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Penetrating cardiac wounds
Evolution of diagnosis, treatment,
and results over a 30 year period

OBJECTIVE Over the years, the causes, the diagnosis and the manage
ment of penetrating cardiac wounds have evolved. The objective of
this study was to determine the impact of these changes upon the
outcome of our patients, treated during the last 30 years. METHOD
From January 1966 to December 1995, we have treated 294 patien
ts, 102 during the first decade, 113 during the second decade and 79
during the last decade. The 113 patients treated during the second
decade were stratified according to their blood pressure on their ad
mission to the emergency service, into four groups. Group I, 29 patien
ts with no blood pressure, group I, 70 patients with systolic arterial
pressure ranging from 30 to 90 mmHg, group lll, 8 normotensive patien
ts and group IV, 6 patients whose systemic blood pressure was not
recorded. RESULTS The mode of the cardiac injury and the clinical man
ifestations were similar between the three decades. However, the ini
tial resuscitation was significantly different. Periocardiocentesis was
performed in only 3% of the patients treated during the last decade,
whereas in the previous two decades it was performed in 40% and
30% respectively. Emergency room thoracotomy increased from 17%
and 20% during the first and second decades respectively to 35% during
the last decade. The survival rates were similar during all three decades,
79% in the first, 73% in the second and 78% in the last decade. The
overall mortality of all patients treated during the second decade was
27.4%. However, the mortality of the patients who arrested before
thoracotomy was 88%, whereas, for those who did not arrest peri
operatively, the mortality was 10.2%. The mortality of patients with
bullet wounds, 36.1%, was higher than that of those with stab wounds,
23.4%. CONCLUSIONS This retrospective study indicates that a gunshot
wound, unobtainable blood pressure and especially the occurrence of
a preoperative or perioperative cardiac arrest are strong predictors
for high in hospital mortality of penetrating wounds of the heart. It
also shows that the various changes in the diagnosis and manage
ment of these injuries have introduced during the last 30 years had
minimal impact on the outcome of the patients.
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From Homeric times when penetrating cardiac
wounds were first described, up to about a century a
go, such wounds were considered lethal. In 1896, Paget’
wrote in his book of Surgery, “Surgery of the heart has
probably reached the limits set by nature to all surgery:
No new methods and no new discoveries can overcome

the natural difficulties that attend a wound of the heart”.
Ironically, later that year, Dr Rehn? first successfully
sutured a stab wound of the right ventricle.

Since then, the causes have changed and the diag
nosis and management of penetrating cardiac wounds
have evolved. The objective of this study was to deter
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mine the impact of these changes upon the outcome of
our patients treated during the last 30 years.

MATERIAL AND METHOD

The records of all patients with penetrating cardiac wounds,
treated from January 1966 to December 1995, were reviewed;
notations were made as to the mode of the injury, the clinical
manifestations, the patients’ response to initial resuscitation, the
perioperative treatment and the outcome of the patients. During
these three decades 294 patients treated, 102 during the first
decade, 113 during the second decade and 79 during the last
decade.

In order to elucidate possible predictors of hospital mortal
ity, the 113 patients treated during the second decade were
stratified according to their blood pressure on admission to the
emergency service, into four groups. Group I, 29 patients with
no blood pressure, group II, 70 patients with systolic arterial
pressure ranging from 30 to 90 mmHg, group IIl, 8 nor
motensive patients, and group IV, 6 patients whose pressure
was not recorded.

RESULTS

The demographic features of the patients and the
mode of their cardiac injuries were not statistically dif
ferent during the three decades (tabl. 1). The clinical
presentation showed no significant dissimilarities be
tween these three periods (tabl. 2). However, the ini
tial management was significantly different between the
first two decades and the last decade. Periocardiocen
tesis was performed in only 3% of the patients during
the last decade, whereas in the two previous decades
it was performed in 40% and 30% respectively. Con
versely, emergency room thoracotomy increased for
17% and 20% during the first and second decades re
spectively to 35% during the last decade. These differ
ences can be attributed to two major changes that were
introduced in trauma services in the last decade. First,
during the last decade, a most all patients’ care was

Table 1. Demographic features of patients with cardiac trauma.
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Table 2. Initial presentation in the emergency center of patients with
cardiac trauma.

1966-1975 1976-1985 1986-1995

Number
of patients 102 113 79

Males 88 (86%) 101 (89%) 68 (86%)
Females 14 (14%) 12 (11%) 11 (14%)
Age (mean) 33.5 30 years 35 years
Age (range) 15-63 15-60 years 12-82 years
Stab wounds 56 (55%) 77 (68%) 53 (67%)
Gunshot wounds 46 (45%) 36 (32%) 26 (33%)

1966-1975 1976-1985 1986-1995
Number of patients 102 113 79
Systolic BP
>90 mmHg 8 (8%) 8 (7%) 21 (27%)
30-90 mmHg 60 (59%) 70 (62%) 34 (43%)
0-30 mmHg 32 (31%) 29 (26%) 24 (30%)
BP not recorded 2 (2%) 6 (5%)
Physical examination
Elevated CVP 61 (60%) 42 (37%) 50 (63%)
Distal heart sounds 42 (41%) 19 (17%) 56 (71%)
Unobtainable pulse 20 (19%) 21 (19%) 20 (25%)
Pulsus paradoxus 10 (10%) 7 (6%) 9 (11%)
Clinical presentation
Cardiac tamponade 61 (60%) 53 (47%) 44 (56%)
Intrathoracic bleeding 20 (19%) 17 (15%) 3 (4%)
Tamponade and bleeding 7 (7%) 43 (38%) 32 (40%)
Arrest in the emergency center
Yes 26 (25%) 24 (21%) 28 (35%)

CVP: Central venous pressure

provided by the trauma surgeons, the residents and a
faculty member, who were in the hospital 24 hours a
day. Second, during part of the last decade, cardiac ul

trasound examinations to detect tamponade were per

formed in the emergency center, by a surgery resident
(PGY 3 or higher), and/or an attending trauma surgeon,
who had both completed an ultrasound traning course.?
In spite of these changes however, the patient survival
rates were similar during all three decades, 79% in the
first decade, 73% in the second decade and 78% in the
last decade.

Ten of the 29 group I patients improved hemody
namically after the initial treatment. Three of these
patients arrested before thoracotomy and all three died
in the operating room. Of the remaining 19 who did
not improve, 11 arrested before thoracotomy and 10
of these 11 patients died. Three others of the 19 patien
ts died during the perioperative and postoperative pe
riods. The overall mortality for group I patients was
55.2% of the 70 patients in group I, 20 improved hemo
dynamically following the initial resuscitation and 19 of
these remained stable until thoracotomy was performed
and they survived. One patient arrested before thora
cotomy and later died in the operating room. The re
maining 50 of group II patients showed no clinical im
provement before thoracotomy, and seven arrested be
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fore thoracotomy, five of whom subsequently died. Ad
ditionally, six others died during surgery or postoper
atively. Thus, the overall mortality for group Il was 17%.

Three of the 8 patients of group III arrested before
thoracotomy and died during surgery, giving an over
all mortality for this group of 37.5%. None of the six
patients of group IV arrested and all survived.

Thus, the overall mortality for the patients treated
during the second decade was 27.4%. However, the
mortality for the patients who arrested before thora
cotomy was 88%, whereas for those who did not arrest
perioperatively, the mortality was 10.2%. The mortal
ity for patients with bullet wounds was higher, 36.1%,
than that of patients with stab wounds, 23.4%.

DISCUSSION

Injury related causes of death consistently rank as the
third or fourth leading cause of mortality per year in the
United States.*® It is estimated that 9 million trauma in
juries involve the thorax, accounting for approximate
ly 250,000 hospital admissions annually.? Furthermore,
approximately 22% to 25% of trauma deaths are due
to thoracic injuries.*® Despite the increasing sophisti
cation of emergency medical services and rapid trans
portation to the hospital, 60% to 80% of cardiac injuries
result in death at the scene of the injury or before ar
rival to a trauma facility.? In addition, studies have
shown that the survival of patients arriving alive at the
hospital has not improved significantly during the 20
year period 1963-1983.7° Similarly, our study indicates
that the overall in hospital survival of cardiac trauma
victims has not changed significantly during the last 30
years.

Gunshot wounds, unobtainable blood pressure and
cardiac arrest before thoracotomy, appear to be strong
predictors for an unfavorable patient outcome. The
mortality rate in our patients with bullet wounds to the
heart was 39% versus 28% for those with stab wounds.
This observation is in accordance with previously re
ported studies.?® The high mortality of gunshot wounds
to the heart may be attributed in part to more severe
injury to the heart, and especially to severe injury to
other organs, which frequently accompanies cardiac

1" and Ivatury’® have shown that

wounds. Arsenio et a
the absence of blood pressure on arrival to the emer
gency center is a statistically significant predictor of a
poor outcome. Our findings concur with those ob
servations, and our study also shows that cardiac arrest

prior to thoracotomy is the strongest predictor for a poor
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outcome in patients both hypotensive and normoten
sive on arrival at the hospital. The mortality for our
patients who did not arrest prior to thoracotomy was
10.9%, whereas the mortality for those who arrested was
88%.

The reason for the very limited success of resusci
tation of these trauma victims, who had seemingly nor
mal hearts before injury, once they have arrested prior
to thoracotomy or even intraoperatively, is not clear.
Initially, decrease of subendocardial perfusion and lat
er decrease of both subendocardial and subepicardial
perfusion has been shown to occur in experimental an
imals with cardiac tamponade.’? Perhaps this is one of
the causes of the difficulty in resuscitating the wound
ed hearts.

Considering the lack of significant improvement in
the results of the management of penetrating cardiac
wounds during the last three decades, what actions may
result in a better outcome of these injuries? First, pre
vention of the occurrence of such wounds by improving
the educational and socioeconomic status of our pop
ulation and by better gun control, are the best steps:
Second, more rapid and safe transportation of trauma
victims from the scene of the injury to the medical fa
cility: Third, immediate assumption of treatment of the
trauma victims with cardiac injury by the physicians fa
miliar with the pathologic physiologic and metabolic al
terations resulting from such injuries, and experienced
in the preoperative and intraoperative management of
a metabolically deranged heart: Fourth, immediate tho
racotomy and repair of the wound before cardiac ar
rest occurs: Fifth, elucidation of the causes of the low
incidence of successful resuscitation of the patients who
sustain cardiac arrest before thoracotomy, and of those
who develop intraoperative ventricular fibrillation, may
result in better methods of therapy.

In summary, this retrospective study indicates that the
various changes in the diagnosis and management of
penetrating cardiac wounds that have been introduced
during the last 30 years have had minimal positive im
pact upon the outcome. It also demonstrates that a gun
shot wound, unobtainable blood pressure on admission
and especially the occurrence of preoperative or peri
operative cardiac arrest are strong predictors for high
in hospital mortality of penetrating wounds of the heart.
Reduction of these risk factors or better yet, prevention
of these injuries should result in a decrease of the mortal
ity from cardiac trauma.
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2KOIMOX Ta teneviaia xpdvia naparnpolvial onpaviikeg e§enifeig orn Sidyvmon kal Bepaneunikn avipeId

on TV 81aTIpaIvoLoAV KAKDOE®V TnG Kapdidg. ZKomndg ng HENEING pag nrav va SigpevvnBel n enintwon 1oV
e€eNiemv avtdv omnv ek €kBaon 1wv acBevadv pe Siatitpaivovoa KapSiakn KAK®OoN, Mov AVIIPEI®ITICAUE
ot nepiobo 30 etdv. MEOOAOZX Ané tov lavovdpio 1966 pexpl 1o AekéuBpio 1995 avupetonicape cuvonikd
294 acBeveig, 102 kard nv npodm, 113 kartd t Ssbtepn ka1 79 ratd v tpitn Sskacria. O1 113 acBeveig tng
Sevtepng Sekastiag opadonombnkav os 4 vrioopddeg, avdnoya Pe TNV apInpiakni mieon Kard mv npocaymyn
10VG oo voookopeio. Oudda I, 29 pe pndeviki nicon, II, 70 pe cvoroniki apinpiarni nison 30-90 mmHg, III,
8 pe @uolonoyikh apmnpiakni nieon kai [V, 6 acBeveig, 1ov onoimv n apinpiaxri nicon 8gv kataypdgnke. AIMO

TEAEXMATA To £i6og tng kapS1axrrig KAK®ONG Kal o1 KAIVIKEG eKENAGoeIg tng BAGBNG ritav napdpoleg Kal otg
1peig Seracrisg. H apxiri, wotdoo, aviiperdnion napovoiaze onpaviikég Siagopgs. [NepirapSiokévinon gyive
povo oto 3% 1wV acBsvdv Mov avIIPEI®NioTNKAv Tnv tTeAsvtaia Serastia, evad avagépbnke oto 40% rai 30%
10V acBevdv TV ponyovpévmv Sskastidv. Ensiyovoa Bwpakotoun ota e€wtepird 1atpeia, and 17% rar 20%
omv np®dtn kai Selrepn Sekaetia, av€iBnke oto 35% tnv tenevtaia nepioSo g peAéing. Ta nocoord smiBin

ong fitav napdépola Kai tig tpeig Seractisg nov e€etdotnkav, 79% tnv npadn, 73% tn Sebtepn kat 78% tnv 1eNev

taia. H ovvonikA Buntdinta tov acbsvddv mouv aviipetoniomkav m Seltepn Sekactia ritav 27,4%. Eviottoig, n
Ovnidinta avtdv rnov vnéomoav Kapdiari avakonni npo g Owparoroung ritav 88%, svd avtidv nov Sgv vng

otnoav avaxkonn frav pénig 10,2%. H Buntéinta tov acbsvdv pe kdrkowon and ogaipa ritav 36,1%, vynAdte

pn tng Buntdéintag 23,4% avidv pe kdrwon and paxaipl. TYMITEPAXMATA H avaSpopiki avti peAdn Ssi
XVel 611 Kdkwon and nupoBSAo dnAo, XxapnAR aptnplakni mieon Kai, Kupimg, ne1icé810 npo 1 S1EYXEIPNTIKAG
rapdiariig avakoniig anoreoBv 10XVPols MPoYVOOTIKOUG napdyovieg vwnAng evbovoocokopslakrig Buntdtn

1ag os acbBeveig pe Siaurpaivovoeg kak@doelg kapdidg. Enfong, avadeirkviel 6t o1 onpavikeg Si1ayvoonukEg Kat
Bepansunikég e€enifeig 1wv tenevtaiov 30 s1dv Ssv npordnecav afiénoyn Bentimon ornv tenikh €kBaon 1oV
acbevadv avtav.
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