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ABSTRACT
Background Resuscitation for traumatic cardiac arrest
(TCA) in patients with severe traumatic brain injury
(sTBI) has historically been considered futile. There is
little information on the characteristics and outcomes
of these patients to guide intervention and prognosis.
The purpose of the current study is to report the clinical
characteristics, survival, and long-term neurological
outcomes in patients who experienced TCA after sTBI
and analyze the factors contributing to survival.
Methods A retrospective review identified 42
patients with TCA from a total of 402 patients with
sTBI (Glasgow Coma Scale (GCS) score ≤8) who were
admitted to Stony Brook University Hospital, a level I
trauma center, from January 2011 to December 2018.
Patient demographics, clinical characteristics, survival,
and neurological functioning during hospitalization and
at follow-up visits were collected.
Results Of the 42 patients, the average age was 45
years and 21.4% were female. Eight patients survived
the injury (19.0%) to discharge and seven survived with
good neurological function. Admission GCS score and
bilateral pupil reactivity were found to be significant
indicators of survival. The mean GCS score was 5.3 in
survivors and 3.2 in non-survivors (p=0.020). Age, Injury
Severity Score, or cardiac rhythm was not associated
with survival. Frequent neuroimaging findings included
subarachnoid hemorrhage, subdural hematoma, and
diffuse axonal injury.
Discussion TCA after sTBI is survivable and seven
out of eight patients in our study recovered with good
neurological function. GCS score and pupil reactivity
are the best indicators of survival. Our results suggest
that due to the possibility of recovery, resuscitation and
neurosurgical care should not be withheld from this
patient population.
Level of evidence Level IV, therapeutic/care
management.
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Traumatic brain injury (TBI) is a major cause of
morbidity and mortality worldwide.1 Severe TBI
(sTBI), defined as Glasgow Coma Scale (GCS) score
equal or less than 8,2 often occurs in the setting of
profound overall injury. One feared consequence
of major trauma is traumatic cardiac arrest (TCA),
which has a survival rate of less than 10% despite
resuscitation by trained medical professionals.3
Because of the extremely poor prognosis, resuscitation of patients with TCA has been historically
considered futile.3–5

The effect of cardiac arrest on the brain is well
characterized. Much of the brain injury is not due
to the initial insult, but rather to the inflammatory
cascade that follows the initial cessation of cerebral
blood blow.6 Persistent neurological deficits often
result from secondary brain injury and neuronal cell
death, which occur after the initial anoxic period.7
ischemic brain injury after
As a result, hypoxic-
cardiac arrest often results in long-term disability in
survivors. However, reports of cardiac arrest after
head trauma are extremely rare. Although studies
of TCA from all trauma included some cases of TBI,
the extent of their brain injury, neuroimaging characteristics, and more importantly long-term neurological function remain unclear.
Given complications that arise from cardiac arrest
in addition to TBI, it is challenging to recommend
neurosurgical interventions and provide prognostic
information to families. Currently, it is thought that
there is little chance of adequate recovery,3–5 but
our study suggests that this may not necessarily be
the case. The current study aims to characterize the
clinical features, long-term survival and neurological outcomes, and prognostic factors for survival in
patients who experienced cardiac arrest after sTBI.
Our study would ultimately serve to provide information on management of patients with sTBI with
cardiac arrest, who have been historically managed
with extremely poor prognosis.

PATIENTS AND METHODS
Study design and data collection

We conducted a retrospective chart review at Stony
Brook University Hospital, a level I trauma Center
in Long Island, New York. Patient consent waivers
were obtained from the Institutional Review Board
office. We included all 402 adult patients (aged
≥18 years) during a period of 8 years (January 2011
and December 2018) who sustained sTBI, defined
by a GCS score of 8 or less on presentation to the
emergency department (ED). We then identified 42
patients who experienced TCA either outside of the
hospital or at the ED. We excluded patients (1) with
penetrating trauma, (2) who did not have TCA, (3)
whose cardiac arrest happened after hospital admission or secondary to medical reasons (one patient
had cardiac arrest during dialysis and subsequently
fell), and (4) with significant cardiac comorbidities. We also excluded 11 patients who met the
above criteria but whose care was withdrawn due
to extremely poor functional outcome. All data
were extracted from the hospital electronic medical
record (Cerner Millennium, PowerChart).
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Data were collected on age, sex, mechanism of injury, Injury
Severity Score (ISS), GCS score on ED presentation, preintervention non-contrast head CT scans, initial pupil diameter and
reactivity to light, neurosurgical interventions (external ventricular drain placement, hematoma evacuation, decompressive
craniectomy), and length of stay. Regarding TCA, location (on
the scene, transit, or at the ED), arrest rhythm, return of spontaneous circulation (ROSC), and airway management outside of
the hospital (endotracheal intubation, bag mask ventilation, or
laryngeal mask airway) were also recorded.
ISS was computed by summing the square of the three highest
individual Abbreviated Injury Scale (AIS) scores. Head AIS
score was listed separately. Non-contrast CT scan at admission
point Rotterdam Scoring System.8 The
was graded by the 6-
Rotterdam scores evaluate injury severity based on the presence
of basal cistern effacement, midline shift of >5 mm, epidural
mass, and intraventricular or subarachnoid hemorrhage.

Outcomes

Table 1 Demographics and clinical characteristics of reviewed
patients
Demographics
Age, mean±SD

44.5±20.2

Sex
 Female (%)
 Male (%)

9 (21.4)
33 (78.6)

ISS, mean±SD

38.2±14.0

Head AIS score, mean±SD

4.2±1.1

GCS score, mean±SD

3.5±1.3

GCS motor score, mean±SD

1.4±0.9

Mechanism of injury (%)
 Fall

6 (14.3)

 Motor vehicle collision

12 (28.6)

 Pedestrian struck

15 (35.7)

 Motorcycle crash

9 (21.4)

The primary outcome of the study is the survival status after
TCA following sTBI. The surviving patients (n=8) were further
month and 1-
year postdischarge follow-
up in
evaluated at 6-
the outpatient clinic. Data were obtained from clinical notes at
these follow-up visits. Cases were scored according to Glasgow
Outcome Scale-Extended and a modified Rankin Scale (mRS)
for neurological disability at their follow-up appointments from
6 months to 1 year after discharge.9

Airway management (%)

Statistical analysis

 Asystole

16 (38.1)

Categorical variables were described as frequencies and percentages and were compared using χ2 test or Fisher’s exact test.
Numerical variables were presented as mean with SD and
compared using Student’s t-test. Variables with p values less than
0.05 were considered significant. All analyses were performed
in SPSS V.26.

 PEA

15 (35.7)

RESULTS
Patient characteristics

 Hypoxic injury

8 (30.8)

 Herniation

6 (23.1)

Of the 402 adult cases of sTBI at Stony Brook University
Hospital from 2011 to 2018, 42 patients of TCA were included
in the study, with 8 surviving patients at discharge (figure 1).
As shown in table 1, of the 42 patients, the age range was 18
to 84 years, with a mean of 45 years. Of these patients 21.4%
were female. The patients in this study suffered from severe head

 Endotracheal intubation
 Bag mask ventilation

30 (71.4)
2 (4.8)

Cardiac arrest location (%)
 On the field

27 (64.3)

 En route

10 (23.8)

 ED

5 (11.9)

Arrest rhythm (%)

 Ventricular arrhythmia

2 (4.8)

 Unknown

9 (21.4)

Imaging findings (%)
 Subdural hematoma

11 (42.3)

 SAH

21 (80.7)

 Rotterdam score, mean

2.8±1.2

Neurosurgical interventions (%)
 Bolt

11 (26.2)

 EVD

5 (11.9)

 Decompressive craniectomy

2 (4.8)

Cause of death (%)
 Cardiac arrest
 Brain death

27 (64.3)
7 (16.7)

AIS, Abbreviated Injury Scale; ED, emergency department; EVD, external ventricular
drain; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; PEA, pulseless electric
activity; SAH, subarachnoid hemorrhage.

Figure 1 Flow chart of patient selection. 42 patients with traumatic
cardiac arrest (TCA) in the current study were selected from 402
patients with severe traumatic brain injury (sTBI) admitted to Stony
Brook University Hospital from January 2011 to December 2018.
Exclusion criteria were listed. The mean Glasgow Coma Scale (GCS)
scores of the surviving and deceased patients with TCA were 5.3 and
3.2, respectively.
2

trauma with a mean GCS score of 3.5 and severe overall injury
with a mean ISS of 38.2. The leading mechanism of injury was
pedestrian struck (35.7%), followed by motor vehicle collision
(28.6%), motorcycle crash (21.4%), and fall (14.3%).
All 42 patients experienced cardiac arrest related to trauma,
either prior to arriving at the hospital or very shortly after
presentation to the ED. Figure 2 illustrates the cardiac rhythms
before cardiopulmonary resuscitation (CPR). The most common
rhythm was asystole (38.1%), followed by pulseless electrical
activity (PEA) (35.7%) and ventricular arrhythmia (4.8%).
Regarding emergent airway management, 30 (71.4%) patients
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Figure 2 Cardiac rhythms before initiation of cardiopulmonary
resuscitation. The most common cardiac rhythm is asystole (38.1%),
followed by pulseless electrical activity (PEA) (35.7%).
were intubated at the scene of injury and two (4.8%) received
bag mask ventilation.
The survival rate in patients who experienced TCA after sTBI
was 19.0% (8 out of 42). In the 34 patients who did not survive,
the most common cause of death was cardiac arrest in 27 patients
(64.3%), followed by brain death in 7 (16.7%).

Characteristics of survivors

Of the total 42 patients with TCA in this study, eight survived
to discharge (table 2). The mean age of the survivors was 38.6
years (range, 18–66), with two women and six men. The average
length of stay was 53.3 days (range, 9–100). Three (37.5%)
of these patients were pedestrians struck at high speeds, three
Table 2

(37.5%) were in motor vehicle crash, and two were motorcyclists struck by cars (25%). These cases all had additional injuries apart from sTBI, demonstrated by a mean ISS of 33.6. Two
patients achieved ROSC under 5 minutes. All eight patients had
no known cardiac comorbidities prior to sTBI presentation.
All survivors followed commands during their hospitalization.
The average time to command following was 16.1 days (range
2–36 days).
Seven out of eight patients survived with good neurological
function, as demonstrated by an mRS score of equal or less than
4 at their follow-up visits. At 6-month to 1-year follow-up, two
patients had good recovery with an mRS score of 1. They were
able to carry out activities of daily living independently, although
with residual symptoms (right eye vision loss in patient 5). Two
patients had slight disability but were able to carry out daily
activities with minimal assistance. Three patients had moderate
to severe disability (paraplegia) but had the ability to communicate and/or follow commands. One patient scored 5 on the mRS,
requiring constant nursing care, as well as a tracheotomy and a
gastrostomy.

Factors contributing to survival

We compared the clinical and imaging characteristics of survivors and non-survivors (table 3). Survivors had higher overall
GCS score (p=0.020) and its motor component (p=0.026)
compared with non-survivors. Pupil reactivity on ED presentation was significantly different between survivors and non-
survivors (p=0.001) (figure 3). The majority of non-survivors
had non-reactive and dilated pupils, although three of them had
bilateral reactivity on initial presentation. This was in contrast

Clinical characteristics of survivors
Modified
Rankin
score,
GOS-E score

Patient Age
number (range)

MOI

Admission GCS
score (motor),
ISS

1

20s

Motorcycle crash

6, 45

Unknown, PEA

2

20s

Motor vehicle
collision

3, 22

Unknown, unknown Non-r eactive,
constricted

Left SAH with bifrontal
contusions.
Cerebral edema.

Able to walk.
Able to carry out ADLs.

2, 7

3

10s

Pedestrian struck

3, 33

Unknown,
PEA

Bilateral reactivity

Diffuse SAH.
Cerebral edema.
Sulcal effacement.
Basilar cisterns effacement.

Requires total assistance for
ADLs.
Dependent on tracheotomy
and gastric tube.

5, 3

4

60s

Pedestrian struck

8, 26

4 min, PEA

Bilateral reactivity

Intracranial hemorrhage.
SAH.

Able to carry out ADLs
independently.

1, 6

5

50s

Motorcycle crash

6, 42

2 min, PEA

Bilateral reactivity

Bilateral SAH.

Able to walk with prosthesis.
Able to communicate.
Residual right eye vision loss.

1, 5

6

50s

Motor vehicle
collision

8, 50

Unknown, asystole

Bilateral reactivity

SAH in posterior right frontal
regions.
Contusions in anterior frontal
lobe.

Paraplegia but otherwise able
to communicate.

4, 4

7

50s

Motor vehicle
collision

5, 17

Unknown, unknown Non-reactive,
constricted

Diffuse SAH bilaterally.
Intraventricular hemorrhage.

Non-verbal but followed
commands.
Quadriplegic.
Dependent on tracheotomy
and gastric tube.

4, 3

8

20s

Pedestrian struck

3, 34

Unknown, PEA

Right-sided pneumocephalus.
Left frontal lobe hemorrhagic
contusion.
Bilateral frontal SAH.

Able to communicate.
Regained use of arms.
Dependent on tracheotomy
and gastric tube.

4, 4

Time to ROSC,
type of arrest

Pupil reactivity

Brain injuries

Bilateral reactivity

Multicompartmental intracranial Able to walk.
hemorrhage.
Neurologically intact.
Epidural hematoma.
Effacement of suprasellar cisterns.

Bilateral reactivity

Follow-up
(6 months–1 year)

2, 8

ADLs, activities of daily living; GCS, Glasgow Coma Scale; GOS-E, Glasgow Outcome Scale-Extended; ISS, Injury Severity Score; MOI, mechanism of injury; PEA, pulseless electric activity; ROSC,
return to spontaneous circulation; SAH, subarachnoid hemorrhage.
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Table 3 Comparisons between survivors and non-survivors of
traumatic arrest after TBI
Non-survivors
Survivors (n=8) (n=34)
Age, mean±SD

38.6±18.7

45.8±20.8

Sex
 Female (%)
 Male (%)

P value
0.286
0.784

2 (25)

7 (20.6)

6 (75)

27 (79.4)

ISS, mean±SD

33.6±11.6

39.3±14.4

0.306

Head AIS score, mean±SD

3.9±1.1

4.3±1.1

0.365

GCS score, mean±SD

5.3±2.1

3.2±0.5

0.020

GCS motor score, mean±SD

2.5±1.3

1.1±0.4

0.026
0.001

Pupil diameter and reactivity (%)
 Bilateral reactivity

5 (62.5)

3 (8.8)

 Bilateral constriction and non-
reactivity

2 (25)

3 (8.8)

 Bilateral dilation and non-
reactivity

1 (12.5)

 Unilateral dilation and non-
reactivity

0

Positive FAST examination (%)

2 (66.7)

19 (70.4)

 Intubation

7 (87.5)

23 (67.6)

 Bag ventilation

1 (12.5)

1 (2.9)

1 (2.9)
0.894
0.139

Cardiac arrest location (%)

Neuroimaging and neurosurgical interventions

Non-contrast head CT was performed in 26 out of 42 patients
with TCA. The rest died soon after ED arrival, before they
could be scanned. Of the patients 21 (80.7%) showed evidence
of subarachnoid hemorrhage, 11 (42.3%) had subdural hematoma, and 8 (30.8%) showed diffuse hypoxic injury with poor
gray-white matter differentiation. Seven patients had evidence of
herniation on neuroimaging, including transtentorial, subfalcine,
and tonsillar herniation. The mean Rotterdam score was 2.8.
Interestingly, 87.5% of the survivors received intracranial
pressure monitoring, significantly more than 11.8% in the non-
survivors (p<0.001). This was likely due to patients who did
not survive dying rapidly from the injuries, neurosurgery interventions being considered futile, or risks outweighing the benefits. Of the patients 16.7% underwent neurosurgical procedures.
Seven patients received external ventricular drainage and two
underwent decompressive craniectomy.

0.701

 On the field

6 (75)

 En route

1 (12.5)

9 (26.5)

 ED

21 (61.8)

1 (12.5)

4 (11.8)

Arrest rhythm (%)

0.378

 Asystole

1 (12.5)

15 (44.1)

 PEA

5 (62.5)

10 (29.4)

 Ventricular arrhythmia

0

2 (5.8)

 Unknown

2 (25)

7 (20.6)

0

6 (17.6)

Mechanism of injury (%)
 Fall

no significant difference in age, gender, ISS, or mechanisms of
injury between survivors and non-survivors. Similarly, the location of CPR initiation, intubation status prior to hospital arrival,
or traumatic arrest rhythm did not contribute significantly to
mortality.

27 (79.4)

Airway management (%)

0.625

 MVC

3 (37.5)

9 (26.5)

 Pedestrian vs auto

3 (37.5)

12 (35.3)

 Motorcycle crash

2 (25)

7 (20.6)

 Violence

0

1 (2.2)

DISCUSSION

Imaging findings (%)
 Subdural hematoma

1 (12.5)

10 (55.6)

 SAH

8 (100)

13 (72.2)

 Hypoxic injury

2 (25)

 Herniation
 Rotterdam score, mean±SD

1 (12.5)
2.63±0.9

6 (33.33)
5 (27.8)
2.89±1.4

0.001
0.007
0.029
0.019
0.625

Interventions (%)
<0.001

 ICP monitoring

7 (87.5)

4 (11.8)

 EVD

3 (37.5)

2 (5.9)

0.060

 Decompressive craniectomy

0

2 (5.9)

0.594

Bolded: p<0.05
AIS, Abbreviated Injury Scale; ED, emergency department; EVD, external ventricular drain;
FAST, focused assessment with sonography for trauma; GCS, Glasgow Coma Scale; ICP,
intracranial pressure; ISS, Injury Severity Score; MVC, motor vehicle collision; PEA, pulseless
electric activity; SAH, subarachnoid hemorrhage; TBI, traumatic brain injury.

to survivors, of whom the majority had bilateral pupil reactivity,
with only two who presented with non-reactive and constricted
pupils. Patients who presented with bilateral reactivity at admission had a survival rate of 62.5%, whereas those presenting with
non-reactive pupils had a survival rate of only 8.8%. There was
4

Figure 3 Pupil diameter and reactivity in patients with traumatic
brain injury with traumatic cardiac arrest are compared between
survivors and non-survivors in four categories.

Resuscitation of patients with TCA has a low success rate
and is traditionally considered futile.3–5 Little is known about
patients with TCA after sTBI, which is a major cause of death
and disability in itself. Our study demonstrates that, despite the
grim odds of survival and extensive injury, some patients do
survive, even with good neurological function. Although limited
by the small sample size, the current study has a survival rate of
19.0%, which is comparable with cardiac arrest associated with
all other trauma, and even as good or better than outcomes from
out-of-hospital cardiac arrest of any cause.10 11 It is important
to note that some of our cases of survival achieved ROSC less
than 5 minutes, which may contribute to the positive neurological outcomes observed. Our results show that TBI may not
substantially affect TCA survival, and timely resuscitation can
yield good neurological outcomes.
The two most important clinical features that provide prognostic information in our study are GCS score and pupil reactivity. GCS is routinely used to evaluate neurological function
in patients who have sustained head injuries. We showed that
GCS score is a significant predictor of survival after cardiac
arrest associated with sTBI. GCS motor score is also significantly
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higher in survivors compared with non-survivors. This result is
consistent with previous studies,12 13 including the CRASH trial,14
which demonstrated strong correlation between admission GCS
score with mortality and morbidity at discharge and at 6-month
follow-up. The GCS score in this study is recorded on arrival at
the ED, which has been shown to have higher predictive value
than those obtained on the scene as a result of initial management of airway, breathing, and circulation.13 On the contrary,
ISS was not a significant predictor in our patient population.
This is partly because all of our patients have very severe overall
injury (ISS >15). The results of our study suggest that neurological function assessment by GCS outweighs overall injury in
providing prognostic information in sTBI.
Pupil diameter and reactivity to light provide vital information
on the extent of brain damage. A dilated unreactive pupil indicates compression of the oculomotor nerve, often due to midline
shift and uncal herniation, and thus worse prognosis. This was
reflected in our results that most of the patients who survived
had bilaterally reactive pupils, whereas almost all of those with
non-reactive and dilated pupils did not survive. Previous report
has also shown that pupillary reactivity is a reliable prognostic
indicator of mortality in sTBI both on the field and at admission,
compared with GCS, making it a more useful early indicator of
survival.15 One limitation of pupil reactivity is that it could be
affected by sedative medications. However, most of our patients
only had light sedation on arrival to the ED. It is important to
note that previous studies have made the effort to combine GCS
score and pupil response to provide more accurate prognosis of
patients with sTBI, highlighting the importance of both clinical
assessments in evaluating severe brain trauma.8 Our study is in
concordance with these findings in that GCS score and pupil
response are the single two most important indicators of survival.
The most common initial rhythm before cardiac arrest in our
study is PEA, followed by asystole. These two cardiac rhythms
are most commonly associated with obstructive, hypovolemic,
and cardiogenic shock as well as tissue hypoxia.16 17 Although
closely related to traumatic injury, no specific cardiac rhythm
was significantly associated with mortality in our study. Other
general clinical characteristics related to trauma, such as mechanisms of injury, intubation status on the scene, and the location of cardiac arrest, also did not significantly contribute to
mortality in our cohort, which is consistent with current literature on TCA with larger sample sizes.10 16 18 Studies focusing
on the relationship between age and mortality from TCA have
mixed findings. Majority shows that older age is associated with
worse outcome.11 19 In our study, however, there was no difference in age between patients who survived and those who did
not. This result could be attributed to the fact that we excluded
patients with severe chronic comorbidities and cardiac arrest due
to medical causes. Both of these conditions have increased incidence with age and forebode worse outcomes seen in elderly
patients.20 21
Several consequences of brain trauma after TCA are evidenced
on imaging. In our study, most patients who underwent CT scans
had radiological evidence of subarachnoid hemorrhage and
subdural hematoma. Other frequent neuroimaging findings in
patients include diffuse axonal injury with poor gray-white matter
differentiation. Hypoxic-ischemic brain injury is one of the most
serious consequences of cardiac arrest, reported to be present in
one-fifth of all out-of-hospital cardiac arrest cases.6 22 The effects
of cardiac arrest on brain tissue are twofold—a primary injury
immediately as a result of cessation of cerebral blood flow and
a secondary injury related to reperfusion, which takes hours or
days to occur. Whether the brain imaging findings in our study

are attributed to the primary or the secondary mechanisms is
not clear. Previous mechanistic studies have found common
biomarkers of cardiac arrest and TBI, which may suggest shared
pathophysiological cascades in these two insults.23 Future studies
are needed to elucidate the biochemical changes in the brain
tissue in cases of TCA after sTBI.
Our study is a retrospective chart review and is subject
to limitations of the study design. The sample size is small,
partially limited by the rare event of cardiac arrest after sTBI.
We recognize that GCS score at admission may be affected by
confounding effects from sedation, neuromuscular blockade,
and rapid sequence intubation during resuscitation on the field,
as well as inter-rater discrepancy. Nevertheless, GCS remains an
essential clinical tool for evaluating the level of consciousness
when patients with severe trauma arrive at the hospital. We did
not include the underlying health status of the patients in the
analysis, which could be a factor contributing to their survival
and recovery. However, we did exclude those with significant
cardiac comorbidity and those with cardiac arrest due to other
medical reasons. Limited by the nature of chart review study,
we did not analyze the transport time from cardiac arrest to ED
arrival, CPR duration, or time to definitive airway, which could
also impact the success of resuscitation. Nonetheless, we think
that the reported data are representative of the TCA population
in general.
In conclusion, this study demonstrates that patients with
cardiac arrest after sTBI do survive and can recover with
decent neurological function, although the mortality rate
remains high. Initial clinical features including GCS score,
pupillary diameter, and reactivity to light were important indicators of survival. Some frequent neuroimaging findings on
non-contrast head CT in this unique group of patients include
subarachnoid hemorrhage, subdural hematoma, and hypoxic
axonal injury. Given the chance of survival and neurological
recovery, cardiac arrest event should not exclude patients with
sTBI from getting proper resuscitation and appropriate neurosurgical care.
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