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Abstract
Purpose  Debate remains about the threshold cardiopulmonary resuscitation (CPR) duration associated with futile emer-
gency department thoracotomy (EDT). To validate the CPR duration associated with favorable outcomes, we investigated 
the relationship between CPR duration and return of spontaneous circulation (ROSC) after EDT in blunt trauma.
Methods  A retrospective observational study was conducted at three tertiary centers over the last 7 years. We included bluntly 
injured adults who were pulseless and required EDT at presentation, but excluded those with devastating head injuries. After 
multivariate logistic regression identified the CRP duration as an independent predictor of ROSC, receiver operating char-
acteristic curves were used to determine the threshold CPR duration. Patient data were divided into short- and long-duration 
CPR groups based on this threshold, and we developed a propensity score to estimate assignment to the short-duration CPR 
group. The ROSC rates were compared between groups after matching.
Results  Forty patients were eligible for this study and ROSC was obtained in 12. The CPR duration was independently 
associated with the achievement of ROSC [odds ratio 1.18; 95% confidence interval (CI) 1.01–1.37, P = 0.04], and the 
threshold CPR duration was 17 min. Among the 14 patients with a short CPR duration, 13 matched with the patients with a 
long CPR duration, and a short CPR duration was significantly associated with higher rates of ROSC (odds ratio 8.80; 95% 
CI 1.35–57.43, P = 0.02).
Conclusions  A CPR duration < 17 min is independently associated with higher ROSC rates in patients suffering blunt trauma.

Keywords  Emergency department thoracotomy · Cardiopulmonary resuscitation · Blunt trauma · Traumatic 
cardiopulmonary arrest

Introduction

Emergency department thoracotomy (EDT) was developed 
as a resuscitative procedure for critically injured patients 
who presented in extremis. Several studies have reported 
that EDT can save patients with severe injuries if applied 
correctly [1–15]. Indeed, most physicians have accepted that 
EDT may offer hope for survival in moribund trauma vic-
tims, although it has been demonstrated that most patients 
do not survive if they present with no vital signs after blunt 
trauma [15]. Current guidelines detail the predictors of sur-
vival as being mechanisms of injury, anatomic site of injury, 
signs of life, and duration of cardiopulmonary resuscitation 
(CPR) [1–13]. Moreover, it has been suggested that, either 
alone or in combination, these predictors are associated with 
favorable neurological outcomes [8, 9, 11–13].
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The optimal length of CPR before EDT that predicts 
favorable outcomes remains unclear [14–18]. The Western 
Trauma Association published an EDT algorithm in 2012 
recommending EDT for victims of blunt trauma presenting 
with no signs of life after CPR had been attempted for under 
10 min [19]. However, a practice management guideline for 
EDT published by the Eastern Association for the Surgery 
of Trauma removed the CPR duration from their recommen-
dations in 2015, citing limitations in the currently available 
evidence [20]. The poor quality of science behind current 
CPR time thresholds means that CPR duration must be 
researched further if it is to be used as an indication for EDT.

In an effort to eventually clarify the CPR time thresh-
old associated with favorable neurocognitive outcomes in 
victims of blunt trauma, we investigated the relationship 
between CPR time and return of spontaneous circulation 
(ROSC) after EDT. We hypothesized that a short CPR time 
would be associated with a higher rate of ROSC following 
EDT for blunt trauma.

Patients and methods

Study design

This retrospective observational study was conducted 
between January 2010 and May 2017 in three tertiary care 
centers in the Kanto area in Japan (Keio University Hospital 
in Tokyo, Saiseikai Central Hospital in Tokyo, and Saiseikai 
Utsunomiya Hospital in Tochigi). The study was approved 
by the review board of each participating hospital or its eth-
ics committee for the conduct of human research.

Study settings and population

We retrospectively identified trauma patients who were 
transported by ambulance to the emergency department of 
a participating hospital during the study period. Patients 
were included if they met the following criteria: were 
aged ≥ 18 years; had blunt trauma; were pulseless at pres-
entation; and underwent EDT. Patients were excluded if the 
mechanism of injury was unknown, or if they had been sub-
ject to devastating head injuries.

EDT indication and procedures incorporated 
with EDT

The need for EDT was decided by each physician based 
on the presence of signs of life including electrical car-
diac activity, an estimated short CPR time, or obvious 
chest injury. EDT was performed in the same fashion in all 
patients, where surgical procedures were provided in the fol-
lowing order: opening the thoracic cavity, pericardiotomy, 

repairing cardiac injuries as appropriate, and aortic cross-
clamp occlusion if ROSC was not achieved.

Definition of CPR time and covariates

Prehospital data were collected from the records of emer-
gency medical services (EMS) and included EMS dispatch 
time, lifesaving procedures provided in the field, and the 
time when cardiopulmonary arrest (CPA) was recognized. 
Additional information was extracted by review of each 
patient’s hospital records, and we included the arrival time, 
basic patient information, injury mechanism, injury diag-
nosed (by physical or radiographic examination), Abbrevi-
ated Injury Scale (AIS), Injury Severity Score (ISS), and 
signs of life including cardiac rhythm at start of EDT. Inju-
ries with an AIS ≥ 3 were considered significant and were 
analyzed as covariates. Chest injuries found during EDT 
and treated surgically were defined as treatable injuries and 
examined as covariates. The transportation time was defined 
as the duration from EMS dispatch to hospital arrival. 
Finally, for the purposes of this study, we defined the CPR 
time as the duration from when CPA was identified to the 
time when EDT was performed.

Outcomes

The primary outcome was attainment of ROSC following 
EDT, which was defined as a palpable pulse with electro-
cardiographic evidence of cardiac activity. This informa-
tion was ascertained by medical chart review. Secondary 
outcomes included overall mortality after EDT, mortality 
at 3 h after hospital arrival, the time from when EDT was 
provided to when ROSC was achieved, and the incidence of 
occupational exposure to blood among healthcare providers.

Statistical analysis

The CPR time was compared between patients with and 
without ROSC and multivariate logistic regression was used 
to determine whether the CPR duration was an independent 
predictor of ROSC, using odds ratios (ORs) and 95% confi-
dence intervals (95% CIs). We then drew a receiver operating 
characteristics (ROC) curve for the CPR time against ROSC 
attainment to determine the CPR time threshold based on 
the Youden index, where the CPR time is most likely to 
estimate ROSC with high sensitivity and specificity. Using 
this threshold, patient data were then divided into short- and 
long-CPR time groups, and propensity score matching was 
performed to compare the ROSC rates among them. A pro-
pensity score was developed by logistic regression to esti-
mate the probability of being assigned to the short-CPR time 
group compared with the long-CPR time group. Relevant 
covariates were identified from known survival predictors 
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[1–13], and factors associated with a clinically favorable 
outcome were entered regardless of their relevance to CPR 
time. This ensured high-fidelity propensity scores. The pre-
cision of discrimination and propensity score calibration 
were analyzed with the c-statistic and Hosmer–Lemeshow 
goodness-of-fit test.

Sensitivity analyses were performed to validate the pri-
mary results. To confirm that results were not dependent on 
the method of matching, inverse probability weighting and 
logistic regression analyses were performed (using the pro-
pensity score as the covariate in logistic regression analysis) 
for the attainment of ROSC (primary outcome).

Descriptive statistics are presented as means ± SD or 
number (%). Results were compared with unpaired t tests, 
Mann–Whitney U tests, Chi-square tests, or Fisher’s exact 
tests, as appropriate. For testing of all hypotheses, a two-
sided α threshold of 0.05 was considered statistically sig-
nificant. All statistical analyses were conducted using SPSS 
(SPSS, Chicago, IL, USA) and Microsoft Excel (Microsoft, 
Redmond, WA, USA).

Results

A total of 40 patients were eligible for this study (Fig. 1), 
of which 12 (30%) regained spontaneous circulation and 28 
(70%) did not (Table 1). ROSC before arriving at hospital 
was not identified in any patient and there were no interrup-
tions of CPR during transportation. There were no survivors 
among the patients with ROSC.

Impact of CPR time on ROSC

Mean CPR time in the patients with ROSC was shorter than 
in those without ROSC (18.8 ± 14.5 and 29.3 ± 14.3 min, 
respectively; P < 0.05). All covariates were comparable 
between the two groups. There were also no significant 
differences in the presence of signs of life (e.g., pulseless 
electrical activity) when EDT was performed. Information 
regarding cardiac rhythms was missing in four patients, two 
of whom achieved ROSC.

Multivariate logistic regression analysis demonstrated 
that CPR time was an independent predictor for ROSC (OR 
1.18 per 1 min decrease in CPR time; 95% CI 1.01–1.37; 
Table  2). ROC curve analysis [area under the curve 
(AUC) = 0.698] clarified that the CPR time at the Youden 
index was 17 min (J = 0.453; sensitivity = 0.786; 1-specific-
ity = 0.333; Fig. 2).

Propensity score‑matched analysis

A short CPR time was defined as a CPR time less than 
17 min with a long CPR time defined as a CPR time greater 

than or equal to 17 min, and the data were divided by this 
threshold (Table 3). The propensity model predicting short 
CPR time included as covariates age, mechanism of injury, 
presence of treatable injuries, ISS, presence of PEA when 
EDT was provided and transportation time. This model was 
validated with high decimation and calibration for predict-
ing CPR time (c-statistic = 0.912 and Hosmer–Lemeshow 
goodness-of-fit P = 0.422).

Among the 14 patients with a short CPR time, 13 
matched with patients with a long CPR time (Table 3). 
In the unadjusted analysis, a short CPR time was signifi-
cantly associated with higher rate of ROSC (OR 7.33; 95% 
CI 1.63–32.92), and this finding remained in the propen-
sity score-matched analysis (OR 8.80; 95% CI 1.35–57.43; 
Fig. 3). Inverse probability weighting analysis confirmed 
that a short CPR time was significantly associated with a 
higher rate of ROSC (OR 38.59; 95% CI 4.14–359.54), and 
logistic regression with the propensity score as the covariate 
confirmed that the association between short CPR time and 
ROSC was not dependent on the matching method used (OR 
12.96; 95% CI 1.05–160.91).

Short CPR time and secondary outcomes

The 3-h mortality was significantly lower in the short-
CPR time group than in the long-CRP time group (69.2 
and 100.0%, P = 0.02, data not shown) and these findings 
remained after the propensity score matching (66.7 and 
100.0%, P = 0.04, data not shown). The mean duration 
from EDT to achieve ROSC was not significantly different 
between the short-CRP time (15.1 ± 9.3 min) and long-CRP 
time (11.5 ± 2.1 min) groups (P = 0.533, data not shown). 
Similar results were observed by propensity score-matching 
analysis and other sensitivity analyses. Finally, the lack of 
survivors and lack of documented occupational blood expo-
sure meant that we could not perform statistical analyses of 
these secondary outcomes.

Discussion

In this study, we used propensity score matching to show 
that a CPR time less than 17 min was independently associ-
ated with a higher rate of ROSC after EDT in patients who 
presented without a pulse after blunt trauma. To the best of 
our knowledge, this is the first study to have reported this 
relationship using robust statistical methods. Notably, the 
observed relationship was consistent across several sensi-
tivity analyses, suggesting the results were not dependent 
on the method of matching, the propensity scores, or the 
statistical approach.

Various investigators have challenged published dic-
tums for the optimal timing of EDT [8, 9, 11–25]. Reported 
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predictors of survival have included the injury mechanism, 
the anatomic injury location, the presence of injury that may 
benefit from EDT, the presence of vital signs, the presence 
of electrical cardiac rhythm or signs of life at presentation, 
and CPR duration [8, 9, 11–15, 20–25]. Although recom-
mendations have been established based on these by some 
organizations [16, 19, 20, 26, 27], discussion has been ongo-
ing regarding what the maximum CPR duration should be 

before considering that EDT is futile and so terminating 
resuscitation [8, 14–20, 23, 28, 29].

The threshold CPR time for regaining ROSC in this 
study, 17 min, was similar to that previously reported 
[16–19, 23]. In 2001, a statement by the National Associa-
tion EMS Physicians (NAEMSP) and the American Col-
lege of Surgeons Committee on Trauma (ACSCOT) indi-
cated that patients with a CPR time of more than 15 min 

Fig. 1   Study flow diagram. We 
identified 224 TCPA patients, 
of whom 40 were included in 
the analyses and 26 (13 pairs) in 
the propensity score matching. 
TCPA traumatic cardiopulmo-
nary arrest, EDT emergency 
department thoracotomy, CPR 
cardiopulmonary resuscitation

224 Patients with TCPA

50 Patients underwent EDT,
decided based on
- presence of signs of life,
- estimated short CPR time, or
- obvious chest injury.

174 EDT was not performed

43 Patients met all inclusion criteria

5 Pediatric cases (aged <18 years)
3 Penetrating injuries

3 Devastating Head Injuries were excluded

40 Patients included in analyses

14 Patients with short CPR time 26 Patients with long CPR time

1 unmatched 13 unmatched

13 matched pairs included in the propensity score 
matching
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after traumatic CPA may be non-salvageable and that ter-
mination of resuscitation should be considered [16]. In 
2004, a retrospective study of 26 survivors who underwent 
EDT showed that survivors received less than 15 min of 
prehospital CPR [17], while another case series of patients 
with CPA after blunt trauma reported two survivors after 
EDT (the CPR times were 11 and 15 min in these patients) 
[23]. A multicenter observational study of EDT survivors, 
published by the Western Trauma Association in 2011, 
found that the longest CPR duration was 9 min in five sur-
vivors of EDT, and that no patients survived EDT if pre-
ceded by more than 15 min of CPR [18]. Based on these 
retrospective case reviews, the Western Trauma Associa-
tion published the EDT algorithm in 2012, in which it was 
recommended that EDT only be performed on victims of 
blunt trauma presenting with no signs of life if CPR had 
been performed for less than 10 min [19].

Table 1   Characteristics of 
patients with and without ROSC

EDT emergency department thoracotomy, ROSC return of spontaneous circulation, AIS Abbreviated Injury 
Scale, ISS Injury Severity Score, PEA pulseless electrical activity, CPR cardiopulmonary resuscitation
a Data were missing in four patients, two of whom achieved ROSC

Total With ROSC Without ROSC P value

Patient number 40 12 28
Age (y/o) 55.9 ± 20.4 58.8 ± 21.0 54.6 ± 20.7 0.57
Gender
 Male:female 32:8 10:2 22:6 0.73

Mechanisms of injury
 Motor vehicle collision 10 4 (33.3%) 6 (21.4%) 0.45
 Motorcycle collision 9 1 (8.3%) 8 (28.6%) 0.23
 Pedestrian–auto collision 14 3 (25.0%) 11 (39.3%) 0.48
 Falls 7 4 (33.3%) 3 (10.7%) 0.17

Injuries (AIS ≥ 3)
 Head and neck 12 4 (33.3%) 8 (28.6%) 0.70
 Face 0 0 (0.0%) 0 (0.0%) –
 Chest 24 8 (66.7%) 16 (57.1%) 0.44
 Abdomen 14 5 (41.7%) 9 (32.1%) 0.46
 Extremity 7 4 (33.3%) 3 (10.7%) 0.08
 External 0 0 (0.0%) 0 (0.0%) –

Treatable injuries (total) 17 7 (58.3%) 10 (35.7%) 0.19
 Cardiac injuries 6 2 (16.7%) 4 (14.3%) 1.00
 Intrathoracic injuries 11 5 (41.7%) 6 (21.4%) 0.25

ISS 35.8 ± 16.8 38.8 ± 13.8 34.5 ± 18.2 0.11
Signs of life
 PEAa 23 (63.9%) 7 (70.0%) 16 (61.5%) 0.64
 Pupillary response 0 0 (0.0%) 0 (0.0%) –
 Spontaneous ventilation 0 0 (0.0%) 0 (0.0%) –
 Extremity movement 0 0 (0.0%) 0 (0.0%) –

Transportation time (min) 33.6 ± 16.3 34.8 ± 15.9 33.1 ± 17.0 0.77
 Min–max 3–87 3–54 8–87

CPR time (min) 26.8 ± 14.8 18.8 ± 14.5 29.3 ± 14.3 0.049
 Min–max 3–51 3–47 0–51

Table 2   Predictors for ROSC in multivariate logistic regression

CPR cardiopulmonary resuscitation, ISS Injury Severity Score, PEA 
pulseless electrical activity

Odds ratio 95% CI P value

Age 1.01 0.90–1.13 0.88
Mechanisms of injury
 Motor vehicle collision 0.35 0.00–109.48 0.72
 Motorcycle collision 0.05 0.00–21.43 0.33
 Pedestrian–auto collision 20.67 0.05–9155.90 0.33
 Falls 0.04 0.00–2.84 0.14

Treatable injuries 0.12 0.00–3.54 0.22
ISS 0.94 0.81–1.09 0.40
Signs of life (PEA) 0.12 0.00–3.75 0.23
Transportation time 1.08 0.98–1.18 0.12
CPR time 1.18 1.01–1.37 0.04
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In contrast, it has been recognized that a number of stud-
ies to date have not provided information on the duration 
of CPR, despite this being a major confounding variable 

that is likely to affect outcomes [15]. Given this limitation, 
NAEMSP-ACSCOT removed the duration of CPR from 
their 2012 decision algorithm in the joint position statement 

Fig. 2   ROC curve for CPR 
time and ROSC. ROC curve 
for the CPR time against ROSC 
attainment. AUC was 0.698. 
The dichotomized CPR time 
threshold was chosen from the 
Youden index (J = 0.453, shown 
as filled triangle), where the 
CPR time is most likely to esti-
mate ROSC with high sensitiv-
ity and specificity. ROC receiver 
operating characteristics, CPR 
cardiopulmonary resuscitation, 
ROSC return of spontaneous 
circulation, AUC​ area under the 
curve
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Table 3   Covariates in short- and long-CRP time group

CPR cardiopulmonary resuscitation, ISS Injury Severity Score, PEA pulseless electrical activity, SMD standardized mean difference
a Data were missing in four patients, two of whom achieved ROSC

Total study population Propensity score-matched analysis

Short CPR time Long CPR time SMD P value Short CPR time Long CPR time SMD

Patient number 14 26 13 13
Age (y/o) 68.1 ± 19.7 49.3 ± 18.3 0.989 0.13 62.1 ± 21.4 52.1 ± 21.0 0.472
Mechanisms of injury
 Motor vehicle collision 3 7 − 0.129 1.00 3 2 0.196
 Motorcycle collision 1 8 − 0.632 0.12 1 4 − 0.612
 Pedestrian–auto collision 7 7 0.488 0.18 6 6 0.000
 Falls 3 4 0.156 0.68 3 1 0.436

Treatable injuries 6 (35.7%) 11 (42.9%) 0.011 1.00 6 (46.2%) 4 (30.8%) 0.320
ISS 38.9 ± 12.3 34.1 ± 19.0 0.300 0.30 39.3 ± 12.7 37.5 ± 22.4 0.100
Signs of lifea (PEA) 10 (71.4%) 13 (59.1%) 0.261 0.50 9 (69.2%) 8 (61.5%) 0.162
Transportation time (min) 37.4 ± 15.3 31.5 ± 17.1 0.364 0.36 37.2 ± 15.9 32.3 ± 14.3 0.324
 Min–max 15–61 3–87 15–61 16–59
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on the termination of resuscitation in trauma patients [27]. In 
addition, although the importance of the duration without a 
perfusing rhythm was recognized, the practice management 
guidelines for EDT established by the Eastern Association 
for the Surgery of Trauma in 2015 no longer required the 
exact CPR time to be considered before EDT [20]. Evidence 
limitations were cited as the main reason for not incorporat-
ing CPR time into their recommendation. Perhaps of greatest 
concern to formulating definitive guidelines is that there are 
currently no prospective randomized studies regarding the 
association between CPR time for blunt trauma and out-
comes after EDT.

To provide results that are more robust than those pre-
viously reported, we used propensity score matching and 
sensitivity analyses in this retrospective observational study. 
Due to ethical concerns surrounding patient randomization, 
where EDT is considered as the last resort and patients in 
a non-therapeutic control group would probably have lower 
chances of survival, we considered that propensity score 
analyses offered the most reliable method for reducing the 
effects of confounding factors. Although low evidence qual-
ity has been cited as a criticism regarding the threshold CPR 
time [15, 20, 27], our results suggest that a CPR time less 
than 17 min could be incorporated into practice recommen-
dations if the association between this threshold and favora-
ble outcome is confirmed in larger cohorts.

The results of this study must be interpreted in the con-
text of the study design. First, attainment of ROSC was 
chosen as a surrogate marker for favorable neurological 
outcome. Although ROSC and neurological outcomes do 

not fully correlate, our results will likely only have over-
estimated the efficacy of EDT preceded by a short CPR 
time because patients who did not achieve ROSC did not 
survive. It should also be noted that the 3-h mortality was 
significantly lower in the short-CPR time group than in 
the long-CRP time group. Second, we included all patients 
with CPA after blunt trauma, regardless of PEA, which 
would have been an important confounding variable. How-
ever, we performed several propensity-adjusted analyses 
and showed that the relationship between short CPR time 
and ROSC was not dependent on the presence of signs of 
life. Finally, because some patients had longer CPR times 
than estimated at hospital arrival, the mean CPR time was 
actually 26.1 min in this study, which is longer than that 
reported in previous studies [15, 18, 20]. Although this 
selection bias limits the generalizability of our findings, 
it should be emphasized that the CPR time threshold was 
still identified as 17 min, close to the 10–15-min thresh-
olds defined in past algorithms.

Conclusions

A CPR time less than 17 min was independently associated 
with higher rates of ROSC after EDT for blunt trauma, 
using robust methods of analysis. We, therefore, recom-
mend that the duration of CPR should again be considered 
for determining whether to perform EDT.

Prediction Model Odds Ratio (95% CI) p value

Unadjusted Analysis 7.33 (1.63 - 32.92) 0.01

Propensity Score Matching* 8.80 (1.35 - 57.43) 0.02

Inverse Probability Weighting 38.59 (4.14 - 359.54) 0.001

Propensity Score as covariate 12.96 (1.05 - 160.91) 0.046

Multivariate Logistic Regression** 1.18 (1.01 - 1.37) 0.04

Fig. 3   Effect of short CPR time on ROSC. A short CPR time was 
significantly associated with higher rate of ROSC (odds ratio 8.80; 
95% CI 1.35–57.43) in propensity score-matched analysis, which 
was conducted as primary analysis. To confirm that results were not 
dependent on the method of matching, inverse probability weighting 
and logistic regression analyses were performed (using the propensity 
score as the covariate in logistic regression analysis). Asterisk indi-

cates primary analysis. Double asterisk indicates multivariate logistic 
regression performed before patient data were divided into short- and 
long-CPR time groups, where CPR time was entered as a continuous 
variable and odds ratio (95% CI) for the achievement of ROSC was 
1.18 (1.01–1.37) per 1 min decrease in CPR time (data also shown in 
Table 2). CPR cardiopulmonary resuscitation, ROSC return of spon-
taneous circulation, CI confidence interval
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