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lines for withholding or termination of resuscitation as 
postulated by the National Association of EMS Physi-
cians and the American College of Surgeons is that 
resuscitation efforts may be withheld in the patient who 
has undergone blunt trauma and now presents with life-
lessness, apnea, or absence of organized ECG 
activity.4,5,9-11,13-15

Previous research has demonstrated that those 
patients who have a shortened time since the loss of 
vitals or cardiac activity have a higher rate of survival of 
resuscitation.16-18 Patients who do not undergo cardiopul-
monary resuscitation (CPR) prior to EDT have better 
outcomes. However, of those who undergo CPR, a 
shorter duration of time between onset of CPR and EDT 
is associated with improved outcomes.17,19

Nevertheless, studies have also proven that despite 
an abundance of research on EDT, there has not been 
significant improvement in the outcomes of patients on 
whom EDT is performed. Historically, severity of 
trauma has been assessed based on scales such as the 
Revised Trauma Score (RTS) and the Injury Severity 
Score (ISS); however, there have been no scales which 
provide a grading score aimed specifically at determin-
ing the likelihood of survival of EDT.20

This retrospective study aims to determine predictors 
of survival and futility in EDT. We evaluate whether 
emergency department vital signs, ie, systolic blood 
pressure (SBP), heart rate, respiratory rate in addition to 
Glasgow Coma scale (GCS) scores, can accurately fore-
tell the likely success or survivability of EDT.

Finally, we propose a cardiac instability score (CIS), 
a grading scale based on clinical factors determined to 
be statistically significant to survival of EDT. Through 
CIS we determine whether this grading scale can be 
used to predict survival of patients with penetrating 
trauma who may undergo EDT.

Materials and Methods
A retrospective analysis was performed at Howard 

University Hospital, a level 1 trauma center in Washing-
ton, DC. The Howard University Trauma Registry, 
which collects and records data on all trauma patients 
seen at Howard University Hospital, was utilized. There 
were a total of 44 patients who underwent EDT during 
the 45-month period between September 2002 and June 
2006. Out of the 44 patients, 40 of them had complete 
data across all variables of interest and were therefore 
included in the analysis. Data regarding the demograph-
ics of the patients, date of the injuries, as well as their 
vital signs at the scene and on admission to the emer-
gency department were obtained. The parameters of 
interest assessed included SBP, heart rate, respiratory 
rate, and GCS scores.

The CIS was devised, using statistically significant vari-
ables and survival data. CIS categorized and assigned val-
ues to vital signs and GCS scores at the emergency depart-

ment. Each of the 4 parameters had a maximum CIS of 2, 
with the minimum being 0. Table 1 delineates how the CIS 
was scored. Maximum score of 8 corresponds to high prob-
ability of survival, which a score of 0 correlates with the 
least probability.

Results
The overall survival rate of the 40 patients who 

underwent EDT was 7.5%. Analysis of the demographic 
data demonstrated that the average age of patients who 
underwent EDT was approximately 31 years. The high-
est survival (14%) occurred in those patients within the 
20 to 29-year age group, who comprised 35% of patients. 
There was a significant male predominance, with male 
patients comprising 91% of the study population. On 
bivariate analysis, survival in women was statistically 
significantly higher than men (33% vs 3%, p = .03).

The most common mechanism of injury was gunshot 
wound, which comprised 76% of penetrating mechanisms, 
while stab wounds accounted for the remaining 24% of 
injuries. The mechanism of injury was not found to be sta-
tistically significant to survival of EDT (p value = .068).

Vital signs collected included SBP, heart rate, and 
respiratory rate at the scene and in the emergency depart-
ment. The GCS scores at the scene and the emergency 
department were also collected. The scene scores were 
not included in the further calculation, as many of the 
results were missing on variables.

Analysis of heart rate in the emergency department 
was performed. Survival rates were calculated based on 
3 categories: bradycardia (heart rate, 0-59 beats per min-
ute [bpm], normocardia (heart rate, 60-100 bpm), and 
tachycardia (heart rate, >100 bpm) (Table 1). Those 
patients who were tachycardic at the emergency depart-
ment had a 60% survival rate. SBP was categorized by 
those who were hypotensive (SBP <90 mm Hg) and 
those who were not (SBP >100 mm Hg). A score of 2 
was given for SBP >100 mm Hg, and a score of 1 was 
reserved for SBP of 90 to 100 mm Hg. However, none of 
the patients studied had a SBP that warranted a score of 
1. Emergency department SBP analysis demonstrated 
that those patients who were hypotensive had a lower 
survival rate of 3.03%, compared to a 28.57% survival 
rate for those who were not hypotensive. Respiratory 
rate was analyzed based on 3 defined categories: respira-
tory rate of 0 to 8 bpm, respiratory rate of between 8 and 
18 bpm and more than 18 bpm. Patients in the emer-
gency department with an respiratory rate of 0 to 8 bpm 
did not survive EDT. However, patients in the emer-
gency department with a respiratory rate of 9 or greater 
had a 33% survival rate. GCS was categorized into 
scores of less than 8, 8 to 12, and 13-15. Emergency 
department GCS of 3 to 7 had a 2.70% survival rate, 
while an emergency department GCS of 8 to 12 did not 
survive EDT. Emergency department GCS of 13 to 15 
correlated with the highest survival rate of 100%.
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The survival data were combined with the statisti-
cally significant emergency department vitals and GCS 
scores to devise an overall CIS. This combined CIS is 
the sum total of the component CIS. Those categories of 
vital signs and GCS scores which correlated with higher 
rates of survival were awarded higher point values 
within the scoring system.

The component score for the individual variables 
was awarded based on the relative stability of the patient 
as determined by the physiologic parameters mentioned 
above (SBP, heart rate, respiratory rate, and GCS score).

Tachycardia was awarded 2 points, normocardia was 
awarded 1 point, and bradycardia received 0 points. 
Patients with hypotension had a significantly lower sur-
vival rate compared to those who were not hypotensive. 
Therefore, hypotension was awarded a point value of 0 
points and low normotension (SBP, 90-100 mm Hg) or 
high normotension (SBP, 100 mm Hg) a value of 1 or 2 
points accordingly.

Patients who presented with the highest category of 
GCS scores (13-15) had the higher survival rates com-
pared to the other categories. Thus, a GCS score of 13 to 
15 was awarded a point value of 2 points, a score of 8 to 12 
received 1 point, and a score less than 8 received 0 points.

Emergency department respiratory rate was included in 
the overall emergency department CIS, as it was statisti-
cally significant. Patients who were bradypneic had a lower 
rate of survival of EDT at the emergency department and 
thus were given a lesser value of 0, compared to the patients 
who had a normal respiratory rate or were tachypneic, who 
were given a point value of 1 and 2, respectively.

The CIS was further analyzed for survival, which 
equated to discharge from the hospital alive. Analysis 
shows that patients with higher sum totals of the scores 
had higher rates of survival. Patients with higher overall 
CIS (≥4) had a 43% survival rate of EDT compared to 
those with lower overall CIS of 0 to 3 who did not sur-
vive EDT (p value = .000). The overall CIS, as analyzed, 
was found to be statistically significant as a predictor of 
survival based on its discriminatory power (AUROC = 
0.96).

Discussion
Since the advent of EDT, numerous attempts have 

been undertaken in order to provide guidelines to 
improve the survival of patients selected for this proce-
dure. These studies have included various parameters to 
facilitate the selection of ideal candidates who would 
benefit from EDT. These parameters include the pres-
ence or absence of signs of life (on the scene and in the 
emergency department), the length of time CPR was 
performed prior to attempting EDT, and the length of 
prehospital time.18,19,21 Despite intense scrutiny and mul-
tiple endeavors toward the development of sound guide-
lines, the outcomes of EDT have remained dismal.

The survival rate of this study (7.5%) is on par with 
the national survival rate of approximately 7.4%.18 These 
outcomes remain poor, and the efficacy of this proce-
dure for a particular patient should be weighed against 
its futility and unnecessary exposure of medical person-
nel to pathogens.

The Howard University Hospital level 1 trauma cen-
ter is located in an urban area with an increased crime 
rate. This alone very likely contributed to the high per-
centage of penetrating trauma in contrast to the rate of 
blunt trauma. The ever-increasing availability and preva-
lence of guns in the vicinity indubitably contributes to 
the high percentage of gunshot wounds seen in this 
study population. Our study revealed a 76% incidence 
of patients with gunshot wounds in comparison with 
stab wounds, which accounted for only 24%. Victims of 
gunshot wounds have been shown to have a lower sur-
vival rate than stab wounds, due to the increased tissue 
damage associated with missile injuries.18 The high pre-
ponderance of gunshot wounds in this study negatively 
affected the survival rate of the patients selected. While 
the mechanism of penetrating injury was not found to be 
statistically significant (p value = .068), the p value is 
approaching significance.

Women in the study had a statistically significant 
increased rate of survival of EDT. We postulate that this 
finding is due to the fact than 50% of the female patients 
underwent EDT due to isolated cardiac stab wounds. 
Previous research has already proven that isolated stab 

Table 2. Survival Rates by Cardiac Instability Score

Cardiac Instability Score Value n Survival %
Overall score ≥4 7 43%

0-3 33 0%

Table 1. Emergency Department Cardiac Instability Score

Score Systolic Blood Pressure Heart Rate Respiratory Rate Glasgow Coma Scale
0 <90 mm Hg <59 <8 <8
1 90-100 mm Hg 60-100 8-18 8-12
2 >100 mmHg >100 >18 >12
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wounds are associated with the highest rate of survival.21 
Stab wounds accounted for only 22.9% of the penetrat-
ing mechanisms in the male population (compared to 
50% incidence the female population), and were usually 
multiple, both thoracic and nonthoracic injuries. Multi-
ple stab wounds inflicted on the patient’s body in various 
locations clearly lead to the significantly decreased sur-
vival rate within the male population.21

Studies have proven that patients who have signs of 
life at the scene and a prehospital time less than 30 min-
utes have improved outcomes.21 The average transport 
time in our study was 26.7 minutes. This, however, does 
not take into account patients who arrived by private 
vehicle. Factors that were statistically significant in 
selecting patients with increased chance for survival after 
intervention with EDT included normal or high systolic 
blood pressure, high GCS score, tachycardia, and 
increased respiratory rate. The sum of these high scores 
in turn translates into emergency department CIS, which 
accurately predicts improved survival of these patients.

The study reveals that patients who were hypotensive 
had a significantly decreased rate of survival compared 
to patients who were either normotensive or hyperten-
sive. Patients in this study presented with hypotension 
secondary to hemorrhagic shock or cardiac tamponade. 
Patients with cardiac tamponade are not necessarily 
hypovolemic and therefore have a higher rate of survival 
of EDT if other mitigating factors such as prolonged 
transport time, poor resuscitation, and multiple injuries 
are not present. Studies have consistently shown an 
increased survival of EDT associated with cardiac inju-
ries.18 Patients with hypotension secondary to hypovole-
mic shock lose a large amount of their circulating blood 
volume and may develop resulting ischemia to organs. 
Therefore, resuscitation in these patients is associated 
with a poorer rate of survival.

Similarly, patients who were bradypneic (0-8) at the 
scene or on arrival to the emergency department did not 
survive EDT. However, patients with a respiratory rate 
equal to 18 or greater had a significantly increased rate of 
survival in the emergency department and at the scene.

Analysis of GCS demonstrated that those patients 
with the higher GCS scores (13-15) had statistically sig-
nificant higher rates of survival of EDT compared to 
those patients with lower GCS scores. Higher GCS 
scores likely represents patients who are more hemody-
namically stable and whom have not lost a significant 
amount of their blood volume (class I or II hemorrhage) 
as well as those patients without compromise of organs 
secondary to ischemia. Consequently, it is not surprising 
that these patients have higher survival rates. Like many 
of the previous predictors discussed, the difference in 
survival between those patients with higher GCS scores 
and those with lower scores was substantial (100% vs 
3%, p = .00).

Analysis of the survival data as well as the statisti-

cally significant vital signs and GCS enabled the cre-
ation of the CIS as a means to accurately assess the futil-
ity or efficacy of EDT, taking into account a number of 
predictors of survivability. There have been no previous 
studies aimed at creating a grading scale to predict suc-
cess of EDT. Therefore, the CIS represents a novel 
method of prediction of survivability of penetrating 
trauma using EDT.

The overall CIS and component CIS were analyzed 
and found to be statistically significant. Patients with 
higher scores correlated with statistically significant 
higher rates of survival. Additionally, patients with lower 
CIS values uniformly correlated with a poorer outcome 
with EDT.

The scores devised in this particular study were 
developed with the aim of providing a concise, easily 
calculated method that allows the rapid assessment of 
efficacy for employing EDT. In light of the excessive 
cost of EDT, the poor national survival rate, and the 
risks of exposure to medical personnel, a guideline or 
score that accurately predicts those patients who will or 
will not survive EDT will be of significant benefit to the 
medical community. 

A limitation of this study is the population size. With 
a larger study group, it may be easier to clearly delineate 
the predictive power of the CIS. It is therefore imperative 
that the scores be validated in larger retrospective data or 
prospective studies. Based on these data, this seems to be 
a promising approach to further delineate the role of 
EDT in patients with penetrating thoracic injuries and 
hopefully improve rates of survival of select patients.
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