
THE DIAGNOSIS AND TREATMENT OF CARDIAC TRAUMA*
DANIEL C. ELKIN, M.D.

ATLANTA, GA.

WHIITEHEAD PROFESSOR OF SURGERY, EMORY UNIVERSITY, ATLANTA, GA.

ALTHOUGH the suture of lheart wounds is classed as ani attainmiiient of
modern surgery, a knowledge of their fatal outcome, if untreated, has been
recognized from the earliest times. For the student interested in the hiistory
of cardiac surgery, an interesting point of departure would be the Iliad and
the Odyssey, for the Homeric stories abound with reference to cardiac
wounds. Hippocrates' realized their fatal nature, as did Pare,2 who described
them, but made no suggestions regarding their treatment.

Boerhaave3 stated that all wounds of the heart were mortal. Hunter made
no mention of the subject, and John Bell,4 in his "Discourses oIn the Nature
and Cure of Wounds," devoted only two paragraplhs to the subject, althouglh
fie recognized the signs and symptoms of the condition and cited two patients
wlho lived several hours, who might well have been saved by operation. He
tlhus discussed the subject: "There is so little to be done . . . and the signs
and consequences are so clear, that it were a waste of time to speak longer
of wounds of the heart." Billroth,5 wh1o dominated the surgery of his day,
wrote (in 1875): "Paracentesis of the pericardium is an operation which, in
my opinion, approaches very closely to that kind of intervention which somlle
surgeons would term a prostitutioni of the suirgical art anid other madness."
He did add, prophetically, "Perhaps anotlher generation will thliink otlherwise
about it." As late as I896, Stephen Paget" wrote: "The surgery of the heart
has probably reached the limits set by niature to all surgery; no new metlho(d
anid no new discovery can overcome the niatural difficulties that attend a wound
of the heart."

Two figures stand out because of their disagreemiient witlh these pessimistic
pronounlcements; Mlorgagni7 who, in 176I, slhowed that blood in the peri-
cardium compressed the lheart and embarrassed its imiovemiienits, anld Baroln
Larrey8 (Napoleon's great surgeon) who deconmpressedl a wounlded heart b)y
(Irainiage, and who demonstrated by experiments onldogs that these inijuries
%vere not necessarily fatal.

Modern surgery of the central circulatory system begani witlh Roberts"
(i88i ), who suggested that wounds of the heart be sutured. Block10 (1882)
successfully stutured the hearts of rabbits, b)ut de Vecclhio 11 (I895) deserves
greater credit for demonistrating to the Elevenitlh Ilternlational 'Medical Con-
gress, at Rome, the lhealed wouln(l in a (log's heart. \V/ithini a year the hunman
heart was sutured by Cappelen12 (September, I895), by Fariina13 (March1,
I896), and Rehn14 (September, I896). Rehln's patient survived. By I909,

* Delivered on the occasion of the receipt of the Matas Vascular Surgery Award,
Tulane University, New Orleans, La., November I4, I940.
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Peck15 was able to collect i6i cases treated surgically, with a mortality of
63 per cent. PoolI" (1912) added 79 cases, witlh a mortality of 49 per cenlt;
Smith17 (1923) collectedl 25 cases, with a mortality of 36 per cent; and(
Bigger'9 (1932-1933) adde(l 7O instanices, with a mortality of approximately
30 per cent.

The percentage of reported recoveries is umiquestionably too higlh, because
of the fact that many single, favorable cases lhave been reported, whereas
those ending fatally are not so likely to be recor(led. At any rate, the per-
centage of recoveries is at the present time at least 5O per cent, whereas only
io per cent of the untreated cases reporte(l by Fisclher20 (I868) recovere(l.

Incideiicc.-Wounds of the heart are relatively rare. In southern hos-
pitals they comprise about O.i of i per cent of patients. At Emory Uni-
versity, 2 per cent of the penetrating woun(ls of the chest injured the heart.
Considering its size and exposed positionl, it is surprising that it is not more
frequently injured. If those patients were considlered who die of homicide,
suicide, and accident, but never reach the operating room or the autopsy table,
it is probable that the percentage would be mluclh higher. Moreover, the
diagnosis is frequently overlooked, an(l patients may die without surgical
intervention who might otherwise have been saved had early diagnosis been
made and prompt surgical interventioni un(lertaken. That cardiac wounds
are more frequent than is generally supposed is evidenced by the ever-increas-
ing number that are reported. At Emory University, the number of patients
treated for wounds of the heart lhas increased steadily each year since 1930.
This is merely another evidence of a better ability to (liagnose the condition,
since the number of chest inijuries has decreased.

Mlode of Inijuiry. For the most part, penetrating wounids of the heart are
pro(luced with homlicidal or suicidal intent, and, tlherefore, knives, ice-picks,
and pistols are the most frequent weapons withi wlhich the injury is inflicted.
In addition, the heart nmay be wounded in crushlinlg injuries or by its accidental
penetration by glass andl splinters as a result of automobile accidents. Aside
from penetrating wounds, contusions of the heart, fatal or nonfatal, may
occur. In any event, early diagnosis and treatmenit is necessary since delay
is rapidly fatal.

Cardiac Taitipo iade.-Rapid chaniges in pressure relationships, particu-
larly witlhin the pericardium, affect the filling andl emptying of the heart and,
if unrelieved, will quickly bring about a standstill of the cardliac mechanism.
The diagnosis of acute cardliac comlpressioni, the rem)oval of its cause, and
the preventioni of its recurrence, is the basis for the treatmiient of cardiac
inj uries.

Normally, the intrapericardial pressure is less than that of the atmosphere,
ancd the pressure in the intrathoracic portions of the venae cavae is probably
negative. With the rapid accumulation of fluid in the pericardium, as from
pus or blood, the venous pressure rises, and after it reaches a height sufficient
to overcome the increased intrapericardial resistance, blood enters the heart,
and the circulation continiues. Normally, the venous pressure ranges between
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75 and I20 Mmii. of water. In rapidly increasinig accumulationis of fluid, the
pericardiumil canniot distenid sufficiently nor can the venous pressure rise to
suclh a level as to allow the filling of the heart for any lengtlh of time. How-
ever, I have noted a venous pressure as hiiglh as 400 MImii. of water in acute
compression of the heart, and have seen this pressure maintaine(l for as long
as 30 minutes witlhout a fatal result. \Vhere the tamponade of the lheart is
gradually produced (serous effusioni), the pericar(lium is slowly distended
andl a higlh venous pressure will nmaintain the circulation for days.

Acute tamiiponade leads to cerebral anemlia, for the lheart can no longer fill.
Release of tamponade is, therefore, a matter of first importance, and demiiands
immediate treatment. The symiiptoms are a low or unobtainable arterial
pressure, a hiigh or rising venous pressure, and a quiet heart. The pulse is
weak or absent, and the veins, particularly those of the neck, are prominent
and strutted. Because of the venous stasis there is a marked cyanosis of the
lips and tongue.

Diagiiosis.-Because of its position in relation to the anterior chest wall,
a wounid of the right ventricle is more frequent, but wounds of all four
chambers as well as those of the intrapericardial portions of the great vessels
may be encounitered. The exact location of the wound can only be surmised
l)efore operation, since symptoms from bleeding or tamponade will be the
samiie, regardless of the location. Death may occur from rapid loss of blood
either into the clhest or to the outside, but dleatlh is more likely to occur as a
result of tamponade.

The hiistory is usually characteristic. There is freedom from symptoms
for several minutes after the injury, followed by exhaustioni, and then loss
of consciousness. Either stupor or wild delirium may follow. Patients have
been knowni to walk several blocks or to continue fighting for as long as
five miniutes after a woundl of the lheart. Bleedinig is profuse at first, but soon
stops. This train of symptoms is due to a rapidly increasing tamponade.
Wlheni the lheart is woulndle(l, it bleeds freely to the outside and usually into
the pleural cavity as well. At the same time, some blood collects in the peri-
cardiUlml atnd whenl I00 to 2oo cc. lhave so collected, the lheart becomes com-
pressed. Contractions become weak, and bleeding to the outside stops. With
the rise in intrapericardial pressure, the venae cavae can Ino longer convey
normlial quanitities of blood to the heart, ancd cerebral anemia, as evidenced by
uniconisciousniess, results.

The position and (lirection of the wounid mlay ai(d in (liagnlosis, but the
course of a bullet, or even a knife tlhrust, is notoriously misleadling, althouglh
those niear the left of the sternum from the secon(l to the fifth interspaces are
mlCost apt to injure the heart.

Accurate diagnosis, above all, will depend to a large extent upon thle
Resident Staff, wlho must be trained to be ever on the alert not oinly to recog-
nize symptoms of car(liac trauma, but to suspect every clhest injury as a poten-
tial heart woun(l. All too fre(luently, woun(ds considered inconseqtuential
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mllay later prove to be fatal. Thlis is particularly trute in a case where an ice-
pick lhas cause( the wotind(l.

Tlle skini is ustually col(landl ioist, wi1d b)ecause of the \VCeiOUS coii^estion
there is a cyaniosis of the Iil)s ail(l tonlgue. T'lhe heart sounlds are weak, often
irregular, and( the l)ulse is weak or imlpercel)til)le.

The arterial pressure is lowered, even unobtainable, and the venous
pressure is raise(l as evi(lenced by pronliiiiet, strutted veins, partictilarly those
of the neck. By direct measurement, this pressure is frequently above 200
AMlm. of water, and a rise to 300 Mm. of water is not unusual. Suclh a pressure
is consistenit with life if not mainitaiined for too long a period. Venous pressure
rea(lings shouldI be obtained by the (lirect mlethod of inserting a needle into a
I)asilic vein and notinig onl an attached manometer the height at whiclh a column
of physiologic salt solution is maintained. The patient's bo(lv should be hori-
zonital, and the vein slhould be on a level with the heart.

Roentgelnogramiis are of no value, since (leatlh may occur fronm an amount
of blood in the pericardial sac too small to cauise a noticeable change in the
size andl contour of the heart shadow. Fluoroscopic examinationl, as shown
by Bigger'9 is of great value, since the normal ptulsations are prevented by
a small accumulation of blood in the pericardial sac. Of all the diagnostic
aids, this is the most accurate in proving or disproving one's suspicions of
cardiac tamlponacle. It had best be undertaken with the portable fluoroscope,
for with this unit the patient need only be turned oIn his side for examination.

To summarize:
(i) There is tisually a history of freedomii from symiiptoms for several

minutes after the wotund has beeni received, followed by rapid collapse and
unconisciousness.

(2) Heart sounds are weak, as is the pulse.
(3) The arterial pressure is lowered.
(4) The venous pressure is raised.
(5) Fluoroscopic examination shows a quiet heart.
Operation should be carried out as soon as the diagnosis is established.

To hasten and facilitate this, all necessary instruments should be kept ready
in a separate container. Since infection of the pericardium and pleura is a
frequent complication, meticulous care in preparation and technic should not
be sacrificed for speed and haste. While preparations are being made, suffi-
cient mlorplhine should be administered to insure rest and quiet. The head
should be lowered and the body kept warm. Theoretically, intravenous infu-
sionls are of little value so long as tamponade is present, but where excessive
hlemlorrhiage has occurred, it is indicated. The administration of a 6 per cent
solution of acacia may be life-saving, and autotransfusion of the blood re-
iove(I during the operation should be citrated and administered when pos-
sible. Blood transfuisioni should be undertakeni as soonl as possible after the
release of the tamponade. For this ptirpose the "blood bank" is an invalnl-
able aidl.

Awnsthesia.-Inhalation aniesthesia is preferable to local anestlhesia for
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several reasonis. The pleura may have been opened by the wound, or may be
accidenitally openied during the operation, and nitrous oxide and oxygen under
positive pressure is niecessary for the inflationi of the lung. The difficulties
of heart suture require that the patient be quiet, b)ut these patients are usually
wildly excited or are apt to become so witlh release of the tamponlade, and
unless completely anesthetized their struggles may interfere witlh tlle opera-
tion at a most inopportune timle.

Suture of tfhe Heart.-The inlcisioIn should b)e so plannled as to give the
best exposure witlh the least trauma. It must also be mia(le vitlh some coln-
sidleration as to the positionl of the external wound(l. Althioughl the l)leura is
usually injured when the heart is wounded, further teariing of this membrane
slhould be avoided if possib)le, for it adds greatly to the shock of the patient.
For that reason dissection of the pleura from the l)ericardiunl is lest begun
in the fourtlh or- fifth left interspace because of its lateral reflection at that
poinlt. It is this reflection to the left whlich leaves the pericardium Iuilcov-
ered by pleura at that point anid so facilitates an extrapleural approach to the
pericardium. It is of importance to remember that the costomediastinal
lines of pleural reflection vary greatly; thus, either the left or right pleura
may cross the middle of the sternum (Fig. i). In a composite study of
anterior pleural margins, Vosnitclh was able to outline a small triangle of
safety where the pericardium was uncovered by pleura. This lies behind
the sixth left costal cartilage and sixth interspace (Fig. 2).

Unless the skin wound is well to the right of the sternum, the approach
to the lheart slhould always be made on the left, and the incision should be so

l)lanned that it can be readily enlarged if the lheart wound is not easily
located. With these factors in mind, experience has shown that a long
tranlsverse inlcisioIn extending well across the sternumii gives the best exposure
(Figs. 3 and 4). By this approach one or two ribs can be removed, and, if
necessary, the adjacent costal cartilages cut and a portion of the sternuml
removed. The pectoralis major muscle is separated in the direction of its
fibers and can easily be retracted from the surface of three ribs. Dissection
should begin well out on the rib, which can be easily lifted from its periosteal
bed and cut without injuring the pleura. By lifting the rib, the cartilage can
then be removed with less danger of injury to the pleura than if the carti-
laginous portion is removed first. The internal mammary vessels are ligated
and cut, the trialngularis muscle is (livided, and the pleura is displaced outwar(c
lby careful gauze and finger dissection.

A second incision, and one giving excellent exposure, consists of turning
a musculocutanieous flap laterally ancd removinig two or more costal cartilages
ancd ribs (Fig. 5). It requires mlore timle to open a(l( close the clhest wall
and is more likely to iniduce shock.

The inlcisioni shoul(d b)e plannedl to secure the best exposure in the quickest
time and with the least shock. The median sternotomy (Duval-Barasty)
(Fig. 6) gives excellent exposure to all the lheart and the great vessels, but
splitting the sternunm requires a great deal of time, as does the closure of
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the w-ounid, and is productive of shock. It is mentionied only to condemn it,
since in cases of severe hemorrlhage or increasing tamponade the patient
would not likely survive such a procedure.

The intercostochondral tlhoracotomy (Spangaro) offers a rapid approaclh
to the heart but not a particularly good exposure. It can be enlarged by
cutting or removinig the cartilages above andlbelow the incision and by re-
moving a portion of the sternum.

'Reflection
',,----.vfnediCL5ti-ncil

of X,'

pl euvra ,/,A

FIG. i.-The usual anatomic relations in the anterior mediastinunm.

The pericar(lium will be tense, bulging, and blue, and its pulsations will
be weak and imperceptible. If the wound in the pericardium is seen, it
should be enlarged, or, if not readily found, it is opened between stay-sutures
of silk (Fig. 7). Occasionally, the heart wound can be located before the
blood and clots are removed and before the heart starts bleeding profusely.
If it is not immediately seen, the bloo10 and clots are removed by suction.

When the intrapericardial pressure is relieved, the bleeding becomes marked,
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FIG. 2.-Diagrammatic representation of the lines of pleural reflection. Lower figure
shows the triangle of safety (Matas).

Pe ctoli"1i MQIjO
Pe-pica.od..iu-r .

FIG. 3.-Showing the transverse incision, the removal of two ribs, and exposure of the pericardium.
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as tlle contractionqs of the lhear-t inicrease in force. \Vhlen thle woutld is
located, aid(I it is most often found in tlle right venitricle, its closure is facili-
tate(l by placing tlle left ind(lex filnger over it. In this way the bleeding will
be ilmlp)ede(l sufficienitly to allow the passage of a suture (lirectly ulnder the
finger. This is left unitied for the momiienit an(d is lheld in the left lband for
tractioni anid lhenmostasis wlile otlher sutures are l)laced anid tied. They shotuld
pass well into the substance of the muscle, btut nlot inlto the clhamliber of tlle

hieart. Finie black silk on curved calix-eye
needles is the material of choice. Heart
muscle is extremely friable, anid for tllis
reason, the finger should nlot be place(d
Mi the wound, an(l sutures slhould be tie(l
with only enough tension to approximate
the edges (Fig. 8).

Slhouldl the wounid be behind the ster-
numIU Or ono the posterior surface of the
hleart, a stay-ssuture passed tlhrouglh the
apex, as advocated l)y Ballanice and(I by
Beck, mlay be of great value, for 1w tllis
mieans the heart mlay be rotate(d inito suclh
a position that the wounld may be mlore
easily suture(l (Fig. 9).

Wonds in S/SpccialPositiowns.-WoulnIds
of the auiricle bleed witlh great rapidity
and are miiore (lifficult to close because of
the thiimiess anid friability of the mus-
ctulature in this locationi. Occasionally,
a clampij), stuchi as that tused by Trendleleni-
burg in closinlg the pulmonary artery,

FIG. 4.-Patient showing a healed transverse may be applied (lirectly over the wound

incision. all(l the hemorrlhage controlled until su-
tures can be taken (Fig. io). If possible, sutures should not be carried into
the chamiiber of the auricle because of the danger of an intra-auricular clot. In-
trapericardial vounds of the great vessels will produce the same symptoms of
tamponade as wounds in the heart mnuscle itself. I'hey, too, are difficult to close
because of the thinniess of the strtuctures. If the wound is in the pulmonary
artery or aorta, the hemlorrllage may be checked ly passing the Trendelenburg
probe behind(I themii andI thlus impeding the flow of 1)lood0 until the sutures can
be placed (Fig. io). Injuries to the coronary vessels may require ligature
but are not necessarily fatal. I have found( it necessary to ligate a major
coronary vessel in three instances. All three of these patients survived,
slhowing that this is not necessarily fatal. Electrocardiographic tracings in
these patients show the typical findings of myocardial infarction. Where
bleeding is so profuse that the wouncd cannot be located, it is sometimes
necessar-y to resort to the l)rocedlure of Sauerbruch. In this, the venae cavae
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are graspe(d between the mi(l(lle ai(l rinig fingers of the left hand, and the
first fihuger anid tlhuill) ar-e left fr-ee to comlpr)Vess thle cardiac mluscle (Figs.

ian( 1 2) . Nee(less to say, suclh a compression can l)e carrie(l out for only
a few miniutes. Duriing the coturse of ainy cardiac operation the heart mlay
fibrillate or even stop beating, especially wlheni tr-action is applied, or direct
compressioni or kinkinig of the great vessels is employed. Slhould this occur.

.~~~~~~~~~~~~~~~~g, __

FIG. 5.-The approach to the pericarditim through the musculocutaneous flap.

the operation should be momentarily stopped until normal contractions are
resumed. The injection of one cubic centimeter of i :i,OOO solution of
adrenalini directly into the heart muscle is frequently of value in restoring
contractions. Gentle massage by pressure between the index finger andl
thumb will likewise often restore the heart beat.

After suture and control of the hemorrhage, the pericardial cavity is
cleansed by suction and flushing with salt solution. The pericardium is
loosely closed with interrupted sutures of silk, leaving sufficient space between
the sutures for the escape of any fluid which may accumulate. Occasionally,
the heart dilates to such an extent that complete closure of the pericardium
is impossible. The muscle, fascia, and skin are then closed without drainage.

After operation the patient should be placed in an oxygen tent. Fowler's
position will usually facilitate breathing. Miorphine should be administered
in sufficient amounts to insure rest and quiet.

Since the pleura and lung are often injured at the time of the heart
injury, hemopneumotlhorax is frequently present. If its extent is such as
to cause embarrassment of respiration, aspiration of the chest should be
done, but in the absence of symptoms it is better to allow absorption of the
air and blood.

Progniosis.-Immediate prognosis depends largely on the interval between
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the injury and the operation. Delay may cause (leatlh fromi hemorrhage or
tamponade or both. It likewise depends upon tlle clharacter and extent of
the injury; a bullet usually causes two wounds, witlh greater lhemorrlhage
and tissue loss, and is rapidly fatal. Postoperative progniosis is largely
dependent upon infection. Purulent pericarditis is apt to follow these
wounds, which are necessarily contaminated and which may carry with them
bits of clothing or otlher foreign material. Pneumonia resulting from lung
injury, or as a part of the generalized infection, may likewise follow.

Tlhirty-eiglht patients witlh heart woundIs lhave been operated upon by me
or mly Residlenit Staff (Fig. 13). Of tlhese, 22 recovered and none of them
have any residual symptoms referable to the injury. All wounds were pro-

:.... .....

Fi. 6.-The l)Duval-Barasty median sternotomy (after Cutler).
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duced by knife or icc-pick excel)t one (Case 37), whliclh was cause(l by a
bullet. In nlo inistanice wvas operation nOt unidertakell becallse of the patient's
condition. This miiealns that inl sevel-al inistanices the coni(litioni of the patient
was so serious that thiere was practically no hol)e for recovery. No patients
were operated upon in wlhlich the diagnosis was found to le incorrect, but

Fi(;. 13.-Comp)osite picture showing the approximate location of the heart
wounds reported in this paler.

it is only fair to say that some patients may have died with cardiac wounds
upon whom operation was not performed. In two patients operated upon
death occurred because of unnecessarily delayed operation, the result of
failure of early diagnosis. There was one death from a postoperative
hemorrhage due to the failure to ligate properly the internal mammary
artery. The mortality rate in this series of 38 cases has gradually decreased,
due, I believe, to the alertness of a Resident House Staff in establishing the
diagnosis early and to better teamwork both at the operation and in post-
operative care. The position of the right ventricle, occupying the greater
part of the aniterior portion of the heart, accounts for the fact that 14 of the
38 injuries were in that chamber. That ten of these patients survived is
probably due to the fact that the right ventricle is easier to approach and
suture. While pericardial adlhesions undoubtedly form after tllese injuries,
they are not of such a character as to produce symiiptoms either by constric-
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tioIn or by inicreasiug the work of the lheart. That au already damagedl leart
caii undergo consideralble ol)erative iinterference lhas l)een slhown in thlose
patients operated Upon1 for coronary occlusioni anid for cardiac constrictioll.
(Dne of the patients in this series ladlbeen treated previously for myocardial
failure. He recoveredI following the suture of a wound of hiis heart and is
alive two years after the operation (see Tables I, II, and III).

Cardiac Rupturc a)1(1 Conttuisioni. Anotlher type of cardiac injury which
un(loul)tedlly occurs witlh greater frequency than is generally supposed results
from crushliing wounds, usually from automobile accidents. Many are imme-
(liately fatal and( are due to rupture of the heart, lungs, or great vessels as
a result of compression of the tlhoracic viscera or penetration of the heart
by broken ribs or sternum. Bright and Beck"' collected 176 instances of
injury to the lheart following penetrating wounds of the chest, and lhave
called attention to this type of injury as a common, though frequently over-
looked, cause of deatlh.

Certainlly, there is Ino reasoin to believe that the heart, situated as it is
between the sternum andl the spine, is not subject to contusions of consider-
able severity; nor is there aniy reason to believe that recovery does not take
place in the majority of instances. Otlher organs, notably the kidneys, are

frequently the recipienit of contusions from wlhich they com-ipletely recover.
TIhe most comimlon cause of such ain injury is an automobile accident, in which
an individual is suddenly thrown forward against the steering wlheel. The
sterinumii and ribs imiay be broken, and their ends directly injure the hleart, or
the sudden compression of the lheart miiay injure it, althouglh a break lhas not
occurred (Fig. 14).

Onie can only speculate as to the exact nature of these injuries or as to
the mIannler in wlhich they are produced. In those patients who survive there
is probal)ly a contusioin of the lheart muscle with some hemorrhage into the
mlyocardiuimi, or gross lhemorrlhage into the pericardium.

Little attention has been paid to nonpenetrating heart lesions which are
not fatal. AIny patient wlho is struck in the chest must be suspected of such
an injury, particularly if such symptoms as precordial pain, dyspnea, and
taclhycardia are presenlt. Persistence of these symiiptomiis, together with irregu-
larity of the heart, cyanosis, and a peculiar "tick-tick" quality of the heart
souniids, miiakes the (liagnosis almlost certain.

Cases of this kind give rise to speculation as to the eventual outcome,
alld raise many difficult medicolegal questions. Cardiac neuroses and maling-
ering must always be considered, especially where the predominating symp-
toms develop following an injury to the chest in a patient previously well, it
Imlust be assumiiied that the synmptoms are the result of that injury.

The treatmenit is entirely symptonmatic. The chief reliance is to be placed
on mlorphlinle and sedatives for quiet and rest, and on oxygen for dyspnea
and cyanosis. Digitalis may be given but is of doubtful value. Above all,
a patient witlh even a suspected cardiac lesioni slhould be confined to bed until
all symiiptomiis lhave subsided.
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TABLE II

CAUTSE OF DEATH

No. of
Cases

Hemorrhage ............................................. 6
Pericarditis, infection ..................................... 3
Pneumonia .............................................. 4
Emphysema ............................................. I

Tamponade .............................................. 2

Total ................................................. I6

TABLE III

LOCATION OF WOUND

No. of Pat's.
Cases Recov.

Aorta (intrapericardial) .......................... 2 I
Pulmonary artery (intrapericardial) o............... I
Right auricle ................................... 6 4
Left auricle .................................... 3 2
Right and left auricle ........................... I 0

Right ventricle ................................. I4 10
Left ventricle .................................. 8 3
Right ventricle and coronary ..................... 3 2

Totals ....................................... 38 22

FIG. 14.-Diagrammatic representation of cardiac injury by the impact of a steering
wheel.
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