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SWs—716 (36%), Shotgun/impalement—19/16 (1%). 
Mean RTS 1.75, mean ISS 27 ± 23. Overall survival 675 
(33%). 830 patients (41%) underwent ED thoracotomy, 47 
survived (6%). Survival stratified by mechanism: GSWs 
114/1264 (10%), SWs 564/717 (76%). Predictors of out-
come for mortality—univariate analysis: vital signs, RTS, 
ISS, GCS: Field CPR, ED intubation, ED thoracotomy and 
aortic cross-clamping (p < 0.001). Stepwise logistic regres-
sion identified cardiac GSW’s (p < 0.001; AOR 26.85; 
95% CI 17.21–41.89), field CPR (p = 0.003; AOR 3.65; 
95% CI 1.53–8.69), the absence of spontaneous ventilation 
(p = 0.008; AOR 1.08, 95% CI 1.02–1.14), the presence 
of an associated abdominal GSW (p = 0.009; AOR 2.58, 
95% CI 1.26–5.26) need for ED airway (p = 0.0003 AOR 
1386.30; 95% CI 126.0–15251.71) and aortic cross-clamp-
ing (p = 0.0003 AOR 0.18; 95% CI 0.11–0.28) as inde-
pendent predictors for mortality. Overall predictive power 
of model—93%.
Conclusion Predictors of outcome were identified. Over-
all survival rates are lower than prospective studies report. 

Abstract 
Background Penetrating cardiac injuries are uncommon 
and lethal. The objectives of this study are to examine 
the national profile of cardiac injuries, identify independ-
ent predictors of outcome, generate, compare and validate 
previous predictive models for outcomes. We hypothesized 
that National Trauma Data Bank (NTDB) given its large 
number of patients, would validate these models.
Methods The NTDB was queried for data on cardiac inju-
ries, using survival as the main outcome measure. Statis-
tical analysis was performed utilizing univariate and step-
wise logistic regression. The stepwise logistic regression 
model was then compared with other predictive models of 
outcome.
Results There were 2016 patients with penetrating car-
diac injuries identified from 1,310,720 patients. Inci-
dence: 0.16%. Mechanism of injury: GSWs—1264 (63%), 
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Predictive model from NTDB generated larger number of 
strong independent predictors of outcomes, correlated and 
validated previous predictive models.

Keywords Penetrating cardiac injuries · Cardiac injuries · 
Predictors of outcome · NTDB

Introduction

Penetrating cardiac injuries are uncommon and lethal. The 
majority of these patients succumb at the scene of the trau-
matic incident. Those that survive to arrive at a Trauma 
Center present with impending or cardiopulmonary arrest; 
and incur high mortality. Evaluation of data in the literature 
reveals favorable outcomes in selected studies, for these 
injuries [1–32]. Close scrutiny of these series reveal many 
to be retrospective and overlapping. Frequently, there is a 
lack of reported data describing the initial physiologic sta-
tus upon arrival of these patients. No series have graded 
cardiac injuries utilizing the American Association for the 
Surgery of Trauma Organ Injury Scale (AAST-OIS). Simi-
larly, there is a lack in reporting independent predictors of 
outcomes [1–32]. To the best of our knowledge, there are 
only three prospective cardiac injury series in the litera-
ture providing statistical analysis of predictors of outcomes 
[33–35] and only one validating the AAST-OIS cardiac 
injury scale [35].

In a prospective 2-year study of 105 penetrating cardiac 
injuries, the authors prospectively analyzed parameters 
measuring the physiologic condition of these patients upon 
arrival at the Trauma Center along with the cardiovascular 
respiratory score (CVRS) of the Trauma score, mechanism 
and anatomic site of injury, the presence versus the absence 
of tamponade and other predictors of outcome upon open-
ing the pericardium including bleeding, need for aortic 
cross-clamping, and restoration of blood pressure, amongst 
others by univariate and multivariate analysis. In this study, 
the stepwise logistic regression analysis identified gunshot 
wounds (GSW), exsanguination and restoration of blood 
pressure to be the most predictive variable for mortality. 
This model produced a Max-rescaled R2 of 0.81 and a con-
cordance of 95% [35].

Objectives of this study are to examine the national 
profile of cardiac injuries, identify and validate independ-
ent predictors of outcome, create a more robust predic-
tive model, and compare and validate previous predictive 
models determining outcomes. We hypothesized that the 
NTDB, with its large number of patients would allow the 
creation of such predictive model and validate current mod-
els. Other objectives are to report the incidence of these 
injuries, and overall survival and mortality rates.

Methods

Data were obtained from the National Trauma Data Bank 
(NTDB) version 3.0. The NTDB is the largest repository 
of multi-institutional data collected prospectively from 
level I Trauma Centers and maintained by the Ameri-
can College of Surgeons (ACS). This version contains 
data from a total of 1,310,720 patients from all level I 
trauma centers reporting data to this registry. The NTDB 
was queried for pre-hospital and admissions data for all 
patients sustaining penetrating cardiac injuries. Data 
extracted included demographics. Pre-hospital data able 
to be extracted included pre-hospital procedures such as 
field CPR, field intubation and thoracic needle decom-
pression. Other data extracted included initial admission, 
vital signs, GCS, RTS and ISS along with airway man-
agement whether FAST was performed or not. Patients 
pronounced dead upon arrival were noted. Data collected 
also included ED versus OR thoracotomy, need for aortic 
cross-clamping and outcomes.

Statistical analyses included univariate and stepwise 
logistic regression. Pearson’s Chi-square test or Fish-
er’s exact test was used for categorical variables and the 
Mann–Whitney test for continuous variables. Odds ratio 
with 95% confidence intervals were calculated from con-
tingency tables and statistical significance set at a p value 
<0.05. Multivariate analysis was performed to identify a 
set of patient characteristics that best predict mortality 
outcome utilizing binary logistic regression. Based on the 
findings of univariate analysis, variables showing at least 
a moderate level of association (p < 0.20) were entered 
into stepwise logistic regression analysis to select the 
highest model performance and to calculate the predic-
tive power of the model. All statistical analyses were per-
formed utilizing the SAS statistical packages (SAS Sys-
tems for Windows, Version 9.4 SAS Institute Inc., Cary 
NC).

Results

In this version of the NTDB, there were 2016 patients 
identified from a total of 1,310,720 patients. The national 
incidence of penetrating cardiac injuries is estimated as 
0.16%. This does not take into account that many patients 
sustaining cardiac injuries succumb at the scene of the 
traumatic incident prior to transport. This data does not 
reflect penetrating cardiac injury deaths in non-trauma 
centers that do not submit data to the NTDB. Breakdown 
according to gender include 1203 males (59.4%) and 813 
females (40.8%). Mean age for this patient population 
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is 38 ± 23. Pre-hospital procedures performed include 
administration of intravenous fluids in 1689 (83.8%) 
and thoracic needle decompression in 267 (13.3%) (see 
Table 1).

There were a total 1264 (63%) gunshot wounds (GSWs), 
717 (36%) stab wounds (SWs), and 19 (0.9%) patients with 

impalement injuries, while 16 (0.8%) sustained shotgun 
wounds (SGWs). The mean RTS was 1.75 ± 3.22 (range 
0–7.84), mean ISS 27.19 ± 23 (range 1–75), mean admis-
sion systolic blood pressure (SBP) (mmHg) 42.72 ± 5.03 
(range 0–150), mean admission diastolic blood pressure 
(DBP) (mmHg) 29.26 ± 34.29 (range 0–88), ED heart rate 
(HR) 58.71 ± 71.82 (range 0–238) beats/min and mean 
respiratory rate (RR) was 8.53 ± 10.69 (range 0–68), mean 
Temperature was 35.4 ± 0.09 °C (range 33.1–36.4), while 
the mean GCS was 5.7 ± 4.89 (range 3–15) (see Table 2).

Of the 2016 patients, 212 (10.5%) were pronounced 
dead upon arrival, 1804 (89.5%) survived to receive further 
management. Of these, 830 patients underwent ED thora-
cotomy with 47 (5.7%) survivors. The remaining patients 
succumbed in the ED immediately post-resuscitative thora-
cotomy; while the remaining 974 (54%) survived to reach 
an operating room (OR) to undergo OR thoracotomy (ORT) 
628 (64.5%) survived (see Fig. 1). There were 675 (33%) 
survivors. Survival stratified by mechanism of injury: GSWs 
114/1264 (10%), SWs 564/717 (76%) (see Table 3).

The mortality rate of patients with RTS = 0 was 94% 
versus those with RTS ≥1–38.6%. The mortality for GSWs 
was 90.6% versus SWs—23.8%. Those requiring EDT 
had a mortality rate of 94.3% versus reaching the OR to 
undergo ORT—35.6%. For patients requiring aortic cross-
clamping, the mortality rate was 94.3% (see Table 3).

There were statistically significant differences between 
survivors and non-survivors including initial vital signs, 
GCS, RTS and ISS (p < 0.0001) (see Table 4). Other statisti-
cally significant predictors of outcome for mortality included 
need for pre-hospital cardiopulmonary resuscitation (CPR), 
need for emergency department intubation, ED thoracotomy 
(EDT) and aortic cross-clamping (p < 0.001) (see Table 5).

Stepwise logistic regression identified GSW (p < 0.001; 
AOR 26.85; 95% CI 17.21–41.89), field CPR (p = 0.003; 
AOR 3.65; 95% CI 1.53–8.69), absent spontaneous venti-
lation (p = 0.008; AOR 1.0, 95% CI 1.02–1.14), need for 

Table 1  Procedures

Airway management

 Orotracheal intubation in ED 1181/2016 (58.6%)
 Tracheostomy/cricothyroidotomy 35/2016 (1.7%)

 Field intubation 35/2016 (1.7%)

 No ED intubation 765/2016 (38%)

ED FAST (focused assessment with sonography in Trauma)

 Yes (it was performed) 665/2016 (33.0%)
 No (it was not performed) 1351/2016 (67.0%)

Emergency department (ED) thoracotomy

 Performed 830/2016 (41.2%)
 Not performed 1186/2016 (58.5%)

Operating room (OR) thoracotomy

 Yes 974/2016 (48.3%)
 No 1042/2016 (51.7%)

Table 2  Physiologic condition upon arrival

Vital signs Mean Standard 
deviation

Range

ED systolic blood pressure (mmHg) 42.72 50.32 0–150

ED diastolic blood pressure 
(mmHg)

29.26 34.29 0–88

ED heart rate 58.71 71.82 0–238

ED respiratory rate 8.53 10.69 0–68

ED temperature (°C) 35.44 0.901 33.1–36.4

ED GCS 5.7 4.89 3–15

Revised trauma score (RTS) 1.75 3.22 0–7.8408

Injury severity score (ISS) 27.19 22.776 1–75

2016 (100%)

212 (10.5%) Pronounced dead upon arrival

1804 (89.5%) Survived long enough for surgical interven�on

Emergency Department Thoracotomy Opera�ng Room (OR) Thoracotomy

830 (46.0%)              974 (54.0%)

783 (94.3%)         47 (5.7%)                                                                346 (35.5%)          628 (64.5%)                        
Died                      Survived                 Died                            Survived                                                                                     

Fig. 1  Outcomes stratified to emergency department versus operating room thoracotomy
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an ED airway (p = 0.0003 AOR 1386.30; 95% CI 126.0–
15251.71) and need for aortic cross-clamping (p = 0.0003 
AOR 0.18; 95% CI 0.11–0.28) as independent predictors 
of outcome for mortality (see Table 6). Overall predictive 
power of model: 93%. Complications amongst the survi-
vors ranged from 1.4 to 6.5%.

Discussion

Penetrating cardiac injuries are uncommon and highly 
lethal. The majority of patients succumb at the scene 

of the traumatic incident. Because of rapid transport, 
many generally arrive at urban Trauma Centers either in 
impending or cardiopulmonary arrest.

There are currently three prospective cardiac inju-
ries series in the literature [33–35]. The first reported by 
Buckman [33], analyzed factors influencing their initial 
resuscitation. This 27-month study included 66 patients 
evaluated with the cardiovascular respiratory score 
(CVRS) component of the trauma score (TS), 70% sus-
tained GSWs and 71% of the patients required an Emer-
gency Department Thoracotomy (EDT) and for the first 
time validated the CVRS as a physiologic predictor of 
outcome with reported survival rates of 20% for GSWs 
and 80% for SW’s, respectively.

Cardiac injuries are uncommon, and thus few trauma 
centers and trauma surgeons have significant experi-
ence with these injuries. This is validated by the pau-
city of series reported in the recent literature. A PubMed 
search of studies on penetrating cardiac injuries for the 
past 20 years; including search terms such as cardiac, 
heart, penetrating cardiac and penetrating heart injuries; 
yielded 323 publications. This search revealed that the 

Table 3  Outcomes
Overall survival 685/2016 (34.0%)

Overall mortality 1331/2016 (66.0%)

Mortality among patients with RTS = 0 938/998 (93.9%)

Mortality among patients with RTS ≥1 393/1018 (38.6%)

Mortality among patients with GCS <8 951/1026 (92.6%)

Mortality among patients with GCS >8 86/303 (28.3%)

Mortality among patients with gunshot wounds 1146/1264 (90.6%)

Mortality with stab wounds 171/717 (23.8%)

Mortality with impalement injuries 13/19 (68.4%)

Mortality with shotgun injuries 11/16 (68.7%)

Mortality among patients who underwent ED thoracotomy 783/830 (94.3%)

Mortality among patients who underwent OR thoracotomy 347/974 (35.6%)

Mortality with aortic cross-clamping 958/1156 (82.8%)

Mortality among patients who did not undergo aortic cross-clamping 373/860 (43.3%)

Table 4  Physiologic condition upon arrival survivors versus non-survivors

Vital signs Survivors Non-survivors p value

Mean Range Standard deviation Mean Range Standard deviation

ED systolic blood pressure 88.93 0–150 35.33 18.94 0–150 39.09 <0.0001

ED diastolic blood pressure 60.22 0–88 27.46 13.32 0–88 27.46 <0.0001

ED heart rate 127.92 0–238 48.92 25.54 0–238 55.57 <0.0001

ED respiratory rate 18.51 0–68 7.64 3.79 0–68 8.43 <0.0001

ED temperature (°C) 35.85 33.1–36.4 0.69 35.24 33.2–36.3 0.9232 <0.0001

ED GCS 11.72 3–15 5.003 3.98 3–15 3.23 <0.0001

RTS 5.99 0–7.84 3.34 0.65 0–7.84 2.16 <0.0001

ISS 11.01 1–75 13.12 35.39 1–75 22.23 <0.0001

Table 5  Predictors of outcome univariate analysis

Procedure p value

Field CPR <0.001

Emergency department intubation <0.001

Emergency department thoracotomy <0.001

Operating room thoracotomy <0.001

Aortic cross-clamping <0.001
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last large series were published between 1998 and 2000, 
while the remaining series consisted of small studies and 
single case reports describing unusual wounding agents. 
Since 2004 there have been at least three series, reporting 
between 64 and 82 patients whose injury mechanism was 
mostly stab wounds [36–38].

The most recent retrospective study was published by 
Soto [39] in 2015, reporting 135 patients from a level II 
Trauma Center over the span of 15 years, from an insti-
tution receiving approximately nine cardiac injuries per 
year. Of these 135 patients, 96 (71%) did not survive past 
the ED; and 89 of these 96 (93%) patients were consid-
ered DOA (dead on arrival), thus leaving 39 patients to 
undergo thoracotomy. This small series reports similar 
survival data reported in only three prospective cardiac 
injury series in the literature [33–35].

Difficulties exist in evaluating the results of series 
reported over the past three decades. Over 30 series have 
been reported in the English language literature [1–32]. 
Close scrutiny reveals that most series are retrospective, 
reporting small volumes with many serial and overlapping 
studies from selected institutions [1–32]. Although some of 
these selected studies have reported favorable outcomes, 
many provide no data on the physiologic conditions of 
these patients upon presentation, nor do they report sta-
tistically validated predictors of outcome. Unfortunately, 
none of these series have graded these injuries utilizing the 
AAST-OIS cardiac injury scale.

We hypothesized that the NTDB, with its large num-
ber of patients would help us determine the outcomes for 
penetrating cardiac injuries. We thus reviewed the national 
profile of these injuries from the NTDB, for their incidence 
and to determine mortality and survival rates, and identify 
predictors of outcome for these highly lethal injuries. These 
enabled us to generate what we determined to be a more 
robust predictive model, to compare and validate current 
predictive models.

Subsequently, the second prospective study in the lit-
erature [34] consisting of 60 patients admitted in a 1 year 
period, validating the CVRS score, and statistically validat-
ing the physiologic conditions of these patients in the field, 
during transport and upon arrival; reported a 68% incidence 
of GSWs; and an overall survival rate of 36.6%. Stratified 

to mechanism of injury the survival rate for GSWs was 
14% and SW’s was 68%, respectively; with an EDT sur-
vival rate of 16%. This study did not accumulate sufficient 
number of patients to perform stepwise logistic regression 
to generate a predictive model.

In the third prospective series in the literature, Asen-
sio [35] reported a 2-year study consisting of 105 patients 
with an incidence of 65% GSWs and a survival rate of 
33%. In this series, 71 (68%) of the patients required 
EDT with a survival rate of 14%. Survival stratified to 
mechanism of injury was 16% for GSWs and 65% for 
SWs. This study also prospectively validated the CVRS 
score and the physiologic condition of patients in the 
field, during transport and upon arrival as predictors of 
outcome. It graded cardiac injuries utilizing the AAST-
OIS for cardiac injuries; stratifying mortality rates for 
each injury grade and per cardiac chamber injured. Of the 
105 patients 99 (94%) of the patients sustained grade IV–
VI injuries. Stepwise logistic regression identified GSWs, 
exsanguination and restoration of blood pressure to be 
the most independent predictive variables for mortality. 
This model had an overall predictive power of 95%.

In this analysis of 2016 patients from the NTDB, we 
have estimated the incidence of penetrating cardiac inju-
ries at 0.16%. Stratified to mechanism of injury, GSWs 
account for 63%. This is consistent with series [33–35] 
which range from 65 to 70% and also with the study 
reported by Soto [39] of 72%, whereas the incidence 
of SW’s is 36%, again consistent with data reported by 
Buckman [33], Asensio [33–35] and Soto [39], ranging 
from 28 to 35%. Series by Gao [36], Rodrigues [37], and 
Topal [38], however, report the majority of their patients 
sustaining stab wounds ranging from 61 to 87%.

The mean RTS of 1.75 ± 3.22, ISS 27 ± 23 and GCS 
of 5.70 ± 4.89 are consistent with data reported by the 
three prospective series in the literature [33–35]. The 
series by Soto [39] reports a mean ISS of 53, however, 
96 (93%) of their 135 patients were DOA. Series by Gao 
[36], Rodrigues [37] and Topal [38] do not report these 
data. The low RTS, ISS and GCS, which is an indirect 
indicator of perfusion, reveal a severely physiologically 
compromised population with a high degree of anatomic 
injury.

Table 6  Predictors of outcome 
for mortality

Stepwise logistic regression analysis p value AOR 95% CI

Cardiac gunshot wounds <0.001 26.85 17.21–41.89

Field CPR 0.003 3.65 1.53–8.69

Absent spontaneous ventilation 0.008 1.08 1.02–1.14

Presence of associated abdominal gunshot wound 0.009 2.58 1.26–5.26

Need for ED airway 0.0003 1386.3 126.0–15251.71

Aortic cross-clamping 0.0003 0.18 0.11–0.28
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Physiologic condition of patients upon arrival proved 
to be statistically significant between survivors versus 
non-survivors; some of these parameters have been con-
firmed in previous series [11, 16, 22, 31, 33–38]. The 
CVRS score [33–35] could not be calculated for the 2016 
patients in this series. Similarly, it is known that the need 
for field CPR and EDT are also strong predictors of out-
come [11, 16, 22, 33–38]. Aortic cross-clamping, how-
ever, has only been statistically proven as a predictor of 
outcome in two series [34, 35]. In this study, the need for 
EDT and aortic cross-clamping were strong predictors of 
outcome.

Stepwise logistic regression confirmed a larger number 
of strong independent predictors of outcome, which include 
the presence of an associated abdominal GSW (n = 6), 
cardiac gunshot wounds, need for field CPR, the absence 
of spontaneous ventilation, need for ED airway and need 
for aortic cross-clamping as independent predictors of out-
come with a predictive power for this model of 93%. These 
data are consistent with another series [35] whose logistic 
regression model identified a triad (n = 3) consisting of 
gunshot wounds exsanguination and restoration of blood 
pressure as the strongest independent predictors for mortal-
ity in a model with a max-rescaled R2 of 0.81 and a predic-
tive power of 95%. No doubt, the larger number of patients 
in the NTDB allowed other independent predictors of out-
come to emerge and be validated.

The overall survival rate of 33% is comparable to the 
largest prospective series in the literature [35]. Survival rate 
stratified to mechanism of injury—GSWs 10% is slightly 
lower than reported by Asensio [34, 35]—14 to 16% but 
within statistical range. Whereas survival for SWs—76% in 
this study is slightly higher than previously reported [34, 
35]—65 to 68%, again, within statistical range, and is sim-
ilar to that reported in Buckman’s [33] prospective series 
−80%. ED thoracotomy survival rate for this series is 5.7% 
versus Asensio [34, 35] survival rate of 14–16%; this is 
lower, but may be accounted by the fact that in these two 
series there was one group of Trauma Surgeons performing 
these procedures under strict protocols [34, 35, 40].

The NTDB has become an important tool for clinical 
research and bench marking; however, it has limitations. It 
is not population based; some of the patients may not be 
completely representative; as much of the data is obtained 
from verified Trauma Centers or State Trauma Registries 
that may be geographically concentrated. As with any large 
database, there may be errors in the entry of data, missing 
or invalid entries and misclassifications; especially missing 
data from pre-hospital EMS (Emergency Medical Services) 
personnel. Furthermore, it does not report detailed opera-
tive data nor does it classify organ injuries. Therefore, these 
are limitations of this study as well as all of the NTDB. Be 
that as it may, the NTDB remains the best available sample 

of data to study mortality and generate predictive models 
for survival for different injuries.

We believe that this retrospective analysis of prospec-
tively collected data from the NTDB reports the largest vol-
ume of penetrating cardiac injury patients in the literature 
thus far, and provides a comprehensive analysis of current 
outcomes in America. It has allowed the creation of a pre-
dictive model of outcome with greater number of predic-
tors; and validates previous predictive models prospectively 
reported for cardiac injury.

Conclusions

In this study, predictors of outcomes were identified. 
Overall survival rates are lower than most retrospec-
tive studies reported. Data suggests that patients can be 
selected for salvage and outcomes predicted. Decisions 
must be undertaken to direct salvage efforts including 
ED thoracotomy to patients presenting with signs of life 
in the field and short transport times to 10 versus 12 min 
prior to arrival at the Trauma Center. Consideration 
should be given to patients that have been successfully 
intubated in the field and have a secure airway. For these 
patients, resuscitative thoracotomy may be undertaken 
based on an institutional experience upon their arrival 
at Trauma Centers, to improve outcomes and decrease 
health care costs. The predictive model generated from 
the NTDB, with all of its previously cited limitations, 
generated a larger number of strong independent predic-
tors as outcome (n = 6) validating previous predictive 
models reported prospectively in the literature.
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