies prone with head down

Trcunic (Fig 12). The technic of operation 1s essentially the same as that for
empyema A 6 cm vertical ncision 1s made over the rb, the muscular layer 1s
divided, and the periosteum 1s 1solated, incised, and reflected over 4 to 5 cm The
associated intercostal vessels are ligated at either end and the segment or rib removed,
together with the neighboring intercostal muscle

Palpation discloses if the underlymng lung 1s indurated, and aspiration of pus
and/or arr confirms the depth and the direction for further mncision. Dramnage 1s
usually performed 1n one stage

When, however, there 1s no induration and no adhesion formation and the under-
lying lung moves freely, a further check of position is required If the sile proves
correct, then two-stage drainage 1s required The operation is stopped, a swab soaked
in 1odine solution 1s left 1n against the panctal pleura to cncourage adhesion forma-
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Fig 11D Bronchogram after suctessful left upperlobe resection. (Courtety George A
Mason.)

tion, and the tkin cdges are approxumated. A week later the second stage is com
ted.

e In the second operution, the lung parenchyme is divided, preferably with cutting
diathermy or cautery and the abscess cavity 1 opened Pus is sucked clear, casts
and slough are removed, and the cawity 1s inspected before enlarging the opening
The parietal wall is removed, thus unroofing the cawity, and any locnli are broken
down to establish free dralnage If the cavity extends beneath a rib a further segment
should be excised together wnth the intercostal bundle

The cavity is next packed with petrolatum gauze Mason (17) prefers Rutherford
Morrson s B.LP P * gnuze The author has found this to be satisfactory and it has
the added advantage of being radiopaque (Fig. 11B) A pad held firmly with elasto-
plast completes the dressing.

*RIPP i Blsmuth Todoform Paraffin Paste.
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Fig. 12 Techme for dramage of fung abscess 1, Following nib-resection, the abscess 18 finally
located by aspiration 2, Peniosteum and subcutancous layers arc approximated with sutures
3, The abscess cavity 1s opencd with a cautery 4, The abscess is finally pached with gaure,
and dressings arc applied. (Sce page 139.)
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Fig. 13A. Right pgopnmothorn from ruptored lower-lobe hydatid cyst, thowlog character
tstic dome shapo of endocyst in lower corner

When the line of adhesion is narrow and the pleura has been opened inadvertently
it s sutured and reinforeed with an Intercostal muscle bundle Because an airtight
seal may be dufficult to achieve water-seal drainage 13 wmserted at the base of the
pleural cavity and air removed by contiuous aspiration. This not only avoids a
possible empyema but also by keeping the lung fully expanded, seals any residnal
leak.

Postoperative Management. The pack is changed in four or five days Becanse of
the inevitable bronchopleural fistula, irngation s forbidden When the cavity narrows
to a unus track, a tube is inserted to keep the skin from closing in before the depths
aro healed. Hemoglobin is checked at weekly intorvals If it becomes 70 per cent or
Iess, a blood transfusion is given.

Chemotheraypy 1s continued until the patient becomes afebnle fron therapy until
blood counts are normal, and deep breathing exercises until chest roentgenograms
and ventilatory function are normal. The patient is also encouraged to eat all he
can of a high protein diet.

Secondary hemorrhage can occur It may be sudden and severe arsing either
from an intercostal or a pulmonary artesial branch. Emergency packmg of the cavity
and firm elastoplest binding must be foflowed by careful inspection in the operating
room. 1f the bleeding point is an mtercostal artery with 1ts hugher systemic pressure,
the bleeding pomt must be secured and sutured. If bleeding is from a branch of the
pulmonary artery with its lower pressure, 2 blood clot will probably alread -
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plug the draining bronchus tightly with a swab or anesthetic bronchial blocker before
proceeding to immediate resection.

Infected Cyst—Hydatld Cyst With endobronchial rupture a hydatd cyst in
variably becomes infected. f the cyst 1s larpe, the greater part of the affected lobe
will have been destroyed and lobectomy 1s clearly Indicated (Fig 9) However, when
the cyst 18 small, segmental resection is advised.

When a hydatid cyst has ruptured into tho plearal cavity and caused pyopneu
mothorax, the patient must be taved from drowmng by intercostal water-seal drain
age Thereafter, & planned thoracotomy is required together with resection of the
destroyed cyst-contmmng lobe and decortication &f the remaining lobes (Figs 13A
and B)

Specific Lung Abscexses Other pecific ung absceases such as pulmonary histo-
plasmosis (18) and coceldioldomycosis (19, 20) require resection, but these resee-
tions are beyond the scope of this book. The reader is referred to Hodgson
{18) Melick (19), Cotton (20) and their associates for excellent summanes of
contemporary experience

REFERENCES

1 Romanks, W H C. On ths treatment of empyema and acuie abscess of lnng, Practitioner
113 33 1924

2. Bronn, H. Lung abscess, JAM.A, 103 1999 1934

3 Cutler E. C., and Gros, R. E. Nontuberculous abacess of the lung; etiology treatment, and

results in 90 cases, J Thoracle Surg., 6 125 1936

4 Sweet, R, H. Lung abscess analysly of General Hospitsl cases from 1533
through 1937 G & Obst,, 70 1011 1940

5 Betls, R H. 1he mansgement of pulmonary sbacess, Am. § 54 82, 1941

6. Neuhof H., and Touroll, A. 5. W Acute putrid abseess of lung. 1V treatment and
results of 36 consecutive cases, J Ihanag,Surg,,BAw 1940,

-

wund Tourolf A S W Acute putrid abtoesy of fung, V. Hyperncute variety J Tho-
recic Surg. 12 98 1542,
Tourofl A, S. W., Nabatofl, R. A and Nevhof H. Acute putrid abcess of the lung. VI
The late resuits of surgheal treatment, I Thoescie Surg, 20 266 1950
9 grg;k, %5% ;P?lsc;}omry Abscens” in Brithh Surgical Practice, 15t ed., London, Butterworth
10 Cleland, W P "Lung Abscent” in Diseases of the Chest edited by Marthall, $ic G and
Pm‘LK‘M A. Ist ed, London, Butterworth & Co., 1952, 1 1‘;’7
Brock, R. C. Studies in lung abscens, Guy's Hosp. Rep,, 97 75 1948.
Lung Abscens, st el Oxford, Blackwell Scientific Publicatons 1952,
13 ;h?,n?; 14 ng absceny, with special reference to causation and treatment, Quart. I Med.,
4 3
14 Nevhof H, Tourofl A.S W, and Aufses, A, H. The cal treatmen draina,
scute and chronic putrid sbicens of fng, Ann. Surg., l:lu!rg;m 1941 'y e o sut-
veing

15 Batson, O V The function of the vertebral and thelr rol the sprea, tastases
Ann. Surg 112 138 1940 ° In the spread of me

16 Collis, J L. The ctiology of cercbral abscess as
s lwogy s complication of thoraclc disense, J Thoracic
}; ;(Od-wn.c A. Personal communication,
3o, £ H, Weed, L A, and Clagett, O T Pulmonary histoplaymesls Revl
o mhn?:ykmndmwm:éml Thm’nchurg..zl;,pW 1850 ov oL peb
Excisfons! sur, monary cocct yooss oracic Surg.
20 66 1950 e wl dhendony 7 Th
10COKwn.BH.,nndN:m:rJWSm‘gkﬂ_ in puf tdiol
liminary report of thirty cases, J Thoracic Surg, 20 425 1950, " yrosis Fre




11
MASSIVE HEMOPTYSIS

Introduction. Hemoptysis 1s a symptom of pulmonary or cardiac disorder It
varies in severity from a faint staing of the sputum to a sudden and massive hemor-
rhage When massive, 1t 1s as alarming for the physician as it 1s dangerous for the
patient

Historically, until the late forties, even massive hemoptysis was regarded es-
sentially as a medical problem The obvious dangers, however, of profound blood
loss, drowning m blood, or fatal spread of an existing tuberculous infection have
more recently brought a change to the more logical attitude of promptly arresting
the hemorrhage by surgical means

In 1948, Ryan and Lmeberry (1) first performed emergency pneumonectomy
for uncontrollable hemoptysis from a tuberculous patient who had coughed up 720
ml of blood m a 24-hour period In 1952, Ross (2) reported a similar case

Ehrenhaft and Taber (3), describing the management of 12 patients with mas-
sive hemoptysis from causes other than pulmonary tuberculosis, stressed that it
constitutes a clear indication for thoracotomy as soon as the bleeding site 1s localized

PATHOLOGY

Massive hemoptysis 1s rarely, if ever, seen 1n children The most common cause
1s pulmonary tuberculosis Bleeding can arise from tuberculous ulceration of the
bronchial mucosa (rafely severe), from rupture of a Rasmussen type of aneurysm
(4) 1n the medial wall of a tuberculous cavity, or from a calcified hilar node ulcerating
into the lumen of a bronchus by pressure necrosis (5) Bleeding may therefore arise
from either a pulmonary or a bronchial artery )

The next most common cause 1s chronic lung sepsts, especially due to bronchiec-
tasis, broncholithiasis, or chronic Jung abscess In this group, bleeding usually comes
from a branch of the bronchial artery Massive hemoptysis from a pulmonary or
esophageal neoplasm or aortic aneurysm 1s usually a termmal event Death may
occur 1n one of three ways

1 Blood loss,
2. Drowning in blood,
3 Spread of an existing tuberculosis

Especially when the patients are nontuberculous, they often appear to be 1 rea-
sonable health until the episode of massive hemoptysis Occasionally there are small
warning hemorrhages, as 1n a third of Ehrenhaft’s (3) seres

The severity of the hemoptysis bears no relation to the gravity of the underlying
pulmonary lesion (3, 6, 7) (Fig 1) It s the hemoptysis per s and not 1ts caélse
that threatens life In three of the author’s cases (Figs 1 through 3), one had a
minimal tuberculous lesion which bled and caused bilateral spread of the lesion be-
fore 1t could be referred for a surgical opinion, the second had bronchiectasis geqlgg—
ing urgent lobectomy, the third and fatal case had a mmimal apical tuberculous lest

174



175
Pathology

l |
Auras |

Flg. 1 Minimal apical bercnloes lesion that caused fatal hemoptysls,

Ehrenhaft (3) reported two patlents with mild bronchiectans six with broncho-
lithiasis or calcifled peribronchial lymph nodes, and four with no specific cause for
the massive bleeding.

Pathologic examination of the resected pulmonary tissue while revealing the
cause rarely demonstrates the exact bleeding point or vessel Even injection studies,
serial tections or examination of the bronchual walls under a dissecting microscope
reveal little Roentgenograms of the specimens merely demonstrate peribronchial
caleification

The remalmng lung tssue secondanly develops arcas of atelectasis from en

dobronchial aspiration of blood clot and spread of a tuberculous infection when
present.
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Fig 2A Chest film (Jan 21, 1954) show- Fig 2B Same patient (Mar 2, 1954), after
ing collapsed right lower lobe from tubercu- massive hemoptysis and bilateral spread of
Ious bronchiectasis tuberculosis
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Fig. 3A. Left upper lobe bronchiectasms Fig. 3B Samc patient, Dec. 16 1955 mas-
(Feb 16, 1949) treated by rcsection and  aive hemoptysis from » now bronchiectatic
thoracoplasty left lower lobe emergency lobectomy

CLINICAL FEATURES

Clinically the onset 13 usually sudden rarely with a small warning hemoptysis
The bleeding is either intermittent or continuous

When first seen by the medical practitioner the patient Is usually sitting up 1n
bed—pale and anxious and coughing or spitting blood and saliva into a large bowl
Cyanosis is also present in those unable to clear their trachea and bronchi by cough-
ing, Fover is later added from the pneumonitrs that follows the scattered atelectasis
The pulse is of poor volume there is a low blood pressure and exammation of the
chest confirms the moust sounds conducted from retamned endobronchial blood.

Investigation. There are three fundamental mvestigations

1 Blood examunation
2 Chest roentgenograms
3 Bronchoscopy

BLoop ExaMINATION In additon to blood grouping and hemoglobin estima
tlons, it 1s advisable to assess the scrum proteins and the albumun globulin retio as
a guide to the effects of the hemorrhage and disease on the patent s blood chemistry

CREST ROENTGENOGRAMS These should be taken promptly Posteroanterior
views reveal any underlying lung lesion such as bronchiectass, lung abscess nco-
plasm or tuberculosis The areas of aspiration atelectasis give widespread shadow
1ng

In the presence of intermittent hemoptysis it may be ible to do a b
grumluaqulaccnlphawmnsmouﬂlnathaaﬁcitedlpoo;orugm:nu,t’nugh;
dmkth:mmptydﬂwmmnlndcru[thelung.



178
Chapter I1. Massive Hemoptysis

| - e e e

)

cm's 23 3,‘ 4,9

_—— e e e e b et o e e e e

Fig 3C Specimen removed at lobectomy.

BroncHoscopy The objects of bronchoscopy are-

1 To find from which lobe of the lung the hemorrhage 1s occurrng,
2 To block off the drainmng bronchus temporarily, arrest the bleeding, and
allow of defimitive surgical resection

Bronchoscopy is of greatest value during the stage of active bleeding, when,
though the actual source of the bleeding may not be seen, the lobe of the lung from
which it 1s ising 1s accurately determuned Unless this information can be obtained,
the examination 1s worthless Further, i1t allows removal of retained endobronchial
blood clot

Techme. As 1t 15 important to preserve a good cough reflex, bronchoscopy should
be performed with the mimmum of local anesthetic

If the patient 1s at all dyspneic, he should be kept sitting up—at least until the
obstructing sputum and blood clots have been removed When he can tolerate it, on
the other hand, he 15 best placed 1n the head-down position, thus allowing of bronchial
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dramnage It 13 most important to have several bronchial suction tubes available dur
ing the procedure, lest ane block and the patient drown blood.

The bronchoscape Is gently inserted, all blood and blood clot are removed by
suction end large grasplng peanut forceps and the affected bronchus viewed. When
bleeding has ceased, little more may be found. When severe bleeding continues, how-
ever, or has been reactivated by the bronchoscopy, the aum is to control it temporarily
and ellow permanent measures to be taken.

If the bleeding 13 from exther of the lower lobes or the middle lobe it can be
controlled by mscrting 2 Thompson cuffed endobronchial blocker If this is not
available, the onfices can be tightly packed with cotton swabs thereafter intubating
the contralateral lung and proceeding to urgent thoracotomy

If the bleeding ts from either upper lobe—neither of which s at all easy to intubate
effectively—it is safer to insert & cuffed McGill tube into the contralateral lung, in
flate and seal off the hemorrhage

Becanse of theso possibilities bronchoscopy for massive hemoptysis 15 best
performed in the operating room with everything ready for immediate thoracotomy

CLINICAL TYPES OF HEMOPTYSIS
Patients requiring treatment for hemoptyns fall mnto three clinical groups

1 Those with mild hemoptysis
2. Those with severe intermittent hemoptysis
3 Those with severe continuous hemoptyss

Mild Hemoptysis. This may vary from an occasional stauning of sputum up to
10 ml. of blood appearing spasmodscally The object of the investigations which in-
clude chest roentgenography tomography bronchography and bronchoscopy 1s
to find and treat the lesion, be it pulmonary cardiac, hypertensive or a manifestation
of systemic disease Thesc details, however are beyond the scope of this book.

Severe Intermittent Hemoptysis. This 15 almost mvarlably caused by pulmonary
tuberculosis, broncholithinsis, bronchrectasis lung abscess, or neoplasm. The con
dition of these patients usually allows sufficlent time and opportunity for adequate
assessment as a prelude to explomtory thoracotomy (2, 8 9 10, 11) Blood loss
must bo replaced. As much as 12 liters have been required (12) The lesion 11 then
promptly removed by segmental, lobar or pulmanary resection.

Severs Continuovs Hemoptysis. These pattents form the most difficult group, for
ﬁﬂﬁﬁﬁonzmn&:am:mgcmymdmmuyaﬂom dmeforonlyanm,lght

to detect causative lesion,

oo, s of grect vabes Reviow of all former roentgenograms, it

There 13 no use in temparizmg even for a day, for tho leeding
cease momentarily it will return at 2 more inconvy'venicnt txm[:.ghmth:mt:g fumds:a iyl
invanably reduced from aspiration atelectass leading to areas of locallzed
monia, copservative treatment is fraught with danger to the patient s lifs Sm:hP’;:
Wmc‘t;?muw Te:;;r; ;]t E.smt‘ll:omixr:? l;3\:.:111:101:tcritom=u.m or thoraco-
further and reduce the chance of survival g’cfnc:rc, gu.rm e i aeory fametlon st
The it g, of after surgical operation.

deciston to operate must be mads early and, when mads, carned out promptly
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MANAGEMENT

Although a surgeon should be chary of advising operation 1n bilateral tubercu-
lous cases, life 1s in danger, and the bleeding must take priority over conservatism
Ross (2) reported successful emergency pneumonectomy 1n the face of an acute
exacerbation of tuberculosis

Preliminary Assessment. The patient 1s exammed, his chest roentgenograms
scrutimized, and he 1s placed n the position for postural dramage of the affected seg-
ment 1n order to clear blood from the lungs. To preserve the cough reflex, only mild
sedatives are given The blood group and hemoglobin level are estimated and trans-
fusion commenced

Bronchoscopy. When bleeding continues unabated, bronchoscopy 1s performed
in the operating room as a prelude to thoracotomy Following the bronchoscopy and
detection of the bleeding pomt, the sound lung 1s protected from aspiration of blood
and clot by one of three ways.

1 By mserting a Thompson bronchus blocker into the affected lobe This 15 of
greatest value when bleeding comes from a lower lobe,

2 By packing the affected bronchial orifice with a cotton swab,

3 By imtubating the sound lung with a cuffed McGill endobronchial tube The
anesthetist then takes over and induces general anesthesia as for thoracotomy

Rarely, bleeding may be so severe that immediate bronchoscopy 1n the ward 1s
required as a lifesaving measure The torch-handle pattern bronchoscope (see Chap-
ter 2, Fig 12) 1s most adaptable and may have to be left i position as an airway
while the patient 1s taken to the operating room and the hemorrhage arrested by
bronchial blocking as described above

Anesthesia. With the bleeding controlled and the danger of drowning abated,
general anesthesia is now safely induced The patient is turned on his side n prepara-
for thoracotomy, with his head low for postural dramage and tracheal toilet In young
children, m whom bronchus blocking 1s not possible, Overholt’s (13) face-down
position 1s required ;

Technic of Operation. The chest wall 1s opened widely and any collapsed or eli
stroyed lobe or calcified hilar Iymph nodes recognized It 1s at this stage that the fu
value of preoperative bronchoscopy becomes obvious, for, having seen blood 1ssuing
from the affected bronchus, the surgeon can approach the problem of lobar resection
confidently and not be confused by the surrounding areas of aspiration atelectasts
Further, the bronchoscopy aids 1n deciding the extent of resection required

The extent of the resection 15 based, therefore, on the preoperative bronchoscopic
findings and on the presence at thoracotomy of an obviously destroyed lobe and/or
calcified peribronchial lymph nodes

The operative procedure depends on the findings.

1. When there is a destroyed lobe from bl‘ODChleCtaSltS, c;ung abscess, or tubercu-

s1s, the affected segments or lobes only are resected,

2 I\:’hen calcified lympgl?1 nodes are eroding the bronchus, 1t may be pOS;lbIC tr(:
enucleate them. If not, then resection 1s necessary, the extent depen mghos
the lesion. When the lymph nodes are firmly adherent to the ma:lx; bt;onz nlll
or pulmonary artery, for technical reasons pneumonectomy may be Sc y
possible course, a finding Ehrenhaft (3) encountered twice 1n his series,
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3 When thoracotomy fails to reveal a cause for the bleeding, the nature and ex
tent of the resection depends entirely on the preoperetive bronchoscopy and,
at the Jeast, resection of that lobe i3 requrred.

Postoperative Treatment. This follows the plan already outlined 1n Chapter 3

As Ehrenhaft stresses provided the preoperative localization of the site of bleed-
ing has been accurate and this area has been resected, the postoperative convalescence
should be uncventful He reported no sigmificant morbidity and no mortelity in his
group of 12 cases in whom the following operations were requured

Numpex
OPERATION OF CasEs
Left pneumogectomy
ngnt upper lobectomy
Le quu lobectomy
]lz.l‘g:t ower lobectomy
lower lobectomy
Lingulectomy
Lingulectomy and basal cntal resection
Resection of calcified node, left main bronchus

—_—— e NN NN

CONCLUSIONS
In such urgent resections success depends on

A clear-cut decusion to operate

Roentgenography and bronchoscopy to localize the lesion

Adequate blood transfusion, especially while operating

Endobronchial tamponade to control the hazard of aspiration atelectasis in

both lungs

5 Speed—these patients cannot reasonably be expected to withstand prolonged
operative procedures (2)

6 Postoperntive antibiotic thernpy

A WN -

Especually with tuberculous patients while in general it 13 unwiss to attempt lung
surgery unless the other lung is free from discase or has 2 minimal stable lesion, oper
ation should never be so delayed that massive contralateral spread can occur or antil
the patient has been allowed to sink to such a poor state as to be beyond surgical aid.
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MANAGEMENT OF POSTOPERATIVE
COMPLICATIONS IN PNEUMONECTOMY,
LOBECTOMY, AND THORACOPLASTY

The general rules for pre and postoperative management of thoracotomy apply
also to the operations of preumonectomy lobectomy and thoracoplasty (sec Chap-
ter 3) Their complications however require prompt correction and arc logically
considered as thoracic surgical emergencics

PNEUMONECTOMY

Historical Note. It was not until 1931 that Nissen (1)-—then in Berhin—success
fully removed an enture lung In 1932 Haight (2) of Ann Arbor repeated this suc-
cess in 1933 Graham (3) at St. Lows performed pocumonectomy for ncoplasm
and, 1n 1934 Meson (4 5) at Newcastle upon Tync and Edwards (6) and Roberts
(7) in London each had sumslar successes The operation 15 most commonly per
formed for bronchual carcinoma but is also of value in the treatment of bronchuectasis
tuberculosis suppurative pncumoniz, bronchial adenoma and other rarer lesions.

ROUTINE PROBLEMS AFTER PNEUMONECTOMY
Suceesstul postoperative management depends upon

1 Centralizing the mediastinum
2 Controlling pleural effusion
3 Preventing pleeral infection.

If thess three polnts are carcfully watched, then complications will be munimal
Centralizing the Mediastinum. This {x done as the chest wound is bemg closed,
by having the anesthetist fully jnflate the remaining lung After the patient is turned
on 1o fus back, intrapleurnl pressures are measured with an artificial pnenmothorax
needlc fnscrted through the second Intercostal space and adjusted to zero The final
state s checked by a chest roentgenogram A water-teal drain 18 & useful safeguand
sgainst wmtcaplearal pressure changes or o farge pleural effusion In 100 pocumo-
neclomies when this was standard practice no complicatson was directly attnbutable
to the tube and it was lifesaving m several patients with severe Ppostoperative hemor
rhage. The water scal must be decp to prevent rapid expulsion of air from the Ppleoral
cavity via the tube, medinstitum shift toward the operated side, emphysema of the
remaining lung respiratory distress and even cor pulmonale Should thus happen,
air 1 replaced with a presmothorax apparatns and the mediastinum Is centralized

(Fig. 1A-C) The tube 13 removed when 1t becomes bl hours
after operation, or eachier if indycated. ek some 24 to 48

183
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Fig 1A Immediate postpneumonectomy film with central trachea

Controlling Pleural Effusion. After pneumonectomy, fluid collects at a variable
rate 1n the empty pleural cavity For the first 10 days 1t 1s best kept below the level of
the sixth thoracic vertebra by chest aspiration to allow optimal conditions for healing
of the bronchial stump The level 1s checked by regular roentgenograms (Fig 2) In
some patients, especially children, little fluid collects, and no aspiration 1s required
In others, fluid accumulation may require daily aspiration After the tenth to twelfth
postoperative day, the fluid level 1s allowed to rise until 1t fills the hemithorax In
time, the accompanying fibrin becomes organized

Preventing Pleural Infection. When pneumonectomy 1s required 1n the presence
of a purulent pleural effusion (as sometimes occurs when carcinoma of the lung has
caused a blocked-bronchus syndrome with empyema), the pleural cavity can be
sterilized before operation by daily aspiration and instillation of the appropriate
antibiotic

Following operation on these potentially nfected cases, the antibiotic regime 1s
continued, 1 mega of pemicillin, 1 gram of streptomycin, and so on (according to the
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Fig. 1B Trachea displaced to left, following expulsion of mir through intercostal tube.

sensitivity of the organism) bemg injected daily through the second intercostal spact
antenorly for at least one Week after the temperature s normal and all cultures of
the aspirate negative for growth of organisms

Systemic antiblotics and adequate physiotherapy usually ensure freedom from
fection in the remainng lnng, which should be examined clinically each day

MANAGEMENT OF COMPLICATIONS OF PNEUMONECTOMY
In general complications are either early or late

Early complications include

Postoperative thock from hemorrhage
Tension pneumothorax

Surgical emphysema

Acute pulmonary edema

Spotnm retention

Aurnicular fibrillation.

AWl =
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Fig 1C Trachea again centered, following introduction of air with pneumothorax needle

Late complications are

7 Fistula formation,

8 Pyothorax,

9 Dusruption of the intercostal layer,
10. Wound infection (already described under Thoracotomy),
11 Pulmonary embolism,
12 Extrusion of a stitch from the bronchial stump

Hemorrhage. Postoperative hemorrhage may be either (a) sudden and profound,
or (b) a slow steady ooze
* The first type 1s rare, but 1t has occurred from slipping of ligatures on the divided
pulmonary vessels It 1s usually fatal Treatment 1s prevention and 1s bound up 1n
careful igation of the main vessels and oversewing their stumps at operation

The second type usually comes from divided panetal or mediastinal adhesions
Agan, careful hemostasis before closing the pleural cavity 1s the surest means
of prevention For slow hemorrhage, repeated transfusions are necessary If bleeding
continues, the patient 1s taken back to the operating room, the wound reopencd, the
blood clot evacuated, and the bleeding point sealed
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Flg 2A. Neoplasm of tung.

In one patient who dramed 4 liters of blood in cight hours after pneumonectomy
at emergency reopening of the wound 2 small bronchral artery was lignted In an-
other who bled after postoperative pleural aspiration and who failed to respond to
12 pints (8 Liters) of blood gven over 6 days the wound was reopened, and a steady
parietal cazo was checked by pericostal higation of the corresponding mtercostal
arte

'rl'yenﬂon Pregmothorax. When mtrapleural pressures have not been checked and
adjusted to zero at the end of the operation an existing tensfon preumothorax may
go undetected until the pattent suddenly collapses Deviatlon of the trachea gives the
key to dingnosis The intraplearal pressure may also rse later from mtrapleural
hemorrhage or from rapidly increasing pleural effusion Tension pneumothorsx from
either cause results in shift of the mediastinum toward the remaning lung, decreased
pulmonary ventilation acute respiratory embarrassment, and hypoxia If the preu

mothorax is due to hemorrhage, there are also the signs and effects of blood log
Rapid lmprovement follows centralizing of the mediastinum and repl of
blood loss

Sargical Emphysema. This occurs following failure to approximate the inte
costnl muscles completely when pleces of several adjoining ribs have been .
or after using an intercostal muscle flap to cover the bronchual stump ™~
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Fig 2B Ten days after pneumonectomy, left pleural effusion to level of sixth rib

cough, air 1s expelled from the pleural cavity into the muscular and subcutaneous
planes of the chest wall Though alarming, surgical emphysema 1s usually not serious
and 1s best controlled by firmly applying a cotton pad with elastoplast to the mnter-
costal gap Rarely, the emphysema may be severe and cover the entire body, as n
Figure 6 of Chapter 4 It can be relieved, and the air allowed to escape, by applying
an antiseptic solution and making multiple skin punctures with a sharp-pointed
scalpel blade

Acute Pulmonary Edema. The exact cause of this condition 1s unknown It usu-
ally occurs a few hours after operation 1n elderly patients with some degree of emphy-
sema and persistent pulmonary hypertension when circulatory adjustment after ligat-
ing the pulmonary artery was delayed A “mobile” mediastinum may aggravate the
condition Occastonally, the pulmonary edema may be delayed in onset until the end
of the second week 1t 1s treated by morphime, intravenous atropime 0 65 mg six-
hourly, mersalyl, oxygen, and intratracheal suction, preferably by bronchoscopy If
this procedure requires repeating, tracheotomy should be done

Sputum Retention. Not infrequently within 12 hours of operation, cspecially in
the elderly, the patient 1s unable to clear his trachea of sputum He becomes pale
and sweating and his blood pressure falls. If unreheved, his condition will deterio-
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rate further become irreversible, and prove fatal Experience has shown {f 1s useless
{0 wait for x-ray evidence of atelectasis before taking action Bronchoscopy 18 ur
pently required when this must be repeated  tracheotomy is ndicated. Recent :l.x
perience has proved the special worth of early tracheotomy in the postoperative
ent of pneumonectom;
mun:i:]cuhr F%brﬂlnﬂon. In zlderly patients, too vigorous ambulation not infre
quently precipitates auricular fbrillation. A recent group of 3 patients, all over 70
years of age, developed auricular fibrillation on the third postoperative day It may
occur whether the pencardium hes been opened or nat, and after esophageal or car
dinc operations as well as pleurn letions The fibrillation 18 usually transient and re
sponds rapidly to bed rest and quinidine in doses of 200 mg 3 hourdy for 3 doses
then 400 mg. 3 hourly for 3 doses and 50 on, until the rhythm 15 again regular (23)
Postoperative Bronchial Fistula, This most serlous complication of pneumonce
tomy 13 largely preventable by

1 Meticalous closure and covenng of the bronchial stump with a viable pleural
flap ot intercostal muscle bundle and carcfully burying it in mediastinal
tissue

2 Careful postoperatrve chest aspiration, ensunng that the level of intrapleural
fluid s kept below the bronchial stump until healing is completo

Bronchial fistula may occur early or late in the postoperative pericd Postopera-
tive bronchinl fistulas usually arise doring the second week but have been known to
oceur as long as three months after operation. They may be either small or massive

Small Fistula. In some patients, the presence of a small fistula may be difficult
to prove Some guide 15 possible by measuring intrapleural pressure, aspiratmg 500
cc of alr, taking pressures again, and rechecking 10 minutes later If the pressure
has by then returned to the onginal level a fistola {s present. The presence of a fistula
may also be demonstrated by njecting 5 ml. of methylene blue solution Into the
pleural cavity and noting its appearance in the sputum.

Becauee of the ever present danger that small fistulas can become massive and
because of the associated intraplenral infection, there 15 nothung to be gained by tem
porimng The pleural cavity requires prompt draining preferably by rib resection
evacuation of all fluid and fibnn clot and closure with water scal drainage There
after thoracoplasty

Massive Fistula The patient, who for some days may have had a swouldering
femperaturo or occasional bloodstaining of his sputum, 1s seized with a violent fit of
coughing and expectorates the greater part of the pleural finid The danger here is
death from drowmung in the fluud suddenly released 1nto the bronchial tree

The patient should immediately be placed in the head-down position and lying
on the operated side If at home, he shonuld be returned at once to hospital lying 1n
that positron en route As soon es possible an intercostal cotheter with water-seal
drainage is mserted Into that pleural cavity and the patient it bronchotcoped The
fistula may in time close but the now infected plenral cavity will not heal nnless com
pletely abliterated by totel thoracoplasty In the Yyoung, such an operation is well
tolerated and compatible with a useful working life. In those over 50 however al
though the operation 1 well tolernted the patient seldam can return to o previous
beavy occupation. He is, however fit for most sedentary work
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Pyothorax. Pyothorax arises from

1 Infection present before operation,

2 Infection mtroduced during operation,
3 Postoperative wound infection,

4 Bronchopleural fistula

Because of previous antibiotic therapy, diagnosis may be delayed and difficult
Rapid reaccumulation of pleural fluid may suggest the correct diagnosis, while cul-
turing the organisms from the aspirate proves 1t

Conservanive Management When there 1s no bronchial fistula, every attempt
should be made to control the mfection by repeated aspiration and injection of the
appropriate antibiotics When the fluid 1s loculated, each loculus requires aspiration
Attempts can be made to liquify the fibrin with streptokinase-streptodornase Faced
with an organism, usually a staphylococcus msensitive to both penicillin and strepto-
mycin, Griffin (8) 1 1951 had satisfactory results by reopening the chest, manually
evacuating the fibrin clot, cleansing the pleural cavity with eusol and salme, and fi-
nally leaving antibiotics 1n the cavity before closing The appropriate antibiotic was
contmnued systemically and mtrapleurally, and the pleural space was regularly aspi-
rated until the temperature had been normal for one week and all cultures of the as-
pirate rendered sterile

Drainage If these conservative measures fail, then 11b resection 1s performed and
a water-seal dramn nserted well forward in the anterior axillary lime When the pa-
tient’s condition has improved, the space 1s collapsed by thoracoplasty

Disruption of the Intercostal Layer. Occasionally, when continuous sutures have
been used, the intercostal layer gives way With each cough, pleural fluid enters the
muscle layers of the chest wall and the wound bulges Unless 1t 1s treated, the wound
may rupture A large pad strapped firmly to the chest wall for a month will ensure
support until the periosteum reossifies and rigidity returns

Wound Infection. See Thoracotomy, page 52

Pulmonary Embolism. This 1s usually fatal In a study of 200 lung resections for
carcinoma of the lung, the author found that pulmonary embolism accounted for 21
per cent of postoperative deaths All of the embol: came from the leg vems (9)

In five or six patients, pulmonary embolism occurred without warning one on
the third, two on the mnth, and one each on the twelfth and thirty-mnth postoperative
days, respectively After a warning femoral thrombosis, the sixth patient recelveg
anticoagulant therapy, but this failed to prevent the fatal embolus, which occurre
on the sixty-first postoperative day

When calf-vein thromboss 1s present, anticoagulant therapy and oxygen are ym-
mediately indicated With sudden syncope, if a doctor is available, transthoracic
cardiac compression 1s mdicated, since 1 an appreciable proportion of cases the
embolus 1s small and has not completely blocked the pulmonary artery but has precip-
itated ventricular fibrillation (see Chapter 24)

When the clot 1s massive, Trendelenburg operation will only rarely be successful,
for the lethal part of the embolus 1s the most distal part and the most difficult to grasp

Extrusion of a Stitch from the Bronchial Stump. Sometimes, after pulmonary re-
section the patient returns with a history of brisk hemoptysis or dry, xmta;mg couglllt
Check bronchoscopy may show an extruded stitch lymng tn the bronchial stump.

1s removed with grasping forceps.
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LOBECTOVY

Historical Note, One of the earliest lobectomies was performed 1n 1913 by
Mormniston Davis (10) His patient Lived for 10 days after operation

In treating bronchicctasis, the techme of tourniquet lobectomy (5 11 12) was
replaced in 1939 by dussection [obectomy evolved by Churchill and Belsey (13)
Since then, with the wider use of chemotherapy and postural dramage based on an
appreciation of bronchial anatomy consistently good results have been obtaned.

Lobectomy for pulmonary tuberculosts however was fraught with added prob-
lems which were not finally overcome until the development of endobronchial block
ers such as the Thompson blocker The face-down position for the patient on the
operating table (14 15) prevented spilling of sputum during operation and the free
availability of streptomycin since 1948 has lessened spread of the diseasc 1n the post
operative pertod

Lobectomy may also be required for chromc lung abscess adenoma, and for
some patients with bronchial carcinoma.

Postoperative Treatment: Object and Problems. The aim of postoperative treat
ment and the chief postoperative problem following lobectomy s to regein and man
tan full expansion and function of the remamning lung tissue a task that may tax the
resources of an entire thoracic surgical team The vicussitudes of residual lobes and
the detail of keeping them acrated can be adequately learned only by workmg in a
thoracic surgical umt and observing the patients mght and day The problems include

1 Management of the pneumothorax and closure of the chest wall,
2 Malntaning acration of the remaining lobe
3 Management of complications

MANAGEMENT OF THE PNEUMOTHORAX AND CLOSURE
OF THE CHEST WALL

When the lung resection has been completed and the remaining lobes re-expanded
by positive pressure there are almost invanably present small residual parenchymal
fistulas These require intercosta] drainage to remove the preumothorax, for without
such a device the remaining Iobe could never be made to function. Usually, two tubes
aro mserted, the site varying with the surgeon s preference In general, one tube acting
23 2 drain hes in the postenor axillary line while the other tube acting as an air vent
is led to the apex of the pleural cavity Both are connected with water-seal drainage
bottles and continuous suction. I the air leak proves large suction should be applied
mn the operating room. When the patient s moved from the operating table to hus
bed or back to the ward  these two drains must be kept dependent and frecly function-
mg, for rausing them above the level of the patient allows flud to be aspirated mto
the pleural cavity If the tube 15 raised high, it must be clamped.

Brouchoscopy At the end of the operation, after careful nasal and pharyngeal
asplration of mucus the endotracheal tube and any bronchus blocker are removed.
A bronchoscope 15 then passed and any secretions completely aspirated.
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Immediate Roentgenogram, Immediately following bronchoscopy, a chest roent-
genogram 1s taken with a portable x-ray apparatus to establish at the outset a base-
line of lobar expansion Thereafter, regular films are taken until it 1s certain that all
remaming lung tissue 1s well expanded.

MAINTAINING AERATION OF THE REMAINING LOBE

This can prove as great a task as the operation itself; 1t 1s closely related to

1 Patent bronch: kept clear by effective postural cough and expectoration of
sputum;

2 Relief of pamn by sedation and ntercostal local anesthesia;

3 Use of patent ntercostal tubes to allow escape of both fluid and air from the
pleural cavity,

4 Continuous suction

Eradication of Nasal Sepsis and Reduction of Sputum. In treating bronchiectasts,
the principle is usually accepted that no lobectomy should be performed until every
attempt has first been made to eradicate nasal sepsis and to reduce sputum as much
as possible—certainly to less than 1 oz. per day—by vigorous preoperative physio-
therapy and chemotherapy

Again, it 1s most unwise to perform lobectomy unless the patient can cooperate
well, particularly by postoperative coughing Although children between the ages of
five and nine years have had successful lobectomies for bronchiectasis, they do tend
to have a more troublesome convalescence than older patients Therefore, whenever
possible, operation should be delayed until the older age-bracket 1s reached

Twice each day after lobectomy, patients should have postural dranage and a
period of coughing with the affected side of the chest firmly supported by a physto-
therapist Throughout the day, too, they must be encouraged hourly by the nursing
and medical staff to cough and to breathe deeply Sedation increases cooperation

Intercostal Drainage. From the time intercostal drains are inserted, they require
careful, regular attention Any sudden jerk when the patient 1s being lifted onto his
bed may pull a drain 1nto, or even out of, the chest wall During recovery from anesc;
thesia, the patient should lie so as to allow free pleural drainage and uninterrupte
“swing” of the fluid with each breath He 1s thereby also m.the correct position for
postural drainage When the patient has recovered consciousness and has I;een
propped up 1n bed, all concerned 1n his management must see that he does not lean
on the dramn and block it It should be “milked” down at least once every hour to
avoid clot retention and blocking Even when a lobe of lung 1s collapsed, a tube maz;
still “swing” with each inspiration However, the “swing” 1s then never smooth an

asy but suspiciously jer )
’ SyThe draglage is};llt ﬁg heavily blood stained and amounts to 15 to 20 oz in tl;c
first 24 hours. Thereafter, the lower drain usually blocks with fibrin anc? 18 rcm(;)vc

It is essential to have daily roentgenographic checks, as well as clnical evidence

ed expansion of the lobe
o rré:'a::t?::mus Slt)lcﬁon. When applied to the intercostal drain and run at a pr(;,ssurf;‘
of 20 mm of mercury, continuous suction creates a constant negative intrapicurd
chymal fistulas One method 1s illus-
pressure and removes all air escaping from parenchy e 1ot tube first
trated 1n Chapter 2, Figure 6 The suction should be attached to the lo '

and, when this blocks, moved to the upper one
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Fig. 3A. Following lower lobectomy for bronchiectasls,
pocumothorax developlng after blocking of intercostal tube.

upper lobe it atclectatic becanse of
When the parenchymal fistulas close and therefore a swinging tube ceases to
bubble off air or when the tube ceases to swing and the roentgenogram shows a

fully expanded lobe the remaiming intercostal dram 1s removed Subsequent pleural
effusion 15 aspirated as required

Physiothernpy is continued as long as the patient remalns 1n hospital

MANAGEMENT OF COMPLICATIONS
The complications of lobectomy include

1 Collapse of the r ing lobe and persl of nch; fistulas
2. Late bronchial fistula i parenchymal

3 Penistent collapse and destruction of the remalning lobe

4 Pleurnl effosion and hemothorax

5 Pleural infection.
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0 Tempood
Fig 3B Lobar re-expansion after changing tube

Collapse of the Remaining Lobe. Following lobectomy, the most common com-
plication 1s collapse of the residual lobe There are several causes, including.

1 Blocking of the dramage tube with blood or serum,

2 Inability to cough up sputum because of pain or fear of pain,
3 Presence of persistent parenchymal fistulas,

4 Development of postoperative bronchial fistula

The clinical picture reveals an anxious patient, a moist cough, a poorly moving
chest wall, and no air entry Chest roentgenograms confirm the clinical diagnosis

Collapse of the lobe can largely be prevented by regular postoperative coughing,
starting as soon as the patient 1s conscious, careful removal of tubes and bottles, and
adequate aspiration of all postoperative itrapleural fluid and air

It 15 important to know the “‘overmght” state of the lobe carly each morning, for
if the lobe 1s collapsed, a series of steps lasting over three to four hours may have to
be taken before re-expansion occurs The cooperation of the x-ray staff taking “port-

able” films 1s, therefore, of utmost importance
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Flg. 4A. Left lower-lobe bronchiectasis.

BLockep Tupe When the tube has blocked and the roentgenogram shows fluid
and air in the pleural cawity the Intercostal dram is  mlked , if that fads to clear
it, then a fresh intercostal drain s inserted (see Chapter 2) Combined with vigorous
physlotherapy this change of tube may produce re-cxpansion of the lobe (Figs 3A
and B)

BrockeD BroNcHus. When becanse of pamn, the patient will not cough, and
when roentgenograms show a collapsed lobe the mntercostal drain is first checked for
patency Thereafter if postural drainage fails to dislodge the retained sputum aspira
tron bronchoscopy 1s performed and the result checked by x-ray (Fig 4A D) Even
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Fig 3B Lobar re-expansion after changing tube

Collapse of the Remaining Lobe. Following lobectomy, the most common com-
plication 1s collapse of the residual lobe There are several causes, including

1 Blocking of the dramnage tube with blood or serum,

2 Inability to cough up sputum because of pain or fear of pain,
3 Presence of persistent parenchymal fistulas,

4 Development of postoperative bronchial fistula

The chinical picture reveals an anxious patient, a moist cough, a poorly moving
chest wall, and no air entry Chest roentgenograms confirm the clinical diagnosis

Collapse of the lobe can largely be prevented by regular postoperative coughing,
starting as soon as the patient 1s conscrous, careful removal of tubes and bottles; and
adequate aspiration of all postoperative intrapleural fluid and aur. .

It 1s important to know the “‘overmight” state of the lobe carly each morning, for
if the Jobe 1s collapsed, a scries of steps lasting over three to four hours may have to
be tahen before re-expansion occurs The cooperation of the x-ray staff taking “port-

able” films 1s, therefore, of utmost importance
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Fig, 4A. Left lower lobe bronchiectasls.

Brockep Tuse When the tube has blocked and the roezrzermer » - g1,
and wr n the pleural cavity the intercostal dramn is “milkes” f4or
it, then a fresh mtercostal drain is inserted (see Chapter 2) Cimim- -
physlotherapy this change of tube may produce re-¢xpanszg of
andB)

Brockep BroNcrHUs When, becauss of the L O
when roentgenograms show a collapsed lobe mzmpég; = ;“E-"vl;:
patency Thereafter if postural drainage fails to dislodgs fie ... e

tlon bronehoscopy s pecformed and the result checked f 5 ;:’f;‘_“; fgf
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Fig 4B Immediate postoperative rocntgenogram, same paticnt
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Fig 4D Re-cxpansion following aspiration bronchoscopy and pleural aspiration
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Fig SA. Atclectasls of upper keft lobe after left lower lobectomy (Note the outhnc of the
m&ca, left main brouchus and intercostal tube)

after bronchoscopy further vigorous postural drainage and coughing may be required
to et the lobe fully reexpanded (Figs. 5A andB)

Two of the most stubborn causes of collapse of the remaining lobe after lobec
tomy are

1 Persistence of parenchymal fistulas

2 Development of bronchial fistola at the lme of bropchunl division (see Late
Bronchinl Fistula, below)

Persistence of Parenchymal Fistulas Provided there is free communicabon be
tween a parenchymal fistula and an intercostal draln, the lobe will remain expanded.
In some lobes however when the intercostal drain has become blocked or has been

removed too eary there iy at first apparent full lobar expansion followed by an ate
Yectasis that resists all efforts at re~expansion.
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Fig 5B Upper lobar re-expansion following effective postural dranage by phystotherapists

Roentgenograms do not readily show the optimum site for replacing ntercostal
drams In these resistant cases, recent—if rare—eaperience has shown that reopen-
ing the wound, re-expanding the lung, using endotracheal anesthesia, and redrainage
constitule the treatment of choice. The lobe is re-cxpanded, and the fistulas are prop-
crly drained, thereby avoiding more serious complications

Late Bronchial Fistula, This complication usually declares atself as follows

The parenchymal fistulas may have closed, the lobe may have been chinically
acrating, and the intercostal drain may have been removed, but the temperature may
not have completely scttled Somctimes. during the sccond postoperative week the
patient will cough up blood-stamned sputum, and rocntgenograms may demonstrate
increased pleural fimd with a flurd level or lobar collapse The usual cause s o fistula
developing at the site of bronchial division I the fistula is basal, « loculated wir pocket
may be seen on a penctrating film When a fistula 1s detected. this space should be
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dralned either by an intercostal tube or by rib rescction with evacuation of any fibrin
and clot and with subsequent water-seal drainege In two weeks when pleural adhe
sions form the water seal is removed and a thort fube mserted. The ealing of the
rendusl sinus 18 thereafter controlied with weekly sinograms to guido tho shortening
of the drainage tube

Persistent Collapse of the Remaming Lobe. Rarely in non-coughing petients
or m those patients with persistent parenchymal or late bronchial fistulas not recog-
meed as such and not adequately treated, the collapsed lobe becomes nfocted by a
severe type of “pneumonitis” that, in the short space of six weeks can transform the
remainmg normal lobe into destroged bronchiectae tissus This s » senous prob-
lem usually seen only in the surgical treatment of bronchicctasis The cluef aim of
postoperative cars is to prevent this unwanted comphcation. Continued intraploural
dralnage and tracheotomy to aspirate retained sputum are the keys to successful
treatment.

When the lobe 15 destroyed 1t is best removed, which means a ppeumonectomy
must, therefore be performed although lobectomy was the origial intention. This
dntressing compheation 1s fortunately rare, but no one who has done a large senes
of resections for bronchicctasis in children has escaped it.

Pleural Effusion and Hemothorax. Pleural Effusion With efficlent pleural drain
age suction, and rapid re-cxpansion of the remainng lung tissue pleural effusion is
minimal However when pneumothorax persists an effusion rapidly forms which
can readily become Infected Fibrm deposited on the underlying lung further lessens
the chance of easy re-cxpansion. Treatment Is by early and complete aspiration.

Hemothorax Rarely following lobectomy, mesuve postoperative bleeding from
an Intercostal vessel from parietal adhesion, or from lung parenchyma may clot 1
the pleural cavity Interfere with full lung re-expansion and later become infected.
Hemorrhage may aiso follow chiest aspiration Although aspiration after instiliing
streptokinasc-streptodomase has been succeasful, the only truly effective method
18 to reopen the wound cvacuato the hematoms, and close the wound agein over
water-seal drainage

Pleural Infection. Because of the use of dissection technic for lobectomy ag
well as careful asepsit and antibloties postlobectomy pleural infection—common a
decado ago—is now rare The space occupled by the resected lobe is rapidly obliter
ated, partly by the diaphragm and partly by mediastinal shuft. Rarely however
pleural infecton does supervene on pleural cffusion, usually secondary to bronchial
fistula. The {afection 18 treated at first by aspiration and local amtibiotics but when
that method is unsuccessful, treatment 18 by intorcostal dramnage or rib-resection
drainage as for empyema
mWh;l;., aftet drafnage of an infected space a bronchopleural fistula persists even

prolonged mtercostal dranage 1t may not heal. In these cases, much time and
nconvenlence is saved by performung the tram-line” operation described by Mason
(22) The sos is excised together with the ribs and pagietal pleura over the empyema
cavity which Is thus sauccrized The intercostal muscle bundles and their blood
ff,‘.i.‘i.’" are preserved, placed over the fistula, and firmly held there by packing and

ngs Aftcrlodayx,wbcnthopackinghmmowdtheﬂxmlawﬂlbef
covered by a mass of granulation tissue which slowly heals ound
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Fig 6A Unilateral fibrocascous disease with atelectasts of left upper lobe and tracheal dis-
placcment

THORACOPLASTY

Historical Note. In the gradual evolution of the treatment of pulmonary tubcrcu-
losis, thoracoplasty was devised by Sauerbruch (17) for extensive umilateral fibro-
caseous diseasec when the accompanying atelectasis had caused gross fatling 1n of
the nbs and mediastinal displacement (Fig. 6) In 1935, Holst, Semb, and Frimann-
Dahl (18) described selective apical thoracoplasty with apicolysis for closing apical
lung cavities. The technic involved freeing the scapula from behind by a penscapular
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Flg. 6B. Same patient, after keft Sauerbroch tharacoplasty—nine riba.

inclsion and subpenosteal resection of all of the first and second ribs and of half of
the third rib and performing apicolysis to the level of the first or second intercostal
space in front and the fifth or sixth rib behind. At a second stage collapse of the
cavitated upper lobe was enhanced by resecting lesser lengths of the fourth to seventh
ribs Further modifications giving a more stable chest wall, especially for use with
lobectomy have been described by Bormie (19) (Fig 7) Bjdrk (20) and Brock
(21) A total thoracoplasty is occastonally required to collapse a postpneumonec-
tomy empyema cavity
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7A Modified Holst thoracoplasty, preserving ribs two to five and using them to give stability
to chest wall

COMPLICATIONS OF THORACOPLASTY

Although the complications of thoracoplasty arise during the operation, their
effects linger on mnto the postoperative period The chief complications are.

1 Punctured pleura,

2 Hemorrhage,

3 Spontaneous pneumothorax in the contralateral lung,

4. Rupture of a tuberculous cavity nto the extrapleural space

Punctared Pleura. This can anise with apicolysts when there 1s a thin fascial layer
or a few apical pleural adhesions It 1s more prone to occur with the coughing that
may accompany the use of local anesthesia The usual sites are near the second
costochondral junction 1n front or the sixth rib behind It 1s best avoided by utmost

gentleness
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Fig 7B Postoperative view of patient, showmng full range of arm movement and no deformity

If the puncture is small 1t should be closed by clamp and suture When the
pleura proves frable and difficult to suture 1t 18 covered with a swab the operation
completed, the residual pneumothorax aspirated, and lung re-expansion checked by
roentgenograms  Any subsequent pleural effusion requires aspration.

If the puncture Is large the safest and simplest treatment {3 to 1nsert an inter
costal catheter into the pleural cavity (e g 1n the cighth intercostal space in the
postenor axillary line) and connect o water-scal drain and suction Not only 1s the
air removed but also the blood stamed fluld seeping down from the extrapleural
space The catheter is removed when it ceases to drain, usually after two days



206 Chapter 12.  Postoperative Complications

—
-
-

11
i

A et e o ——— - - -

Fig 8A Hematoma developing after second-stage thoracoplasty

Hemorrhage. In patients with dense fibrous vascular adhesions holding the apex
to the parietes, unless all bleeding points are carefully sealed before closing the
wound, contmued steady hemorrhage may complicate the early postoperative period
As such points cannot be readily ligatured, they are best closed by applying diathermy
to the metal suction tip as 1t sucks the bleeding point Finally, it may be necessary to
cover the area with gelatin sponge If an extrapleural hematoma forms after opera-
tion, 1t will require aspiration, and if large, evacuation (Figs 8A-C)
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It AN
Fig 8B Hematoma showing left side opaque.
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Fig 8C Radiotransparency restored after evacuation of hematoma
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Pn horax in Opposite Lung This mre complication may occur
ma xmdtﬂo—aged or elderly patient with a contralateral artificlal pneumothorax and
emphysema. The following case report illustrates the problem and its management.

Case REPORT Mrs. S aged 45 had bilateral pulmonary tuberculosls with an
extenstve right apical cavity and a leslon in the apical segment of the left lower lobe
controlled by artificial pneumothorax (Fig 9A) In May 1952 one-stage right
thoracoplasty was performed under general anesthesia Toward the end of the
apicolysis, the right pleura was punctured and air entered the underlying right
pleurzal cavity Because the anesthetist found difficulty in inflating the lungs, a right
Intercostal tube was Inserted and connected to a water seal The patient a condition
did not improve after immediate postoperative bronchoscopy nor after the aspira
tion of 3 000 cc. of air from a tympanic left pleural cavity A portable roentgeno-

Hh—“*“ - :‘*—S%Q_J

Fig. 9A. Bilateral pulmonary tuberculosts, with an existing left pm;h: oo
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Fig 9B Following night thoracoplasty and accidental opening of the right pleural cavity,
patient developed left spontaneous pneumothorax

gram was taken As satisfactory oxygenation could be maintained only by inflation
with an anesthetic machine, and as the left chest was still tympanitic, a further
2,000 cc of air were removed without appreciable change It was then realized that
she had developed a left spontaneous tension pneumothorax during the opcra-
tion This was confirmed by the roentgenogram (Fig 9B) and by the rush of
air and 1mmediate relief that followed 1nsertion of a Malecot catheter with watcr-
seal drainage 1nto the left pleural cavity The left lung was finally re-expanded by
continuous negative-pressure pleural suction (Fig 9C)
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Fig. 9C. Left 5p P horax relleved by & water seal drain right basal
effusion required pleural aspiration.

Ruopture of Tubercalous Carity Into Extrapleural Space. This equally rare com-
pheation may occur when the cavity to be treated is firmly adherent to nbs or spine

1f the complication is recognized duning the operation the safest plan is to per
form a resection, for suture of the tuberculous wall 1s hazardous and subsequent
tuberculous nfection of the extrapleural space almost mevitable

If the complication s recognized after operation there 13 permstence of air
in the extrnpleural space and absence of fluld wiich will have drained away through
the fistula thus created. The presence of a fistula 15 confirmed by injecting 5 ml. of
methylene blae into the space and noting if it 13 coughed up The simplest and safest
treatment 13 a “Jetier-box  dramnage of the extrapleural space between the axillary
folds.
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POSTOPERATIVE COMPLICATIONS

Complications following operation are-

Postoperative shock,

Atelectasis of the lower lobe,

Excessive effusion mto the extrapleural space,
Rupture of wound,

Wound infection and extrapleural-space infection,
Rupture of tuberculous cawity mnto extrapleural space,
Spread of disease (Not discussed )

e N7, N T TURE S

Postoperative Shock. This occurs within 24 hours of operation from (a) failure
to replace blood loss, and/or (b) farlure to prevent paradoxical movement by ade-
quate support of the chest wall

Blood loss after operation 15 detected by pallor, sweating face, dyspnea, rapid
pulse small 1 volume, and falling blood pressure It 1s usually due to contmnued
oozing mto the extrapleural space, treatment is by immediate and adequate blood
transfusion

At the same tume, the “paradox pad” 1s nspected, and, if 1ts adhestve-plaster
support has 1n any way slackened, 1t 1s firmly reapplied, the patient kept warm, and
sedatives such as omnopon 22 mg given (Fig 10)

Atelectasis of the Lower Lobe. It 1s just as important to preserve a functioning
lower lobe after an apical thoracoplasty as 1t 1s to preserve functioning lung tissue
~ after lobectomy For that reason phrenic nerve operations are not encouraged as a
prelude to thoracoplasty Postoperative deep breathing and coughing exercises are
essential. If clinical examination and roentgenograms show mediastinal displace-
ment and contmnued atelectasis of the lower lobe, aspiration bronchoscopy 1s re-
quired Even after bronchoscopy, further physiotherapy may be required to re-ex-
pand the affected lobe completely

Excessive Effusion into the Extrapleural Space. Occasionally a routine postoper-
ative roentgenogram shows a blacked out lower lobe, although clinically gt?od breath
sounds may be heard. If a penetrating film 1s taken, 1t will confirm that air is entering
that lobe The shadowing 1s due to fluid from the extrapleural space seeping down
nto the extrapleural layer and simulating the x-ray appearance of atelectasis—usu-
ally, however, without tracheal displacement g

At other times, the extrapleural space may become tensely ballooned with flui
and arr, and the patient experiences a sense of tightness 1n the area of the operation
The remedy 1s to aspirate the fluid at the most favorable place for the patient

1 Through the axilla,
2 From 1n front, just below the midpomnt of the clavicle,
3 From above, just anterior to the scapula and through the apex of the extra-

pleural space

The same technic 1s used as for aspirating the pleural cavity, pemcillin 1S chc:jcd,
a specimen sent for culture, and the final state checked by roentgenograms A paradox
pad 1s firmly reappled after aspiration

Rupture of the Wound. Rupture of the wo

the m
cotomy, because an intact nib cage protects ‘
of an c):’;(ploswc cough In a thoracoplasty, however, when lengths of ribs hav

und 1s rarcly seen following thora-

uscles from the extremes of pressurc
¢ been
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Fig. 10 Method of applying Paradox pad to siabilize the chest wall after thoracoplasty

emoved, the wound 1s In direct contact with the explosive foree of coughing, and,
f wosupported, can rupture either at the upper or lower end Excess of extrapleural
fuid or air predisposes to rupture To prevent rupture interrupted sutures are re
uired, and the wound is held well supported by a physiothernpist nurse or doctor
whilo the patient coughs Immediately rupture of the wound occurs, fluid from the
xtraplenral space drains away

If wound rupture is seen early secondary suture after removal of the fluid and
clot 18 required. If rupturs is seen late infection 18 certain and adequate drainage
m@ the axilla is required until the wound has healed and the extrapleural spacs

osed.

Womnd Infection and Extraplenral Space Infection. WOUND INFECTION Infec-
bon superficral to the muscle layer usually declares itself from 7 to 10 days after
O1’el’ﬂti0n.Careincloslngthewound:u:tdearlyrcmovalofsun.lmu tend to lessen the
chence of this complication Rarely it may be delayed as long as two months after
Operation when n nonabsorbent suture may cause a local abscess
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When infection 1s detected, the sutures are removed and the area 1s laid open
and cleansed with dilute hydrogen peroxide mrrigations and eusol packs thrice daily
When the wound has become cleaner, red lotion and ultraviolet irradiation will
stimulate granulation tissue If the amount of granulation tissue formed 1 large, sec-
ondary suture of the wound 1s indicated

Wound infection creates two problems

1 Delay m performing the next stage of a thoracoplasty,
2 Infection of the extrapleural space

Although the infected area can be excised and the next stage of a thoracoplasty
performed, nevertheless 1t 1s safer to have the wound soundly healed before operating
and m this way avoid the risk of extrapleural space infection

EXTRAPLEURAL SPACE INFECTION. This 1s usually traceable to some error n
operating technic, operating-room ventilation, or an infection in the nasopharynx of
some member of the operating team It may also follow a superficial wound 1nfec-
tion, a hematoma, or a ruptured wound It also follows the rare rupture of a tuber-
culous cavity nto the extrapleural space

Extrapleural space infection 1s to be suspected when the temperature fails to
subside 1n the second postoperative week, and when no other cause such as collapsed
lower lobe or a pleural effusion 1s present It 1s confirmed by diagnostic aspiration
through the axilla with culturing of the organisms

Treatment Infection usually responds to one of three methods of treatment It
may be treated by

1 Repeated aspiration,

2 Drainage of the extrapleural space, either by a Malecot catheter or by open
axillary drainage,

3 Extrapleural space toilet and immediate resuture of the wound

Aspuation As the mfection tends to persist in the retamned blood clot that a]wa‘ys
collects after a thoracoplasty, 1t 1s unusual for aspiration and mnstillation of antibiotics
to be adequate With the more recent use of streptokinase and streptodorna]se ;0
liquefy the blood clot, however, occasionally this treatment may prove completely
effective

Drainage This 1s most simply established through the axilla by means of a trocar
cannula, Malecot catheter, and water-seal dramn Healing 1s encouraged by 1rrigating
with eusol solution and connecting the drain to continuous suction By the nmﬁ
the postoperative period of rest for the tuberculous lesion s completed, the sinus wi
have healed .

The dimmishing size of the drained extrapleural space 1s checked by f%rtn‘xvg]:::ll}}
sinograms Finally, when the space has narrowed to a tube track, the tufz‘;1 e
requires daily attention and which should reach to within three-qugrters o
of the length of the sinus, 1s gradually shortened and finally removclej Sepondently

If the sinogram shows that the extrapleural space hzfs NOTd z;)cn 1()) donty
dramned by the Malecot catheter, then drama.ge must be improve {1 anCdpto ot
through the axilla on the “letter-box” principle, and the space 1s allow

nulation '
> glg:trapleural Space Totlet When the thoracoplasty wound 1shhca!th)c ’ GSS:Z;C::;(’
space is best treated by radical toilet which mvolves rcopcmngdt c splascd L;:t osterior”
evacuating all blood clot, cleansing with hydrogen peroxide and cuso )



References 215

after final finmng with saline leaving behind 2 solution of the appropnate antibiotic
The wound is then carefully resutured, and systemic antibiotic therapy 13 contimued
wntil the temperature has been normal for at least ono week. Several postoperative
aspirations of the space and instillation of entibiotics are required

Fogmerly this complication was a hazard of any operation for pulmonary tuber
culosis, but, with an appreciation of the vatue of prolonged chemotherapy both
before and after operative treatment, this infection 18 now rarely seen.
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INHALED FOREIGN BODIES

Introduction. Inhaled foreign bodies, -especially in children under three years
of age, are a real source of serious illness They masquerade as acute laryngitis, acute
asthma, pneumomia, lung abscess, bronchiectasis, or even empyema Because such
foreign bodies are often overlooked as a possible cause of disorder i those too
young to speak for themselves, they carry an appreciable mortality Robnson and
Mushin (1) reported that in 1954 the total deaths from inhaled foreign bodies 1n
England and Wales were as follows*

Pharynx and larynx . . 443
Digestive tract 29
Trachea, bronchus, and lung 11

Medicine is forever indebted to Chevalier Jackson for the lucid recording of his
unparalleled experience 1n treating over 4,780 cases of foreign body 1n the air and
food passages—on which he commenced publication m 1905 and summarized n his
monograph of 1950 (2) He charted the pathology (3-6), physical signs (7-8),
pitfalls and dangers, and pioneered many methods of extraction (9-10). Though
the recent development of thoracic surgery has firmly established thoracotomy as an
additional method of removal, time has proved the basic worth of Jackson’s teach1.ng

There is at present no lessening of the incidence and variety of mhaled foreign
bodies, yet were the rules of prevention observed, the incidence could be mirumal

The important points are that.

1. The mouth was made for food not for pins, tacks, staples, needles, nails, small

toys, and the like,

2 No child under six years of age should eat peanuts—only peanut butter,

3 No one should be thumped on the back while eating;

4 All small objects must be kept out of baby’s reach Babies require frequent
correction and constant watching until their natural tendency to place every-

thing in their mouths 1s overcome

Despite all precautions, unattended infants have a propensity for inhaling pea-

nuts, dried peas, apple skin, bone chips, eggshells, and kernels of corn. A sudden
first attack of asthma 1n a baby must be regarded as evidence of an inhaled foreign
body unti proved otherwise; and, since “seeing s believing,” that means bronchos-

copy
PATHOLOGY

Inhaled foreign bodies occur largely in the young In a personal four-year s::nr;c:
of 24 cases, 20 were in children under 3 years of age Onc of the most c%m )
offenders 1s the peanut, and 99 per cent of the cases occur in children (2) Thoug

usually single, foreign bodies are occasionally multiple.
216
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The right bronchus 12 most often affected because 1t follows the lme of the
trachen and Is wider and the canna lies more to the left of the midune Bronchial
foreign bodies usually lodge In the mawn or lower lobe bronchy, Jackson found only
3 per cent in the middle lobe bronchus

Varylng Effects of Forelgn Bodles. NATURE AND SITE Inhaled foreign bodies are
elther metallic or organic Thelr size and nature largely determine their pathologic
eflects in the lung. They may cause mimmal partia} or completo bronchial occlusion

Small and smooth metalllc forelgn bodies such as pis that allow unimterrupted
passage of alr cause little immediate bronchial reaction. In time they oxidize and
blacken, and they may penetrate the bronchial wall Partially obstructing foreign
organic bodies such as dned peas, beany corn or peanuts, cause en intense local
bronchitis which 1n time affects Jung physiology Larger foreign bodies metallic or
organic, totally occluding a bronchus cause immedinte atelectans

The effect on the patient and his respiratory tystem vanes, depending on the
ute of lodgment of the foreign body

In the larynx beside obstructing cach phase of every breath, a forelgn body
rapidly causes laryngeal edema

In the trachea if the foreign body is large, thers is equal danger of total respira
tory obstruction

In a main bronchus usually the right, as the patient can stlll breathe wath the
unobstructed lung, there 13 less urgency therefore, the effects are either immediate
or delayed

DMEDIATE EFFECTS OF A BRONCHIAL FoREIGN Bopy The foreign body maten
ally reduces ventilatory function by causing

1 Partial bronchial obstruction
2 Complete bronchial obstructron
3 A comblnation of both

Partlal Obstruction At first, air may pass freely in and out of the lungs —the
so-called symptomless mterval (Fig 1A) With mucosal reaction, however there
comes a time when ir enters more easlly than it leaves This causes obstructive
emphysema with overdi fon of the affected lobe or Jung, mediastinal displace
ment, and respiratory embarrassment (Fig 1B) Rarely this increased lobar pressure
Tar};icven ;ausc spontaneous pneumothorax from a ruptured bleb as seen in Chapter

gure

Total Obstruction. This may amse as soon as the fore; is inhaled, or
after & short period of obstructive emphyseme, following ﬁﬁw swelling
and sputum reteation finally block the bronchial fumen. Depending on the site of
tlhce)forelgn body the resulting atelectasis involves a lobe or the whole lung (Fig

Combination of Partial and Total Obstruction This

arises when the foreign body
completely occludes one bronchial branch but onl
blocked segment betomot s only partially occludes the other The

ic, while tho partl -
sematous (Fig 1Dy partly occluded one becomes emphy.




Fig 1B Obstructive emphysema of right Jung from peanut in nght man bronchus
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= A ]
Flg. 1D Cotyledon of pea causing nght upper lobe stelectans and lower lobe emphysema,
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DELAYED EFFECTS OF A BRONCHIAL FOREIGN Bopy When the foreign body 1s
smooth and metallic, endobronchial changes are slow, taking possibly several weeks
or months. When the object 1s organic, however, mucosal reaction 1s usually severe
within a week, with all the sequelae of a blocked, infected bronchus. The lobe or
lung becomes consolidated, bronchiectasis can develop in less than six weeks m
the bronchi, and/or an abscess 1n the parenchyma may develop and be followed by
pleural reaction and empyema (Fig 2A)

The foreign body itself may ulcerate through the bronchial mucosa or become
embedded 1n exuberant granulations which progress to a fibrous stricture and simu-
late carcmoma (Fig 2B). Jackson and Jackson warn that the seeming exuberant
granulation can, 1n fact, be carcinomatous fungations—a condition which they have
seen on SIX 0CCaslons

-t
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Fig 2A Lung of child who dicd on admission She was believed for a month to have whooping
cough Actually, she had inhaled sprig of barley grass (Bromus catharticus) 4 cm xh0d75 cnc1.
(sec pomnt at right) which had caused widespread pncumonia and lung absess, and had pen
trated 1nto night pleural cavity (Courtesy D Perry )
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Flg. 2B Lateral r

ngenogram showlng collap d posierior basal segment, belicved duc to
neoplagm, bronchoscopy showed amall chop booe.

CLINICAL FEATURES

These “range from no symptoms at ell, to death by asphyxia, before medical
ald can be obtmned” (2) They vary with the site and mirror the pathologic state
within the air passages

Onset of Symptoms. Almost invanably, there is a sudden episode of violent
choking, coughing, cyanosis and dyspnea, often foliowed by a symptomless interval

Qn recovery an adult or older child will give a clear history of the accident. An.
infant, however cannot describe what has happened. He may have been alone at
the ime or he may have been playing with other children and been scen to choke
He may be discovered with a stndor or an asthmatic wheers when circumstantial
cvidence such as a box of tacks or a partly eaten apple suggests the diagnosis
Practitoners and casualty officers should, therefore be chary of diagnosing asthma”

in young children before the possibility of & foreign body has been thoroughly ex-
cluded
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Rarely, a foreign body may be inhaled without exciting any reactive reflexes at
all When, therefore, a child says he has mhaled a foreign body, even though climcally
and roentgenologically nothing may be detected, his story must not be ignored, only
bronchoscopy will relieve the anxiety of parents and practitioner alike

Intralaryngeal Foreign Body The narrowness of-the glottis and the danger of
asphyxia make this a particularly hazardous location, for the object will usually be
wedged fore and aft in the glottic opening, allowing respiratory exchange on either
side Alteration m the voice—crowimng or hoarseness—and dyspnea may all be
mitral symptoms In some, there 1s a latent interval for as much as three weeks (11)
before edema of the glottis with acute respiratory obstruction mevitably develops

Intratracheal Foreign Body The symptoms are the same as for intralaryngeal
foreign body Jackson described three pathognomonic signs

1 An audible slap,
2 A palpatory thud,
3 An asthmatic wheeze

The first two are related to changmg positions of the foreign body with each
respiratory excursion, while the third reflects the degree of respiratory obstruction

Intrabronchial Foreign Body Again, there are usually the symptoms of cough-
ing, obstructed breathing, and wheeze If there 1s no bronchial occlusion, there are
no immediate signs or symptoms, and a latent perniod lasts until mucosal reaction
and secretions obstruct air movement either partially or completely

With partal obstruction, there are the signs of obstructive emphysema, with the
trachea and mediastinum displaced away from the distended, hyperresonant lobe

With complete obstruction and lobar or pulmonary atelectass, the trachea, heart,
and mediastinum are displaced to the affected side, with dullness to percussion and

diminished or absent air entry
Investigations. There are two 1mportant investigations, namely, roentgenography

and bronchoscopy
ROENTGENOGRAPHY This follows careful history taking and physical examina-
tion It confirms the physical findings and may reveal

1 The nature and position of the foreign body, if radiopaque,
2 The effect of the foreign body on bronchial mechanics, when partly or totally

occluding a bronchus,
3 A normal x-ray film—when bronchial reaction and obstruction by an organic

foreign body has not yet occurred

Both posteroanterior and lateral films are required In addition, when there 1s @
possibihty of an associated esophageal foreign body, the films should mclude the
neck, abdomen, and pelvis The mmportance of taking lateral roentgenograms 1n-
cluding the larynx 1s shown in Figure 3, which concerns a baby 10 months old who
choked while cating an egg sandwich The fine vertical Iine of an mtralaryngeal egg-
shell was missed on the first anteroposterior roentgenograms but was noted three
weeks Tater when the patient was admtted with acute cdema of the glotus (11) An
original lateral film would have shown it immediately as a plague 1 cm squarc, and
a dire emergency would thus have been avoided ‘ .

Typical a-ray films of nonmetallic foreign bodies are shown in Figure 1 InTigure

4, there was a metallic foreign body, and the diagnosis was obvious



Fig. 3 Fine vertical line in plottis (opposite O) was all that anteroposterior roenipenogram
revealed of Intralaryngeal eggshell one cm. square (scen end on)

o

Fig. 4A. Screw bead down at carinal level, Fig. 4B This patlent was struck [n the neck
oot yet affecting bronchial mechanics. It was by flyfng metal bt which penetrated the
removed by bronchescopy trachea and fell Into the posterior basal
broochus. Removed by broachoscopy (Cour
tesy G Wooler ) -

"
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BroNcHOscory. When the roentgenograms are normal but there is a history or
circumstantial evidence suggesting a foreign body, diagnostic and therapeutic bron-
choscopy is required as being the only way of excluding and/or removing such a
foreign body. In Figure 1A, though the chest film was normal, bronchoscopy re-
vealed a peanut at the carina.

Differential Diagnosis. Any lesions causing, or caused by, obstructive emphysema
or atelectasts, including spontaneous pneumothorax, unresolved pneumomnia, bron-
chiectasis, lung abscess, neoplasm, and empyema must be considered. Such a hst
emphasizes how few lung disorders are primary lesions in themselves but rather are
secondary to interference with the normal functiomng of the bronchial system. All
such lesions, therefore, must be bronchoscoped to exclude the possibility of a casual
foreign body.

TREATMENT

Once a foreign body is suspected or detected in the respiratory tree, 1t should
be removed as soon as possible The bronchial passages are essentally air ducts to
the lung alveoli, and anything blocking them 1s fraught with the real danger of suf-
focation.

As only 3 per cent of foreign bodies may be coughed up, temporizing and hoping
are useless There 15 one exception to this rule If several unsuccessful bronchoscopies
have already been performed and the child 1s exhausted or has edema of the glottis, he
must be resuscitated and possibly a tracheotomy performed before trying again

TREATMENT AT THE MOMENT OF INHALATION

The time-honored practice of holding a child by the legs and banging hus back
15 more likely to return the foreign body from bronchus to trachea, with the added
danger of sticking at the larynx and asphyxiating the chxld_. The best that can be
hoped for 1s that, with the child standing upnight, the foreign body is dra\\.rn into
and lodges m one of the main bronchi, thus allowing normal respiration with the
other lung In practice, this usually happens

TREATMENT FOR FOREIGN BODY IN BRONCHUS

Formal Removal, From a surgical standpoint, this is a serious operation, rcc;
quiring the careful attention of a team consisting of a Skﬂ]t?d l:>rom:hoscopljstd an1S
anesthetist The problem is carefully considered, and the kmd. of foreign bo y.Cd
discussed If necessary, sumlar records are reviewed and practice removal carri
out with use of a wide-bore rubber tube as a model trachea.

Anesthesia. In mnfants, the author favors the use of open cth.cr preceded by a
suitable dose of subcutaneous atropine This method causes no respiratory dcprcssu();;
and usually allows adequate relaxation and time for removal durm% tillc Ph:s:ircc
recovery from the ancsthetic The bronchoscope 1s lxghtcd. from a ba c;y ouree
which lmits the current and safeguards agamst exploston In the event of a

ircuit |
cire In older chuldren, a sleep dose of thiopentone followed by adcquatcfcp:;a):'nigf
the vocal cords and trachea with local anesthetic proves safe and sats :ca drg e
jaxants must not be used; they are dangcrous,.bccausc, in thewr presence, adeq
ventilation of the lungs dunng bronchoscopy is difficult
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Flg 5 1 Method of extracting screw from bronchial tnbe. 2, With the foreign body first drawn
Into tho mouth of the bronchoscope, bronchotcopy forceps and foreagn body are withdrawn in
cms steady movement. 3 Method of extracting peanut from bronchial tree, same steps as above.

In adults the usual local anesthesia for diagnostc bronchoscopy—for example
vubcutaneons premedication of omnopon 20 mg and scopalamine 0 43 mg. an hour
beforehand, followed by an amethocaine Jozenge (50 mg ) and peinting the throat
and glottls with local anesthetio—is usually sufficient. If general anesthesia is re-
quired for the apprehensive patlent, the procedure 18 similar to that for children, i e
fuil local anesthesla carried out under a doss of thiopentone

INTRALARYNGEAL FOREIGN BODY

Uncomplicated. Intralaryngeal foreign bodies usually occur in infants and very
often are associated with inciplent edema of the glottis With the child anesthetized
and placed n the head-down position, the bronchoscope is passed, the foreign body
visualized and gently grasped on its presenting pomt and withdrawn. The author
favors Jackson s 3 mm. light weight peanut forceps

AYTER-CARE ThcchﬂdurctumedtothewardnndnmedmaCmupcttc (see
Chapter 2 Fig 16) which gives a fine nust of nebulized water vapor To this may
be added nebulized detergent, € g sodium lauryl sulfate to reduce the surface tension
of any endobronchinl secretions. The child requires strict observation by a special
nurse and should be kept in hospltal for at least three days after removal of the
foreign body to avoid the real possibility of delayed edema of the glottis

With Ederna of the Glottls, The forelgn body is removed as {n the uncomplicated
case but the bronchoscope should be immediately remserted into the traches to

relieve the obstruction, allow normal respimtory excursion, and give time for prom,
formal tracheotomy Thereafter the same after—care 1t obs.:r\v-ed.gi i
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BroNCHOSCOPY. When the roentgenograms are normal but there is a history or
circumstantial evidence suggesting a foreign body, diagnostic and therapeutic bron-
choscopy is required as being the only way of excluding and/or removing such a
foreign body In Figure 1A, though the chest film was normal, bronchoscopy re-
vealed a peanut at the carmna

Differential Diagnosis. Any lestons causing, or caused by, obstructive emphysema
or atelectasss, including spontaneous pneumothorax, unresolved pneumonia, bron-
chiectasis, lung abscess, neoplasm, and empyema must be considered Such a Iist
emphasizes how few lung disorders are primary lesions 1n themselves but rather are
secondary to nterference with the normal functionmng of the bronchial system All
such lesions, therefore, must be bronchoscoped to exclude the possibility of a casual
foreign body

TREATMENT

Once a foreign body is suspected or detected in the respiratory tree, it should
be removed as soon as possible The bronchial passages are essentially air ducts to
the lung alveols, and anything blocking them 1s fraught with the real danger of suf-
focation

As omly 3 per cent of foreign bodies may be coughed up, temporizing and hoping
are useless There 1s one exception to this rule. If several unsuccessful bronchoscopies
have already been performed and the child 1s exhausted or has edema of the glottis, he
must be resuscitated and possibly a tracheotomy performed before trying agan

TREATMENT AT THE MOMENT OF INHALATION

The time-honored practice of holding a child by the legs and banging his back
1s more likely to return the foreign body from bronchus to trachea, with the added
danger of sticking at the larynx and asphyxiating the chﬂd. The best that can be
hoped for 1s that, with the child standing upright, the foreign body 1s drawn into
and lodges 1n one of the main bronchi, thus allowmng normal respration with the
other lung In practice, this usually happens

'

TREATMENT FOR FOREIGN BODY IN BRONCHUS

Formal Removal. From a surgical standpoint, this 1s a serious operatlf:m, rec;
quiring the careful attention of a team consisting of a Skln?d bronchoscopxs’cd zm’S
anesthetist The problem 1s carefully considered, and the kind of foreign body ld
discussed. If necessary, similar records are reviewed and practice removal carrie
out with use of a wide-bore rubber tube as a model trachea

Anesthesia. In infants, the author favors the use of open ether preceded by a
suitable dose of subcutaneous atropine This method causes no respiratory dephrcssuz:;
and usually allows adequate relaxation and time for removal during the p aoslt:rce
recovery from the anesthetic The bronchoscope 1s highted from a battery s uree
which Iimuts the current and safeguards against explosion n the event of a sho
CHCIII;: older children, a sleep dose of thiopentone followed by adequatcfspraymi Zf
the vocal cords and trachea with local anesthetic proves safe and satis actocg. e
laxants must not be used, they are dangerous, because, 1n their presence, adeq
ventilation of the lungs duning bronchoscopy 15 difficuit
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Fig 5 1MemodofmncﬂugmwﬁumbmmﬂmmZ.Wiﬂn.bofomg;nbodyﬁrndmwn
tttiogthcmmnhof the bronchoscope, bronchoscopy forceps and foreign body are withdrawn in
ono steady movement. 3 Method of extracting peanut from bronchial tree same steps as above.

In odults the usual local anesthesia for dlagnostic bronchoscopy—for example
subcutaneons premedication of omnopon 20 mg. and scopolanune 0 43 mg an hour
beforehend, followed by an amethocalns lozenge (50 mg ) and pating the throat
and glottls with local anesthetic—is usually sufficiont. If gemeral ancsthoala 19 re-
quired for the apprehensive patient, the procedure is similar 1o that for children, 16
full local anesthesia carned out under a dose of thiopentone

INTRALARYNGEAL FOREIGN BODY

Uncomplicated. Intralaryngeal foreign bodies usually occur in infants and very
often are associated with mcipient edema of the glotis With the child anesthetized
and placed in the head-down positton, the bronchoscope is passed, the foreign body
visualized and gently grasped on its presenting pomt and withdrawn. The author
favors Jackson s 3 mm Dight weight peanut forceps.

AFTER-CARE The child is returned to the ward and nursed i a Croupette (see
Chapter 2, Fig. 16) which gives a fine mist of nebullzed water vapor To this may
be added nebulized deterpent, e g sodium Iauryl sulfate, to reduce the surface tension
of any endobronchial secretions Tho child requires stuct observation by a special
nurse ond should be kept in hospital for at least three days after removal of the
foreign body to avoid the real possibility of delayed edema of the glottis

With Edema of the Glottls. The forelgn body ls removed as in the uncomplicated
case, but the bronchoscope should be immediately rewnserted into the trachea to
relieve the obstructron, allow normal respiratory excarmon, and glvo time for p——-*
formal tracheotomy Thereafter the same after-carc 13 observed.
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Fig 6 Selection of forceps for removing foreign bodies from bronchial tree (Courtesy Genito-
Urinary Mfg Co Ltd, London )

INTRATRACHEAL AND INTRABRONCHIAL FOREIGN BODIES

The bronchoscope 1s gently passed and advanced to the carmna If there 1s bron-
chospasm, 1t can be relieved with two or three drops of a local anesthetic solution If
the spasm 1s severe, the bronchoscope 1s best withdrawn a little and the patient given
oxygen down the side tube Furst the carina 1s mspected, then the right mam bronchus

Organic Foreign Bodies, If the foreign body 1s half a cotyledon of a peanut, the
surrounding bronchial wall may be found in spasm This can be overcome by gently
msmuating the beak of the bronchoscope toward the peanut, but the bronchoscope,
when 1nfant size, 15 rarely large enough to accommodate the nut ,

The peanut forceps 1s 1mserted, opened, a blade passed on either side, and the
mstrument tightly closed The peanut 1s then drawn into the mouth of the broncho-
scope, the forceps 1s firmly held and steadied agamnst the bronchoscope, and pea-
nut, forceps, and bronchoscope are removed 1 one steady movement (Fig 5 )
The first chance 1s the best chance

THE DroPPED FOREIGN Bopy If the foreign body 1s not steadied in the mouth of
the bronchoscope, 1t will become detached, usually in the trachea or at the glottis, and
cause respiratory obstruction The bronchoscope must immediately be r(.amserted
and the foreign body regrasped If respiratory obstruction is acute, the foreign body
should be pushed temporarily into one bronchus and the bronchoscope kept 1n as an
airway If the foreign body 1s small, 1t may have been aspirated into the oppositc
bronchial tree, as the mspiratory column of air will still be greater to that side

When the foreign body 1s a dried pea, bronchial secretions cause 1t to swell and
produce complete atelectasis of a lung (Fig. 1 C) Removal may then be done in three
parts—first the skin, then each of the cotyledons

As mulniple foreign bodies can and do occur, 1t 1s wise to check the bronchial tree
after seemingly successful removal Thereafter, the bronchoscope 1s removed, tl']c
patient turned on his side, and oxygen given to overcome any laryngeal spasm Only
when breathing 1s free and steady 1s the patient returned to the ward '

I f no foreign body 1s found n the bronchus but there 1s a clear history of ingestion
and even signs of collapse of one lung (usually the night), esophagoscopy xsdpcr-
formed, for the foreign body may n fact be 1n the esophagus, pressing forward on

the right main bronchus (see Chapter 14).
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Fig 7 Nacdlcmnlbmkcmdpenmlrdlnmb\ﬂlmminhﬂupperlobe removed by
thoracotomy

Metalilc Foreign Bodies. Though there 15 less danger of scvere reaction, carly
removal is still necessary for there is no knowing when tatal bronchial ceclusion will
occur 1f onginal chest films have been taken and the patent has thereafter traveled
some distance for treatment, further films are necessary in case the foreign body hes
changed its posrtion.

BRONCHOSCOPIC REMOVAL Centrally placed pins brass-headed upholstery tacks
carpet tacks, nafls screws tubes hairpins, safety pins staples and the like all re-
quire removal by the spectal and careful technics deseribed by Jackson and Jackson
(2) (Fig. 6) When unfavorably placed, they may require rotation to make the
presentation easier It may be possible to bend a pin into the mouth of the broncho-
scope to close an open safety pin with a Clerf safety pin extractor to close a hawrpin
with a double pointed foreign body forceps or to insinuate the blades of the expand-
ing bronchoscope around a staple

THORACOTOMY When the forelgn body is hopelessly impacted or 15 lying in 2
penipheral bronchus and is a pin, needle or small nwl, then 1t is far less hazardous
and far better practice to stop instrumentation and remove 1t by thoracotomy and
bronchotomy The affected bronchus 15 Iocated and dissected free the foreign body
felt, o small inclston made and the abject removed. The bronchial wall 1s then closed
with fine sifk sutures and the chest wall closed over water seal drafnnge 1f the seg-
ment or lobe of lung beyond 15 irrecoverably collapsed, infected, and bronchiectatic

it should be resected at the same time

Smilarly for foretgn bodies penetraung into the lung parenchyma (e g needles
or shot) there are now no grounds for using the Jackson method of thoracopene
tration whereby {orceps were introduced from outside under local anesthesla, and
guided to the foreign body under x ray control The object was then firmly grasped
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and extracted Such a method ignores the fibrous tissue 1 which many of these for-
eign bodies may Le, the surrounding blood vessels, and the certain chance of pneu-
mothorax and possible hemothorax. With thoracotomy now a safe procedure, this
alone is the logical and acceptable means of treating such cases (Fig. 7)

RULES FOR SUCCESSFUL ENDOSCOPIC REMOVAL OF
FOREIGN BODIES

1 After all clinical and roentgenographic evidence has been carefully sifted,
there should be one and only one well-planned attempt at removal. A prelminary
“look™ cannot be entertained

2 Check the bronchoscope hight, suction, and, above all, the forceps, seeing that
the jaws grip firmly when closed.

3 Advance the bronchoscope carefully toward the foreign body, gently sucking
away surrounding mucus. Do not touch tissue with the suction pomt lest 1t excite
hemorrhage

4 Inspect the foreign body, note its characteristics and the most suitable place
for grasping it With screws, nails, pins and so on, always seek the pomnt (Fig 6b)

5 See that the bronchoscope and the axis of the foreign body are i one and
the same straight line

6 Gently advance the forceps down the bronchoscope, open the points, advance
them around the chosen part of the object, and close carefully and firmly

7 Now, bring the pomt of the foreign body into the mouth of the bronchoscope
With the bronchoscope, forceps, and point of the foreign body as one umt, remove
from the trachea

8 The mortality from failing to remove a foreign body can never justify violence
during removal, which itself may prove fatal

9 Be prepared to do an esophagoscopy, for a foreign body may drop 1nto the
pharynx and be swallowed As has been noted, pulmonary signs may be due, not to
an endobronchial foreign body, but to one 1n the esophagus

10 If breathing becomes difficult, withdraw the bronchoscope a little, but do
not remove 1t entirely, for it is an 1deal arrway allowing emergency mouth-to-bron-
choscope msufflation of both lungs and subsequent oxygen therapy .

11 If the foreign body cannot be removed endoscopically from a baby within
15 munutes, or from a child 1n 25 minutes, then desist, and assess the situation to de-
termine whether open operation should not be performed mstead. There is no virtue
in “prolonging the agony,” and the chances of glottic edema become great In the
expertence of Jackson and Jackson (2), 99 per cent of such foreign bodies are re-
movable by endoscopy.

POSTOPERATIVE CARE AND COMPLICATIONS

After withdrawal of the bronchoscope, the child 1s turned on his side, and any
gagging 15 overcome with a few breaths of pure oxygen .

The immediate danger from bronchoscopy 1s edema of the glotus, which can }(;
delayed for several days The child should be nursed in hospital and kept quict .
there 1s the shightest evidence of advancing hoarsencss, he should immediately c;
placed 1n a Croupette with nebulized water vapor and detergent as for larynged

foreign body

If laryngeal obstruction increases, tracheotomy becomes necessary 1t should not
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FOREIGN BODIES IN THE ESOPHAGUS

Foreign bodies 1n the esophagus are doubly dangerous, for there are risks both
from their impaction and from their extraction It may be thought that, with fluoros-
copy and esophagoscopy, they have lost all their terrors, but the occurrence of an
occasional tragedy emphasizes the fact that these are still serious emergencies de-
manding the utmost respect Furthermore, with all foreign bodies the question arises,
“Is there any local esophageal lesion that has cansed 1ts arrest, and, if so, what 1s 1ts
nature?” This question must always be kept 1n muind, and if orgamc disease 15 dss-
covered, 1t should be further investigated and treated

PATHOLOGY

As Grey Turner (1) taught, the most important events 1n the natural hustory of
esophageal foreign bodies are

They may pass safely, .

They may pass, but leave a trail of damage 1n their wake—transit injures,
They may become impacted with rapidly fatal consequences,

Impaction may be followed by slow erosion, eventually ending 1n death,

In cases that survive, stricture or fistula may follow

Varieties of Esophageal Foreign Bodies. Esophageal foreign bodies fall mto
two groups*

1 The radiotranslucent—ausually consisting of orgamic matter,

2 The 1adiopaque—usually metallic 1n nature

Of the first variety, partly chewed food such as meat, fish, gristle, fruit skins, peas,
and beans are commonly recovered Of the second vartety, pieces of animal and fish
bones, fruit stones, parts of dentures, straight pins and safety pins, bottle tops, razor
blades, and so on have all been removed from patients

The 1ngestion of most foreign bodies 1s usually an accident assocrated with care-
less eating and failure to masticate properly The elderly are most susceptible, espe-
cially those with dentures or the edentulous who attempt to swallow half-chewed
food Younger adults, however, may bolt too big a bolus, as shown n Figure 1, or
they may swallow all sorts of objects for a wager, as shown m Figure 2 If 2 foreign
body passes the cardia, 1t will probably pass safely through the rest of the alimentary
tract, though the time required may vary from 30 hours up to several weeks

Pathologic Lesions and Site of Impaction. In most cases mvolving foreign bod;cﬁt,
the esophagus 1s anatomically normal, but the possibility of a pathologic Ies:m; musI
always be kept in mind In infants, such a lesion 1s most commonly an esop mg;ﬂ-
stricture from reflux esophagitis (Fig 3) The narrowed lumen at the stnc;ur;; :-
comes completely blocked when sohds are first taken, as shown 1n Fxgu;c} Omc
ever, the blockage may occur at a congenital web stricture at the level of t ;c nlo ¢
arch An old caustic scar stricture can become blocked by food tahen carciessiy
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Flg. 1 Meat from largs chop swallowed Fig. 2 Bottle top impacted in esophagus
unrizw:d. and impacted fn the cervical two others reached stomach and were passed
esophagns, oaturally in scven days.
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Flg. 3A Reflux esophagitis stricture 1o- 3B Postremoval esophagram show
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a moment of forgetfulness In the later decades of life, the leston may be cardiospasm
(F1g 4), reflux esophagitis stricture, or neoplasm.

The site of impaction varies with the size and shape of the foreign body, being
most common just below the cricopharyngeal sphincter, at the level of the aortic
arch, or just above the cardia No site, however, 1s immune

Complications with a Foreign Body. Usual complications are two 1n number
perforation and ulceration

PERFORATION Sharp foreign bodies such as a fish bone may quickly perforate
through the esophageal wall and cause acute mediastinutis, pericarditis, or empyema.
Rarely, the aorta may be perforated Unless these acutely perforating foreign bodies
are recognized and treated early, they will prove fatal Occasionally, they are sur-
prisingly harmless Sellors (2) records how a child aged three was found with a
razor blade mn his esophagus )

A foreign body may be responsible for two other forms of esophageal perforation

1 From the esophagoscope, if 1t 1s passed hastily and without due care,
2 From the foreign body itself, if 1t 1s removed too vigorously

In both instances, the tear must be recognized and treated promptly if hfe 1s to be
preserved (see Chapter 19)

ULCERATION In tume, the esophageal mucosa becomes ulcerated, leading to
stricture formation Rarely, a foreign body with smooth surfaces, such as a comn.
may remain 1n the esophagus for years, slowly ulcerating into the aorta (3) or imnto
a bronchus to produce a bronchoesophageal fistula, pulmonary sepsis, empyema,
and external fistulas (4) Though Jackson and Jackson (2) record how 1 patient

M gl

o Ora——— e At ki

. l
Fig 4 Large lumps of partly-chewed food caused total dysphagia 1n this tpg:;cm with cardio
spasm; rehef followed removal by esophagoscopy Film talen after disimpactt
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had a wooden button lodged in the esophagus and causing chronic dysphagfa for 17
years, Thorek (5) concludes from clinical data that patients with overlooked foreign
bodies almost never survive longer than 5 or 6 years and usually succumb within a

year
CLINICAL FEATURES

Symptoms. Almost invariably, children or adults aro conscious of having swal
lowed a foreign body and can give a clear history of choking or gagging There is
usually a localized sensation of discomfort and possibly pain, especially i the object
is large and sharp Each act of swallowing aggravates the symptoms If a foreign
body becomes dislodged and passes down the alimentary canal, symptoms of local
pain may persist for several days especially if the esophageal wall has been injured
dunng the transit of the foreign body With infants however, no history can be ob-
tained. The child may cry with each swallow or regurgitate everythung when block
age is total

The history is most important and must be belfeved Ore child who three months
previously had swallowed something from hus coat pocket believing it to be a candy,
developed chromc cough and lost weight. Repeated roentgenograms had shown
nothing, but esophagoscopy revenled the cause—a radiotranslucent button wedged
in the esophagus and pressing on the right main bronchus
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Physical Signs. These are few The appearance of the patient may behe the
seriousness of the condition Watching the patient swallow will reveal whether he
hesitates or winces, both confirmung his complamnt of dysphaga. If he spontaneously
retches up blood, there has been muscosal injury

Foreign bodies 1 the upper third of the esophagus usually produce local tender-
ness If there 1s cervical induration or surgical emphysema, 1t means that the foreign
body has perforated the esophagus and produced acute mediastmitis or cervical
celluliis Similarly, the signs of empyema or acute pericarditis mndicate that 1t has
ruptured into these serous cavities

Investigations. There are only two important investigations

1 Roentgenograms, mncluding a barum swallow;
2 Esophagoscopy

These are complementary examinations The first does not exclude the second
or lessen the need for it

ROENTGENOGRAMS Large organic foreign bodies may be outlined by a barum
swallow, but small ones (including small pieces of bone) may escape x-ray detection

Posteroanterior and lateral esophageal roentgenograms are of value 1n detecting
radiopaque foreign bodies as in Figure 5 Again, when a modern radiotransparent
acrylic dental plate has been repaired with wire or has wire incorporated 1n 1ts sub-
stance, roentgenograms confirm the presence and level of the foreign body (6)
(see Figs 6A and B)

When, however, the esophagus has been perforated, there will be the character-
istic evidence of mediastinal emphysema or empyema When a metallic foreign body
has passed on 1nto the stomach, serial x-ray films are of value 1 checking progress
through the alimentary canal

EsopnaGoscory Like bronchoscopy for a bronchial foreign body, esophagos-
copy is the most important method of treating esophageal foreign bodzes. It should
not be undertaken until everything 1s in readmess for removal It 15 indicated for all
cases of foreign body known, or suspected to be, in the esophagus See below for de-
tails of this procedure

MANAGEMENT
For management, foreign bodies fall mnto three groups.

1 Those which reach the stomach;

2 Those impacted n the esophagus,
3 Those which perforate and produce complcations.

FOREIGN BODIES REACHING THE STOMACH

These merely require observation Even needles and pins can pass naturally In
the absence of any local paimn or tenderness, no further action Is required If 1t119
decided to perform a laparotomy, roentgenograms must be taken on the way to the
operating room to check that the foreign body has not moved on

FOREIGN BODIES IMPACTED IN THE ESOPHAGUS
ackson and Jackson posnt out,

hagoscopy, but, as J
These require removal by esophagoscopy advised or blind attempts

“should the patient be 1n a bad condition from previous -
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Fig 6A. Radlotransparent dental plate previously repared with plece of wire which alone
showed on x may fiim.
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Fig 6B Recovered dental plate

at extraction, endoscopy should be delayed until the traumatic esophagitis has sub-
sided and the general state improved ”

Anesthesia. General anesthesia 1s desirable In nfants, single-dose cther anesthe-
s1a followed by intubation 1s usually sufficient In older children and adults, the pa-
tient is intubated after a sleep dose of thiopentone and suxamethonmum as relaxant
During the ensuing period of relaxation, the patient’s lungs must be continuously
ventilated and the esophagoscope passed.

Esophagoscopy. As already mentioned, due ¢
mnstrument 1s being introduced. For example, in one referred case there was a hlstc?ry
of strugghng to introduce the esophagoscope nto a patient under hght nitrpus oxide
anesthesa, followed by a sudden easing of resistance and dramatic gushing of air
with each breath. Investigation confirmed that the esophagoscope had perforated
the right vallecula and had plunged mto the right pleural cavity. .

With the patient relaxed, therefore, and hus chin forward, the esophagoscope 15
placed just above the cricopharyngeal sphincter. This sphincter 1s always closed ex-
cept for swallowing, vomiting, or belching. An obturator—preferably a No. 18-20
French esophageal bougie—is msmuated through the sphincter, and thereafter the
esophagoscope follows ,

The esophageal lumen is carefully mspected, fluid aspirated, and the patients
head adjusted on the headrest as the esophagoscope advances toward the cardia
Some narrow foreign bodies, such as a thin piece of bone qr a coin, may be ynadvert-
ently bypassed and recognized only as the csophagoscope 1S withdrawn

THE REMOVAL When the foreign body 1 detected, the same fulcs apply as for ¢x-
traction from the bronchial tree Inspect the forcign body, note its character and t¥lﬁ
most suitable place for graspmg 1t When it is small-—c.g 2 spicule of bone—1t "’fn
readily be drawn into the lumen of the esophagoscope When it is larger—c.g 4 €O

are must be observed while the
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or part of a dental plate—t is graxpedanddmwnwthemouthofthcuophagowopc
”I‘hian,nwith wophal;scope forceps and foreign body held in one firm gnp the whole
is withdrawn as a unit. The dangerous area |s the cricopharyngeal spluncier where
mucosal teanng can cecur This danger however, 13 greatly jessened by the maneuver
of having the foreign body frail in continuity with the esophagoscope.

Soms foreign bod:es, such as rafor blades, present special problems Horowitz
(7) was able to snup one at sither end and remove it safely in two paris The mechan
ical problems of removal of safety pins, straight pins buttons can-opening keys
studs and so on are described In detail by Jackson and Jackson (2) For upward-
polnting open safety pins Jackson proneered “endogastric version (8) n which
the pin is seized at the spring by a ring forceps and, with the point trailing behind is
pushed on into the Tumen of the stomach The pin 15 then grasped and withdrawn,
and it automatically becomes rotated and is thereafter removed as described above
with mimmal danger of trauma In an slternative method, the point 13 suitably
sheathed by bnnging 1t into the csophagoscope and thereafter the esophagoscope
forcsps and pin are pently removed Stil another method employs Clerf'y safety pin
closer

Pin button-badges in the esophagus must bo grasped opposite the pin point so that
the pount trails harmlessly behind

If a can-opening key 18 presenting with the point uppermost, this is grasped,
drawn into the esophagoscope and the key withdrawn safely

In general 1t may be said that, if the pornt that could otherwiso tear the csophageal
wall can be drawn into the esophagoscope safe removal is assured If this 18 not pos-
sible then the foreign body must be grasped 1n such & way that the pomt trails harm
lessly behmd.

However when the foreign body 1 tightly impacted and cannot easily be broken
with shears and when there is real danger of perforating the esophageal wall during
matpulation, then the esophagoscope must be removed and the patient made ready
for open operation and esophagotomy

Cervical Esophagotomy This is indicated when a foreign body such as a partial
denture  with many sharp hooks lies wedged m the esophagus above the thoracic
Inlet.

A three inch incision is made along the antenior border of the nght sternomastoid
muscls, the muscle and carotid sheath ate retracted laterally and the trachea and
csophagus are retracted medially The middle thyrold veins are divided, and there-
after the esophagus is 1solated. If the foreign body is eanly palpated, a vertical in-
cision is mado in the esophageal wall and the object removed Even at this stage 1t
may need to be broken with bone shears before it 18 finally extracted. The esophageal
wall is sutared m two layers with interrupted chromic catgut, and the wound is closed
over a corrugated rubber drain, using interrn catgut for the su
and mylon for the skin, § ntermpied catgut for the subcntaneous layer

AFTER-CARE Since ho now has a potentially infected cervical wound, the patient

Is given a short course of prophylactic antibiotic therapy He can take water by
mouth the first day advancing to a general flmd diet for the pext 10 days, and there
after to a normal diet. The drain 13 removed on the second postoperative day and the
wound is usnally well closed by the tenth day Residual scarnug is minimal,
Trasthoruckc Esophagotomy When the foreign body 13 finmly wedged in the
thoracic esophagus exploration must be done-—preferably from the right hand side
which pives easy access tots entire length Depending on the position of the foges
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body, the chest 1s opened through the fourth, sixth, or eighth nb bed The lung 1s
retracted, the mediastinal pleura vertically mcised, the arching azygos vein divided
if required, and the esophagus isolated A tape or catheter shing is passed around 1t,
a vertical incision made over the foreign body which 1s then extracted, and the open-
ing is closed 1n two layers with interrupted chromic catgut sutures. The chest wall
1s closed over water-seal dramage

AFTER-CARE This follows the same line as for cervical esophagotomy and rou-
tine thoracotomy Roentgenograms are taken the day after an operation and, 1f the
lung 1s fully expanded, the tube 1s removed Diet 1s as described above, but due care
must be taken, for 1t 1s possible for such an esophageal wound to leak and cause an
empyema Skin sutures are removed after a week, and shortly thereafter the patient
may be discharged as convalescent

Sellors (2) records a successful right fourth rib thoracotomy on a three-year-old
boy when earlier esophagoscopy had farled to remove a razor blade firmly wedged in
congested mucosa of the midesophagus Similarly, Grey Turner (9) removed by
transthoracic esophagotomy a tooth plate impacted for 15 years

FOREIGN BODIES PERFORATING AND PRODUCING COMPLICATIONS
A foreign body may perforate

1 The cervical esophagus and enter the soft tissues of the neck,
2 The thoracic esophagus and enter the mediastinum, pleural or pericardial
cavities

When the perforation 1s promptly recogmzed before imfection has occurred,
treatment follows that described 1n Chapter 19 under esophageal perforation When,
however, infection has already occurred, depending on the site of perforation and
the direction of spread of the foreign body, there will be acute cervical cellulitis,
mediastimtis, empyema, or suppurative pericarditis, each of which 1s described

the appropnate chapter
In conclusion, while most foreign bodies are successfully removed by esophagos-

copy, some, because of infection or complications, require emergency operation This
should not be delayed, once the true state of affars 1s appreciated
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CONGENITAL ESOPHAGEAL EMERGENCIES
TRACHEOESOPHAGEAL FISTULA
AND ATRESIA

Historical Note. Franklin (1) states that congenital esophageal lestons were de-
scribed by Gibson (2) Physician General to the Army 1 1697 and that MacKenze
(3) in 1884 collected records of 43 cases The most common variety, blind upper
csophageal pouch and distal pouch communicating with the traches, was fully de
scribed by Keith (4) n 1910

Regarding surgical treatment using staged antethoracic reconstruction Ladd
(5) reported five successes in 1939 and Leven (6) another 1n 1940 The 1deal, how
ever of prmary esophageal anastomosis was ettempted by Lanman (7) 1 1936 on
four patients all of whom died. In 1939, Shaw s (8) patent survived 12 days In
1941 Haight (9) first successfully performed prumary end-{o-end esophageal anasto-
moss

Embryolegy Normally, during the fourth week of intrauterine hie two long
tudinal ridges appear on the lateral walls of the developing foregut. Between the fifth
and sixth weeks these proliferating ridges fuse from the region of the lung bed for
ward to the head and thercby separate the esophagus from the larynx and trachea.
With further cellular proliferation, both structures become considerably narrowed
though not occluded and finally recanalize into thewr definitive form However
oblique fuston of these ndges or failure of esophageal recanalization results in

1 Esophapeal atresia with tracheoesophageal fistula

2 Atresia without tracheoesophageal fistula

3 Tracheoesophageal fistula wrthout atresia.

Of these the first group Is the most common.

PATHOLOGY
Regarding mncidence while Franklin (10) records it as 1 in 2 500 births Belsey
and Donnison (11) found 1t was greater than 1 in 800 births
Various classifications have been put forward by Vogt (12) and Swenson (13)
but for practucal purposcy all these lesions fall mto the three groups already men-
tioned. Swenson s five types are
TYPE [ Rare The proxumal esophagus ends as a bhnd superior medlastinal
pouch and the distal esophagus begins as a blind posterior mediastinal
scpment—3 per cent
TYPE Il The most common There 1 a blind proximal pouch but & fistula be
tween the trachea and distal esophagus—90 per cent
TYPETI Rare There s a blund distal segment, but a fistula between the Pprox-
mal pouch and trachea

TYPE IV Rare There 11 a double fistula from trachea to cach hageal
ment e mp Bcg

TYPEV Rare There 1s tracheoesophageal fistula without atresia.
To these five might be added
TYPE VI Esophageal atresia at the level of the trac
toia as described by the writer (14) (Fig 1)

239
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Fig 1 Six types of atresta of esophagus and tracheocsaphageal fistula
Type 1 Type II Tepe T

Type IV Type V faee ¥
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Atresta with Fistula. In Type I, the upper blind pouch is uniformly difated and
hypertrophied, but as Shaw and others (15) point out, it may vary in length from a
gmall pouch high in the thorax to a blind segment extending almost to the diaphragm.
Smilaly, the lowez esophagus may be well developed and enter the posterior tracheal
wall with a fistulons opening as high as 2 cm above the tracheal bifurcation, or may
be a small poorly developed muscular tube, tapering to form a long, narrow fistula
which opens at the tracheal bifurcation or 1ato one or other of the main bronchi

Thus the two segments may overlap by 2 to 3 cm and at first mght may appear
pormel from without, or they may be unduly scparated and present little hope of
primary anastomosis

Esophageal Atresla Without Flatnla. The upper pouch may vary 1n length as seen
sbove, while the lower segment may be a mere atretic cord adherent to the trachea
above and jolned to an esophageal remnant just above the diaphmgm At the op-
porite extreme, there is the midesophageal stricture of Type VI

Tracheoesophagenl Fistula Without Atresla. The normal-sized esophagus 13 ad
fierent to the Iower trachea, in which area lies the fistwlons opening

Other Abnormalitles, The presence of other abnommalities was stressed in 1919
by Plass (16) who in 94 infants, found 59 associated anomalics, 24 of which were
anal atresia. In his serles of 233 cases, Gross (17) in 1953 found 156 free from other
defects and 77 with other defects yometimes multiple such as

(k;:i?mlu.l heart disease 24
Malformation of anm and rectum 23
Meckal's dlverticntum 10
Atresia or stenosls of small intestine 7
Coarctation of aorta 4

X of colon and intestf 4

The presence of other defects however should not exclude a surglcal approach
for 1 45 consecutive cases Haight (18) found only 1 patient with an addrtional
deformity incompatible with life

CLINICAL FEATURES

Physical Signs, Though few in number, these signs are definitive. All obstetnicians
and obstetnc nurses, as well as pediatricians must fully appreciate the signs in order
to make the earliest possible diagnosis

A mother ¢ hydramnios or a premature delivery may herald esophageal atresia
A newborn continually drooling frothy sallva or tenacious mucus or choking on his
first feed has congenital esophageal atresia till proved otherwise The mucus and
saltva, easlly inhaled, cause repeated attacks of choking and cyanosis which, if un-
relieved, inevitably lead to atelectans and fatal aspiration bronchopneumonia.

When o baby prescnts with afefectasis esophageal atresla is suspect Becanse
of the fistula from the trachea to the lower esophagus these children may occasionally
show a distended tympanitic abd which increases in size with crying, but diag
nosls thould never be delayed till this is obvious A thorough search especially of
beart, olunentary canal, and Lmbs is made for associated congerutal abnormalities

Prematurity sccompanies at least 25 per cent of the cases Potts (19) in 1950
reported prematunty in 9 of 35 patients with esophageal atresia and Gross 1n 54 of
233 pauents Further prematurity increases operative mortality

Tracheoeso,

phagesl fistula without atrena, or congemital stenonis withont fistul
a,
shonld be stronply suspected from a history of cough when being fed
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DIAGNOSIS

Esophageal atresia 1s confirmed by passing a firm, small rubber catheter (size
9 English) gently down the esophagus and finding its progress arrested at 7 to 9 cm
from the upper jaw With the rarer tracheoesophageal fistula without atresia, the
catheter will pass on into the stomach

As the lesion may be detected 1n any hospital or nursing home and almost always
some distance from surgical facilities, the use of radiopaque media to confirm diag-
nosis is contraindicated until the child has been transferred to the place where surgical
relief will be undertaken On no account should bariwmn be given, for 1t usually enters
and obstructs the bronchial tree.

Mortality YWhen Untreated. Untreated, the lesion 1s usually fatal within a weel,
though Trump (20) reported a case surviving 37 days when given glucose intra-
peritoneally Shaw and associates (21) 1n 1955 reported successful surgical repair
on the twenty-eighth day 1n one child similarly kept ahve

PREOPERATIVE MANAGEMENT

Prevention of Complications. The immediate problem of preventing respiratory
comphications, especially aspiration bronchopneumonia, requires the constant serv-
1ces of conscientious nurses and the closest cooperation between pediatricians and
surgical staff Arrangements must be made for immediate transfer to a thoracic
surgical umt

Meanwhile, salivary sccretions are reduced by giving atropine sulfate 03 mg
subcutancously To prevent aspiration of saliva, a No 8 soft rubber catheter is passed
through the nose into the blind upper pouch and aspirated either with a Dakin aspirat-
ing synnge or with electric suction

Views vary as to whether the child should be nursed head down to promotc pos-
tural drainage or sitting up to prevent regurgitation from the stomach mto the
trachea Usually, however, the cardiac sphincter 1s competent and the child 1s there-
fore nursed on his side in an oxygen crib or Isolette and with head shghtly down

Injections of pemicithin 50,000 umits and streptomycin [10 mg per pound (0§
kg )1 arc given 8-hourly as further prophylaxis aganst lung infection

When gastric distension 1s great and embarrasses respiration, 1t may requirce ur-
gent rehief by prelimmnary gastrostomy which Shaw (21) found valuable before
transporting the infant some distance for operation

Transfer to Hospital. Duning transfer, the nurse must continue to give oxygen
and aspirate the mouth and pharynx

Further Preoperative Management. RrsusciraTion or 1 ParnrNt 1an poor
condition, the pauent 1s further resuscrtated. and x-ray cxamination is delayed unul
mmediately before operation

Ror NTGENoGrapiy I reasonably fit, however. the child is brought to the x-ray
department where anteroposterior and lateral films are taken These may show an
air-filled proxunal pouch, a distended stomach. and, in addmion, pneumoni of
atelectasis, which Holt (18) rcported in 27 of 45 pativnts, 22 being affceted in the
night upper lobe

Next, with the chald resting head upon the inchned <-ray table, 1 ml Ot: radio-
paque flurd 15 njected dov n the catheter into the pouch, further anteroposterior and
Iateral filmis tab en, wnd the flud reasprrated Theee blmy confirm the carhier findings
ond <hiow the nature of the defecr (g 2).
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Fig 2. Right lateral film nhmni dionoail in short proximal pouch widely separated from

distal pouch which opens into tra

This finding, plus alr In stomach, shows deformity to
be Swenson Type 11

In two of five patients wath no x ray evidence of air 1 the itestine, Holt found
at operation, a narrow fistula showing that absence of air need not mean absence of
fistula to the lower segment. Roentgenograms sometimes fail clearly to outline the
side of the aortic arch, as m one of the writer’s cases when right thoracotomy revealed
a nght sided aortic arch obstructing the approach to the lesion The wound was
closed and anastomosis done from the left side

1f there is fistala without atresia, the fistula may be demonstrated only when the
child swallows watery opaque medium while lying in the prone position. This can
nlso be combined with endoscopy (22) Agam, in esophageal stenoms without fistula
the swallowing of thick barjum may be required to demonstrate the lesson.

VenocLyus The patient is next taken to the ward and an mtravenous dop 18
inserted into the umbilical vein by means of a fine polythene tube cannula. If the
veun has closed, then the left long saphenous vein Is used. To keep a stricter check on
the amount of fluid given the standard 600 ml. infusion bottle 15 arranged to act as
a reservonr filing a 100 ml. graduated burette and glucose and saline solution (e g
4 3 per cent dextroso and 0 18 per cent sodium chloride) gven at the rate of 70 mL

per pound (0 5 kg ) body weight m 24 hours
BLoOD EXAMINATION AND TRANSFUSION Blood from a heel stab 15 typed and
cro hed From his ful experience Swenson (13) advises that within
12 hours & red blood cell count be taken, and, if below 4.5 million cells perem a
small blood transfusion (not more than 60 ml ) be gven. If the connt 1s over 4.5
millon plasma instead of blood should be gven Swenson found that withun 18 to
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DIAGNOSIS

Esophageal atresia is confirmed by passing a firm, small rubber catheter (size
9 English) gently down the esophagus and finding its progress arrested at 7 to 9 cm,
from the upper jaw With the rarer tracheoesophageal fistula without atresia, the
catheter will pass on into the stomach

As the lesion may be detected 1n any hospital or nursing home and almost always
some distance from surgical facilities, the use of radiopaque media to confirm diag-
nosis 1s contraindicated until the child has been transferred to the place where surgical
rehiel will be undertaken On no account should barium be given, for 1t usually enters
and obstructs the bronchial tree

Mortality When Untreated. Untreated, the lesion is usually fatal within a weeh,
though Trump (20) reported a case surviving 37 days when given glucose 1ntra-
peritoneally Shaw and associates (21) in 1955 reported successful surgical repair
on the twenty-eighth day 1n one child similarly kept alve.

PREOPERATIVE MANAGEMENT

Prevention of Complications. The immediate problem of preventing respiratory
complications, especially aspiration bronchopneumorna, requires the constant serv-
1ces of conscientious nurses and the closest cooperation between pediatricians and
surgical staff. Arrangements must be made for immediate transfer to a thoracic
surgical umt

Meanwhile, salivary sccretions are reduced by giving atropine sulfate 03 mg
subcutancously To prevent aspiration of saliva, a No 8 soft rubber catheter is passed
through the nose into the blind upper pouch and aspirated either with a Dakin aspirat-
ing syringe or with clectric suction

Views vary as to whether the child should be nursed head down to promote pos-
tural dranage or siting up to prevent regurgitation from the stomach into the
trachea Usually, however, the cardiac sphincter 1s competent and the child 1s there-
fore nursed on his side 1n an oxygen crib or Isolette and with head shghtly down

Injections of pemicillin 50,000 umits and streptomycin [10 mg per pound (05
kg )1 are given 8-hourly as further prophylaxis against lung infection.

When gastric distenston 1s great and embarrasses respiration, 1t may require ur-
gent rehief by prelimimary gastrostomy which Shaw (21) found valuable before
transporting the infant some distance for operation

Transfer to Hospital. Duning transfer, the nurse must continuc to give oxygen
and asprrate the mouth and pharynx

Further Preoperative Management. RrSusCITATION 0F Tut PaTieNT If in poor
condition, the patient 1s further resuscitated, and x-ray exanunation 1s delayed until
immediately before operation

RoiNTGENoGrarHy If reasonably fit however, the child 1s brought to the x-ray
department where anteroposterior and lateral films are taben These may show an
atr-filled proximal pouch, & distended stomach. and, 1 addiion, pncumonia or
atelectasis, which THolt (18) reported in 27 of 45 pauents, 22 beng affected n the
right upper lobe ‘

} Next, with the chuld resting head upon the inchned x-ray tible, Tl of radin.

qque fhuid s mjected down the catheter into the pouch, further anteropostertor ':md
Jateral films 1iden, und the fluid reaspirited These films confinm the e rlice inding~
and show the niture of the defect (Hig 2)
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Flg, 2. Right latersl film thowlng dionesdl in short proximal pouch widely separated from
dl.ngl pmchghwhhh opens Into mciea_ ‘This finding, plus alr in stomach, shows deformity to
be Swemson Type IL

In two of five pabents with no x ray evidence of air in the intestine Holt found
at operation, a narrow fistula showing that absence of air need not mean absence of
fistula to the lower segment. Roentgenograms sometimes fail clearly to outlne the
side of the aortic arch, as in one of the writer’s cases when night thoracotomy revealed
a right-sided aortic arch obstructing the approach to the lesion. The wound was
closed and anastomosls done from the left side

If there 1s fistula without atresia, the fistula may be demonstrated only when the
child swallows watery opaque mediom while lying in the prone position This can
also be combined with endoscopy (22) Again, in esophageal stenosis without fistala
the swallowing of thick barlum may be required to demonstrate the lesion.

VENoCLYSIS The patlent 1s next taken to the ward, and an intravenous drp 1s
inserted 1nto the umbilical vein by means of a fine polythene tube cannula. If the
vein has closed, then the left long saphenous vein 1s used. To keep a stricter check on
the amount of fluid given, the standard 600 ml infusion bottle is arranged to act as
a reservorr fillmg a 100 ml graduated burette and glucose and saline solution (o g
4.3 per cent dextrose and O 18 per cent sodium chlonde) given at the rate of 70 ml
per pound (0.5 kg.) body welght 1n 24 hours

BLOOD EXAMINATION AND TRANSFUSION Blood from a heel stab 1s typed and
crossmatched From bis suceessful expenence Swemson (13) advises that within

12 hours a red blood cell count be taken, and, if below 4.5 mullion cells percm. a
small blood transfusion (not more than 60 ml ) be given If the count 18 over 4.5
million plasma wnstead of blood should be given Swenson found that within 18 to

3
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24 hours the child’s temperature, if previously clevated, fell and the pulse became
siower and fuller.

Cuotcr ofF TIME To OPERATE When the diagnosis has been made carly and
there are no signs of respiratory infection, there should be no delay in operating.
When diagnosis has been delayed, saliva has been asprrated into the lungs, and
bronchopneumonia has developed, the above measures to improve the patient's con-
dition are required, and 12 to 18 hours can be profitably spent in applying these
measures It 1s useless 1o delay operating beyond 48 hours after admussion.

THE OPERATION

After prelmunary injection of atropine 0.3 mg, a general ancsthesia 15 com-
menced, given by an anesthetist shilled 1n infant and thoracic technics  Choice de-
pends on the anesthetist, but gas, oxygen and cther, given with a tightly fitting {ace
mask, 1s satisfactory.

e
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The Approach. While Belscy (11) has ndvocated a right transpleural approach,
Shaw (15) prefers the extrapleural one as it minimizes ancsthetic problems, gives
a quieter mediastinum during dussection and sutunng, and focalizes any postoperative
leak, The extrapleural can be converted into a pleural approach If the stomach re-
quires mobiliing Most recorded successes have been via the extrapleural route

When roentgenograms show a right-sided aorta, @ left thoracotomy is required

Principles of the Operution (Fig. 3A) With the infant on his left side and the
right arm forward, 2 4 to 5 cm incision 13 made parallel to the vertebral border of
the scapula, and the fourth rib is exposed by muscle retractlon in the ausculatory
tnangle and resected. By careful blunt dissection, the extrapleural plane is developed
ond a rib spreader inserted, After doubly ligating and dividing the azygos venous
arch the mediastinum 15 entered.

The upper segment more easily identfied if the anesthetist gently pushes a
catheter into 1t, is dustected from the trachea and mobilized high into the neck. As
13 good blood supply and hypertrophied wall allow of engthening to bndge any
£ap 1t Is sutured to the fibrous preveriebral fascla as low as possible as suggested
by Swenson.

The lower segment is encircled by a fine tape or ligature, gently dissected as
high as possible and divided close to the trachea. The tracheal fistula is closed with
mterrupted 5-0 sifk sutares on straumatic needles

The Amastomosis (Fig. 3B) The success of the operation depends op the anasto-
mosis Great care is therefore essential and the sepments should be delicately
handled with forceps. Because the lower scgment receives some blood supply from
the trachea and because after division, its narrow upper end may become cyanotic,
Belsey (11) advises resecting this portion. Shaw (15) however, adyises first in
serting a postenor layer of fine silk sutures from the upper segment to the desired
level on the lower segment, tying these, and then timmung the lower segment back
The mucosa of the upper segment is next opened, mucosal anastomons compieted,
and tbe final Iayer of sutures inseried.

The chest wall 13 closed with a small water seal drain into the extrapleoral space
which is brought through 2 separate paravertebral stab incision When a transpleural
approach has been used, the mediastinal plenra is left unsutured, but the chest 1
closed over a water seal drain Lung re-expansion s checked by a chest film

Blood transfusion up to 200 ml of blood to replace blood loss is given during
the operation. If the intravenous cannula becomes blocked during that tune the
wntor has still replaced blood by injection into the superior vens cava with a fine
ncedle and 2 20 ml. syringe

After operation, aspiration bronchoscopy is advisable thereafter a Stamm gas
trostomy is performed. (See under Feeding, p 247 )

Inadequate Lower Segment. When exploration shows partial or complete atresia
of the lower scpment or too large a gap for primary anastomosis, the lesion can still
be treated at that time from the right side Byron (23) Madden (24), and others have
calarged the esophageal hiatus reflected pentoneum from off the ttomach, divided
the et gstnc artery and performed immediats transthoracic esopha,

Gross (17) advises sliding the stomach up through a dilated hag;::lsmcwmy
Ppermit anastomosis of the two esophageal segments €IF iatus to
If, however thechﬂdismpoorcondmou,th:nthcﬁsmhladwidedandsummi

the chest wound closed, and left cervical
esophagostomy and gastrostom:
Eighteen months later the esophagus 15 reuomtmct:d byggsweeu ({S?rx?m
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Fig 3B Stages in dissection and anastomosis 1, The deformity to be corrected 2, The distul
csophagus has been scparated from the trachea and the fistula closed 3, The dinsected proumd
csophageal pouch 1s sewn down to the prevertebral fascia 4, The anastomosis completed § and 6,
The anastomosis, preferably with interrupted 5-0 sk sutures on curved utraum stic necdies

Through a left thoracoabdonunal approach, the gastrostomy s closed by ntcrrupted
suturcs in the long axis of the stomach, and the stomach is mobihzed and drawn
through the Ieft chest to the first left intercostal space and tethered After the chest
wound 15 closed, the patient 1s turned on s back and the inner hall of the leflt
clavicle, first nib and costal cartilage resected, and the stomach anastomosed 1o the
upper pouch An alternative method advocated by Shaw and Pauhon (15) 1sn-

trathoracic, substernal placing of a Roux Y jejunal lnop

POSTOPLRATIVE MANAGI'MIUNT

Presention of Respiratory Complications. The patient is returned to o warat o
ygen enb, under the care of & special nurse. The pulee and respiration wre reconizd
half-hourly Al preoperative nursaing measures are continued, including ntib o,



Postoperative Management 247

nursing in Trendelenburg position with two-hourly turmng from side to side and
frequent asplration of the nasopharynx. Thus further stimulates 2 cough reflex As
nasal or esophageal tubes left 1 position would Interfere with normal swallowng
reflexes, irntate mucons membranes, and increass the chances of pulmonary infec
tion, they arc not reinserted after the operation.

Check roentgenograms are taken the day after operation, then daily for five days
and thereafter as required The mediastinal dram should reman in for four to five
days as e safeguard against a leaking anastomosis If aspiration bronchoscopy at the
end of the operation shows pneumonia or excess tracheal secretions or if there is
edema of the glottis that does not respond to one further bronchoscopy then trache
otomy Is required.

Feeding, Because of the real danger of fluid overload (13 15) 1t 1s not advisable
to persist with the drip infusion after the operation. Details of an accepted regime
are listed by Roberts and associates (28)

Oral feedings with or without a tube aro withheld until the anastomosts is well
healed Stamm gastrostomy i3 required, and Is performed either at the close of the
operation (17) or 24 hours later under local anesthesla (13)

Esght hours later half ounce (15 mL) feedings of stenle water or oral electrolyte
solution (26) are given slowly via the gastrostomy tube and are continued every
two hours, ncreasing to 1 oz. (30 mL) per feeding 1n 24 hours Thereafter a diluted
milk regime is substituted and increased to normal strength within six days

On the fourteenth day 1f convalescence has been smooth, four hourly oral feed
Ings of stenle water are commenced and gradually increased. As there 1s often some
degree of stncture formation, orel feedmg should not be forced The gastrostomy
tube 13 left 1n site for six weeks ag a further safeguard and 15 not removed until after
& check esophagram to determine 1f a fistula has formed

ANASTOMOTIC COMPLICATIONS

Leaking Anastomosis. Though serious this is not inevitably fatal, cspecially 1f
an extrapleural approach has been used The fistula develops through the dralnage
wound and in ime heals by continued drawmage of the medmstinum If 1t has not al-
ready been done gastrostomy 1s required When the approach has been transpleural
only reanastomosis using, as Belsey (11) suggests, fine stminless steel wire can
bope to save the day

Tracheal Fistala. A recurrent tracheoesphageal fistula due to leaking anasto-
mosis requires immediate reoperation

Shaw and assocjates (21) reported nine recovenes from leaking anastomosts
and five from tracheal fistula.

Stenosls. Although following repair many infants have some esophageal stric
ture it senously affects only a few (Fig. 4) It usually responds to gentle esophagos
copic dilatation under general anesthesia. When the stricture is resistant to weelly
dilatations reoperation nnd excision of the stricture are required Gross (17) re
ported that 34 of the 97 recoveres from endothoracic anastomosis required dilata

tion and that it was most troublesome during the first year of hife lessening thereater
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Fig 4 Postoperative esophagram after successful surgical treatment Stenosis was treale
dilatations at fortnightly intervals

RESULTS OF SURGICAL TREATMENT

Early reports of surgical treatment were encouraging. By 1946, Haight (
had 9 children alive from 16 operations, while 1n 1947 Swenson (13) reportec
successes in 15 patients, an operation mortality of 6.6 per cent

In 1933, Gross (17) reported on 233 cases, of which 224 had surgical treatn
with 109 survivals. Of these patients, 12 had multiple-stage construction of an a
thoracic esophagus, 97 had endothoracic esophageal anastomosis, which inclu
5 1 whom the stomach had been brought into the chest. The survival rate in
operations during 1953 was 67 per cent.

More recently, reports from Humphreys and his associates (25) and Shaw (|
support the view that a salvage ratc of 66 per cent can be achieved, but that de
in diagnosis, poor condition when referred for surgery, and associated anomulics
compatible with ife make improvement of these results difficult to achicve

CONCLUSION

Awareness of csophageal atresia, prompt recognition, and surgical treatment |
fore respiratory complications can occur offer the best hope of success fn <hill
hands, at present two thirds of all cases seen can be expected 10 survive operatic

DUrrRprsrro
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BLEEDING FROM ESOPHAGEAL VARICES

Bleeding from esophageal varices, be it minor or massive, single or repeated,
constitutes a perplexing problem 1n the surgical management of portal hypertension
It may occur as the first sign of the disease, or after many and varied operations

Historical Note. In 1945, following the papers of Whipple (1) and Blakemore
(2, 3), there was renewed interest in the treatment of portal hypertension and Bantr’s
Syndrome Since then, many operations have been evolved, both direct and indirect,
which are summarized by Cooley and DeBakey (4) For the nonurgent, uncompl-
cated case, end-to-side portacaval anastomosis through a right thoracoabdominal
mcision remains the most rational and satisfactory procedure (5); many patients
so treated have been relieved of their previous symptoms Nevertheless, there re-
mains a substantial group of portal hypertensive patients, with or without previous
shunt operations, in whom the hemorrhage may be so sudden and so severe as to
constitute a serious threat to life

It 1s to the management of this latter group that this chapter refers

PATHOLOGY

In order to appreciate the problems of massive bleeding from esophageal varices,
it 1s important to understand the process that causes portal hypertension

Causes of Portal Hypertension. Hypertension 1s present when the pressure i the
portal vein—with the recording manometer and vemn at zero level—measures over
150 mm. of water (6) The obstruction causing portal hypertension may be pre-
hepatic, hepatic, or posthepatic, and, of these three, the first two are of practical 1m-
portance

PREHEPATIC OBSTRUCTION In this condition, either the main portal vemn or s
intrahepatic branches are obstructed by one of three abnormalities There may be
simple stenosis of the portal ven, atresia for a variable length, or cavernomaions
transformation 1n which the vein 1s replaced by a mass of varicose channels The
characteristic feature of prehepatic obstruction 1s that the liver 1s macroscopically and
microscopically normal. Milnes Walker (5) recorded portal pressures mncreased to
as much as 300 to 450 mm of water, with an average of 386 mm. T/us hypertension
causes abnormal venous connection, especially esophageal varices, which are respon-
sible for the one symptom, namely, hematemesis Symptoms n prehepatic obstruction
usually arise early in life

INTRAHEPATIC OBSTRUCTION This 1s the result of intrahepatic fibrosis which
macroscopically may show a firm liver almost normal n size with raised arcas up
to 2 mm. 1n diameter on its surface Alternatively, the hver 1s shrunken and covered

with nodules up to 2 cm 1 diameter
Microscoprcally three charactenstic types occur with

1 Increased fibrous tissue only 1n the portal tracts, but with normal parenchyma

and central veins;
250
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2. Fibrous tissue spreading more diffusely through the parenchyme toward
the central veins

3 Liver structure completely disorganized and with bile ducts artenes, and
veins compressed m masses of fibrous tissue

Relation of Symptoms to Leslons, In type 1 with portal-tract fibrosis, the lver
cells and liver function tests are normal but portal venous pressurcs are high Type
2 with diffuse hepatic fibrosis, follows type 1 with no serious impairment of hepatic
function and with hugh portal vein pressures Type 3 with widespread postnecrotic
scarnng compressing all clements of the liver shows the cfinical pieture of impuired
liver function added to portal hypertension.

CLINICAL FEATURES

This discase affects all age groups When presenting with hematemesis and
melena these pauents are usnally first seen by physicians and may be referred for
surgical opimon shortly after the first episode or because of recurring hemorrhages
When the hematemesis 18 uncontrollable however they are usually referred earher
but not before considerable bleeding has occurred and vigorous transfusion has been

Physical exammation 1n the young usually reveals httle abnormality at first Later
as the disease progresses the spleen may become palpable In adults, especially it
the condrtlon 13 long standing and associated with portal cirrhosis there may be
ascites, o small cirrhotic liver caput medusae and hemorrhoids

Investigations Patients with severe hematemests fall mto two groups

1 Those where previous investigations have established the diagnosis and
2 Those presenting for the first time Thus latter group may be seen either with
bleeding temporanly arrested or wth jt continuing unabated.

When bleeding has been arrested, there are four important investigations de
signed to establnh the dingnosis, to determine the state of the liver and the degree
of portal hypertension, and to aid 1n making the best choice of operaon They are

{ Blood examination

2 Fluoroscopic examination of the esophagus stomach, and duodenum
3 Liver function studies

4 Esophagoscopy

BLoop EXAMINATION Red-celf and hemoglobin estimations determine the degree
of anerma  Serum albumun levels are a guide to liver function (sce later), and a
Wassermann test excludes a luetic cause '

FrLuoroscopy Esophagrams mm at excluding other causes of hematemesss
such as reflux esophagitis gastric and duodenal ulcers or neoplasm. In portal hyper
tennon the charactenstic soap-bubble appearance of the lower esophagus is usuall
seen (Fig 1 left) but as vances are not always demonstrated by this method, i
ncgn;v;mr?ult does lnot exclude thelr presence

cgarding portal venograpky as the aum 1s to demonstra

vl;ms and their suitability for portasystermic anastomosis, thuti;&';;yugi tlls]iazyonr;u;
“::ﬁclllinf ::: arircle. However portal venography should always be performed

n the patient has recovered from hs hemorrhage and as a prelude to a planned
anastomosis It was onginally carned out under direct vision during operation bu

~——
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Fig 1 Esophagram showmng soap-bubble effect typical of esophageal varices Right, Esopha-
gram after transection of cardia, ligation of varices and re-anastomosts, showing no evidence

of varices

has more recently been advocated before operation The technic mvolves percuta-
neous injection of a radiopaque medium, such as diodone, into the spleen The me-
drum rapidly enters the venous system and 1s carried to the liver in sufficient concen-
tration to show the course of the vemns Walker reported 12 such venograms with
satisfactory results (8)

Liver FuNcTION TEsTs (9) Though patients with normally functiomng liver
may have portal hypertension without ascites, when the liver 1s damaged not only
is there a greater chance of ascites but the ultimate prognosis 1s poor Linton (9)
warns that, while clinical assessment of necessity takes prionty over tests, the most
serious risk 1s a patient with a plasma albumin below 3 gm per 100 ml with ascites
that fails to respond to medical therapy and with a 3+ or 4+ cephalin flocculation
and a prothrombin time that does not respond to vitamin K therapy On the other
hand, a good-risk patient has a 1+ to 24 cephalin flocculation, a plasma albumin
greater than 3 gm per 100 ml , absence of ascites, a bromsulfalemn-retention test be-
low 10 per cent after one-half hour, and a prothrombin time within four seconds of
normal.

EsopHAGoscory. This is the only satisfactory way of confirming the presence
of the esophageal varices (10) They are clearly seen bulging through the mucosa
into the esophageal lumen, can be of enormous size, and, though occurring through-
out the greater length of the esophagus, are most obvious at the cardia

When bleeding has been arrested, the pressure within the varices as a guide to
pressure 1n the portal system 1s measured by Allison’s (11) method, using a long
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needle mounted on an endoscopic suction tube and attached to an electromanometer
The method s of great value both before and after portasystemic Anastomons in
esumating the efficacy of the shunt.

Bieeding constitntes the gravest hazard to patients with esophageal
varices Limton (7) reported an alarmungly bigh incidence of deaths from hemorrhage
1n patients with currhoals of the Livor and Bantl s syndrome who were treated purely
along medical lines.

Nachlas and associates (12) found that in 62 patients proved to have only
varices as their source of hemorthage 66 per cent died from their first hemorrhage
A patient who survived this episode was calculated to have two chances out of three
of being alive at the end of one year

Eppinger estimated that about 20 per cent of patents with curhous of the Liver
die of hemorrhage befors asates or hepatc insufficiency supervene (quoted by
Coaley 4)

With such poor prospects from medical treatment, any emergency surpcal meas-
ure that will effectively arrest the hemorrhage and render the patients safc and fit
for definttive treatment of his portal hypertension 1 surely warranted

MANAGEMENT

There are three principles in the logical treatment of these senously bleeding
patients They aro

1 Temporary arrest of the blecding csophageal vances by tamponads of the
cardioesophageal region with an intragastric balloon, followed by

2 More permanent control of the bleeding by direct operation on the varices
Once the hemorrhaglc eplsode has passed,

3 Definitive freatment is undertaken to lower portal venous pressure by veno-
venous anastomosis, producing either an end to-side portacaval shunt or an
end-to-side splenorepal shunt.

Temporary Arrest (Cardioesophageal Tamponade) This method, first used by

Rowntree and associates (13), was modified by Sengstaken (14) who devised a
twin balloon with triple lumen tubing, of which one was for feeding purpates and
the other two were for inflating the bailcons As Lintan (7) points out, howsver the
upper balloon i unnecessary because the bleeding is actually controlled when trac
tion on the tube causes the lower balloon to compress the submucous veins at the
cardua, thereby preventmg portal blood from entenng the vances (Fig 2)
Tho unportance of obstructing the flow of bleod from stomach to csophagus
:an:;nbexrm&hmﬁEw&mwghthom blecding pomt on the varx be
0 5 cm. above the cardia and therefore not occluded by the -
e bt durectly by the balloon, never
TecHNIC An adequate balloon can be made by carefull sealing Penrose
ber tubing on to & Levin tube After testing, theymbmg L;ym;ertnd thm“ghmﬁ.t
mouth, inflated to approximately two mches n diameter and two-pound traction
w‘;g‘l;t’:p%g:dmilmtg;mmm as in Figure 2 help with the correct posiuonmg of
o) owever has severe Uumitations for as pressure by the tube or
oon may weerate the pharynx or cardioesophageal junction 1t requires removal
10 8 to 12 hours Further when the batloon is deflated and withdrawn, bleeding fre.
quently starts agaln and can prove fatal. - & e
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Fig 2 Sengstaken tube has been passed into stomach of patient having massive hemorrhage
Lower balloon 1s mnflated prior to fixing weight traction

More recently, Kehne (15) has reported from laboratory and clincal observa-
tions that 10 to 20 umits of surgical prtwitrin injected in the arm at the rate of 2 units
per mmute have effectively lowered portal venous pressure They advocate its use as
an adjunct to tamponade 1n the emergency treatment of esophageal bleeding

Because of the limitations of tamponade, therefore, these patients require more
effective arrest of their bleeding, not only as a lifesaving measure but also as a means
of tiding them over until fit enough for defintive shunting of the portal system by

venovenous anastomosis.
Three different principles have been used-

1 Duirect suture of the varices via esophagotomy,
Division of the junction between the portal system and the esophageal vens

by transection and resuture of the cardia,
3 Excision of the vanx-bearmg portion of the esophagus by (a) partial esoph-

agogastrectomy or (b) subtotal esophagectomy

Direct Suture of the Esophageal Varices. In 1949, Boerema (16) performed mul-
tiple intraesophageal ligation of the varices and obliterated them between hgatures
by injecting sclerosing solution. In 1950, Crile (17) reported performing mtra-
esophageal ligature of varices in seven patients who had bled after splcx?cctomy The
operation, however, was a planned procedure and was not done at the time of biced-
ing Others have reported parallel results In 1953, however, Linton reported suc-

cess with 14 emergency operations |
Tecunic Linton, using Crile’s method, first inserts a balloon tube to conlrod
bleeding by cardioesophageal tamponade With the balloon tube still 1n place an
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Fll«-ig Technlc of tr hagenl suture-occluston of vances. 1 The csophagus b exposed in
1 left thoracotomy mdverﬂranyludxd.z,mgrwpof submucosal varkees are easily identl
ficd. 3 They are obliterated with confinuous catgut suturcs. 4 and 5 The esophageal Inasion

b closed transversely with three rows of interrupted fine silk sutures.

the patient anesthetized with a cuffed endotracheal tube and lying on lus nght side
the left chest is opened through the bed of the resected left seventh b The esopha
geal huatus Is opened to aid the approach to the stomach An incision 5 to 6 cm
long is made in the esophagus extending down to the cardia of stomach (Fig 3)
The bleeding vances and other vances are picked up leaving the mucosa mtact.
Uslng an intestinal atraumatic necdle with O chromic catgut, each column of varices
Is obltternted with 2 contimuous suture from the stomach below the esophagus for 6
em. In practice three such columns are isolated and sutured.
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After completing hemostasis within the esophagus and aspirating all old blood
from the stomach lumen, the esophageal incision 1s closed transversely with three
rows of mterrupted fine sik sutures.

The usual postoperative measures for thoracotomy apply, and a fluid diet is
given for the first 10 postoperative days.

Of the 14 patients reported by Linton, only 1 died As bleeding recurred at in-
tervals varying from two weeks to five months after operation in five patients so
treated, 1t 15 clear that a portacaval shunt of some type should be carried out as soon
as the patient’s condtion warrants 1t.

Regarding definutive treatment of the portal hypertension m the remaining 13
patients, 3 with Banti’s syndrome and previous splenectomy could have no shunt
because of cavernomatous changes surrounding the portal vemn In another, the op-
eration was performed after both splenorenal and portacaval shunts had failed to
prevent further bleeding In eight others, shunts had been planned or performed

Transection of the Cardia. This procedure, a further development of Tanner’s
gastric transection (19), aims at cutting off the portal blood flowing to the esopha-
geal varices. The lower esophagus is exposed through the left pleural cavity, clamped,
divided, and resutured i two layers after hgating the larger submucous vances. A
barner of scar tissue thus forms, and there 1s time for more adequate collateral cir-
culation to develop elsewhere

The technuc is llustrated 1n Figure 4 Milnes Walker (1952) reported satisfac-
tory results on six patients; in only one was there further bleeding 1n a two-year
period

Case REPorRT. Mrs P W,, aged 33 years, was referred by her physician on
February 26, 1953, with a two-day history of profound hematemests and melena
from esophageal varices In 1949 she had had hematemesis, and agamn m 1952,
when two operations were performed, namely (a) transthoracic ligation of peri-
esophageal veins on March 28, 1952, and (b) transabdominal splenectomy on
May 16, 1952. Inspection at that time had revealed splenic-vein thrombosts. Be-
cause of cholelithiasts, she had had cholecystectomy on September 17, 1952, when
liver biopsy showed no hepatic fibrosis (Fig. 1, left)

On March 26, 1953, transection of the cardia was performed. Because of the
patient’s past history and the unabated bleeding, direct approach to the vances
was advised. Because of previous favorable experience m nonurgent cases, 1t seemed
reasonable to transect and resuture the esophagus in this acute cmergency.

Through a left thoracotomy, pulmonary adhesions were divided and {hc
esophagus 1solated (Fig 4A) An mspection mncision was made 1n the dia-
phragm but was closed again because of dense perigastric adhesions The esopha-
gus was completely freed in 1ts lower third and the gastric fundus drawn up through
the esophageal hiatus nto the chest Transection and resuture were successfully
performed (Fig 4B) Three liters of blood and 15 Iiters of dextran were given
during the operation :

Postoperative roentgenograms showed disappearance of the varices (Flgi ] ,
right). The patient remamned well untd Aprnil 22, 1954, when a further, smallcr
hematemesis occasioned a gastric transection and resuture across the mmcisura
ang‘(l)]zn;.(arch 16, 1956, esophagoscopy confirmed that the varices hndrd:sapi:
peared Gastroscopy showed that the gastric mucosa prow;mnl to the linc :'
gastric transection was normal 1n color but atrophic and without rugac or any

prominent veins,



Flg, 4A. Technle of trunsection of cardia in a left thoractomy Isolation and transection of

esophaguy.

Flg, 4B Re-anastomosis with two layers of interrupted silk sotures,
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Esophageal Resection. Methods of esophageal resection aim at removing the
varix-bearing esophagus and establishing continuity by anastomosing the stomach
to the esophageal stump

In 1947, Phemister and Humphreys (20) reported success with gastroesophageal
resection for bleeding varices In 1954, Cooley and DeBakey (5) advocated a more
extensive resection After an exploratory laparotomy at which portal vein pressures
are measured and hiver bropsy taken, the stomach 1s mobilized and splenectomy and
Fredet-Ramstedt pyloromyotomy performed Thereafter, the chest 1s entered through
the fourth right intercostal space, the esophagus freed and resected from the stomach
below, and a high anastomosis made above the level of the azygos arch between the
stomach and the upper third of the esophagus Cooley reported two successes in
three operations

Gastroesophageal resection undoubtedly can control severe hematemests from
varices, but personal experience has confirmed that 1t 1s a long operation, lasting
four or even five hours, and technically complicated by abnormal venous channels
n patients with poor liver function As the immediate aim 1s to arrest hemorrhage,
and as this can be done as effectively and more safely by direct ligation of the varices,
or transection and resuture at the cardia, these shorter procedures are advised for
this emergency ‘

There 15, however, a real place for resection of the varix-bearing lower esophagus
as a planned operation 1 patients with repeated bleeding after previous splenectomy
and unsuccessful shunt operations The most suitable operation then 1s probably
esophagogastrectomy with esophagojejunostomy, using the Roux Y technic (21, 22)

Nachlas (23) supports the view that removal of the lower end of the esophagus
1s the most logical approach 1if 1t can be accomplished easily, quickly, and safely In
1956, following Berman’s (24) use of plastic tubes for palliating an esophageal car-
cinoma, Nachlas advocated resecting the lower esophagus and reestablishing esopha-
gogastric continuity by means of a polyethylene tube Of 5 patients subjected to this
procedure, the first 2 died during the early postoperative period, and the other 3 were
alive after 13, 10, and 9 months, respectively This work 1s still under review

CONCLUSIONS

When there 1s masstve hematemesis from esophageal varices and the patient has
required two-liters or more of transfused blood without cessation of the ?Ieed;?l%,oldt
1s useless to temporize Transient control, allowing sufficient time to ﬁrept aceO oof
loss, 15 obtained by esophageal tamponade Thereafter the simplest e Ie:c “ée dgbm_
tion to arrest the bleeding and not unduly endanger the life of a patient a rez;1 y o
tated should be done The choice lies between transesophageal ligation of the vta ees
and transection of the cardia, as the latter ensures that all varices are wterrupted,

1s to be favored

At no tume should splenectomy be
astomosis will be required as a direct
Bantr’s syndrome, the splenic vemn 1s t
both shunts have been performed and t
1s the operation of choice

done alone, for at a later date venovenous an-
means of lowering the portal hypertension In
he only one available for such a shunt When
he patient still bleeds, resection of the varices
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CORROSIVE BURNS OF THE ESOPHAGUS

As the proper emergency handling of these unfortunate patients can have such
far-reaching effects, all medical practitioners should be fully aware of the problems
mvolved The key to successful management Lies 1n clearly appreciating the progress
of the pathology from burn to stricture formation

PATHOLOGY

Although in some adults the corrosive is taken with suicidal intent, accidental
swallowing of Iye (caustic soda) by children accounts for most of the cases seen Ana-
lyzing 233 cases of chemical esophageal burns, Carver and associates (1) found that
most were due to drinking lye and that 188 occurred 1n children less than 6 years old

The severity of the burn depends on the substance swallowed, 1ts chemical nature,
concentration, and quantity, and on the duration of contact with the esophageal
mucosa. In addition to lye, other corrosives such as ammonia, lysol, 10dine, and
sulfuric and nitric acids have all been encountered The speed of destruction by lye
was experimentally determined by Krey (2) in rabbits He found that a normal
NaOH solution in contact with esophageal mucosa for 10 seconds necrosed through
mucosa and submucosa to involve some of the inner longitudinal muscle, 3N ne-
crosed to the circular muscle, 5N to the outer Iongitudmal muscle, and 7N penetrated

to the esophageal wall
Pathologically as well as clinically, esophageal burns fall into three groups

1 Those that are immediately fatal from the general as well as the local effects
of the corrosive,

2 Those that are mild and produce a reversible esophagitis;

3 Those that produce a severe esophagitis

It is this Jast group with which this chapter is mainly concc.:rned. '
Regarding site, the severest burns—leading to the tightest strictures—tend to

occur 1 the middle and lower thirds of the esophagus ‘ ‘
The chain of events, from burn to established stricture, occupies approximately

a two-month period which can be divided into three dstinct phases-

1 The Acute Phase of Necrosis This lasts up to 10 days; it commences with
mucosal necrosis and 1s followed by sloughing and associated inflammatory
reaction of all esophageal layers

2. The Intermediate Phase of Ulceration This 1s ushered mn with the 'separat.xon
of the mucosal slough which passes down the alimentary canal Jeaving behind
an nfected, granulating, tubular ulcer the length of the esophagus This pl}gase
may last no more than seven days or as long as four weeks Certamly, ahs rc]y
has shown, 15 days after mjury actual stricture formation begins as the coi-

Jagen fibers commence to contract
260
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3 The Final Phase of Stricture Formation The ulcer Is gradually replaced by
fibrous tissue which steadily contracts to a tight stricture This 1s usually com
plets withun two months but may take up to a year Of practical importance
1s that the soventy of this final phase of stricture formation 15 closely related
to the adequacy of early treatment.

The foregoing train of pathologic events was also observed i expenmental lye
burns of the esophagus by Bosher ond assoctates (3)

Complicatlons. These are many and varied. They include the immediate com
plications of starvation and acute dehydration during the time of the burn penetra
tlon through the esophagus into the mediastinum or great vessels with fatal hemor-
thage during the phase of ulceration, food impaction, or esophageal perforation and
mediastmitis from the use of dilating bougies 1 sricture formation and sometimes
there 13 the final remote complication, years later of neoplastic formation

CLINICAL FEATURES

Setious Burns, In the acute phase with burns and blistering of the lips mouth
tongue pharynx, and esophagus, the patient is in great dstress and sits salivating ex-
cesuvely mto 2 bowl Dysphagia is obviously complete and within a day, unless
treatment is instituted, the signs of acute dehydration appear

In the intermediate phase with healing of the buccal and pharyngeal mucosa and
separation of the esophageal slough, the patient temporarily can swallow agamn and
has an unreal fecling that all will be welL

In the final phase as the developing stricture tightens progressive dysphagia re
torms until, when, it is finally complete everything swallowed Is regurgitated.

Less Severe Casey, The dysphagia may be much less, the acute episode pass by
be forgotten and remembered only when, years later the slowly developing stricture
is completely blocked by a bolus of poorly chewed food. Ths blockage from stricture
may herald the appearance of a neoplasm and cannot Lightly be ignored

MANAGEMENT

In this chapter detailed management will be confined to the acute and Intermed]
ate phases only
Acate Phase of Necrosis. The five essentials of immediate management are to

1 Remove or neutralize the chemical agent, if possible
2. Relieve pam

3 Mamtaln notrition

4 Counteract infection

5 Prevent stricture formanon.

The following routine is advised for those present at the time of injury

1 Encourage vomiting by putting a finger or spoon in the throat. Also identify
and neutrahize the chemical agent swallowed and administer the correct anti
dote To be of any value at all us Krey has shown, administration of antidote
must be immediate Most cases are seen too late—possibly some hours after,
the 1njury 4
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2 Pain can be lessened by morphine or pethidine myjections 1n doses graded
according to age Emollients such as oilve o1l are also soothing The patient
must be hospitalized

3 Nutriion If he 1s unable to swallow any fluid, the patient 1s placed on intra-
venous therapy given at the rate of 3 liters per day Additional fluid, equal 1n
volume to that of the saliva lost per day, 1s also given If the patient 1s still able
to swallow, then such bland nutritious fluid as egg and milk should be given

4 Prevent Stricture Formation Antibiotics—peniciliin and streptomycin—are
given to combat the mevitable secondary esophageal infection that follows
the burn and ntensifies the formation of granulation tissue

In an effort to lessen stricture formation i a 17-month old boy with an acute lye
burn, Weisskopf (4) used 25 mg of cortisone and 500 mg of terramycin 6-hourly
for 3 days, followed by cortisone twice daily untdl the twelfth day

FURTHER TREATMENT DURING THE EARLY PHASE Personal experience has
shown that esophagoscopy during the first 10 days has little to offer The esophago-
scope passed beyond the cricopharyngeus muscle merely confirms the presence of
white, edematous mucosa through which it 1s quite hazardous to attempt to proceed

The patient should be contmued on imntravenous therapy, and if there 1s no re-
turn of esophageal patency m five to seven days, a Stamm gastrostomy should be
performed

At ths phase of necrosis, treatment aims at resting the damaged esophagus and
—until separation of the sloughing mucosa occurs—Ileaving a patent esophageal
lumen surrounded by its cylindrical ulcerating wall

It 15 at this stage—the time when ability to swallow by mouth returns, some 10
days after injury—that much can be done to prevent the otherwise inevitable stricture
So often, however, any return of swallowing 1s treated as being synonymous with
the return of a normal esophagus that this chance of worthwhile help 15 lost, and the
preliminaries of tight stricture formation are left to run their course

Intermediate Phase of Ulceration. Whether the patient, by the foregomng treat-
ment, has been successfully tided over mto this phase or 1s seen for the first time 1n
it, treatment 1s the same and aims at

1 Assessing the state of the esophagus,
2 Preventing any further stricture formation

Investigations. EsoPHAGRAMS Watery radiopaque solutions serve to show the

length and level of any esophageal constrictions "
EsopHAGOscoPY This 1s the most important of the investigations, to show the

nature and extent of the esophageal granulations General anesthesia 1s to be;] pre-
ferred, and, if a Ryle tube or silk thread has previously been swallowed, the esop ;gol;
scope 1s threaded over 1t and then guided down to the developing str1c;ture, ]wftl(;n
1s then gently dilated A wide-bore stomach tube, e g Size 30 F for adults, 1s ]l
situ (Videinfra )

Surgical Treatment of Ulceration. IN
tion, the most satisfactory form of treatme
daily pamnful dilatations, 1s the method of 1
Leegaard (5) The simple principle 1s that
whole length of the esophagus, acts both as a

ApuLTs In the presence-of obvious ulcera-
nt, which at the same time dispenses with
nternal esophageal splinting devised by
a wide-bore stomach tube, running the
food passage for tube feeding and as an
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mmtraesophageal splint around which the inflammatory reaction runs it course without
formung o tight stricture Intubation therefore lasts approximately two months As
the upper end of the tube is introduced via a cervical esophagostomy below the cn
cod pharyngeal sphincter the functions of the pharynx are unaffected (Fig 1)

Method The cervical esophagus 1s exposed through a two-inch rmasion along the
anterior border of the left sternomastoid muscle and the plane between the carotid
theath Iaterally and the larynx and the trachea medially is developed. The muddle
thyroid vewns and mnferior thyroid artery are divided and the upper esophagus is
holated just beyond the level of the cncoid cartilage It is hfted with Allis forceps
and its lumen 15 opened. If the stomach tube has been left in situ after esophagoscopy
18 now caught up and 1ts proximal end drawn through the wound If not, then a
well-lubricated tube 15 inserted through the esophageal wall and pushed down 1nto
the stomach

When the tube cannot be made to enter the stomach from above the writer (6)
has performed a temporary gastrostomy pushed a tube up the esophagus into the
mouth, and thereafter attached o second tube to 1t from above and drawn this down
Into the stomach, The upper free end 1s then delivered through a left cervical esopha
Eostomy as already mentioned

The cervical wound 15 Lightly packed with sterile paraffin gauze and the tube 1s
*Pigoted and strapped to the side of the neck. The great advantage of this method
8 that it achicves the aums of both gastrostomy and repeated bouginage by one

’

.
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Fig 2 Left, Esophageal outline after removing esophageal splint Right, Esophageal outline
18 months after such treatment, showing adequate lumen

Postoperative Management The cervical wound is covered with absorbent dress-
ings to mop up any leakage of saliva Antibiotics—already commenced—are a fur-
ther safeguard against cervical infection High caloric fluid diet 1s given through the
tube and a strict fluid balance and weight chart kept After every feeding, water 1S
run through and the tube carefully cleaned

Changing of the tube for cleansing or because of blockage offers no hazard pro-
vided an identical one 1s prepared and properly lubricated ready to ship into the
esophagus the moment the other 1s withdrawn. Imitially, changing the tube may be
necessary on two or three occasions at close mtervals, but later 1t 1s required only
weekly. If necessary, wider bore tubes can be introduced

After two months with the tube temporarily removed, the esophagus 1s rechecked
by an esophagram and esophagoscopy (Fig 2, left). If the mnflammatory process
has now subsided, the tube 1s discarded and the patient taught daily self-bouginage
If it is certain that the bougie passes into the stomach, the patient 1s discharged but
should be seen first at weekly, and later at fortmghtly, mtervals for recheck On each

occasion, the patient passes the bougie in the presence of the surgeon If there 1s a
tightening of the stricture, redilatation js performed via esophagoscopy.

Results. Three adult cases, which the author treated by this means, are free from
stricture and are swallowing normally from 2 to 10 years afterward

In CHILDREN. The foregoing regime has a great deal to rccomm‘cnd it, even with
children, 1t gave excellent results in Leegaard’s (5) hands In milder cases, a re-
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tamed catheter was tntroduced through the nose in severe cases external esopha-
gostomy was used.

The alternative 13 either repeated dilatation from above—with or without anes
thesis—or gastrostomy swallowing of a thread and daily dilatation with Tucker
bougies The ease of handling these patients by esophageal splinting makes this
method preferable whenever possible

Final Phase of Stricture Formation, The management of established stricturcs
with the problems of repeated dilatation or esophageal replacement is beyond the
scope of this chapter The reader 18 referred to the author’s article (7) for 2 summary
of the principles involved or to the articles of Fata (8) Marchand (9) and Carver
and associates (1) for details of their large expenence

CONCLUSIONS

Having treated many of these patients at varymg stages i their illness, the author
wholeheartedly supports Fatt and associates in their plea that “this is a disease which
we should never have to treat, for it 1s the needless product of a society which con-
tinues to permit the free sale of caustic soda at a time when inexpensive and harmless
detergents arc readily available

When the lesion 1s present, the soomer it Is seen by one who understands the
pathalogic process involved, the better If treated early by adequate internal esopha-
geal splinting the hazards of late stricture formation are largely prevented and easier
swallowing Is assured
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SPONTANEOUS PERFORATION OF THE ESOPHAGUS

Historical Note. In 1724, the Dutch physician Boerhaave (1) first brilliantly re-
corded the onset, fatal course and autopsy findings of spontaneous perforation of
the normal esophagus of the illustrious Baron de Wassenaer, Lord High Admuiral
of the Dutch Republic Boerhaave’s account 1s summarized by Barret (2) In 1877,
the lesion was further described by Fitz (3) of Boston, and m 1914, 1t was compre-
hensively reviewed by Walker (4) In 1944, Collis (5) attempted suturing the rent,
but his patient died from necrosis of the mediastinal tissue In 1946, Barrett (6) first
achieved successful repair

PATHOLOGY

Ninety per cent of the cases occur 1n men Though Anderson (7,8) found the
youngest reported was 2 years old and the oldest 75, 1n the 50 cases reviewed, most
occurred 1n the fifth decade The writer’s oldest patient was aged 81 years

Regarding the status of the esophagus prior to rupture, the mucosa and mus-
culature were essentially normal, therefore, the patients who are seen fail nto two

groups

1 Rupture from Increased Intraesophageal Pressure Most commonly the lesion
1s mechanical 1n origm and due to a suddenly increased ntraesophageal pres-
sure that stretches and bursts the esophageal wall Vomiting 1s the most com-
mon cause, especially the violent retching that follows excessive eating or
drnking Rupture also occurs from many other causes than vomiting, as from
straining at defecation, or from the 1ndirect trauma of abdominal or thoracic
crush myuries. The writer (9) has also reported 1t from vomiting mitiated
by a duodenal ulcer, and has successfully treated 1t when mtiated by hyper-

emesis gravidarum

2 Rupture with Apparently Normal Intraesophageal Pres‘fure. This occurs thh’:
out vomiting or other similar cause This 1s the true “spontaneous rupture
and can occur when the mtraesophageal pressure 1s within normal physiologic
Iimits It 15 seen climically m the weaker esophagus of the elderly Ander-
son reported that § of 9 patients with this history were aged 53 years or mo;%
a finding supporting Burt’s (10) conclusions that an adult esophag(;ls over >
years of age will rupture with far less pressure than one from a child or young

adult

The site of the lesion 1s most commonly the relatively unsupported low?;' ﬂ:cl;d
»f esophagus, the weakest esophageal segment (11) The left side 1s usually afiected,
wccounting for 60 of 62 cases in Mackler’s ( 12) series
266
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There is usually a single vertical rent varying from 2 to 8 cm long Rarely trans
verse tears have been described (7) (1952) as well as complete disruption of the
tube (1) Depending on the force with which the vomitus has been ejected through
the rent, it may reman extrapleural and spread 1n the postenior medinstinum and
extrapleura! layers, causing medinstinal emphysema or 1t may rupture into one or
other pleural cawity, causing hydropneumothorax, with or without tension effects
Thus rapudly progresses to pyopneumothorax.

In a senes of five cases, the writer has had two that ruptured only into the pos
terfor mediastinum  two into the left pleural cavity and one into the right pleural

Perforations of both the middle and upper thirds of the esophagus (13 14) have
also been reported

CLINICAL FEATURES

Symptoms. There is usually a hustory of violent retching and vomiting especially
afiet heavy cating or drinking or following other causes of vomiting already men-
tioned. The vomitus may be blood stained (9) The patient may in fact, unwattingly
precapitate his leslon by consciously trying to suppress hus vomit. The lesion should
ako be remembered as a possibility when treating any severe abdominal or thoracle
traoma (15)

Typically the patient 18 seized with an agonizing retrosternal pain which spreads
over the affected hemithorax and raduates to the shoulder It 1s aggravated by deep
breathng and lessened by mtting up The patient often describes a bursting sensation
and Is convinced he will die Because of the hydropneumothorax and reduced pul
monary ventilation, there 15 severe dyspnea and cyanosis both of which are aggra
vated by any increasing mtrapleural pressure and mediastinal emphysema. There
may also bo voice changes Severe thirst is common, and any drinking of water only
mereages the pam

Physical Signs, Following mtrapleural rupture, these patients are usually cntl
cally ill often profoundly shocked, dyspneic, and cyanosed. There is usnally epl
grstric guarding and tenderness The chest signs are those of hydropneumothorax,
with or without displacement of the trachea and apex beat. In at loast half the cases
there will be telltale subcutancous emphyseme appeaning at the suprasternal notch
&d spreadmg over the neck, head arms and trunk

When the pleura 1s intact suprasternal cervical emphysema may be the only
Payleal sign, while occastonally no physteal signs at all are detected.

Disgnosts. Tus should be strongly suspected from the history and physical find

especlally by Mackler’s triad (12) of vomiting low thoracic pain and cervical
euphysema. It is confirmed by x ray examination.
RoENTaENOGRAMS Anteroposterior and lateral chest films are taken no matter
o0 l_]‘]";w"-ﬂy ill the patient may appear for today 1t is a fallacy to believe anyone is

Or a portable x ra ally when the lesion, 1f undia,
"Pldlytampo y film especially when th on, gnosed, 13 £0

The rocntgenograms confirm the presence of o hydropncumothorax and may

m';;dmrﬂnal emphyscma guthmng the oortic nrch ne a errecrntie thadaw (Fiox
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Fig 1 Perforation nto left pleural cavity Left hydropneumothorax and mediastinal emphy-
sema following vomit after drinking bout Thoracotomy and suture-healing (From Borntz
J, in Maingot’s Management of Abdominal Operations, 2nd Ed, 1957 Courtesy H K Lewis
Co Ltd,London )

[ . |

f

thorax 1n patient with history 0

i t leural cavity Hydropneumo and suture

dFigd egallzleliorrauacig }gifoélghg fomltmg, laparotomy proved frustless ;I'?u?zlcc;:ggl);] g'l?ollowc d

o done leal»:ape developed followed by empyema Dramage Wie mSénd E:i 1957 Courtesy
‘évgf)molgo;'ne J o Mamgov’s Management of "Abdominal Operations, ’

H K.Lewis&Co 1td , London )
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Fig 3 Perforation into eror mediastinum. Liplodol swallow showed extraesophageal
Bnrslvnndon of nd]o;:mquspgi’.‘lt (arrow) Thoracotomy and suture were done healing followed.
(From Borric J in Maingots Management of Abdominal Op 2nd Ed., 1957 Courtesy
H K. Lewns & Co. Ltd, London.)

If doubt sull exists the swallowing of radiopaque onl will show the perforation
and will reveal dye outside the csophageal wall. This methed is strongly recom
mended, especially when the mediastinal pleura is thought to be intact (Fig. 3)

Because these patlents are often misdiagnosed as  acuto abdomen and sub-
jected to needless laparotomy the author belicves it is important that all x ray films
of the acute abdomen” be taken with the patient uitting up and positioned to Include
the lower half of the chest (9)

DIAGNOSTIC CHEST ASPIRATION As the fluid may be brownish or pusiike in
color lts trus significance can be underesttmated The fluid is reid to litmos paper

Differential Diagnosis. Though the clinical and radiologic sequence of vomiting,
pan, plenral fluid, and mediastnal emphysema is typical these cases are frequently
musdiagnosed as coronary thrombosis rupture of & duodenal ulcer or gallbladder,
acute pancreatitis, mesenteric thrombasis, or volvules Failure to consider the pos-
sibility of o ruptured esophagus is the nyual cavse of these errors

Spontaneous perforation of the esophagus 1s a lethal disorder espe
cially bécause of the skock, bemorrhage and fension pneumothorax that accompany
w In 1948 hansella and associates (16) m a review of 53 cases, found that

13 died in less than 12 hours
24 dred in less than 24 houns
8 died in lest than 48 hours and
only 8 survived beyond 48 hours.



270 Chapter 18: Spontaneous Perforation of Esophagus

TREATMENT

Adnuttedly, Graham (17), Anderson (7) and Susman (18) have shown that 1t
1s possible to save some patients by pleural or medsastinal drammage without esopha-
geal suture, and that that 1s all one can offer those fortunate enough to survive for
48 hours untreated But having repeatedly seen the quick return to full activity fol-
lowing emergency thoracotomy and suture of the perforation, the wrter 1s con-
vinced such 1s the right and proper course to take

Preoperative Treatment. This follows the general lines stated in Chapter 3

1 The first and most important first-aid step 1s to reheve any tension preumo-
thorax by water-seal dramnage After this iitial treatment, one of the writer’s
patients was able to be transported 70 miles for further operation

2 All fluid by mouth is stopped, including salivation, by giving atropime 0 6 mg
and morphine 15 mg

3 Intravenous therapy, including blood transfusion, 1s commenced

4. A Levin tube is passed mto the stomach and constant low pressure suction
apphed

5. Antibiotic therapy 1s commenced

With this regime the patient should improve rapidly

Operation. Preliminary esophagoscopy can be done but is not essential, especially
if a water-seal dramn has already been inserted.

Thoracotomy is performed through the eighth rib bed A rib spreader 1s mserted,
fluid and fibrin clot removed, and the pulmonary ligament divided The mediastinal
pleura usually has a shaggy rent which 1s enlarged If, however, the mediastinal
pleura is found to be intact, it 1s incised vertically The esophagus 1s encircled with
a finger and held retracted with a catheter sling The edges of the rent are carcfu}ly
trimmed with scissors, stay sutures mserted as required, and the rent closed with
interrupted 4-0 silk sutures (Figs 4 and 5) If inflammation 1s already present,
stainless steel sutures are desirable The pleural cavity 1s thoroughly cleansed and
wrrigated with saline The lung 1s remnflated, and the chest wall 1s closed over water-
seal drainage with mterrupted catgut sutures for the deep layers and nylon sutures
for the skin

Postoperative Care. In general, postoperative care follows the lmes discussed
in Chapter 3

FEEDING When the rent is small—3 cm or Jess—intravenous fluid 1s maintained
for four days, after which time the patient may take milk, glucose, and water ‘;)’
mouth (see Acquired Esophageal Perforation, Chapter 19) All solid food 15 W}’: C;
held for two weeks Intercostal dramnage 1s mantamed until the tube becomes blocke
—usually in two or three days

When the rent 1s larger and the degree 0
oral feeding 1s stopped, and a jejunostomy 1s perfo

1s complete, as confirmed by esophagrams
Con)nplicaﬁons. Leaking Suture Line This may develop between the seventh and

tenth days, especially if oral feeding has becn hastened This cmcrgr]v:zcy 15 trc(;lsttcs
by intercostal dramnage with continuous suction and jcjunostomy he lnl:;fgc wn‘h
dramage must be mamtamed until the fistula closes, as judged by esophagra

fluid media.
lEmpyema may also develop without leaking of the suture Iine Jt should be

treated as outhined 1n Chapter 9

f pleural contamination greater, then all
rmed and maintained until healing
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Fig. 5 Technic for repalnng spontancous perforation of esophagus into right pleural cavity
ra
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Results. Derbes and Mitchell (19) m 1956 found that, if surgery is not performed,
only 25 of 71 patients survived for 24 hours; 8 ived to the end of the second day,
and none lived longer than one week

Of a seres of 55 patients who have been operated on to date, however, 35 have
survived. It 1s therefore obvious that greater awareness and more astute diagnosis
are required if these results are to be improved.

CONCLUSIONS

This acute surgical emergency should always be kept m mind, especially when
there 1s a history of vomiting followed by severe chest pain Chest roentgenograms
or esophagrams confirm the diagnosis. Treatment 1s by emergency intercostal water-
seal dramnage to reduce intrapleural tension, followed by emergency thoracotomy
and suture
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ACQUIRED ESOPHAGEAL PERFORATION

As untreated esophageal perforations mevitably Iead to acute suppuratrve medi
astrutls, these two lesions are logically considered in relation to each other

PATHOLOGY

The most common cause of acquired esophageal perforation is faulty passmg
of an esophagoscope or of dilating bougies Less common causes are penetrating in-
junies of the neck, foreign bodies during ingestion or extraction, or perforation of a
carcinoma, diverticulum, or  peptic™ esophageal vicer Bell (1) in 1956 reported
an Inctdence of 0 71 per cent in 35 000 gastroscopies Because of its anatomy the
esophagus 13 especially vulnerable both at its orign and lower end, and, with the 1n
creasing use of diagnostic endascopy there is ample evidence of a rising Incidence
of such injuries

In the Neck. Of acquured esophageal perforations, 90 per cent occur mn the cer-
vical esophagns usually through one of the pyriform fossao This is dus to failure
of the operator to appreciate that the cncopharyngeal sphincter is not normally re-
laxed, even by moderate ancsthesa, that esophagoscopy requires utmost gentloness
and that a bougie passed es an obturator through the sphincter 13 a very uso goide to
the Jumen If the lesion s not recognized and the esophagoscope further advanced,
It can readily pass on through the mediastinal pleura into esther pleral cavity to
cruse 8 pneumothorax with or without tension effects This vallecular perforation
s usually en jrregular transverse mucosal tear

Alternatrvely when the neck 1s extended and the lower cervical vortical bodies
bowed forward during the passage of tho esophegoscope the esophageal wall may
split vertically just below the cricopharyngeal sphincter without the operator realiz
Ing 1t. Overstreet (6) reported five such cases in oight endoscopic perforations Sur-
greal emphysema is usually obvious within one or two hours and cervical induration
within & day Thus can become Jocalized to a cervical abscess or more usually spread
into suppurative mediastimtis within four to five days If either the mediastinal pleura
or peticardium is also perforated a pyopneumothorax or suppurative percarditis
will form rapidly

At fhe Cardia. The remaining 10 per cent of perforations occur mostly at the
cardia as 1t passes forward and to the left into the stomach. The perforating bougte

wstally passes straight down either into the lesser sac or the baro arca of stomach
whero local cellulitis rapidly advances to subphrenic abscess formaton Midesopha
el perforations are usually due to forelgn bodies

CLINICAL FEATURES

In the Neck. During esophagoscopy perforation may be recognized by the opera
tor noting blood and torn mucosa as the mphﬂzgﬁop" Is withdrawn Whero 1t has
tatered the pleural cavity every respuration produces unwelcome gushes of afr
through #x Jumen. In ono cass on which the authdf alled to aid the antn
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Fig 1 Cervical emphysema following mn-  Fig 2 Lateral film of neck showmng for-
strumental perforation of esophagus ward displacement of Jarynx and pharynx 48
hours after esophagoscopy, 05 cm vertical

perforation through cricopharyngeal sphinc-
ter was dramned, and healed in one weeh

and left lung were clearly visible through the esophagoscope Alternatively, immedi-
ately after swallowing a sharp fish or meat bone, or on recovery from anesthesta for
esophagoscopy and attempting to drink, the patient complamns of an ominous retro-
sternal pain aggravated by every swallow

No matter what the cause, the subsequent events are the same Cervical emphy-
sema, which may be mmimal or massive, develops rapidly Within a day, the neck
1s indurated and brawny from cellulitis of the fascial planes There 1s a concurrent
fever, tachycardia, and leukocytosis Untreated, the infection advances. It may Jocal-
1ze as a cervical abscess or spread to cause mediastimtis which 1s usually fatal within
a week
At the Cardia. A typical history 15 one of difficulty 1n dilating a bemign or nco-
plastic stricture during esophagoscopy, followed by sudden, surprising casc and tell-
tale blood staimng On recovery from anesthesia, the patient complains of severe
persistent epigastric pain, from which he can get no relief and which 1s also aggra-
vated by swallowing even of saliva There 1s epigastnc tenderness and rigidity, but,
as the perforation does not open nto the greater sac, no rectal tenderncss Within a
few hours, the temperature and pulse rate are moderately raised.

No matter how slight, these symptoms are significant and must not be sgnored As
it 15 known that even 1n the best clinics esophageal perforation after esophagoscopy
does rarely occur, all patients so mnvestigated should remain 1n hospital for a short

penod of postoperative observation following this proccdurc.
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Mortality. Perforation of the esophagus 1s a serious emergency In his series of
69 patients treated between 1925 and 1947 Jemerm (2) reported that 44 recovered
and 25 died—a gross mortality of 36 2 per cent Prior to 1936, the mortality was
77.3 per cent and after 1936, 17 per cent He noted that before 1936, operation was
performed less than 1 week after perforation 1n only 3 of the 11 patients treated sur-
gically, whereas after 1936, 35 of the 42 operations were performed less than 1 week
after perforation, and 20 of these within 2 days

As with all other perforations of the gut, #me matters Once the diagnosis has
been made, only one course remains As 1t 1s not the perforation 1tself that kills but
rather its effects—namely, cervicomediastinitss, pericarditis, or tension pneumo-
thorax—prompt, adequate surgery offers the only chance of success

MANAGEMENT

Early Cervical Perforation, PREOPERATIVE MEASURES. An imtravenous mnfusion
1s commenced, general anesthesia induced, and the patient’s trachea mtubated. If the
roentgenograms have not revealed the site of perforation, a further careful esopha-
goscopy may be carried out

PRINCIPLES OF OPERATION Depending on the side of the perforation, an oblique
skin mcision is made along the anterior border of the sternomastoid muscle from the
upper border of the thyroid cartilage to just above the clavicle This 1s deepened so
that the sternomastoid muscle and carotid sheath are retracted laterally, and the vis-
cera—larynx and trachea, pharynx and esophagus—are retacted medially The mid-
dle thyroid vemns and mfenor thyroid artery are divided The esophagus 1s gently
lifted forward and the perforation visualized (Fig 5).

If the perforation 1s large, this 1s closed by a seres of interrupted chromic 1-0
catgut sutures If the perforation 1s small or in an mfected area, 1t can be left alone
The mmportant step, however, 1s to drain with a Penrose rubber tube, pack the wound
lightly with petrolatum gauze, and loosely approximate the skin.

PoSTOPERATIVE CARE As the wound 1s potentially infected, prophxlactxc 1n)jec-
tions of 500,000 unuts of penicillin and 0.5 gm of streptomycin twice daily are given
for the first week. The drain is removed on the third day, and the packing and skin
sutures are removed two or three days later. ‘

Feeding presents a variety of problems Come what may, the patient contmuc;
to swallow his saliva Intravenous therapy of isotonic glucose solution 1s continue
at the rate of 3 liters a day for three days _

When the perforatlox}l, has been su{ured promptly and well, the patient may sip
sterile water after 24 hours and take up to 60 ml an hour for the next two days 'Il'ln:
15 supplemented by mulk from the fourth day onward, thereafter, a SOf}t( gdﬂs\tvf;c ‘;;?d

type of diet may be given As suture lines have been known to break down,

foods are not advised until after 14 days
When, however, 1t 1s felt the suture line should be rested further and nothing be

given by mouth, then erther
1 The mtravenous fluid 1s continued at the rate of 3 iters per day for three more

days, or
2 A ievm tube 15 passed via the nose and swallowed, and the patient 15 fed a

high caloric fluid diet through 1t

3. Rarely, gastrostomy is indicate
operable esophageal carcinoma or a bemgn esopha

require retrograde dilatation.

d, especially 1f the causative Iesion 1s an in-
geal stncture that may Jater
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Treatment for Extramucosal Intramural Perforations. The treatment 15 shown
in the following case
Casg Report The author accidentally made this lesion with a size 12 French
bougie while attempting for the third time to dilate a tight esophageal web Esopha
gram findings are seen in Figure 4
Management On May 14 1957 right thoracotomy was performed. Theze was
a free pleural camty The azygos arch was divided and the esophagus above it
isolated There was no surrounding induration or cellulitis It was therefore decided
to continue with retrograde dilatation of the stricture When however the esopha

Fg. s Principles of operutive repair of instrumental perforation of cervical esophagus.

-
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Fig 6 Perforation of cardiospasm at cardia from too-vigorous dilatation with Negus hydro-
static dilator, epigastric pamn. Esophagrams 24 hours after dilatation left, opaque medum
lying in bare area of stomach, right, lateral film showing no change one hour later Treated by
thoracotomy and suture (Heller operation) with gastrostomy, recovery (From Borne, J,
Maingot, R, Management of Abdominal Operations, 2nd Ed, 1957, Vol 1, p. 500 Courtesy
H K. Lews & Co Ltd, London)

geal musculature was vertically incised, whitish radiopaque dye oozed forth and the
true nature of the perforation was recogmzed The underlying thoracic espohageal
mucosa was next opened and the stricture dilated by passing a series of Timon
catheters 1n retrograde fashion. It was not possible to suture the mucosal perforation
above The thoracic esophageal opeming was next resutured in two layers with
chromic catgut sutures, and the chest wall closed over water-seal drainage Be-
cause of the stricture and possible need for further retrograde dilatation, a Stamm
gastrostomy was performed.

The patient made an uneventful recovery and responded to subsequent peroral
dilatation with an esophagoscope The gastrostomy tube was removed three weehs
after operation.

Early Thoracic Perforations. OPERATIVE MEASURES After definition of the Je-
sion by esophagrams, thoracotomy 1s performed on the appropriate side and the
esophagus jsolated Further procedures depends on the findings

If the perforation 1s small and caused by the sharp edge of a foreign bo@y, the
Jumen 1s incised vertically, the foreign body removed, and the wall resutured in two
layers
’ If the esophageal wall has been Jacerated and in part divided, the raw edges arc
trimmed back and end to end suture carried out . '

If there is a specific endoesophageal lesion, 1t 1s treated according to its nature,
cg

1. A cardiospasm ruptured by a hydrostatic dilator requires suture and pcrfor6m-

ance of a Heller operation (3), as previously described by the author (Fig d).

2. An operable carcmoma requires resection and esophagogastrostomy. M ;—

Burney and associates (4) 1a 1953 reported five cases successfully resecte

If, however, the injury is too extensive or the paticnt is too debilitated to with-
stand a major operation, the aim is to save life by
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1 Mobilizing the cervical esophagus to the surface as a cervical esophagotomy,

2 Cloung the lower esophageal stump and performing a Stamm gastrostomy
At a later date planned esophagogastrostomy can be performed by taking
the stomach to the neck through ths left pleural cavity and resecting the an-
terdor end of the left first 1ib and o corresponding two inches of the left clavicle
5 6)

REsULTS. In three instrumental perforations referred to the author within three
houra after perforation immediate operation permitted satsfactory suture in a clean
field. In a fourth, recognized 48 hours afterward, cervical dramage alone was done
All these patients recovered.

CONCLUSIONS

The possibility of perforation occurnng even 1n experienceéd hands dunng esopha
geal instrumentation must always be kept in mind When the-condition 13 recogmzed
there is only one satisfactory treatment immediate suture Recovery is then the rule
When the condition is recognized late dralnage of the cervical or subphrenic abscess
offers the only chance of survival
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SUPPURATIVE MEDIASTINITIS AND
- MEDIASTINAL EMPHYSEMA

SUPPURATIVE MEDIASTINITIS

Introduction. This serious lesion carries a high mortality and requires emergency
dramage if Iife is to be preserved The early literature was reviewed by Gaudiani (1)
m 1916 The indirect or cervical approach was first used by Lurman (2) in 1876,
when he successfully dramed a large posterior mediastinal abscess contaming 2 5
Iiters of pus His method still has a place for cervical and superior mediastmnal ab-
scess The direct or thoracic approach was described by Nassilow (3) m 1888, and,
as 1t gives dependent drainage, 1s to be preferred, especially for lesions m the posterior
mediastinum When the lesion lies in the anterior mediastinum, anterior mediasti-

notomy is required

PATHOLOGY

Mediastinitis 1s most commonly an infection of the posterior mediastinum and 15
always secondary to some other condition It may arise by one of four possible routes

1. Direct contamination from esophageal perforations (see Chapter 19),

2 Fascial plane extension,
3 Durect spread from lungs, pleura, or pericardium,
4 Spread by the blood or lymphatic streams from a distant abscess

Direct Contamination. This 15 by far the most common cause for, as Neuhof (4)
observed, over 50 per cent of cases of suppurative mediastinitis result from spontanc-
ous or strumental perforation of the esophagus, especially by an esophagoscope
or bougies This occurs most commonly in the cricopharyngeal region (Fig. 1). Less

commonly 1t may arise from

1 Foreign bodes,
2 Perforation of a neoplastic or peptic esophageal ulcer,
3. Traumatic perforation from a stab or gunshot wound,

4 Spontaneous perforation;
5 Following breakdown of an anastomosis after esophageal surgery
When the pleura or pericardium has also been perforated, empyema of suppura-

tive pericarditis results )
Fascial Plane Extension. This comes almost mvariably from cervical infection

As mentioned in Chapter 19, retropharyngeal celluliis will often spread down nto
the posterior mediastinum and further snfiltrate around the aorta

(Fig 2)

and lung roots

280
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Fig. 1 Laterat fiim of ccrﬂn\:mncoodar)'m rforation of cervical agus. (From
Bortie,J tn Maingot, R., M of Abd 'rP: ions, 2d Ed., 1957 H.K.
Lewis & Co., London)

Fig. 2. Admisslop posteroanterior and lateral chest films 10 days after esophageal perforation
at aophx;mmry- medhastinal abscess, with hilar fluld level and Hght basal pneumontia (From
Borrle, J., o M W R., Management of Abdominal Operations, 2nd Ed,, 1957 Courtesy I.
k. Lewis & Co. Loadoa)
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Fig 3 Anterior mediastinal abscess secondary to multiple staphylococcal abscesses including
a right subphrenic abscess (Anterior and lateral views)

Direct Spread from Lungs, Pleura, or Pericardium. Rarely, this may occur when
a paramediastinal lung abscess or empyema penetrates mnto the mediastinum

Lymph Spread. Rarely, too, mnfection of those areas with normal lymph dran-
age through the posterior mediastinum (e g the subphrenic or perirenal spaces, the
pericardium, lungs, and esophagus) may cause suppurative mediastinitis, usually as
a termnal event It may also arise, even in the anterior mediastinum, from a scpti-
cemia based on multiple staphylococcal abscesses (Fig 3).

Course of Infection. Almost without exception, the infection 1s at first confined
to either the superior or posterior mediastinum, as the process develops, 1t tends to
form an abscess which may spread along either hilum 1nto the lungs In some cascs,
1t will erode directly into the adjacent adherent lung to perforate into a bronchus (4)

As pus increases in quantity, however, it extends from the posterior mnto the
middle and anterior mediastinum With phlegmonous mediastimits, pus may cven
extend downward to involve the rctropentoncal structures and peritoncum As al-
ready mentioned, both pleural and pericardial cavities are vulnerable to infection

erther via a perforation or by direct spread

CLINICAL FEATURES

Signs and Symptoms. The signs and symptoms are essentially thoscf of an advanc-
ing 1nfection that follows an untreated esophageal perforation Following the episode
of perforation, however, there may be a transient but treacherous improvement

The patient complans of dysphagia and pain, espectally pain in the neck or
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chest on swallowing, pein In the epigastrium or shoulder from dlaphn;%m:lcﬁc Et{nVOIW-
ment, and pleunstic pan on mspiration. There are the general ngns1 of to mmn, o
In the neck, there may be cervical induration, possibly surgica c;uphtg:e
suprasternal tenderness The trachea 15 usnally pushed well forward by mmxm
nal infection and 15 occasionally deviated to one side In the chest, upless mf o
or pericardual cavities have already been entered, there is a pancity of physi mm:1 &
1t a bronchomediastinal fistula has occurred, there may be a history of edrly-
remission after expectorating foul sputum. In the rarer abscess of the antcrior;a .
astmum, Neuhof reports assoclated infenor vena caval obstructon. He mml m:n
that the diagnostic complexines of & prevertebral abscess pedorating into the pleu
or of a paravertebral lung abscess or empyemsa 1nvading the medinstinum are usoally
gruzed at operation
Onlym;r.:tgmogmpl}); Lateral cervical roentgenograms are invaluable in outlining
an abscess and must be taken and interpreted promptly (Fig 1) Posteroanterlor and
Interal chest films clearly show the effects on the mediastinum lung, pleural, or perd
cardial cavities (Fig 2) In the presence of gir a fluid level 1s obvious Anterior dis
placement of the trachea 1y significant. Esophagrams will outline an csophageal per-
foratron and the atsociated abscess cavity

TREATMENT
Prompt dependent surgical dralnage 1s imperative

Preoperative Management. Chemotherapy by injection Is started at once, the pa-
tient recetving pemcilin 2 mega and streptomycin 1 gm a day As these unfortunate
patients loso weight rapidly become profoundly debilitated, and develop n severs
fron-deficlency anemua, full blood examination (includmg hemoglobin estmation,
packed cell volume white cell count, and blood grouping) is required, Blood trans-
fosion 1s commenced. As sedatives may precipitate a terminal bronchopneumonia,
atropline alone i3 given.

Operative Procedures, General anesthesia with tracheal intubation is advised

CERVICAL AND SUPERIOR MEDIASTINAL INFFCTION When the mfection 1s Jocal
1red at the root of the neck, an oblique mncision is made along the anterior border of
the left stornomastold muscle the middle thyroid veins are divided the visceral com
partment of larynx and trachea, pharynx and esophagus retracted medumlly and the
carotid abeath retracted laterally The abscess, which usually extends behind the
esophagus s Inclsed, the pus sucked away and a Penrosc tube drain and gauzs pack
leftinsltu Thereafter a right posterior medlastmotomy through the bed of the third
or fourth rib as described by Adams (5) establishes counter drainage and avoids
the aortic arch, its left subclavian branch, and the thoracic duct.

POSTERIOR MEDIASTINAL INFECTION If Jocal anesthesia 1s used, the patient sits
on the side of the opernting table with his arms supporied on a Mayo table s de-
scribed under treatment of acote empyema (Chapter 9) If general anesthesia 1s
used, however ho lies on one side with tus head and tronk nelimed upward at 30
degrees.

The level of the mediastinal abscess is carefully
on the chest films, and a left or right approsch is ma
the greater mediastinal widenung and pleural reaction. For high abscesses the third
or fourth ribs are chosen for parahilar ones ths fifth or sixth and for low mediasts
ool infection, the cighth rib osually suffices The operative technic is the same *

locallzed by checking rib levels
do depending on which side shows
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described under rib resection for the treatment of acute empyema, except that usually
only the posterior two mches of rib require resecting

After nb section, the mediastinum, which is hard and indurated, 1s carefully
needled for pus, and sinus forceps are inserted into the abscess cavity A soft rubber
dramn 1s mserted mto the abscess and attached to a water seal Because of adhestons,
1t 13 unlikely that the pleural cavity will be entered, but if so, then a water-seal dramn
1s mserted nto the base of the pleural cavity A specimen of pus 1s cultured and anti-
biotic sensitivities determimed

SUBPHRENIC INFECTION If the esophagus has been perforated at the cardia and
has been neglected, the resulting subphrenic abscess within the bare area of stomach
is localized by needling and dramed through the left eleventh rib bed

PLEURAL AND PERICARDIAL INFECTIONsS Their management 1s described 1n
Chapters 9 and 22, respectively

Postoperative Management. GENERAL STATE. Blood transfusion is continued on
a slow drip until the hemoglobin level is restored to normal, and thereafter continucd
for 48 hours with glucose-saline mfusion (4 per cent glucose and 0 2 per cent normal
saline)

Broad spectrum antibiotics are given, usmng penicillin 1 mega and streptomycin
05 gm twice daily, and the schedule of antibiotics 1s adjusted when the specific sen-
sttivity tests are completed With effective drainage, antibiotics seldom need be con-
tinued beyond one week Routme physiotherapy 1s required to improve breathing,
coughing, arm movements, and ambulation

THE QUESTION OF GASTROSTOMY Once the abscess has been drained and the
danger pont passed, the question of gastrostomy 1s raised Almost without excep-
tion, this procedure 1s advisable as being the only sure way of resting the esophagus
and encouraging healing of any esophageal perforation Stamm gastrostomy through
a left upper rectus-splitting incision 1s performed under local anesthesia. If the pa-
tient’s condition will allow 1t, the gastrostomy can be established wmmnediately prior
to draining the abscess

DIET. After a gastrostomy, a fluid diet can be given immediately, but 1s usually
withheld for 24 hours, when water 1s given 1 oz per hour for 12 hours followed by
a high caloric flud diet Strict flurd balance and weight charts are kept The gastros-
tomy sutures are removed after one week

THE Wounp Discharge of pus 1s at first copious and requires at Jeast thrice daily
dressings Within a week, 1t lessens and the wound heals around the tube This con-
tinues to dramn until the esophageal fistula ultimately closes by granulation 1n four
to six weeks Closure 1s confirmed either by having the patient swallow {xlcthylcnc
blue solution or by checking with esophagrams, using watery opaquc media. Th}crc;
after, the drainage tube can be gradually shortened and the sinus encouraged to lc]a
from within outward by keeping the tube 2 cm shorter than the total sinus length
Finally, when the sinus 1s healed, the patient has further check esophagrams

THE EsoPHAGEAL LEstoN. When the mediastinitis anses on a perforation during
esophagoscopic nspection of a removable malignant or bemgn lcc:o}p, om(:]c t\}\),ch :}
fection has subsided, planned resection can be constdered and per orx?wc : xb:
however, the lesion 1s a bemgn stricture from caustics or an csop}}a’gcnl w c(b ann l:rlu:n
sequent dilatation from above proves difficult, the patient canl SW zﬂdo\'~f as {\(:ogh'i o
thread This 1s brought out of the gastrostomy wound with the l:u l0 aqui - {);c;fm
scope inserted through the gastrostomy opcning Thereafter, the “:;;'mmcd This
a set of Tucker bougics, and retrograde duatation of the stricturc 1s p
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1 later changed to peroral dilatation, the gastrostomy tube is wathdrawn, and the

g 18 allowed to heal. b

Results. In 1941 Burnett (6) found a mortality rate m cases of undraned 8l

scesses ranging between 60 and 80 per cent and for the group 1 which adequate
drainage was established between 3374 and 40 per cent. In 1946 Adams reported
succestful recovery 1 teven patients all of whom hed mediastinal dramnage estab-
lished wathin thres hours of consuitation and dingnotis More than one dramage may
be required. Bell and associates (7) m 1956 reported perforation of the thoraric
esophagus by a flexible gastroscope The patient recovered following drainage of
the pencardium and of a huge mediastinal abscets by combined antenor and bilat
eral postenor mediastinotommes

MEDIASTINAL EMPHYSEMA

Although minor degrees of mediastinal emphysema may occaston no alarm, there
are times wheft 1t is o massive and under such tenton that it becomes a real emer
gency

PATHOLOGY
Alr may enter the medlastinum by any of four routes

1 Fram the mterstitial tissue of the lung

2 From the mediastmal viscera—e g a perforated trachea bronchus or esoph
a

3 From the neck

4 From pleural or retropenitoneal spaces

Most cases seen follow pulmonary alveolar rupture which causes interstiial emphy
sema of the Jung Macklln and Macklin (8) have shown experimentaily that inter
stitial air bubbles migrate toward the hilem of the lung, and that once started this
process becomes aggravated, each breath dnving more atr into the mediastnum If
the conditlon is unrelieved, increaung compression of the pulmosary slveol and
vessels may lead to death from asphyxia

Canses, Interstital pulmonary cmphytema may arise in the following ways

1 Spontaneous Rupture of Alveoll Thus iy not uncommon jt was reported in
almost half of Fagin and Schwab s (9) 39 cases of mediastinal emphysama,

2 Increase of Intrapulmonary Prexsure Thils may arise from excessive straln
ing with the glottis closed, from posttive pressure anesthesia, from tracheal
or bronchial occlusion, or from lung disorders such as asthma (10) bron-
chutis or pncumonua (11 12) It may also arise during bronchoscapy even
m children (13) In all of these instances 1t can be severe enough to require
relief by cervical mediastinotomy

3 Chest Trauma As mentioned in Chapter 5 mayor thoracic trauma may lead
not enly to severe meduastinal emphysema from rupture of pulmonary alve-

oli but also to an associated branclual rupture or lacornted lung that will re-

quire thoracotomy Scannell s case (14) required sutunng of a torn right

main bronchus and resection of a torn upper-lobe scgment,

Perforation of the Trachea Main Bronchus or Esophagus In addiuon to the

foregoing causes, medrastmal emphysema result from
traches mmn brouchus or esophaguy i perfomuon of the ’/



286 Chapter 20: Mediastinal Emphysema

5. Operations on Neck or Dorsal Abdonunal Wall Rarely, emphysema may
complicate cervical operations such as thyroidectomy (15) or tracheotomy
(16), or follow the diagnostic mtroduction of air imnto the retroperitoneal
region (17) and require surgical relef,

From the mediastinum, awr may spread subcutaneously over the entire body,
pass into one or both pleural cavities to cause pneumothorax, or pass through the
diaphragm into the retroperitoneal planes.

CLINICAL FEATURES
Signs and Symptoms. These may be summarized as (18):

1 Retrosternal pamn radiating over the chest from distension of mediastinal
tissue;

2 Subcutaneous and retroperitoneal emphysema;

3 Oblteration of cardiac dullness,

4 Peculiar sounds over the heart, especially loud, coarse, bubbling or crunch-
ng sounds with each contraction of the heart—*“Hamman’s Sign;”

5. Signs of increased mediastmal pressure, dyspnea, cyanosis, engorged vens
leading to night-sided heart failure,

6. Pneumothorax.

In addition, anteroposterior roentgenograms may show the charactenstic out-
lining of the aortic arch and pericardium, while lateral ones are of value 1n revealing
air lying between the sternum and heart

TREATMENT

Provided there is no serious underlymg cause such as esophageal perforation,
small amounts of air in the mediastinum requure only observation, especially when
the patient’s pulse and respiration rate are not deteriorating nor ‘the emphysema cx-
tending. Any pneumothorax requires relief with water-seal drgmagc W:hcn, how-
ever, there 1s any respiratory embarrassment, the trapped mediastinal air must be
released surgically. o

Technic of Operation. Under local anesthesia, a transverse incision 1s {nadc above
the suprasternal notch, the pretracheal muscles are separfated in the midline, and the
trachea exposed. The trachea is digitally followed down into the mediastinum as far
as the aortic arch Aur freely bubbles up. A Penrose drain 1s placed deeply into 11)(}:
wound and the skin loosely approximated The skin sutures nced not be tied unti
later In Wurstmann’s case, relief was obtained only by dwision of the sternum

After-Care. If the operation relieves the cyanosts and dyspnea and there 35 no
more serious underlying lesion, patients who have had cervical mcdmstmotom(}lf trhc;
quire no special after-care The Penrose tube 1s removed on the third day, an i
sutures shortly after. Any intercostal water seal 1s removed when the lung is fully

ed and the lung fistula closed.
re.e;g;z?ts and Conclusi%ms. In 1955, Rydell and Jennings (19) reported three cases
with severe degrees of mediastinal and subcutancous emphysema Onc arose ‘1"11':)';1;
fractured mibs, the second from ruptured alveoli due to excessive qtram(:!ngm e
coughing, and the third from spontancous pnc'umothor.ax due to rupturc ' sc np‘ci !
sematous blebs All three patients were dramatically relicved by emergency ;

mediastinotomy.

The operation is simple and is completed in a few nunutes under local ancsthesa,
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Diaphragmatic Emergencies

21
DIAPHRAGMATIC HERNIA

CONGENITAL DIAPHRAGMATIC HERNIA

In reviewing this not uncommon defect of the newborn, Hedblom (1) in 1925
found that the frequently conservative approach led to a mortality of 75 per cent be-
fore the end of the first month of life. Since then, 1t has been recogmzed that the earler
the patient 1s treated surgically the better, and that by this means from 90 to 95 per
cent of these infants can be effectively and permanently cured (2)

Embryology. In the developmg embryo, the abdommal and thoracic cavities
are at first in free communication Anteriorly, the heart becomes separated from the
abdominal viscera by the developing septum transversum which forms the ventral
half of the diaphragm Posteriorly, proliferating mesodermal cells from the dorsal
mesentery create a central bridge across the coelomic cavity but leave two lateral
openings in the diaphragm—the pleuroperitoneal canals These canals are later
closed by the two serous layers of the developing pleura and peritoneum which fi-
nally become separated from each other and strengthened by the mgrowth of striated
muscle With the diaphragm derived from so many different sources, 1t is not surpris-
ing that developmental errors occur

If development ceases before the serous layer forms, any subsequent hernia has
no enveloping sac, whereas if it occurs after formation of the serous layer but before
the appearance of striated muscle, a thin sac covers the hernial contents In either
case, adhesions between the pleural surfaces and the abdomimal viscera are almost

unknown.

PATHOLOGY
Congemnital diaphragmatic hernia occurs most commonly

1 Posterolaterally, through either pleurapentoneal canal (foramen of Boch-
dalek);

2 Anteriorly, through the foramen of Morgagni,

3. Posteriorly, through the esophageal hiatus; or, rarely,

4 Behind the aortic hiatus

Gross (2) mn 1953 reported the following frequency

69 cases Esophageal hiatus 5 cases

Left posterolateral
Retrosternal atrea 4 cases

Rught posterolateral 13 cases

Posterolateral Hernia. This is five times as common on the left as on the right
side, and 1 9 of 10 of these hermias there is no sac On the left side, the hermal
contents include small and large intestine, a portion of the stomach and spleen, and
the Ieft lobe of the liver. On the right, there is usually small and large bowel, and
liver which may be completely rotated so that its ventral surface with the gailbladder

288
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lies uppermost in the chest. The gut may be malrotated In an appreciable propor-
tion of cases the abdomunal cavity is relatively reduced i size

Apart from & tendency to strangulate once the child starts to feed these hernias
also severely restrict respiratory function, for the underlymg lung is collapsed, the
heart displaced, the normal lung compressed, and its ventilatory capacity greatly
reduced

Anterior Hernlas Qccurring through the foramen of Morgagni these are not
nearly s extensive as the posterolateral type Their progress is Limited by the
pencardinm above and behind, and by the pleura on either side and they do not
senously affect respiratory function. Rarely berniation extends into the pericardial
cavity In 50 per cent of cases the hernia has a sac which may contain small or large
bowel, or a portion of the stomach or liver

Histus Hernla. Separation of the crurac of the diaphragm allows a sliding herma
of the bare area of the stomach up into the posterior mediastinum. There is always
a hernial sac containng the stomach and rarely 1oops of intestine This hernia al
lows reflux of gastnc Juice wnto the esophagus, and carly onset of reflux esophagtis
which, 1f uncorrected, can cause intractable esophageal stenosis The author has
scen this develop withm six months (3)

CLINICAL FEATURES

Signs and Symptoms. Although some hernias are symptomless, the majonty
produce alimentary respiratory and circulatory disturbances With the young,
clinical diagnosis rests solely on physical signs Repeated vomuting, dyspnea or
cyanoss 1n e newborn strongly suggest the diagnosis, especially of a pasterolateral
hernia

POSTEROLATERAL HERNIAS These when large show dimmished chest move-
ment on the affected side a heart displaced away from that side, a variable percus
sion note and absence of breath sounds Rarely peristaltic sounds are audible The
abdomen is scaphoid and dull to percussion.

HiaTAL HERNIAS At birth, a child with hiatal hernla may regurgitate most feed
ings, and lose weight rapidly The suthor had a child in whom the diagnosis was
made a week after birth because of persistent regurgitation

1t a stricture forms thus causes dysphagra which Is usually first detected when the
child is weancd. Occasionally too the stricture becomey plupged by food causing
total dysphagia. There are no typical physical signs

ANTERIOR HERNIAS These rarely present as an emergency They may remain
symptomless for years or give vague symptoms of intermittent obstruction -and
show no typical physical signs

Investigntions. ROENTGENOGRAPRY This usually establishes the dingnoms but
in addrtion, with hintal hernia, esophagscopy 18 mportant,

With  posterolaterat hernia the plain film shows gut or complets]
the peara cavly diplacng the hesrt, aad compresing 16 Juvgs (hle 5 1o
Gross (2) advised that it Is wrong to give these newbomn babies barlum as it adds
nothing (o the dingnoss or treatment and may precipitate intestinal obstruction
:r:izcﬂor bcmi&n:;é thow n ventral shadow on one side of the heart or the other

et it can erentioted from a pericardial
mouth and followang it through the alimentary mﬂc)”t only by grving barium by

With a hiatal hernia, e ion in the Trendel butg posttion w
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the sliding hernia and 1competent cardia that allow gastric reflux into the esophagus
(Fig 1)

EsorPHaGOscopy. This will confirm the presence of reflux and will show esopha-
gitis, and 1t may be necessary to remove retamed food if a stricture has already de-
veloped

TREATMENT

Expenience has led to the conclusion that the only satisfactory treatment of these
patients 1s early operation The newborn child 1s far more fit to withstand operation
than a baby who is allowed to wait a week or 10 days 1n the hope that he will become
stronger Also, the operation on the newborn 1s technically easier as the bowel 1s not
yet distended and can readily be replaced into the abdominal cavity

Preoperative Treatment. The baby requires adequate hydration, decompression
of the alimentary canal by a stomach tube and enemas, and oxygen therapy The
stomach tube remains in position during the operation as a safeguard against accumu-
lation of gastric fluid and as a means of enhancing deflation of the bowel.

Blood transfusion may be given into the umbilical vein mn the newborn or into a
saphenous vein 1 an older mnfant.

Anesthesia. An endotracheal tube is passed and the child lightly anesthetized
with trilene, or with gas, oxygen, and ether, according to preference In either case,
diathermy cannot be used

Repair of Posterolateral Hernias. ApproacH While Gross advocates an abdom-
inal approach for babies and has found 1t allows simultaneous correction of any mal-
rotation of the gut, the author has experienced no difficulty 1n reducing such a hernia
through a thoracic mcision Especially, when the berma 1s right-sided and with the
liver also in the pleural cavity, he feels the thoracic incision gives easier access to
the neck of the hernia and to the displaced organs and so makes repair of the hernial
defect much easier

REDUCTION OF THE HERNIA, With the baby anesthetized and turned on Ius sude,
the chest wall is opened through an eighth or mmnth mtercostal space mcision The
neck of the hernia is sought and the opeming enlarged by mcising the diraphragm
laterally for 2 to3 cm The hernial contents are then easily reduced mnto the abdomen
Tf there 15 a true hermsal sac, this is mcised, reduction carried out as just described,
and thereafter the sac 1s dissected free and removed at the level of the hernia orifice.

During a brief pause, the anesthetist inflates the underlymng lung .

REPAIR OF THE HERNIAL DEFECT The edges of the hernial de‘fect are lifted up
with pairs of stay sutures. They are then approximated by a series of interrupted No. 4
silk mattress sutures, 1f possible overlapping the edges, and using two rows of sut;res
If the defect is too large to approximate the edges, 1t may be bridged by using Tan-

um wire mesh
tal CLOSURE OF THE CHEST WALL Finally, the underlying lung 1s renflated, and the
chest wall 1s closed over water-seal dranage with mterrupted sutures for the muscle

and subcutaneous layers, and nylon for the skin.



Fig. 1A. Right-sided coogenital diaphragmatic hernia.

Case REPORT J M female, aged 11 months, was admitted on May 16 1952
Her mother s pregnancy and confinement had been normal, and her birth welght
was 71b 4 az. At two months, she was weaned, but she commenced to have fre-
quent vomrang, often several hours after feeding Her mother sought medical
advice becanso of the infants increamng dyspnea and unilateral heavmng of the
chest. Roentgenograms confirmed a night congenital diaphragmatic hernla (Fig
1A)

This was repared on May 21 The anesthetlst gave gas, oxygen, and ether
through an endotracheal tube, and an intravenous drip was started in the rght
Internal saphenous vein. The nght pleural cavity was opened through the ninth
imeruo:talnpace.Themwmnohermduc.ﬂmplem-alcavitycomamedme
Wboleofthcnn.]lintcsﬁnomdthegnx!erpm of the large intestine as well
a3 the fiver The hernlal arifice was enlarged by a 2 cm Iateral Incislon. The,
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Fig 1B Film one month after transthoracic repair

the intestine was easily reduced and revealed that the liver was completely in the
pleural cavity, having rotated on 1ts hgaments so that the ventral surface was facing
the apex of the right pleural cavity After dividing a few adhesions between dia-
phragm and liver, the Iiver was reduced 1nto the abdomunal cavity The preoperative
fear that there would not be enough room 1n the abdomen for the hermated viscera
proved unfounded

The right lung immedsately re-expanded to fill three quarters of the right pleural
cavity The diaphragm was then radially repaired in two layers with interrupted
strong sik sutures There appeared to be no loss of diaphragmatic substance The
chest cavity was closed with water-seal dramage, fine silk sutures being used for all
deep layers and nylon for the skin At the end of the operation, the water-scal drain
was removed The baby was nursed for the next day mn an oxygen tent Her con-

valescence was uneventful
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Fig 2. Hiatal hernia In child, aged cne week.

Postoperative Care Intravenous therapy continued for 24 hours Chest films
confirmed that the lung had re-expanded Feeding by mouth was started on the
second postoperative day bowel sounds were sudible on the third day and her

bowels functioned on the fifth day after operaton A week later she was dus-
charged (Flg. 1B)

Anterior Hernia, This is similarly approached from the chest and similarly re
paired The quthor has also used o midepigastric approach with success
Hintal Hernla (Fig 2) The urgency for operation for liatal hernia is twofold

1 There may be a failure of the infant to thnve with rapid decline in health
2 There is the ever present danger of siricture formation.

The technic of operative repair differs httle from that used on adult patients The
left chest is opened through the cighth intercostal space The pulmonary hignment 1s
dwsded, the esophagus 13 1s0lated in the posterior mediastinum and a catheter sling
1 placed around it (Fig. 3 A) Next, a small opening 15 made 1n the left dome of the
dlaphragm, and a pair of O’Shaughnessy forceps s introduced and passed up through
the csophageal hiatus into the hernial sac The sac is then opened, the crura of the
diaphragm dissected free (Fig 3 B) and the hernia reduced by threading the cath-
ster sling onto the O’Shaughnessy forceps and withdrawing them together (Fig 3 C)

The crura of the disphragm arc next approximated behind the esophagus with
three or four 4-0 silk suturcs and the esophapeal wall is further sewed to the dia
phragm with interrupted fine silk sutures (Fig 3 D) The diaphragmatic opening

18 closed with silk mattress sutures, and the chest wall 1s closed in layers over water-
seal dramnage ¥
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SLIDING HIATAL HERNIA

Fig 3A. Technic of repair of hiatal herma Transthoracic exposure of hatal herma.

Fig 3B Technic of repair of hiatal herma Catheter sling for refraction has been passc&d
around the esophagus, small incision made 1n the left diaphragm, and the hermal sac incise
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Flg. 3C. Techﬁcom:ofhhmmﬁeh:mhhndundbypaﬁngmealhcwmm
through the herntal and out through the diaphragmatlc incltion, Interrupted strong sllk
sutures bave been placed between the crura of the hragm behind the esophagus.

AT

Fig 3D Technke of repair of hiatal hernin. The interrupted sutures are tied, the disphragmatlc
Adged,md&ho esophagus anchored to the diaphmagm with lnwrrupted:ﬁkmuru
~D from Borrie, 1., in Maingot, R, Mansgement of Abdominal tions, 2nd Ed.,

1957 Courtesy H. K. Lewis & Co. Ltd,, London.) Oper
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CASE REPORT. A S, female, aged 1 week, was admutted to the pediatric depart-
ment, on September 3, 1953, because of persistent vomiting The birth weight was
61b 10 oz, but on admission she weighed only 51b 9% oz Lipiodol study of the
stomach revealed a hiatal herma She was at first treated medically and nursed m
the vertical position supported 1 a plaster cast As her weight, however, after six
weeks had risen only to 6 Ib. 15 oz and as she was developing pressure sores and
was not thriving, she was referred for operation

The left pleural cavity was opened through the left eighth mtercostal space
There were no adhesions The imnferior pulmonary ligament was divided, With
each expiration, the stomach slid well up mto the posterior mediastinum, causing
a considerable bulge behind the heart The mediastinal pleura was mcised vertically
and a finger passed round the esophagus No fibrous stricture was detected The
herma was reduced and repaired as described above, and the chest wall was closed
over water-seal drainage which was removed at the end of the operation after the
lung was fully reinflated

At the age of two years, she had a further episode of regurgitation suggesting
too lax a closure of the cardia The regurgitation was treated medically, however,
and ceased within a month At the age of four years, she was fit and of normal

weight for her age

Results. Gross reported that, m an 11-year period, of 72 cases, 3 died from other
causes, 5 from the herma or 1 of its complications, and 64 patients (89 per cent)
were cured of the anomaly. Size of the child 1s no bar; Clinton-Thomas (4) reports
successful repair of a left posterolateral hermia via the abdomen in a premature babe

weighing 41b 8 oz on the third postnatal day

CONCLUSION
Operation should always be advised-

1 To relieve symptoms, . .
2. To avoid such complications as stricture formation with a hiatal herma or

strangulation if the hermia 1s posterolateral These complications are hazard-
ous in the extreme to manage and are best avoided

TRAUMATIC DIAPHRAGMATIC HERNIA

Introduction. Traumatic diaphragmatic herma 1s rightly regarded as an emer-
gency (5, 6), if only because of its serious possible complications—obstruction,
strangulation, and perforation—and because 90 per cent of strangulated diaphrag-

matic hermias are traumatic in origin.

PATHOLOGY

are penetrating stab, gunshot,
hing of the chest or abdomen
while post-

The most common causes, especially 1 wartime,
or shell-fragment wounds Closed trauma, from crus
in automobile accidents or falls from heaghts ( Bf) t,hls cri:texthmogsr:fl common,

i inci aphragm.
operatively, the hermia may arise after inciston of the a1 .
i In hernias due to crush injuries, as Evans and Simpson (9) suggcst, ﬂwrfc'lst:‘n
explosive rupture across the dome of the d:aphrag;n fron; a sudc.i;;: ;ng;%a)scf ::u ;g 1‘7
jomi i 8 cases, Hughes and associ
abdominal pressure In a series of 2 ) y e
i f the diaphragm. Regarding site,
due to penetration and 11 due to rupture o : ©
~f tha c.It)ﬂinﬁnQ action of the diaphram, the right side is less commonly affected Al



Traumatic 297

thongh Hedblom (11) believed 95 per cent were left sided, Hughes reported 5 on
the right side and 23 on the left. Rarely tranmatic hernlas mvolve the esophageal
Inatas but often they extend from it forward across the dome of the diaphragm. At
tumes, the diaphragm may be torn from 1ts costal attachment.

The hernla need not necessarily be obvious immediately after injury but may
develop Iater as occurred in 5 of Hughes cases One 1n fact, hermated 13 months
after injury In Hamdi and Sturdy s (12) case, the herniation occurred from the pa
tient s straining while under anesthesta for suture of other traumatic injunes The
traumatic rent in the diaphragm tends to be kept open (a) by the negative pressure
of the chest, causing ascent of abdommal organs through the new onfice and (b)
by omentum separating the two edges (13) Associated lesions may also occur such
as fractured pelvis, which Evans and Simpson found in four of seven cases

CLINICAL FEATURES

Symptoms. As Carter (13) points out, these fall into threo groups The hernia
may be discovered

1 At the time of injury
2 After o latent interval when it subsequently develops and causes symptoms
3 Finally when comphications such as strangulation occur

At the time of injury the patient may be shocked and dyspneic end may have
an external wound or raultiple rib fractores with pneumothorax. These often mask
any specific symptoms of the diaphragmatic hernta which is often recognized only
after roentgenography Symptoms when present, are essentially those of disturbed
cardiorespiratory function and at times of intestinal obstruction Pamn, dyspnee,
tachycardia, hypotension, mediastinal shift, and reduced ventilatory function all re
sult from collapse of the underlying lung If intestinal obstruction occurs, these signs
are added. When the herma develops later thero Is usually a history of stralnmg or
Lftng which precapitates the above-mentioned symptoms

When the herma is not recognized at the tumo of injury, symptoms tend to vary
with the nature of the hernlal contents. Herniation of liver or splesn can be associ
ated with vagee lower chest pam. Hernlation of stomach or intestine may produce
thoracke symptoms such as dyspoea or unusual chest gurgling, or abdominal symp-
toms such es nausea, flatulent dyspepsia, epigastne pain, and vomrting, especially af
ter meals or when recumbent. The soventy of symptoms depends on the degres of her
nlation and intestinal obstruction (sse below)
applph’ﬂml Slgns. The distinctive physical signs listed by Gibson (14) 1n 1929 still

y

1 Diminished excursion of the thorax

2 Impaired resonance

3 Absence of Latten s diaphragm phenomenon

4 Changeable adventiious sounds 1n the chest

S Cardiac displacement

6 Circalatory collapse

Dixgnosts. Tho possibility of traumatic hermia lesion should always be kept in
mind and the pathway of any missile reconstructed to see If o hernia could have oc
w Careful roentgenography as emphasized, Is essential m clinching the diag-
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While large hernias may be obvious because of an unusually high diaphragm,
abnormal densities, air pockets, areas of atelectasts i the subjacent lung, and medi-
astinal shuft to the right, lesser degrees are more puzzling When a left leaf of dia-
phragm 1s higher than the right, with a history of trauma, the diagnosis of herma
should be entertamned until proved otherwise Confirmation of the diagnosis may
require the passing of a Levin tube to the stomach, or, if nonacute, a barium meal
or barium enema to delineate the hernial contents and the degree of obstruction.
Unger (15) reported a right-sided traumatic diaphragmatic hernia which had clinical
and x-ray appearances simulating a pleural effusion

When a chest roentgenogram 1s “negative,” especially after a stab wound, serial
films are required to detect a late herniation

TREATMENT

Treatment 1s by surgical repair of the defect. The transthoracic approach gives
a better exposure than 1s possible through the abdomen, allows safe division of ad-
hesions, and facilitates closure of the defect If necessary, 1t can be extended across
the left costal margin as a thoracoabdommal incision

Preoperative Care. The general measures of pre- and postoperative care out-
lined in Chapter 3 apply Whether there is any degree of intestinal obstruction or not,
a Levin tube 1s inserted through the nose to the stomach, and the stomach contents
are aspirated before and during the operation, especially at the time of reduction
The tube should remain in place for a time after operation When the colon has also
herniated, a rectal tube will assist deflation

Operative Treatment. Left thoracotomy is performed through the sev?nth b
bed When the pleural cavity is exposed, hermial contents are seen Adhesions be-
tween the hernial contents and the chest wall are drvided. The edges of the diaphrag-
matic rent are lifted up with stay sutures or Allis tissue forceps, and herniated viscera
are returned to the abdominal cavity The diaphragmatic defect 1s then closed either
with two layers of interrupted silk mattress sutures or by imbricating the rent When
there is a considerable defect with tension after the repair, either phrenic nerve
paralyss or the use of tantalum mesh should be considered ‘

If there 1s a flail chest wall, it 1s stabilized by the technic illustrated in Chapter 5.
The chest wall is finally closed over water-seal dramnage .

Postoperative Care (see Chapter 3) If there 1s any degree of intestinal obstruc-
tion, ntravenous therapy is continued until normal bowel functxon returns The gas-
tric tube 1s removed when the aspirate 1s clear and normal in amount ‘

Results. In their 28 cases Hughes and associates (10) reported that obstructx;c
symptoms necessitated emergency operation in 5, and the diagnosis was not ma hc
until thoracotomy in 8. All were successfully repaired by the transthoracic approac h

Carter and associates (13) reported 2 deaths 1n 11 cases, both associated wit

strangulation of the bowel One was a postoperative hernia

CONCLUSION

npredictable. The seventy ?f
lapse before signs of hernia
and prompt surgical rc-

The tramn of events after diaphragmatic ijury 15
the rmmediate lesion varies Hours or months may ¢
appear Complications greatly increase the mox:tahty rate,
pair gives the patient his best chance of recovery
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STRANGULATED DIAPHRAGMATIC HERNIA

Infrodoction. Strangulation is the most serous complication of a diaphragmatic
hernla. This condition was first described in 1575 by Paré (17) Pror to the use of
roentgenography strangulation was seldom diagnosed

PATHOLOGY

Of 43 cases of hernia with strangulation, Carter and Guiseffi (14) found only 4
were congenital while 34 were traumatic in ongin

Age offers no security for strangulated hermas have been reported in babies
2,6 and 12 weeks old (18, 19 20), as well as in adults aged 65 and 74 years (21,
22) In the author’s 3 cases summarized here the ages were 11, 22 and 30 years
and were respectively congenital, traumatic, and hiatal in ongln.

The hernial ring 18 usually an openmg in the dome of the dinphragm or rarely
in  foramen of Morgagni Strangulation of a hiatal hernia also occurs and can be
assoclated with torsion of the stomach on 1ts long axis (23)

Though small and large bowel strangulate more readily than the stomach, the
latter 1s not immune (24) nor is strangulation confined to the left side only The
distended bowel causes acute displacement of the mediastinum to the contralateral
side with gross limitation of ventilatory function. This is apgravated by an outpour-
ing of blood-stained pleural effusion, which Carter and Gruseffi (7) found in 30 per
cent of cases .

CLINICAY, FEATURES

Signs and Symptoms, In a male patient, there may be a hustory of recent or of
remote chest trauma as well as a variable penod of indefinite symptoms, ending in
Bn acute exacerbation with intestinal obstruction and respiratory distress, sometimes
starting after a festive meal

A typical case presents a trind of agomzing, gping, eplgastric pan radinting
up behind the sternum, accompamed by severe dyspnea and by vomiting that rapldly
becomes feculent in character In some patients blood and mucus may be passed by
rectum inothers there is constipation.

Unless the practitioner has the possibility of strangulated hernia in mind, the
complex nature of the physical signs can at first sight obscure the diagnosis as 1n
the followmg case report (25)

Case Rerort A soldier aged 22 years, was seen by the autbor in a German
prisoner-of war working camp on December 26, 1942, 7 hours after onset of
fymptoms, There was cyanosis of the face and extremities, short gnaping respira
tions at 50 per minute, a temperature of 101.2 F., and a weak irregular pulse rate
of 120 per minute. To ease distress, the patient insisted on lying on his left side,
20d he was too ill to give a coherent history

Abdomunal exammation showed an acutely tender and rigid epigastrium with-
out bowel sounds. In the chest the trachea was displaced to the night sternal border
the heart had a maximal impulse in the right fifth Tib space 9 cm. from the mid
sternal line, and heart sounds were fecble, fading, and hregular

expansion was limited on the left thero were a ble Inspiratory and
SXpiratory fremitus, alternating areas of dullness and hyl;lsmnmce, bmzchm
breathing, whisperlng pectorfloquy end no egophony
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Fig 4 Roentgenogram of strangulated left congenital hernia 40 hours after onset

An enema was returned unaltered Chest aspiration of 500 ml of odorless,
turbid, blood-stamed fluid temporarily mmproved the climcal condition, Further
examination then revealed a2 5 cm axullary scar between the left eighth and ninth
ribs, while a later change 1n physical signs and aspiration of 60 ml of feculent
fluid confirmed a belated diagnosis of strangulated diaphragmatic herma.

Diagnosis. ROENTGENOGRAMS These were not available for the patient just de-
scribed When they are available, they provide the short cut to diagnosis. The her-
niated viscus usually simulates a high diaphragm and may show umform opacity of
a hemithorax or a grossly distended stomach or coils of bowel and pleural fluid Al-
most 1nvariably, the mediastinum 1s displaced to the opposite side (Figs 4 and 5)

Dragnosts, therefore, is suggested by

1. Signs of acute gastromntestinal obstruction,

2 History of an old mjury,

3 Physical signs in the left thorax,

4 Roentgenologic evidence of a high left diaphragm

Mortality. Because of the remoteness of the lesion, the vagueness of carly symp-
toms, and the complexity of signs resulting m delay of final diagnosis, mortality has
always been high Before 1920, 1t was over 88 8 per cent, with an opcrative mortal-
1ty of 66 per cent, while 1n the period 1920 to 1945, Carter and Guisefi (17) found
a general mortality of 57 1 per cent and an operative rate of 43 7 per cent

TREATMENT
of pleural adhesions, a thoracic ncision that can

Operation 1s required Because
; X vised, preferably through the eighth b bed

have an abdominal extension is ad



L= G

>

-t -
;x:i
“7 -

—
"’

-

o ™,
%p - «
~ )’"‘ *
4

I

5 am of lated histal hernis developing In pregnant woman at term

Rﬁ&mpﬁknt‘mtgmognmdchmlammth:w r (Courtesy R. Nicks and T
Plunkett.)

Preoperative Preparation. This follows the outlme given in Chapter 2, with em-
phasis on passing a Levin tube into the stomach, giving an enema, and starting a
blood drt

Opﬂfﬁon. Anesthesla should be light and any intubation rapidly performed,
lest the release of muscle tons allow the tensely distended coils of gut to compresa
completely the remaimng normal lung and so cause cardlac arrest.

The details of the operation differ little from those for traumatic diaphragmatic
hernia. Any fluid 1s sucked away The constricting neck of the hernia Is sought and
incised laterally with immediate reliet (Fig 6A) If the bowel recovers it is then re
placed in the abdomen the diaphragm 1s repaired as described above, and the chest
wall closed (Fig 6B) When there is necrosis, bowel resection 1s performed along
standard Iines

The following two case reports fllustrate the problems of surgical relicf.

Case RerorT D P a Maori girl, aged 12 was admitted under the author s
care on Apnl 13 1952 with a 40-hour hustory of strangulated left congenital dia
phragmatic bernia through the foramen of Bochdelek. The herua had been diag
nosed at the age of two  but treatment had been refused. Roentgenograms confirmed
the dingnosis of strangulation

A stomach tube was passed and brown gastric contents withdrawn. Anesthesia
was induced with thiopentone, and during intobation the patlent suffered cardinc
arreat. Because of the strangulated hernia, a left thoracotomy approach was out of
the question and a midline epigastric one was chosen. One ral. of 1/ 1000 adrenalin
hydrochloride was Injected Into the heart and effective cardiac compression ob-

tained between diaphragm nnd stemum  with Immediate
iy return of a forceful
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Fig. 6A Technic for repair of left strangulated diaphragmatic herma via left thoracotomy
Lateral incision 1n hernial ning 1s valuable espectally where hernia 1s incarcerated

Fig 6B Repair of hernia with interrupted silk sutures
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Left thoracotomy then revealed strangulation of the stomach spleen greater
and lesser omenta, the whole of the small bowel, and the greater part of the large
bowel. Adhesions were divided and the neck of the hernla was enlarged by a
lateral inciston  with immediate recovery of the bowel The spleen, stomach, large
bowel, omenta, and small bowel were reduced 1n turn, without difficulty and the
hernla repaired Both the thoracotomy and abdominal inclslons were closed.

The patient was slow to regain rpontancous respirtion She remaimned in coma
and died a3 the result of cerebral anoxia from her eprsode of cardlac arrest eight
bours after operation

Strangulated hernia has no respect for time or place

Case ReportT M S H nged 30 was admutted to Cornwall Hospital Auck
land, on December 11 1951 complaining of abdominal and nausea She was
pregoant and one week from term Her earller chest film had been normal Admis
sion roentgenograms showed o Iarge diaphragmatic hernia completely filling tho
left pleural cavity The stomach was grossly distended with fluid and alr There
was also large bowel present. Clinicaily the patient was suffering from a strangu-
lated duphragmatic hernfa. (Fig 5 )

Caesarean section was performed, and the child was delivered dead The ab-
dominal incision was enlarged to the xiphisternum and the hernia found passing
through a larpe hole in the back of the diaphragm. Even after inciung the hernial
ring, the hernia could not be reduced. Some fluid and air bowever could be ex
pressed from above downward Thereafter with gentle traction for 10 mioutes, the
herma was reduced It contamed cyanotic but viable stomach large bowel and
small bowel which quickly recovered After reduction, the abdominal contents
were packed away' the diaphragmatic openmg was visualized lylng in the hiatal
reglon. It was closed with Interrupted silk sutures. An intercostal water-seal drain
was inserted into the left chest, and the abdomen was closed with silk sutures.
Postoperattve fleus was treated with gastric suction and intravenous therapy for the
following week. The patient s left lung completely re-expanded, and she made a
ntisfactory recovery (26)

Case ReporT W @, a baby girl nine months old was an urgent admission
to Wakan Hospital Dunedn on May 18 1958 She had coughed for a week,
vomited fluids for four days, and cried when moved She was severely dehydrted,
with depresed fontanelles Temperature 100 F  pulse 160 per munute, and
reaprations 40 per minute Besides signs of bronchopneumonia, thers was a
striking bulging of the precordium hyperresonant to percussion. X ray fllms,
which showed a large awr-containing “cyst” completely filing the anterior medi
astinum and displacing the heart backward, confirmed the diagnoss of strangu-
lated anterior diaphragmatic hernla

After rehydration by subcutaneous and intravenous therapy the baby was
anesthetized, and a midline epigastric incrsion made An obstructed loop of trans-
verie colon was reduced, followed by half the liver The sac reached up to the
sernal angle The hernial onfice was repaired by sewing the diaphragm to the
costal and sternal margins The wound was closed in layers. Despite temporary
Tew, treated by gastric suctlon, her recovery was complete

Postoperative Treatment, Tho gencral measures outlined in Chapter 3 apply
In 2ddition, attention must also be paid to tho fleus accompanying relief of the ob-
Htruction. A Levin tube is left In the stomach until asplrations are clear and bowel
*ounds audible Intravenous therapy continues until the bowels move and fluid bal-
¥z Is accurately charted
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CONCLUSION

Prompt correction of congemital and traumatic hernias prevents strangulation

with 1ts greater risks and difficulties If strangulation develops, however, treatment
aims at relieving the intestinal obstruction and repairing the herna at the one opera-
tion, usually via a thoracic approach
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Cardiac Emergencies

22
CARDIAC WOUNDS AND HEMOPERICARDIUM

Wounds of the heart constitute a grave emergency requuing prompt, mformed
handling if Life 13 to be saved.

Historical Note The history of this ancient lesion is well described by Beck (1)
Expenimentally in 1882 Block first sutured cardiac wounds and in 1895, Del Vec
chio demonstrated sutured wounds in dog hearts On September 9, 1896 Rehn of
Frankfurt first successfully sutured the heart of a man aged 22 years which had &
nght ventncular wound 1 5 cm long Matas (2) in 1897 explored a nonpenctrating
left ventricular wound that required no suture In 1934 Ramsdell (3) collected 428
surgical cases in which the mortality averaged 50 per cent

During the late thirties, with increased awnreness of what surgery could do for
soch lesions, the numbers treated surgically steadily increased In 1943 Nelson (4)
reported a series of 11 cardiorrhaphies with 1 death—a mortality of 9 per cent Nev
ertheless, with such an element of chance in these wounds, it is unlikely that a greater
reduction of aver-all mortality can be hoped for

PATHOLOGY

An indication of general statistics 13 seen from o series of 81 patients reported by
Maynard and associates (5) Of these 20 died before operation could be done 61
were operated upon of whom 35 recovered. In this series, 67 were males and 14
females Of these 69 were in the 20-t0-40-year ape group The youngest was 15 the
oldest 61 Regarding causation of the injuries, 1 was a gunshot wound, 4 were made
by an ice pick, and the remaining 76 were knife wounds

In general, while most cardisc wounds are penctrating wounds a few are the
result of blunt trouma to the chest (6) The injury is common in war and not all of
these casualtics prove fatal Of 2 811 chest casaalties that reached one hospital dur
ing the Rorean War Valle (7) reported that 117 had injuries to the heart and medu
astinum-—an incidence of 4 2 per cent. In this senes 90 per cent were penetrating
wjuries with retention of foreign bodies and 10 per cent were perforating Injuries

Pathologically these wounds fall into two groups those of the heart dlone and
those complicated by associated injuries of the other viscera, especially the lungs

Wounds of the Heart Alone. These fall into two broad groups

1 Wounds that cause early death
2 Wounds thet allow the patient to reach a hospital

‘WoUNDs THAT CAUSE EARLY DeaTH The wound may
withua a few seconds or it may be small and allow
Davidson and Fiddes (8) whose patient, stabbed in
20 minutes before collapting and dying Many more
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be large and prove fatal
some activity ay described by
the chest, walled 550 meters in
examples are cited by Gould and
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Pyle (9) Rarely, hemopericardium may be delayed beyond six days and appear as
a secondary hemorrhage (10).

WOUNDs THAT ALLOW THE PATIENT To REACH A HospiTAL The possible sites
of such wounds and their wide variety are seen from Maynard’s 61 cases that came
to operation In this series, 12 had pericardial wounds alone and 49 had myocardial
wounds—3 1n the right atrium, 3 n the left atrium, 20 1n the right ventricle, and 23
m the left ventricle In 7 patients, the coronary vessels were lacerated—1 case in-
volved a small branch of the left coronary; 2 cases, the anterior descending branch
of the left coronary, both near the apex, and 4 cases, branches of the right coronary.
Three patients with wounds that penetrated both left and right ventricles from the
anterior to the postertor surfaces of the heart all recovered.

Cardiac Tamponade This 1s the fundamental lesion 1 cardiac wounds that sur-
vive Jong enough to allow of treatment It 1s due to the escape of blood from the
heart into the pericardial cavity With the patient lying on his back, the resulting blood
clot usually forms posteriorly

Physiologically, cardiac tamponade affects both the venous and arterial sides of
the circulation On the venous side, rising intrapericardial pressure will interfere
with venous return to the heart until, when the pressure 1s greater than that in the
cavae, cardiac arrest occurs Both experimentally and in practice, this can be alle:w-
ated by rapid intravenous infusion On the arterial side, from cardiac compression
tamponade lowers cardiac output and reduces blood pressure, thereby reducing
coronary arterial blood flow The end result 1s hypoxia Tamponade has been re-
ported 1n a patient for as long as 10 hours without fatality (5) .

Beck (1) found experimentally m dogs that the mnjection of 150 ml of fluid
into the pericardial cavity over a peniod of 30 minutes was fatal In stab wounds of
the heart when the opening 1n the pericardium did not allow the escape of blood
through 1t, 250 ml produced a fatal tamponade .

Wounds Complicated by Associated Lesions. The most common of these is pcr-
foration of the pleura, which Maynard found present 1n 85 per cent of his cases. In
72 per cent, there was either hemothorax or hemopneumothorax Sucking wounds
of the chest occurred 1n 11 per cent of his cases.

As these associated lesions further decrease vital capacity and aggravatc hypoxia,
the necessity for rapid assessment and correction is obvious Rarely, ‘bllatcral pene-
tration of the thorax or thoracoabdominal wounds, including laceration of the dia-
phragm, may occur, while associated Jesions of the esophagus, spinal cord, hc}fd,
neck, and extremities have also been recorded, all of these must be remembered when

ssessing these patients. _—
’ Latc;g Comp?zcatzons. Constrictive pericarditis may develop from organization of
the hemopericardium 1n similar fashion to fibrothorax after hemothorax. Thxs] x:lilxy
be fully established 1n 6 months (11) or as late as 18 years §12) and 1s mort: Oxnco)['
to follow aspiration therapy than surgical repatr of the lesion with evacuati

the hemothorax

CLINICAL FEATURES

There are also two broad clinical groups of patients that closcly
ologic grouping They are

1. Those with a fatal mnjury,
2 Those who reach the hospital.

follow the path-
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Those patents reachung hospital may have mjuries so mild that close observation
18 a1l that will be necessary Usually however the injury and genoral condltion of the
patlent may be moderate to senous, and, since the one condition may rapidly pro-
gress to the other the closest vipilance throughout by the medical staff is essential

History This may be provided by the patient or by a witness Knowledge of the
tune, the instrument used, and the axis of {orce are essential in assessing the extent
and nature of the damage

Tamponade 15 unlikely to develop if there is a large percardial tear that allows
blood to escape externally into the mediastrum or into the adjecent pleural cavity
Further 1n the presence of small wounds of the atria ventricles, or artencs because
clot can develop rapidly progressive tamponede need ot always oceur 13)

Clinical Examination. Attention 1a directed to

1 The general appearance of the patient and signs of life
2, The site and nature of the wound
3 The state of the heart and lungs

In peneral, thete patients are ghocked and dyspneic the pulse is rapid and
thready and, depending on the blood volume the neck veins may or may not be
dustended,

The type of wound ix noted, whether sucking or otherwise On auscultation, the
heart sounds are distant and famnt and the blood pressure low and unobtainable with
a correrpordingly low pulse pressure

Exammation of the lungs may reveal signs of hemothorax or tension pneumo-
thorax with deviation of the trachea and apex beat The course of the mussile should
be checked in order to determine if any of the astociated lesions already mentloned
could have occurred.

Diagnosis The presence of a chest wound near the heart, with profound bleed
ing, low blood pressure high venous pressure and muffled heart sounds all point to
cardiac mjury C(linical s1gns may support an associated lesion such as hemopneumo-
thorax. Roentgenagrams will confirm the presence of an associated lesion such as
hemopneumothorax, but, unless they are taken serially, they are unlikely to aid in the
diagnosis of cardiac tamponade

Canse of Death. Chamberlain (13) stresses that cardiac tamponade per so as the
cause of death is difficult to confirm, and that the man cavses are

1 Alteration in the coronary circulation
2 Hemorrhage ,
3 Changes in pulmonary physiology which uitimately cause anoxia.

MANAGEMENT
Successfol management depends on o combination of
L Antishock and supportive therapy
2 Further special tests

3 Aspinnon of the pencardial cavity
4 Cardiorthaphy

lmAnﬁshock Therapy For success, this depends on the first examumng doctor
clearly appreciating that hrs prime duty 1 to treat shock by correcung blood volume
thereby increasing cardiac output and peripheral resustance The patient is best +1
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Fig 1A Roentgenogram of patient ad- Fig 1B Roentgenogram of large hemoper:-
mutted with precordial stab wound with small  cardium
hemopericardium

to a recovery room bestde an operating room where all 1s made ready for emergency

thoracotomy
The following steps are required:

1 Any sucking chest wound 1s firmly sealed with a pad and elastoplast, and
pneumothorax 1s relieved by intercostal water-seal dram,

2 The airway 1s secured, and nasal oxygen 1s admimistered,

3 After a sample of blood for crossmatching is taken, an mfusion of 5 per cent
glucose in 0.25 per cent saline 1s started This 1s changed to plasma and blood
as soon as these are available,

4 Suitable sedatives are given for pamn, and a special nurse s mstructed to record
pulse, blood pressure, and respiration rate at five-minute intervals A surgeon

must remain 1n constant attendance.

Further Special Tests. Griswold and Drye rightly pomnt out that these can be
carried out in only noncritical cases (14) .

ROENTGENOGRAPHY A fluoroscopic exanunation of the heart 1s made at this
stage and will be a guide to the degree of tamponade (Fig 1), while a roenigeno-
gram taken with the patient sitting up will also show associated lesions, such as
hemopneumothorax

ELECTROCARDIOGRAPHY This can be of valuc in verifying carly the presence of
pericardial and myocardial injury The usc of unipolar extrenuty Ic?ds and -mu,lu-
polar precordial leads is valuable 1n making the diagnosis of myocardial injury, cven

when the standard leads are normal blocd
Aspiration. If tamponade 1s severe and there 15 no internal or cxternal bleeding,

pertcardial aspiration 1s performed With the patient lying on his back, if possible
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wath head and chest elevated, the epigastnium is infiltrated with local anesthetic and
216 to 18 gauge needle inserted backward and upward ta the left of the xiphod proc-
css (Chapter 23 Fig 2) As soon s the pericardial cawity is entered up to 150 ml

of dark blood may be aspirated. There is immediate relief, a fall mn venous pressure

a rise in artenal pressure, and return of a more audible heart beat. Farringer and
Carr (16) reported improvement from aspiration of as little as 30 to 50 ml. of blood

If thut occurs and the improvement is maintained, operation 18 correspondingly post

poned. (If there 15 a slow relapse however further aspiration is undertaken as a
preluds to operation. Sedatives are given four hourly as requred.) When blood
pressure and hemoglobin finally return to mormal, the mtravenous infusion 15 re-
moved Routine observations are also reduced at graded intervals over a period of
a week

Cardlorrimphy Operation is Tequired when there 13

1 Alarge sucking chest wound

2. Contmued hemorrhage through the wound

3 Asudden relapss or a continned insidious decline after aspiration

4 An amocated lesion, especially a large hemopneumothorax which means a
significant wound of the heart or of one of the great vessels (13)

To achieve success with these lewions, all hospitals should have a sct of sterile
imtruments and drapes always available the same set also being available for use in
cardiac arrest. While the resuscitation squad is treating shock as described above a
second team is preparing for thoracotomy

ANESTHESUA. If the patient 13 moribund oxygen alone is required, but as a rule
gencral anesthesia with cyclopropane and intubation is demrable

APPROACH AND TECHNIC OF OPERATION With the patient supine the heart is
approached transpleurally by means of a left fifth intercostal space ncision, which
is carned upward in front by transecting the fifth, fourth and third costal cartilages
and corresponding intercostal muscle bundles (Fig 2) The internal mammary ves
sels aro ligated and divided The pericardial cavity which appears plum red and
temse 13 opened When the flind and blood clot are released, hemorrhage may start
afresh Ventricular wounds are controlled by digital pressure and atnial ones by us-
ing Brock or Satinsky clamps Blood is saved and used for autotransfusion The
heart wound is then sutnred with 2-0 sllk sutures on curved atraumatic pecdles, care
being taken to underrun any branch of the coronary artery (Fig 3) In one case with
an incomplete ventricular defect 4 cm in dismeter direct suture was mpossible and
the defect was closed by sutunng e free pencardial graft into place over it (17)

The pericardium is usually left open, any assocated lung injury is sutured, a
m hematoma is evacuated, and the chest wall is closed m layers over water-geal

e

POSTOPERATIVE MANAGEMENT

Blood transfusion and oxygen therapy are continued, and
the patie
‘ti:% Operating table until blood pressure becomes stabilized at ncl.:: n:xtnl:nlkif:e(l’:u
e, however hypotension pensists and the Patient does not quickly become con
scious, recovery Is unlikely because of irreversible cerebral damage

The routine t of
atleast thoes mmﬁg:m of thoracotomy applies, and the patient rests in bed for
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Fig 3 Technic of suturing myocardium
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POSTOPERATIVE COMPLICATIONS

As can bo expected, thess com, licatioms are due both to the [ocal lesion and to
the effects of the thoracotomy Mnylx):\nrd and assoclates (5) reported pleural effusion
m over 50 per cent of cases On rare occasions, this effusion may proceed to empy-
ema, In which event 1t Is best treated by aspiation or closed draunage Preumothorax
requires water-seel dramnage and suction.

Perlcardial Effusion, This may develop when the pencardium has been sutured
either 1n part or completely It 18 treated by careful aspiration. If infection occurs
the pleura must be drained.

Secondary Hemorrkage. Rarely ¢his can occur from the sutured wound with signs
of return of shock and tamponade The situation can be saved only by reopenung the
wound and inserting further cardiac sutures

Pulmonary CowrpHcations. These complications (14) are the same ay for any
thoracotomy and Include bronciunl obstruction (a) during the operation fram blood-
stained mucus or vomitus and (b) after the operation from sputum retention. Care
ful endobronchial toflet, including bronchoscopy, is required at the end of such an
operation and possibly during convalescence If there is the least difficulty in rausing
sputum  tracheotomy is advised (sec Chapter 3)

Infection of the Stab Wound. Infection may occur and require local treatment

RESULTS OF TREATMENT

Some patlents can undoubtedly recover without surgical treatment. In 1943
Bialock and Rawitch (18) reported 4 cases of which 3 were treated by aspiration,
with survival of all 4 In 1949 they added (19) another 8 cases of heart wound with
tamponade of which 7 had aspiration alone and 1 was treated by operation All 8
recovered. Similary Elkin (20) reported 18 stab wounds of which 17 were treated
comervatively with & 6 per cent mortality

Such cases however represent only a fraction of all heart wounds seen Aspira
tion s effecttve in 2 small proportion of mild cases but is dangerous as a routine Gris~
wold and Drye (14) reportmg on 108 patients in the 20-year period from 1933 to
1953 have noted an improved operabllity rate from 60 up to 89.5 per cent, with a
decrease In total mortality from 46 to 31 5 per cent, while maintaining an operative
mortality of fess than 25 per cent. The most important change in management during
the 20 years had been a decrease In the extent of dlagnostic procedures and a result
ing decrease {n preoperative time lag Their total figures over the 20-year period were

Admisslons 108 Operative deathy 20
Total deaths 41 Not operated npon 26
Operations commenced 82 Deaths (pot operated upon) 21

Further they advise that exploratory thoracotomy Is safer than asplration as a
general routine because

1 The site and extent of cardinc my
exploration

2. Without exploration associated wnjunies to other thoracic and abdominal
structures may be overlooked

3 Intrapenicardal clotting may prevent effective aspimtion

4 Blind aspiration even via the costoxiphoid approach may prove hazar

ury can be adequately determined only by
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5. Secondary hemorrhage or cardiac aneurysm may result from unsutured
cardiac wounds,

6 Organizing penicardial clots may end in constrictive pericarditis

CONCLUSION

All major hospital should be prepared for prompt treatment of cardiac wounds.
Antishock measures and aspiration are the first steps If there is no immediate re-
sponse, then exploration with cardiorrhaphy should straightway be undertaken with

the object of arresting hemorrhage, relieving tamponade, and correcting associated
lesions
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PURULENT PERICARDITIS

Introduction, In 1819 Romero (1) of Barcelona drained a serous pericarditis
between the fifth and sixth dbs, and, in 1844, Hilsmann (2) reported cuning a pa
usnt with purulent pericarditis through s fourth intercostal-space incision. There
after however few patients came to surgical treatment, for until 1933 Truesdale (3)
coliected only 152 cases from the hterature By 1941 this total had nsen to 265 cases
(4) As with empyema, the introduction of antibiotics has greatly lowered the in
aidence and seventy of purulent pericarditis Prior to 1941, Strieder (4) reported
that the mortality armong untreated patients was 100 per cent with pericardiostomy
1t fell to approximately 40 per cent, and, combined with antibiotres, 1t could be re
duced below 30 per cent. Even m apparently moribund patients striking cures have
followed operation

PATHOLOGY

Purulent pencarditis may occur in any age group but is most common n the
first three decades Males are more frequently affected than females (5 7)

Purukent pericarditis 1s now rarely secn and is almost invariably secondary to
some other {nfection. It is most commonly a complication of pneumococcal staphy
lococeal, or streptococeal pneumonia, in which cases the infection is either blood
borne or a direct extension from an accompanying empyema. It may also arise by
direct extension from without following precordial stab wounds, and from within
following penetration of esophageal foreign bodies Rarely it complicates thoracic
operations especanlly those involving opening of the pericardial cavity

Purulent pericarditls may itself be assoclated with = collection of air producing
pyopneumopericardium (6) Thus gas may reach the pericardial sac via a stab wound,
spontancous rupture of an esophapeal neoplasm, or traumatic rupture of the bron-
chial treo It may fucther arlse from such abdominal causes as a perforated peptic
ulcer or 2 hepatic or a subphrenkc abscess or follownng faulty pencardial aspiration
or surgical drainage

The pericardial infection camses an effusion and outpouring of fibrin which
quickly lines both pencardial Iayers giving the typical “bread and butter” appear
ance There are two major effects on the patlent

1 A generalized toxema
2 Cardiac tamponade from embarrassment by flutd and fibrin.

Untreated the lesion rapidly proves fatal

The frequency of the lesion 1 preantibiotic days Is emphasized by Pyrah and
Paln (7) who found acute suppurative poncarditis in 91 or 11 per cent, of 7 965
autopsics at Leeds from 1921 to 1931 Clinical recogrition has always been difficult.
Cabot (8) states that 77 per cent of all cases of pencarditis found at autopsy at the
Maszachwetts General Hospital were not diagnosed before the patient died. This s

i
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L PN - .

c:?gm rln . Roentgenogram showing pericardial shadowing proved by aspiration to be pyoper-
confirmed by Bigger (9) in his analysis of 17 cases with acute fibrinopurulent peri-
carditis While 7 frankly purulent cases were diagnosed correctly and 6 were drained,
the remaining 10 were diagnosed only at autopsy. Only 4 of these 10 showed in-
creased pericardial fluid, while in the other 6 death occurred from profound toacnna
before frank pus could form in the pericardial cavity It 1s noteworthy that all 4 pa-
tients with demonstrable pericardial fluid at autopsy were moribund on admussion, 3
dymng within 12 hours and the fourth within 24 hours of admission
The importance of prompt diagnosis and treatment 1s thercfore obvious

CLINICAL FEATURES

Symptoms. These may be completely masked by those of the cause At first, the
patient complains of general malaise and precordial or substernal pain Later, as tam-
ponade develops, dyspnea and a feeling of suffocation arc added Pressurc may also
cause dysphagia and cough, while 1rritation of the phrenic nerve may cause trouble-
some hiccough

Physical Signs. These hold the key to diagnosts of purulent perscarditis In addi-
tion to signs of infection with fever, tachycardia, and profuse sweating, the local find-
ings show a greatly increased area of cardiac dullness and a charactenistic pericardial
friction rub This 1s usually harsh, occurring during both systole and diastole, heard
most loudly to the left of the sternum When a pleuropericardial rub ss present, it i
usually heard more laterally, especially during nspiration In children, there may
be precordial bulging with prominent intercostal spaces.

As tamponade develops, the arterial pulse becomes faster and weaker, the cervi-
cal venous pressure higher, the arca of cardiac dullness greater, and the heart sounds
and pericardial rub fainter The blood pressure siularly shows a fullan systohe and

a rise 1n diastolic levels



315
Clinical Features

/
N
]
V]
y
5
v
the
2. Technic of thon of pericardinm lpproadn.vﬂmmcpaﬂeutxmlrecumbcm.
I-Sl!ﬁbct'ctn'he c-dpmca?nndtheleﬁcmmlmrglnb;mﬂylnﬂmtcdwhhloal

anesthetic, and the needle passed upward, backward, and inward into’ the pericardial cawity

In the presencs of pneumopyopericardium the area of cardiac dullness suddenly
disappears and 18 replaced by hyperresonance Auscultation reveals & typical metalhc
sound with splashing and tinkling apicsl sound synchronous with the heart beat. Ax
the heart is usually pushed forward, care should be exercised in performing diagnostic
aspiration,

Tnvesfigations. There are two—namely rocatgenography and aspiration—which
confirm clinical findings

ROENTGENOGRAPHY Fluoroscopy shows the enlarged pericardial sac with ob-
literated cardiophremc angles and restricted cardinc movement (Fig 1) In the
presence of air a fluld Jevel 18 seen, and the heart outline 18 clearly distingmished from
the pencardium

AsprATION Diagnosis is confirmed by pericardial aspiration.

Technic of Aspiration (Fig.2) Tbe equipment used is the same as for plenral as-
piration. The patient reclines in a semirecumbent posstion The safest line of ap-
proach, through the angle between xiphoid process and left costal margin, 13 gently in
filtrated with local anesthetic and the needle passed upward, backward and inward
until the percardial cavity is entered Thereafter a 3-way tap and a wide bore needle
(forexample gauge 15 or 17) is used as beng less likely to block wath fibrin A spect
men of pus 18 sent for bactenologic examination, and a mega of penueillin 15 fnstilled
On rure occasions, early aspication has effected a cure (10) but the very real danger
of fibrin retention rapudly leading to comtrictive pencarditis as described by Balley
(11) makes this a most untatlsfactory method. Window and Shipley (5) consider
aspiration worthless as a curative agent but agree that, by temporarily relieving
severe tamponade it can tide a patient over a critical perfod.
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Diagnosis. Purulent pericarditss 1s to be suspected from the history and physical
findings and confirmed by aspirating pus, but the chief point 1n making this diagnosis
IS to suspect its presence in all febrile conditions Only thus can it be diagnosed carly.

TREATMENT

The general principle governing all purulent mfections applies—namely, efficient
dependent drainage at the earliest possible moment. The technical details have al-
tered but little since first described by Allingham (12) 1 1900. Others have at-
tempted drainage by resecting the left fourth or fifth ribs or through the sternal body,
but these sites are too high, do not allow of dependent drainage, and are not recom-
mended.

For children, Allingham advised a left subcostal approach, incising the left rec-
tus abdormnis muscle, avording the peritoneum, entering the cellular interval between
the sternal and costal fibers of the diaphragm, and incising the tense pericardium at
the lowest part of its anterior wall. As Donaldson (13) points out, this is the safest
approach for nonpurulent effusion

For adults, Donaldson advised removing the seventh and sometimes the sixth
costal cartilages in order to allow for adequate digital exploration.

Technic of Drainage. With the patient semirecumbent, local anesthesia 1s nfil-
trated into the left fifth to seventh intercostal nerves and around the corresponding
costal cartilages (Fig 3)

An oblique incision 1s then made over the seventh left costal cartilage, the peri-
chondrium incised and stripped clear, and the cartilage removed The internal mam-
mary vessels are ligated with chromic catgut and divided. The underlying pericardium
1s exposed and the presence of pus confirmed by careful aspiration. A 2 to 3 cm n-
ciston 1s made in the pericardium, and pus at first spurts out under great tension. It
is removed by suction and the pericardial cavity 1s irrigated with warm salinc solu-
tion A window of pericardium is next removed to provide better drainage and for
histologic study A finger 1s then gently insinuated and filmy loculi are broken down.
Force should be avoided lest 1t cause myocardial laceration.

Drainage tubes are not well tolerated in the pericardial cavity, but two sof't Pen-
rose rubber-tube drains may be mnserted beneath the heart and sewed to the skin An
alternative 1s to msert the opened end of a de Pezzer catheter just through the peni-
cardial opening Thereafter, pericardum and perichondrium are sutured together
and absorbent dressings applied

Postoperative Care. After-care 1s important and should be as follows

1 Systemic antibiotics are continued for ten days after operation; .

2 The dressings require frequent changing unul. the discharge lessens; .

3 Daily 1rrgation of the tubes with an appropriate antibiotic solution in salinc
1s advised If fibrin formation 1s excessive, fibrinolytic enzymes should be
used Schweitzer (14) reporting a casc, adviscd using a salinc solution con-.
taimng 100,000 units of streptokinasc and 25,000 units of qtrcpmdorn.L;w;

4 Itisimportant to ensure that the skin docs not heal over bcforcvthc pericardia

infection has subsided This is best accomplished by gentle dilatation of the

opeming with a stenile gloved finger,

As the pericardial cavity does not allow of compl [ ot drd

when the patient is recumbent, he should be turned onto his face at re

short intervals duning the day, o

6 Iron therapy s continucd as for thoracotomy Healing 15 usually p
and coomplete within four to six wechs

ctely dependent dramape
pular

)]

OpICSSIVE
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Fig. 3 Technic of dralnage of purulent pericardiths. 1 hneoflndﬂonforlﬁrondz[ugg

{cardlum 2, Underlying pericardium exposed. 3 Inchlon of two to three cm. made
4 Pencardium penchondrium have been sutured with dralnage tube In place.
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Diagnosis. Purulent pericarditis 1s to be suspected from the history and physical
findings and confirmed by aspirating pus, but the chicf point m making this diagnosis
IS fo suspect its presence in all febrile conditions Only thus can 1t be diagnosed carly,

TREATMENT

The general principle governing all purulent nfections applies—namely, efficient
dependent dramage at the earliest possible moment The technical details have al-
tered but Iittle since first described by Allingham (12) 1n 1900. Others have at-
tempted drainage by resecting the left fourth or fifth ribs or through the sternal body,
but these sites are too high, do not allow of dependent drainage, and are not recom-
mended.

For children, Allingham advised a left subcostal approach, incising the left rec-
tus abdominis muscle, avoiding the peritoneum, entering the cellular interval between
the sternal and costal fibers of the diaphragm, and ncising the tense pericardium at
the lowest part of its anterior wall As Donaldson (13) points out, this is the safest
approach for nonpurulent effusion

For adults, Donaldson advised removing the seventh and somectimes the sixth
costal cartilages in order to allow for adequate digital exploration.

Technic of Drainage. With the patient semirecumbent, local anesthesia is infil-
trated nto the left fifth to seventh intercostal nerves and around the corresponding
costal cartilages (Fig 3) .

An oblique 1ncision 1s then made over the seventh left costal cartilage, the peri-
chondrium ncised and stripped clear, and the cartilage removed The internal mam-
mary vessels are ligated with chromic catgut and divided. The underlying pericardium
1s exposed and the presence of pus confirmed by careful aspiration A 2 to 3 cm. 1n-
cision 1s made 1n the pericardium, and pus at first spurts out under great tension It
1s removed by suction and the pericardial cavity 1s irrigated with warm saline solu-
tion A window of pericardium is next removed to provide better dramage and for
histologic study A finger 1s then gently insinuated and filmy Jocul are broken down
Force should be avoided lest 1t cause myocardial laceration.

Drainage tubes are not well tolerated i the pericardial cavity, but two soft Pen-
rose rubber-tube drains may be inserted beneath the heart and sewed to the skin A'n
alternative 1s to msert the opened end of a de Pezzer catheter just through the peri-
cardial opening Thereafter, pericardium and penchondrium arc sutured together
and absorbent dressings applicd.

Postoperative Care. After-care 1s important and should be as follows

1 Systermic antibiotics are contmucd for ten days after operation, ‘

2 The dressings require frequent changing until the discharge Jessens; e

3 Daily irngation of the tubes with an appropriate antibiotic solution 1n saline
1s advised If fibrin formation 1s excessive, fibrimolytic enzymes should be
used Schweitzer (14) reporting a casc, adwvised using a sahine solution con:
taiming 100,000 units of streptokinase and 25,000 units of strcptodo‘mﬂ‘\cl.

4 1tis important to cnsure that the skin does not heal over before the pericar ;.a
infection has subsided This is best accomplished by gentle dilatation of the
opening with a steniie gloved finger; ‘

5. AIZ thcgpcncardnal cavgi’ty does not allow of completely dcpcndcr}t drmn;nlpfr
when the patient 15 recumbent, he should be turncd onta his face v repul

short intervals during the day, \
. Cnrop R
6. Iron therapy s continued as for thoracotomy Healing 16 usually progresss

and complete within four to six week s,
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Fig. Jchhn}cotdninAsnofpuru}m pericarditis. 1 Lioe of Incision far a| g
luudlum_Z.U rln nm exposed. 3 [n:himo{mtom:eemmadepgmmhpuhrdlm
pcrE drium

4 Perfeardium have been sutured with dralnage tube In place.
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Case REPORT. Mr. W. P W, age 38, was, admitted under the author's care to

the North Regional Chest Surgery Centre, England, on January 17, 1949, with a
history of having swallowed a piece of bone one week before Shortly after a
diagnostic roentgenogram, he vomited the bone, but he immediately expericnced
a severe epigastric pamn which remained. He became febrile and on admission had
the signs and symptoms of acute suppurative pericarditis

On January 18, 1949, pericardiostomy was performed by excising the left

fifth and sixth costal cartilages When the pericardium was opened, pus spurted
out under great tension.

The patient made an uninterrupted recovery and was discharged fit and with

his wound healed 47 days later (Courtesy Mr. G. A. Mason )

COMPLICATIONS

During Drainage.

1

2

Cardiac arrest may occur, but if resuscitative measures are applied promptly,
recovery is possible (5). (See Chapter 24 )

If the pleural cavity 1s accidentally opened, 1t should be sutured and intercostal
water-seal dramage established as a safeguard agamnst empyema.

Similarly, when there 1s an accompanying empyema, this may be treated
simply and effectively by intercostal water-seal drainage

Postoperative, The most frequent postoperative complication 1s loculation of pus
within the pericardial cavity This responds to gentle digital exploration, breahing
down of loculi, and further 1rrigation with streptokinase and streptodornase, as pre-
viously described Winslow warns of the advisability of using a return tube, for in onc
patient the penicardial opening blocked during irrigation with one tube, and the re-
sulting pressure of the trapped fluid caused fatal tamponade.

Secondary hemorrhage has been reported only when hard rubber tubes have been
used and have eroded the cardiac blood vessels Such a complication 1s thercfore
preventable, but if 1t occurs, thoracotomy and control by direct suture offer the only
real hope of success

Case REPORT Miss D M, aged 19 years, on March 17, 1958, had a left lower

lobectomy for bronchiectasis That evening there were signs of severe blood ’]os:’.
and x-ray films confirmed an intrathoracic hematoma Following a {our-h‘tcr bloo
transfusion, the wound was rcopened and the hematoma evacuated. Nine days
after the opcration, a left staphylococcal empyema was treated by water-seal dram-
age. There was a positive blood culture Sume

On the 16th day, the patient still had a swinging temperature, a poor ;{ lhc-
pulse of 140 per minute, a persistently low blood prcqsur’c of 80/60 mr:lx %:;hcd
sides signs of cardiac tamponade with increased cardiac dullness, ‘xmm\.r“
heart sounds, a basal pericardial friction rub, and promunent nect u.m:] ;0 hc
films supported the diagnosis of pericardial cffusion, which vm’f. ?imirrmmud
purulent by aspiration Under general ancsthesia, pcncnr¢ixoslc{m} wa or\):d .
by the above technic, the Jeft fifth and sixth costal carlilages bunrg rcr:t'm f(;' e
200 ml. of pus were evacuated, and a soft-rubher dam dram I ;:r: l;.‘ ! ‘iozc\.'
days. Two weeks later, because of loculation, the sinus frach w a;’ l‘lx ; .lz ‘;cd{vmm
and residu 1 locult broken down, She was discharged fit and well ¢roh .

the lobectomy
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CONCLUSION

Though now rare, purulent pericarditis should alway be kept in nund, especially
when the practiioner is seeking the nnswer to any obscure infection. Prompt, ade

quate surgical drainage offers the only chance of survival.
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Chapter 23: Purulent Pericarditis

CaSE REPORT. M. W.P W., age 38, was, admitted under the author’s care 1o

the North Regional Chest Surgery Centre, England, on January 17, 1949, with a
history of having swallowed a piece of bone one week before Shortly after a
diagnostic roentgenogram, he vomited the bone, but he immediately experienced
a severe epigastric pain which remained He became febrile and on admission had
the signs and symptoms of acute suppurative pericarditis

On January 18, 1949, pericardiostomy was performed by excising the Jeft

fifth and sixth costal cartilages When the pericardum was opened, pus spurted
out under great tension

The patient made an uninterrupted recovery and was discharged fit and with

his wound healed 47 days Jater. (Courtesy Mr. G. A. Mason )

COMPLICATIONS

During Drainage.

1.

2

3.

Cardiac arrest may occur, but if resuscitative measures are applied promptly,
recovery is possible (5). (See Chapter 24.)

If the pleural cavity is accidentally opened, it should be sutured and intercostal
water-seal drainage established as a safeguard agamnst empyema

Similarly, when there is an accompanying empyema, this may be treated
simply and effectively by intercostal water-seal drainage.

Postoperative, The most frequent postoperative complication is loculation of pus
within the pericardial cavity. This responds to gentle digital exploration, breaking
down of loculi, and further irrigation with streptokinase and streptodornase, as pre-
viously described. Winslow warns of the advisability of using a return tube, for in one
patient the pericardial opening blocked during irrigation with one tube, and the re-
sulting pressure of the trapped fluid caused fatal tamponade.

Secondary hemorrhage has been reported only when hard rubber tubes have been
used and have eroded the cardiac blood vessels Such a complication 1s therefore
preventable; but if it occurs, thoracotomy and control by direct suture offer the only
real hope of success

Case REPORT. Miss D. M, aged 19 years, on March 17, 1958, had a left Jower

lobectomy for bronchiectasis That eveming there were signs pf severe blood Joss,
and x-ray films confirmed an intrathoracic hematoma Following a four-hter blood
transfusion, the wound was reopened and the hematoma evacuated Nimnc days
after the operation, a left staphylococcal empyema was treated by water-seal dran-
age. There was a positive blood culture ) ume

On the 16th day, the patient still had a swinging temperature, a poor }\; ubc‘
pulse of 140 per munute, a persistently low blood pressure of 80/60 mr:]l g,th
sides signs of cardiac tamponade with increased cardiac dullness, xmm)x(s.m
heart sounds, a basal pericardsal friction rub, and prominent neck vcmz X bZ
films supported the diagnosis of pericardial cﬂ'usxor}, which was Provc .
purulent by aspiration Under general anesthesia, pericardiostomy was }z,ccx;j rmed
by the above technic, the left fifth and sixth costal cartilages being rcmt:u o
200 ml of pus were evacuated, and 2 soft-rubber dam dmmﬁlcft u; s;; o
days Two wecks later, because of loculation, the sinus track v.’dsl dlg;]il “ycc} '[:a“cr
and residual loculs brob en down She was discharged fit and well eig X

the lobectomy.
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CONCLUSION

Though now rare purulent pencarditis should always be kept in mind, especally

when the practitioner 18 seeking the amswer to any obscurs infection, Prompt, ade-
quate surgical drainage offers the only chance of survival

1

3

13
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CARDIAC ARREST

This 1s the most sudden and serious emergency any surgeon can meet It requires
mnmediate action, and, unless within three munutes the hand 1s on the heart, manually
compressing 1t, imitating the heart beat, and producing an adequate blood pressure
and cerebral blood flow, that patient 1s doomed to die from cerebral anoxia. Once
compression is effective, 1t may be requured for as long as three hours before normal
action is restored (1) If, however, during that period, the lungs are adequately ven-
tilated with 100 per cent oxygen and cerebral circulation mamntained by cardiac com-
pression, the patient can recover

Historical Note. The first recorded death from cardiac arrest during an operation
under anesthesia occurred on Friday, J anuary 28, 1848, when Hannah Greene was
having chloroform as a prelude to the removal of a toe nail (2)

Experimentally, in 1874, the physiologist Schiff first described cardiac compres-
ston for resuscitating dogs in chloroform and ether deaths (3, 4) He clearly apprect-
ated that the response of the heart was not from mechanical stimulation but from the
filling of the coronary vessels resulting from cardiac compression He further sug-
gested clamping the abdominal aorta to wncrease peripheral resistance, found that the
heart could be resuscitated even after 11%5 minutes of arrest, and described assisting
the circulation by further compression after the heart had recovered a feeble beat

In human beings, Niehaus of Berne (5) first attempted cardiac compression 1n
1889 In 1898, Tuffier (6) reported unsuccessful transthoracic compression on a
man of 24 who developed cardiac arrest in a ward In 1900, Maag (5) had a partial
success, his patient surviving 11 hours after restoration of the heart beat In 1902,
some 54 years after the initial report of death under anesthesta, Lane (7) first re-
ported successful massage of the heart from below the diaphragm when cardiac arrest
developed during appendectomy, and in 1903, Igelsrud (S) reported successful trans-
thoracic cardiac compression after resecting the left third and fourth nbs

By 1906, 9 successful cases had been reported (8) and, by 1909, 4§ cases were
collected (9). Interest, however, lagged until revived mn 1941 by Bailey (10) 1n
England and Beck (11) in the Umted States In addition to manual ‘compressxon,
Prevost and Batelli, in 1899, mtroduced electric defibrillation for ventricular fibrilla-
tion, and this was first successfully used by Beck (12, 13) m 1947

PATHOLOGY

For practical purposes, cardiac arrest 1s present when the heart beat is no longer

effective enough to maintain cerebral circulation ; 4953
The reported incidence lies between 1 1n 804 anesthe.sxas (14) and 1 1n 4, ]

anesthesias (15), with an average of 1 m 2,000 (16). It is more common In males
in the first decade of Iife (17)

and';'[}lutare are two types of cagdlac arrest, cardiac asystole and ventricular ﬁl}nl:‘a(;;c:z‘x

Cardiac asystole follows pure anoxia or vagal stimulation in the prc'scncc 0 ano‘(;c ,

ventricular fibrillation follows stimulation of the heart, especially when at is a .

320
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In cardiac asystole the heart 1s toneless soft, dilated, and blue 1n color, with
flattened coronary artenes and distended black veins 1f cardiac massage is successful
there 18 a return of tone foliowed by a strengthemung of the beat and development of
normal rhythm and appearance

In ventricular fibritlation the ventnicular wall is intensely active with generalized
uncoordinated motion, aptly described as a ‘wnithing bag of worms ” Wrth a faver
able response to treatment, the fibrillation becomes slower, coarser more purpose-
tul and coordinated, until finally it is replaced by a pulse-producing beat as myo-
cardial tone increases

Cause. The fundamental cause 18 myocardial anoxia which may anse (a) in the
respiratory system from inadequate ventilation or (b) in the circulatory system from
hyp or from inadequate kemoglobin for oxygen carnage Anoxia 18 the great
est hazard facing any surgical patient today and it swiftly strikes the heart and bran

Omset of Cardinc Arrest.

1 During Induction of General Anesthesia Here cardiac arrest may arise from
a spasm of the vocal cords from mefficient oxygenation especially with re
laxants or from profound fall of blood pressure

2 During Injection of Local Anesthesia Sensitivity to Jocal ancsthesia—eape

clally nfiltraton or surface application of cocaine or amethocaine—again

causes profound hypotension, convuisions with laryngeal spasm anoxia, and
cardiac arrest.

During the operation cardiac arrest may anse with either a patent airvay

from 1nadequate oxygen concentration or ventilation or an airway blocked

by “Inhaled” vomit or sputum (This same mechanism operates in death from
drowning or suffocation.)

4 Other Canses Overdose of chloroform or ether causes cardlac arrest by direct
action on the heart muscle An electric shock has a similar effect. The cardiac
arrest of massive hemorrhage is due to anoxia from loss of hemoglobin while
that which follows an intraartenal injection of diodone” is due to a sudden
fall af blood pressure With air embolism the coronary arteries become filled
with air

w

Vagal stmulation has an adverse effect, especially in the presence of heart dis-
casc and accounts for those cases seen during mtubation of the trachea, bronchos
copy or cardiac cathetenzation of the nght atrum or ventricle

The tendency to develop cardiac arrest is greatly Increased by heart disease espe
cially by the presence of valvular or coronary artery disense

CLINICAL FEATURES

When cardiac arrest occurs after a vasavagal reflex or from dru
senntlvi
onset 15 usually sudden but when it occurs from bronehial obttmctgxon and atlzoxtil::
there ts a wamumng penod of cardiac frregulanty followed
sa gulanty by gradual slowing of the

With cardiac arrest, the
ashen complexton, and no bl
acter

patient 15 collapsed pulseless with dilated puplls an
ood pressure Breathing If present, is gasping iIn char-

v
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PHYSIOLOGIC APPROACH TO THE MANAGEMENT
OF CARDIAC ARREST

Two fundamental steps must immediately be taken if life 1s to be preserved:

1 The airway must be cleared and artificial respiration mnstituted;
2 The hand must grasp and rhythmically compress the heart to produce an
efficient blood pressure

Lesser procedures are worthless To iject mtracardiac adrenaln, or to send for
a stethoscope or a blood-pressure machine, 1s to play with the problem and while
away precious seconds! Further, cardiac compression 1s the only practical way of
distinguishing ventricular asystole from fibrillation

When cardiac arrest occurs while the patient 1s in the operating room, the heart
1s most readily exposed through the fifth left intercostal space A nb spreader is mn-
serted, the pericardium 1s opened, and the heart 1s rhythmically compressed to simu-
late a true, natural heart beat The anesthetist meanwhile should intubate the patient
(«f the patient is not already intubated), clear the airway with suction, and artificially
respire the patient with the bellows of a gas machine If aspiration bronchoscopy 1s
required to remove mhaled vomitus, this must be quickly carried out and the patient’s
lungs further artificially respired by mouth-to-bronchoscope insuffiation before re-
mserting the endotracheal tube

When cardiac arrest occurs 1n the ward or 1n the x-ray or out-patient departments
where the services of an anesthetist are not readily available, then the heart is ex-
posed via a midline upper abdominal mncision, while any available attendant performs
Sylvester-method artificial respiration until a mechanical respirator can be obtamed.

If, within three minutes of the cardiac arrest, artificial respiration and manual
cardiac compression are effective, the viability of the brain is at least temporarily as-
sured, the patient has been given hus only chance of survival, and the situation can
be appraised At no tume can there be a halting of the process of cardiac compression
and artificial respiration with 100 per cent oxygen until normal heart rhythm has
been restored As Hosler (16) summarizes, the components are.

1 Reestablishment of the oxygen system,
2 Restoration of the heart beat

PREVENTION
Many cases of cardiac arrest are preventable by the following measures:

1 Ensure that the patient 1s as fit as possible for his operation, cspfacxally by
checking his ventilatory capacity and the oxygen-carrying capacity of his
blood Pulmonary secretions are reduced by postural drainage and bronchos-
copy, and incipient night heart failure by digitalis and mercury dwretics, .

2 Give adequate preoperative medication, especially barbiturates, as a prelude

to local anesthesia, .
3 Treat all anesthesias and operations with the same meticulous carc, cven ?

the physically fit patient,

4 Always personally check all ancsthetic agents. whether loc
fore administering them, ‘

5. Use simple methods of ancsthesia,

al or genceral, be-
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6

Have ready oll anesthetic machine connections, airways face picces tubes
and laryngoscopes If relaxants are being uted, remember that the most thor-
ough oxygenation allows only three minutes for intubation If not successful
in that time further ventilation 18 required before proceeding,
Dunng the operation, the fundamental aim of the anesthetist is to ses that the
tient is ty o ted
'ip?he surgcltj;’g:m{ o};i]::dafﬂy and gently, being careful of his hemostasls
and not urging too deep a plane of anesthesia to nchieve relaxation When
operating on the lung, he must avord kinking and occluding the trachea,
After the operation, the anesthetist s responsibility does not end until the
patient 15 at [east in Ins bed and breathung well with a good airway

MANAGEMENT OF CARDIAC ARREST IN THF OPERATING ROOM

Cardac arrest whenever it occurs, is an unhappy mtuation unless there has been
adequate forethought and preparation, avoidable deaths will occur Lahey (18) has
crystallized the correct attitude by stressing that this requires team work that it can
succeed only by practice and by having everyone concerned understand what must
be done and what hug duty is This applies to every surgeon no matter what his spe

claity

Surgical attack on cardlac arrest should be the first operation taught any

Surgeon
Frery operating room should have ready an emergency trolley containng

1

2

3
4
5
6
7

Sterile instruments scalpel, hemostats scusors Crafoord clamp * and rib
retractor

Sterile syringes and needles for stimulants neosynephrine 1 per cent solution
procaine 1 per cent calcrum chloride 10 per cent solution

A defibrillator complete with electrodes

Laryngoscope with biades

A single unit bronchoscope (battery 1n handle) and suction apparatus
Oxygen 100 per cent supply and bellows resusaitator

Intravenous sets

As 500n us the emergency arlses in the operatiog room.

1
2

3
4

The anesthetist places the patient 1n a steep Trendelenburg position

He clears the arway stops anesthesla, end continues with 100 per cent
oxygen

A nurse {s imstructed to call out the pasting half minutes,

Tho surgeon prepares to expose the heart.

An incasion is made 1n the fifth left Intercostal space the retractor inserted, the

ribs spread, the heart grasped and compression commenced, Scrubb
are futile If recovery ocours antibiotics will cope with infection,

ing and draping

Although compression can be dons for a time without opemng the

sometimes with return of a beat, an effective artificial
only by placing the hand around the heart and rh
times per munute (Fig 1)

pulse can be propery achueved
ythmically contracung it 60 to 80

*The Crafoord aortic clamp was designed by Professor Crafoord of Stockholm,
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Fig 1 Diagram showing method of holding heart for effective manual compression The apex
lies 1n the palm of the hand, while the fingers and thumb firmly grasp and rhythmically compress
the ventricles

Peripheral resistance and therefore coronary artery filling are further increased
by temporarily placing the Crafoord clamp on the descending thoracic aorta for five
minutes at a time Venous return 1s increased by having an assistant raise the patient’s
legs 90 degrees, thus producing 1n effect an autotransfusion of approximately 600
ml of blood Effective compression 1s shown by a pulse at the patient’s wrist, record-
ing of a blood pressure of over 80 mm Hg, and by the development, n the patient’s
eye, of a small pupil that will often react to light When there has been blood loss,
radical artenal transfusion 1s commenced.

Relays of assistants are called to take over the cardiac compression sincc, when
effective, this maneuver 1s physically exhausting

The prime cause of failure to achieve recovery is simply that the surgeon, his
assistant or the anesthetist fail to appreciate the true significance of a pulscless pa-
tent quickly enough and fail to get a hand onto the heart within that vual three-
minute period Though a heart beat may be temporarily restored after threc minutes
of cardiac arrest, the brain cannot be expected to recover, cerebral cdema develops,
and the patient will die, usually within 24 hours

Return of Cardiac Action. Whether the heart be 1n asystole or ventricular fibrilla-
tion, a normal heart beat may occasionally be restored as soon :15 rhythmic normal
compression achieves cardiac oxygenation If the compression fails to do so, a serics

of drugs may be injected nto the left ventricle ' Myl
With asystole, the aim 1s to increase cardiac tone and imtiate sinus rhythm Mil-

stein (4) advises using a dosc of 5 to 10 ml of 1 mn 10,000 adrenahn sqlutmn ;f (t)h:
heart 1s well oxygenated Others use epincphrine 110 1,000, commencing with
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1 and increasing even up to § ml. With cardiac anoxia, adrenalin must bo avoided
it wall precipitate ventnicular fibrillation. Calcium chloride 5 to 10 ml of a 10
er cent solution may add tons to a fiabby myocardium (19)

With ventricular fibrillation If cardiac tone has not improved with massape Mil
ein advises encouraging this by an jection of adrenalin Should this fail, an 10
ction of 50 to 200 mg of procaine hydrochloride may achieve the desired result.
uspmcamandadmnalmmanmgonlmeintheircﬂectonthehwn, in the absence
f an electric defibrillator, alternating injections of procaine and adrenalin may be
scd, at five minute intervals

The treatment of choice however 1s electric defibrillation The underlymp prin
iple Is to produce a current of suffictent strength and duration to cause a simulta-
cous contraction of all components of ventricular muscle All the ventricular muscle
hen becomes relatively refractory at the same tme o that a second stimulus arnv
ng durmg this refractory period can produce a coordinated beat.

The large electrodes 7 to 8 cm. 1n diameter are placed one on each side of the
centricles and a single shock of lowest time and voltage is pven This may cause
aystole for 10 to 15 seconds after which a regular beat may return.

When one shock fails to halt fibrillation, O'Reilly and Ohlke (20) advise a
tenes of five shocks at half-second intervals Manual compression Is immediately
reapplied, and defibrillation reattempted with increasing duration of the electric cur
rent. If that also is not sufficient, the voltage is increased to 220 volts and the same
process repeated. Failure can be followed by further treatment with procaine and
adrenalin When asystole persists continued massage may shortly restore a normal
beat,

Milstein found that procaine hydroctonde 50 to 200 mg was effective in only
9 of 23 episodes of ventricular fibnilation in which 1t was used. Electric defibrillation
wes effective 1n only 6 out of 14 episodes

TIME TO PERSIST

Although ventricular fibrillation may be /mmediately corrected by normal com
pression, {t more usually takes 5 to 15 minutes In some instances however despite
oll endeavors it continues How long, therefore should one persist with mannal
compression?

Lahey and Ruzicka (2) described a patient on whom, because of temporary re-
turn of cardiac action massage was carried out for 2 hours and 45 minutes before
abandoning resuscitation.

Adams (21) in 1954 reported cardiac atrest during division of a patent ductus
arteniotus in an 11 year-old boy While constantly mantaining cardiac massage at
ths rate of 60 to 70 compressions per minnte with the patient in steep head-down
position, the followmng was done The heart was flicked with the finger 1t was allowed
to fill with blood to dilatation, and then squeezed vigorously 05 ml of 1 1 000
neosynephtine mixed with 9 5 ml of 1 per cent procawne hydrochloride was injected
into the left ventrcle electrical defibrillation was tried about 20 separate times with
variable voliage and amperage 10 ml of procaine hydrochloride solation (1 per
ceat) was injected into the right veatride 100 mg of Pronestyl hydrochloride was

ml. of 1 per cent procaine hydrochloride was mjected 1nto

90m1num,avu{blexiuusrhythma peared in
auricle and persisted but was not transmitted to the ﬁbrﬂlaﬁngpvemnda tict 11;2
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end of 110 minutes, normal ventricular rhythm returned and the patient recovered

Milstein (4) records a case that had 9 episodes of ventricular fibrillation requir-
ing repeated doses of procaine and calcium chlonde as well as attempted electric
defibnillation before a normal heart beat was restored m 123 minutes.

Sometimes unduly vigorous massage may perforate the heart wall Even this is
not irrecoverable, for, in a case described by Haight and Sloan (1), a right ventricu-
lar laceration through a previously mfarcted area was partially controlled by packs
while the other hand massaged With greatest difficulty, a running suture was placed,
and after 30 munutes the bleeding was controlled Despite previous resuscitative cf-
forts, success was achieved only when the massage occurred synchronously with the
heart’s own weak contractions Function was restored after 3 hours and 15 minutes of
cardiac massage

It 1s, therefore, quite obvious that the surgeon has a heavy responsibility to per-
sist with his efforts until all chances of resuscitation and recovery are exhausted, and
that ends only some three hours after the mitial arrest has occurred So long as mas-
sage produces a good peripheral pulse and the pupils remain constricted and react to
light, efforts should not be abandoned

The following four personal cases ilustrate some of the pomnts already enu-
merated

Case 1 Mr. A A, age 52, was admutted as an emergency on July 21, 1953 with
right hydropneumothorax from spontaneous perforation of the esophagus This
was drained by water-seal drainage without much re-expansion of the right lung

Following intubation with a cuffed endotracheal tube, inflation of the lung
proved difficult The patient became pulseless He was immediately taken nto the

operating room, the right chest was opened by an tercostal incision, and cardiac
compression of the motionless heart was commenced The endotracheal tube was

withdrawn a little, and, following 10 compressions, a normal pulse returned The
operation was then successfuly concluded

Comment This asystole was asphyxial 1n origin The cardiac arrest was probably
due, first, to the endotracheal tube being inserted too far and occluding the left main
bronchus, and, second, to fibrn over the right lung limiting 1ts ability to be acrated.
Because the arrest was promptly recogmized and treated, there were no sequclac

Case 2 On July 28, 1953, Miss G. C, age 52, who had mutral stenosis with
normal rhythm but with pulmonary hypertension, was prepared for mutral valvu-
Jotomy Anmesthesia was induced in the anesthetic room with 05 gm thiopentonc
and 18 mg of tubarine A cuffed endotracheal tube was inserted, and the patient
became pulscless

The author was called from a nearby operating room, confirmed the pulscless
state, gave an intracardiac injection of neosynephermme 1 ml with no response,
and followed this with a midhine upper abdominal ncision and cardiac compres-
sion Here, the hand could easily ride up behind the pulscless heart, allowing
rhythmic compression between hand and sternum without opening the dmp}}]]ragm
With the anesthetist giving pure oxygen and with effective compression, 01 pa-
tient’s color improved Withn 30 seconds, sporadic beats occ‘un'cd, and t :lcs::
were rapidly followed by a return of normal rhythm, §wallowmg (ll)chgan wi n]
40 minutes, her pupils reacted to hight an hour after the incident, and her ;:obr]ncal
reflexes returned within 2% hours There was a slow but stcady risc © C?‘(:;
pressure, she became conscious 16 hours after onset, and thoroughly compos m

within two days
Six weehs later mitral valvotomy was successfully performed
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Comment Here the cause was probably vagal m ongn. The initial injection of
neosyncphenne wasied o precious minute and considernbly lengthened the tmme for
retumn of conscionsness The abdomunal routs was felt to be reasonable in the anes
thetic room and, m this case proved satitfactory

CasE3 OnJjune23 1955 Mr W H was being prepared for right thoracotomy
to remove a pulmonary neoplasm. Dunng Intubation, the neoplasm bled freely
into the bronchial tree and the pauent rapudly became cyanosed The anthor was
summoned commenced aspiration bronchoscopy and, as the patient was now
pulseless, the surgical resident commenced a left thoracotomy It was quickly real-
ized, however that the left lung alone was funchoning and that a left pneumothorax
would embarran its actlon.

The heart was therefore expored through a midline upper abdominal meision,
followed by ventral detachment of the diaphragm. There was complete asystole.
Cardiac compression was commenced at appraximately 60 beats per minute Within
a minute, heart beats returned, first one, then three six and mns—separated by
penods of asystole Thereafter—without further compresston—normal rhythm
wras restored. The wounds were closed and recovery was uneventful. However
the patient declined further surgical treatment, and died, three months later from
hus neoplasm

Comment The cause in this case was asphyxia from endobronctual blood clot.
The neoplasm had occluded the right lung and, as intubation was impossible with
out inviting further hemorthage left transthorack compression with resulting poeu
mothorax was out of the question. The only alternative was the transabdomunal ap-
proach which proved satufactory

CasE 4 Mnt L. at the of otomy for mitral is com-
menced ventricular fibrillation. The index floger of the operator s right hand was
quickly removed from the left utrium, the auricular opening was clamped, and
cardiac compresuon was commenced. One ml of adrenalin was inpected into the
heart, followed by procaine amide. Following the tachycardia, normal rhythm was
restored, and recovery was uncventful

Comment This cass illustrates how defibrillation can be successfully undertaken
by drugs when no defibrillator is available

RECOVERY

This may be complets, partial, or absent. Those with partial recovery have full
heart and lung function but little return of cerebral activity and they may Linger on
in chronic dementia even for years The scventy of neurologic complications Is di
rectly ;:;ofcrﬂcnnl to the delay between cardiac arrest and effective restoratlon of

AFTER-CARE

The following points require utmost attention
L The blood pressure must be maintained at over 80 m
g Hg, of
@ noradrenalin dnip infusion. Oxygen is continged via ncufl mmw e
2. After avystole atropine sulfate 0 43 mg ls injected intmvenously With tack
chw:dm, au; patient should be rapudly digitalized with digoxm. After ﬁbnunuoﬁ,
er advises an intravenous solution of 20 per cent dextrose and 3 per cent
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saline to counteract increase of potassium 1ons in the blood stream and accom-
panying arrhythmias,

3 The patient remains in the operating room until spontaneous respiration re-
turns, and the pulse rate, blood pressure, and electrocardiograph readings are
satisfactory If respirations are labored, a mechanical respirator should be
used A special nurse 1s required from the start,

4 When all 1s well, the patient 1s moved to a recovery room Pharyngeal and in-
tratracheal secretions are regularly aspirated A tracheotomy set 1s made ready
lest tracheal suction prove madequate When respirations are vigorous, the
bronchi are finally sucked clean and the endotracheal tube 1s removed,

5. If return of consciousness 1s delayed, a fine stomach tube 1s passed through
a nostril and a fluid diet given The bladder 1s watched for retention, and a strict
fluid balance 1s kept Agents to counteract cerebral edema have seldom been
successful (22)

RESULTS

Stephenson and associates (17) n 1953, reviewing 1,200 cases of cardiac arrest,
found that the heart beat was restarted 1n 56 per cent of all cases and that the per-
manent survival rate was 28 per cent The great majonty of patients who die after the
heart 1s restarted expire within the first 24 hours

As 14 per cent of cases occurred outside the operating room (and 17 per cent
of these were permanently resuscitated), a hospital plan of action must be prepared
for meeting this emergency at any pomt n the hospital Of all successes, 94 per cent
were massaged within the first four minutes

In a recent study of a 30-year period of operating-room deaths at Ma§sachusctts
General Hospital, Briggs (23) showed that there had been an absolute increase 1n
the 1ncidence of this emergency 1n recent years. On analysts, this recorded increase
was due to a wider awareness and diagnosis of the problem, and to the increased
number of surgical procedures carried out 1n elderly and decrepit patients In that
period, cardiac arrest was shown to have had a fivefold increase 1n patients with heart
disease, twentyfold 1n the elderly and thirtyfold 1n poor-risk patients. Other contribut-
ing factors were deepening anesthesia, hypoxia, reflex phenomena, and xmpropct
choice or management of anesthestic While, during the last 10 years, the recovery
rate 1n cardiac arrest was only 37 per cent, during the last 5 years 1t has nisen to 50
per cent

CARDIAC ARREST OUTSIDE THE OPERATING RO+

The possibility of meeting cardiac arrest other than 1n the oper
be seriously faced by all medical practitioners, for cardiac massa
hope of hfe

In the ward, the author has had the problem arise 1n onc ot

cxample.

1 A patient collapsed and died while his chest was bei
Autopsy failed to reveal air embolism, and the ¢
1n naturc x
2 Two weeks after an uncomplicated repair of
her bed another patient collapsed and died,
was considered, but time was too short. Aut:
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embolism blocking one branch of the pulmonary artery to the left lower lobe
Presumably the embolus had caused a fatal ventricular fibrillation.

In both cases a doctor was present, and the author strongly feels that had the pa
tient’s abdomen and diaphragm been promptly opened to allow manual compression
wath the ward nurse applying Sylvester type artificial respiration, both patients could
have been at least kept safe” if not successfully resuscitated until the arrival of the
resuscitation squad.

3 On a third occasion, cardiac arrest occurred while a patient was returning to
the werd following excision of a mediastinal dermoid cyst. Mamual compres
sion was tried. Normal heart rhythm returned at once and the ward nurse
applied artificial reapiration until the resuscitation squad arrived 10 minutes
later when the patient was intubated and respired with a respirator There
had been some inital delay in performing the cardiac massage and the patient
died two hours later This case did, however, establish that, 1n such circum
stances, resuscitation is both possible and practical and that, when this emer-
gency does anse if ummediate actlon can be taken, at least some of these pa
tients will recover

The approach to be¢ used vanes with the place and circumstances, and aiready
successes have been reported.

Hosler (16) tells how a 65 vear-old physician collapsed when leaving 8 Cleve
land hospital Two clear-thinking surgeons behind hum camed him to a nearby aca
dent room  tipped off hus shirt and within two mirmtes massaged hus heart and ven
tlated hus lungs The heart was in coarse fibrillation, and after several electric shocks,
1t returned to a coordmated beat. He was successfully resuscitated without even
removing the rest of his clothing

Brown and associates (24) reported how a man age 34 while developing x ray
films collapsed from cardiac arrest on the dark room floor In thus case a pepknife
thoracotomy was done and cardlac massage commenced. He was later carried
through the x ray “maze” to a surgical table and recovered a normal heart beat two
and a quarter hours later

Finally by the samo token the author fecls that when he is summoned to s case
of collapse from electrical shock with cardiac arrest, or to a case of drowning, and,
by luck, is present within four minutes, there 18 everything to gain and nothing to
lose by the immediate application of cardiac massage preferably transabdommal
approaching the pericardium by retracting the central tendon of the diaphragm
Others present can then perform Sylvester artificial respiration.

CONCLUSION

The sooner it 13 widely appreciated that In cases of cardiac arrest, artificzal res-
piration slone is a fordorn hope and treats only half of the dusl problem and the
tooner there is an atttude of mind to combine artificial respiration with manual
pumpmg of the heart, the sooner more lives will be saved
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