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Purpose: Thoracic traumas represent 10-15% of all traumas and are responsible for
25% of all trauma mortalities. Traumatic cardiac injury (TCI) is one of the major caus-
es of death in trauma patients, rarely present in living patients who are transferred to
the hospital. TCI is a challenge for trauma surgeons as it provides a short therapeutic
window and the management is often dictated by the underlying mechanism and he-
modynamic status. This study is to describe our experiences about emergency cardiac
surgery in TCI.

Methods: This is a retrospective clinical analysis of patients who had undergone emer-
gency cardiac surgery in our trauma center from January 2014 to December 2016. Demo-
graphics, physiologic data, mechanism of injuries, the timing of surgical interventions,
surgical approaches and outcomes were reviewed.

Results: The number of trauma patients who arrived at our hospital during the study
period was 9,501. Among them, 884 had chest injuries, 434 patients were evaluated to
have over 3 abbreviated injury scale (AIS) about the chest. Cardiac surgeries were per-
formed in 18 patients, and 13 (72.2%) of them were male. The median age was 47.0 years
(quartiles 35.0, 55.3). Eleven patients (61.1%) had penetrating traumas. Prehospital car-
diopulmonary resuscitations (CPR) were performed in 4 patients (22.2%). All of them
had undergone emergency department thoracotomy (EDT), and they were transferred
to the operating room for definitive repair of the cardiac injury, but all of them expired
in the intensive care unit. Most commonly performed surgical incision was median
sternotomy (n=13, 72.2%). The majority site of injury was right ventricle (n=11, 61.1%).
The mortality rate was 22.2% (n=4).

Conclusions: This study suggests that penetrating cardiac injuries are more often than
blunt cardiac injury in TCI, and the majority site of injury is right ventricle. Also, it sug-
gests prehospital CPR and EDT are significantly responsible for high mortality in TCI.
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INTRODUCTION

Thoracic traumas represent 10-15% of all traumas and are
responsible for 25% of all trauma mortalities [1]. Trau-
matic cardiac injury (TCI) is one of the major causes of
death in trauma patients, rarely present in living patients
who are transferred to the hospital. TCI is a challenge for
trauma surgeons as it provides a short therapeutic win-
dow and the management is often dictated by the under-
lying mechanism and hemodynamic status [2]. Due to the
improved transfer system in trauma, patients with TCI
who survive to reach the hospital have increased.

This study is to describe our experiences about emer-
gency cardiac surgery in TCI.

METHODS

This study is a retrospective clinical analysis of patients
who had undergone emergency cardiac surgery in our
trauma center from January 2014 to December 2016. De-
mographics, physiologic data, mechanism of injuries, the
timing of surgical interventions, surgical approaches, and
outcomes were reviewed.

Inclusion criteria were 1) the patients who underwent
trauma and 2) the presence of surgically confirmed car-
diac injury. The patients were excluded; who underwent
emergency department thoracotomy (EDT) but had not
surgically confirmed the cardiac injury.

Focused assessment with sonography for trauma (FAST)
was conducted in all patients. No preoperative echo-
cardiography was done. Preoperative chest computed
tomography (CT) scan was performed by each surgeon’s
assessment considering the medical condition of the pa-
tient. EDT was performed on the patients who were in
extremis, or who lost their vital signs in transport or the
trauma bay. All the operative procedures were conducted
by four cardiothoracic surgeons with expertise in trauma
management. Patients were operated upon under gen-
eral anesthesia with single lumen endotracheal tube. The
heart-lung machine was not used in any of the patients.

The bleeding from cardiac injuries was primarily con-
trolled by applying digital pressure. And then the cardiac
injuries were repaired using double-armed monofilament
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stitches with or without pledgets as interrupted or run-
ning sutures by the operating surgeon’s preference. All the
patients were admitted and managed in the intensive care
unit (ICU) in the postoperative period.

Statistical analyses

All descriptive statistics were expressed as the median and
interquartile range for continuous variables. Categorical
data were analyzed with Fisher exact test. Continuous
data were compared using the Mann-Whitney U test. Dif-
ferences were considered to be statistically significant with
p values <0.05. Statistical analyses were performed using
SPSS statistical software version 22.0 (SPSS Inc., Chicago,
IL, USA).

RESULTS

The number of trauma patients who arrived at our hospi-
tal during the study period was 9,501. Among them, 884
had chest injuries, 434 patients were evaluated to have
over 3 abbreviated injury scale (AIS) about the chest. Car-
diac surgeries were performed in 18 patients.

Clinical characteristics of patients are listed in Table 1.
Thirteen (72.2%) patients were male. The median age was
47.0 years (quartiles 35.0, 55.3). Eleven patients (61.1%)
had penetrating traumas. Prehospital cardiopulmo-
nary resuscitations (CPR) were performed in 4 patients
(22.2%). All of them had undergone EDT, and they were
transferred to the operating room for definitive repair
of the cardiac injury, but all of them expired in the ICU.
Nine patients (50.0%) were evaluated by chest CT before
the operation.

Perioperative variables of patients are listed in Table 2.
Most commonly performed surgical incision was median
sternotomy (n=13, 72.2%). The majority site of injury
was right ventricle (n=11, 61.1%), three at right atrium,
three at pericardium and one at left atrium, respectively.
Concomitant procedures were performed in 8 patients
(44.4%), especially pulmonary repairs were performed in
4 patients. Only two cases were known to have the cardiac
problem on postoperative echocardiography. Mortality
rate was 22.2% (n=4). The causes of deaths were two hem-
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orrhagic shocks, a DIC and a cardiac tamponade.
Comparison between survival group and fatality group
is presented in Table 3. The median age was 50.0 years
(quartiles 35.0, 59.3) in the survival group, 40.5 years
(quartiles 31.6, 46.5) in fatality group, respectively
(p=0.202). The median injury severity score (ISS) was
26.00 (quartiles 10.00, 30.00) in the survival group, 30.00
(quartiles 25.25, 64.75) in the fatality group, respectively
(p=0.199). The median RTS was higher in the survival
group than in the fatality group (6.904 [quartiles 5.389,
7.841] vs. 0.582 [quartiles 0, 2.991]; p=0.005). The median
TRISS was higher in the survival group than in the fatality
group (86.350 [quartiles 67.925, 94.725] vs. 0.850 [quartiles
0.425, 1.350]; p=0.003). The median AIS chest was 5.00
(quartiles 3.75, 5.00) in the survival group and 5.00 (quar-
tiles 5.00, 5.75) in the fatality group, respectively (p=0.066).
The median Gglasgow coma scale (GCS) was higher in the

Table 3. Comparison between survival group and fatality group
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survival group than in the fatality group (13.0 [quartiles
7.0, 15.0] vs. 3 [quartiles: 3.0, 6.0]; p=0.006). In the sur-
vival group, the patients had higher initial systolic blood
pressure than in the fatal group (97.00 [quartiles 64.75,
114.50] vs. 0; p=0.003). Regarding the time lag, the medi-
an time from field to operation room was 66.00 minutes
(quartiles 46.25, 81.75) in the survival group, 46.50 min-
utes (quartiles 37.75, 59.75) in fatality group, respectively
(p=0.111). And the median time from field to operation
room was 146.00 minutes (quartiles 110.00, 218.50) in the
survival group, 100.00 minutes (quartiles 76.25, 139.50) in
fatality group, respectively (p=0.123). The median oper-
ation time was 135.00 minutes (quartiles 108.75, 172.50)
in the survival group 183.50 minutes (quartiles 170.75,
218.75) in the fatality group, respectively (p=0.033).

Variables Total (n=18, 100%) Survival (n=14, 77.778%) Fatality (n=4, 22.222%) p-value
Sex 1.000

Male 13 (72.2%) 10 (71.4%) 3(75.0%)

Female 5 (27.8%) 4 (28.6%) 1(25.0%)
Age (years) 470 (350, 55.3) 500 (35.0,59.3) 405 (316,46.5) 0.202
Mechanism 1.000

Blunt 7 (389%) 6 (42.9%) 1(25.0%)

Penetrating 11 (61.1%) 8 (57.19%) 3 (75.0%)
Prehospital CPR 4 (22.2%) 0 4 (100%) <0.001
1SS 26.00 (1750, 33.25) 26.00 (10.00, 30.00) 30.00 (25.25, 64.75) 0.199
RTS 6.026 (3.544, 7623) 6904 (5.389, 7.841) 0.582(0, 2.991) 0.005
TRISS 76.750 (23475, 90.450) 86.350 (67925, 94.725) 0.850 (0425, 1.350) 0003
AlS chest 5.00 (4.00, 5.00) 5.00 (3.75, 5.00) 500 (5.00, 5.75) 0.066
GCS .0 (6.5,15.0) 13.0 (70, 15.0) 0(30,6.0) 0.006
ISBP at TB (mmHg) 83.00 (36.75, 109.00) 9700 (64 75, 114.50) 0 0.003
EDT 4(22.2%) 0 4 (1009%) <0.001
Pericardiocentesis 1 (5. 6%) 1 (71%) 0 1.000
Time F to TB (min) 63.50 (36.00, 121.75) 69.50 (43.00, 143.25) 44,50 (30.00, 97.25) 0.243
Time TB to OR (min) 50 (44.00, 75.75) 66.00 (46.25, 81.75) 46.50 (37.75, 59.75) 0m
Time F to OR (min) 138.50 (102.50, 199.50) 146.00 (110.00, 218.50) 100.00 (76.25, 139.50) 0123
OP time (min) 142.50 (125.00, 182.75) 135.00 (108.75, 172.50) 183.50 (170.75, 218.75) 0.033

CPR: cardiopulmonary resuscitation, ISS: injury severity scale, RTS: revised trauma score, TRISS: trauma and injury severity score, AlS: abbreviated Injury
scale, GCS: Glascow coma scale, ISBP: initial systolic blood pressure, TB: trauma bay, EDT. emergency department thoracotomy, F to TB (min): field to trau-
ma bay (minutes), TB to OR: trauma bay to operation room, F to OR: field to operation room, OP: operation.
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DISCUSSION

TCI is an uncommon occurrence following chest trauma,
which is a significant cause of mortality in trauma victims
[2]. Patients with traumatic cardiac injury rarely survive,
and most die at the scene or soon in the emergency room
before the cardiac lesions are diagnosed [3].

The prevalence of TCI depends on the amount of vio-
lence in society, the volume of motor vehicle crashes, and
access to the medical facility. Mishra et al. [2] reported that
the incidence of TCI was 1.168% (21/1798) in traumatic
chest injury. In our study, the incidence of TCI was 2.036%
(18/884).

Survival rate following TCI has been reported from
19% to 74% in the literature [3,4]. In this study, survival
rate following TCI was 77.8% (14/18), the Survival rate of
blunt cardiac injury was 85.7% (6/7), and the survival rate
of penetrating cardiac injury was 72.7% (8/11).

Hypotension at presentation in trauma bay was sig-
nificantly related to high mortality [2]. In our study, all
mortality cases had uncheckable blood pressure. Physi-
ologic indices such as the RTS and GCS were statistically
significant as predictors of outcomes [5]. We reported
the median RTS was higher in the survival group than in
the fatality group (6.904 [quartiles 5.389, 7.841] vs. 0.582
[quartiles 0, 2.991]; p=0.005). Also, the median GCS was
higher in the survival group than in the fatality group (13.0
[quartiles 7.0, 15.0] vs. 3.0 [quartiles 3.0, 6.0]; p=0.006).

Associated injuries were more often seen with blunt
injury than in penetrating injury [2]. Multi-organ trau-
matic injury, especially neurological insult, may adversely
impact the survival even with timely repair of heart dam-
age [3]. But we could not perform in depth evaluation of
other organ injuries, especially in fatality group, because
of the disastrous situation and the urgency of preparing
for the emergency operation. Thus the possibility of the
result being influenced by undetected or occult injuries is
the limitation of this study.

Administration of intravenous fluids may be more
harmful in TCI patients as it may precipitate tamponade.
Meticulous examination by FAST and early intervention
could improve the overall outcome [2]. If pericardial tam-
ponade was detected, emergency thoracotomy and repair
of underlying cardiac injury by trauma surgeon could im-
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prove the survival rate.

Definitive surgical procedure to manage TCI is surgical
drainage of pericardial blood and repair of underlying
cardiac injury. Clinical features depend on the type of
mechanism of injury (blunt or penetrating), and the size
of the wound in the heart or the pericardium [2]. Patients
with TCI who survive to reach the hospital usually have
sustained injuries limited to one cardiac chamber that can
be repaired by trauma surgeons without cardiopulmonary
bypass [2]. Rhee et al. [6] reported the number of cham-
bers injured in an individual was predictive of outcome
and single-chamber injuries (61%) were more common
than multi-chamber injuries. In our study, all patients
had single chamber injury and most frequently injured
cardiac chamber was right ventricle (n=11, 61.1%).

When cardiac lesions are first identified on exploratory
thoracotomy for a massive hemothorax, shifting to me-
dian sternotomy should be performed without hesitation
if the visualization is limited and surgical assistance is
difficult [3]. Use of the median sternotomy was a strong
predictor of favorable outcomes; probably it is used in
patients that present with lesser degrees of hemodynamic
stability and who are able to reach the operation room [6].
In our study, most commonly performed surgical incision
was median sternotomy (n=13, 72.2%).

Rapid and early diagnosis, multidisciplinary approach
and prompt transfer to the operating room are the cor-
nerstones in the management of TCI patient [1,2,5-7].
And speedy and optimal surgery is essential to improve
outcome, the delay can adversely affect the outcome re-
garding both morbidity and mortality [7].

Fatimi et al. [7] reported, the average time lag between
injury and arrival to the hospital was 2.17 hours, and the
time lag between arrival to the hospital and incision time
was 32.13 minutes. In our cases, the median time from
field to trauma bay was 63.50 minutes (quartiles 36.00,
121.75). The median time from trauma bay to operation
room was 61.50 minutes (quartiles 44, 75.75). The median
time from field to operation room was 138.50 (quartiles
102.50, 199.50). The median operation time was 142.50
minutes (quartiles 125.00, 182.75). We need to shorten
the time lag because rapid transfer and early diagnosis and
approach are essential to improve outcome. We should
educate about prehospital trauma care and transfer. It
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is necessary to review the processes of managing TCI
patients, and then, revise and improve the management
protocol in the trauma bay. Although the operation time
was thought to be affected by the surgical situation and
concomitant operative procedure for other organs, it took
too much time. We need to practice operative skills to
shorten the operation time and to improve the outcomes.

Our study had several limitations. First, it was limited
to a small number of patients. A lot of variables did not
reach statistical significance presumably due to the small
number. Second, it was a retrospective study, and all
cohort is under the emergency situation. We could not
include more detailed information regarding the variables
(comorbidity, concomitant injury, medical history, etc.),
especially in fatality group. Third, heterogeneity of the
cohort is a kind of limitations of this investigation. To
further validate our results, prospective collection of data
through TCI registry and a larger group of patients are
needed. Further multi-institutional studies may provide
further information regarding the optimal protocols and
prognostic factors in TCI patients.

CONCLUSION

We have detailed our experiences about emergency car-
diac surgery in TCIL. This study suggests that penetrating
cardiac injuries are more common than blunt cardiac
injury in TCI and the majority site of injury is right ven-
tricle. Also, it suggests prehospital CPR and EDT are sig-
nificantly responsible for high mortality in TCI.
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