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Abstract

The outcomes of patients with traumatic cardiac arrest (TCA) have been dismal. However, imaging mo-
dalities are improving rapidly and are expected to play a role in treatment of patients with TCA. In
this retrospective study, whether obtaining computed tomography (CT) immediately after resuscitation
had any clinical value was evaluated. Among 145 patients with TCA admitted to our institution during
4 years, hemodynamically stable return of spontaneous circulation (ROSC) was achieved in 38 (26%).
Brain and cervical spine CT was obtained prospectively, and the frequency and type of traumatic brain
injury (TBI)/upper cervical spine injury (UCSI) were investigated. CT was performed uneventfully in all
patients with an average door-to-CT time of 51.5 + 18.6 min. Twenty (53%) had CT evidence of TBI. How-
ever, no patients underwent brain surgery because of lack of return of brainstem functions. Among the
18 patients without TBI, CT signs of hypoxia were present in 15 patients (39%), and CT was considered
intact in 3 patients (8%). None of the 35 patients with abnormal CT findings survived, and the presence
of such findings predicted fatality with high sensitivity and specificity. While 13 of the 38 patients (34%)
had CT evidence of UCSI, concomitant TBI and USCI were uncommon. None of the 13 patients with UCSI
underwent spine surgery because of lack of return of brainstem functions, and the presence of USCI might
also be associated with fatality. Although obtaining CT was useful in the prognostication of TCA patients

with ROSC, it did not have much impact in therapeutic decision making.
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Introduction

Prognosis for patients with traumatic cardiac arrest
(TCA) has been dismal.'®!® Majority of the patients
die at the scene or in the emergency department
(ED) without establishment of return of spontaneous
circulation (ROSC).'®'® Furthermore, even those
who achieve ROSC in the ED rarely achieve long-
term survival.’*!® However, vigorous resuscitative
efforts initiated at the scene seem to improve their
outcomes, and clinical variables predictive of long-
term survival have been identified.*!% Recently,
the role of brain computed tomography (CT) in the
resuscitation of patients with non-traumatic cardiac
arrest (CA) has been established.*!*1115 Whole body
CT scans may also have an important role in the
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acute care of poly-trauma patients presenting with
pulse.” However, few researchers have evaluated
the role of brain and cervical spine CT in the acute
care of patients with TCA. CT scans are obtained
immediately after achievement of ROSC from patients
with CA of any etiologies in our institution,'*V and
a retrospective study is conducted to clarify whether
obtaining CT scans has a role in the prognostication
of patients with TCA.

Patients and Methods

This study was conducted from July 2006 to June
2010 in a single institution, which is a tertiary referral
center covering a local population of approximately
500,000. Cardiopulmonary resuscitation (CPR) for
adult patients with TCA was performed following the
advanced trauma life support guidelines.'® No patients
with TCA underwent an emergency thoracotomy or
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chest tube insertion at the scene. As soon as the
patients were brought to the ED, they underwent
focused ultrasound of the chest and abdomen during
resuscitation. Immediately after successful CPR and
achievement of ROSC, they were brought to a CT
suite adjacent to the ED, on the condition that their
blood pressure (BP) was stable enough for transport.
The CT suite was equipped with a Light-Speed
16-detector row CT scanner (GE Healthcare, Tokyo),
and helical CT of the brain and cervical spine was
obtained. Patients with penetrating TCA as well as
pediatric patients with TCA (< 15 years of age) were
excluded from analysis. All CT images were stored
and viewed with picture archiving and communi-
cation systems. Presence and type of brain injury/
upper cervical spine injury (UCSI) was evaluated
by a board-certified neurosurgeon who was unaware
of each patient’s condition. For evaluation of UCSI,
3-dimensional reconstruction of the CT images of the
cervical spine was available in all subjects. Patients
were classified according to the presence of traumatic
brain injury (TBI) on brain CT. Those without a CT
evidence of TBI were further classified depending
on the presence of early CT signs of hypoxic brain
injury. The definition of CT signs of hypoxic brain
injury, including (1) loss of boundary between the
gray matter and white matter and (2) presence of
cortical sulcal effacement sign, is based on the study
by Torbey et al.?V Subsequently, the frequency and
type of UCSI were investigated and relationship
between TBI and UCSI was evaluated. Autopsy of
those who died in the ED or during hospitalization
was not performed routinely.

Results

Demographics

During the 4-year period, 145 patients with CA
due to blunt trauma were brought to our ED. One
hundred and sixteen (80%) patients were already
pulseless at the scene, while the other 29 (20%)
became pulseless during transfer to or shortly after
(« 15 min) arrival at our ED. ROSC and stable BP
was established in 38 (26%). Brain and cervical spine
CT were obtained uneventfully from all patients. ED
door-to-CT time ranged from 21 min to 100 min,
with an average of 51.5 * 18.6 min, and CT was
completed within 60 min of ED arrival in 25 patients
(66%). Injury severity score ranged from 16 to 64
(mean: 34.3 = 10.5). Survival period ranged from
1 to 452 days (mean: 11.7 = 59.0 days). Twenty-seven
patients (71%) died within 24 h of admission. The
results are summarized in Table 1.

Table 1 Demographics of 38 traumatic cardiac arrest
patients who achieved return of spontaneous circulation

Age (yrs) 16—91 (mean: 55.4 = 22.8)
M:F 32:6

Mechanism of injury Motor vehicle accident: 29,

Fall: 8, Assault: 1
1SS 16—64 (mean: 34.3 + 10.5)
ED door-to-CT time 21-100 (mean: 51.5 = 18.6)
(min)

Mean survival (day) 1-452 (mean: 11.7 + 59.0,

median: 1)

CT: computed tomography, ED: emergency department, ISS:
Injury Severity Score.

Table 2 Type and frequency of traumatic brain/upper
cervical spine injury

TBI (N = 20)
Diffuse swelling with
hemorrhage: 19
ASDH with midline shift: 4 AAD: 4
Skull fracture: 17 OAD: 2
(C2-3 fracture-dislocation: 1

UCSI (N =13)
C2 odontoid fracture: 6

AAD: atlanto-axial dislocation, ASDH: acute subdural hema-
toma, OAD: occipito-atlantal dislocation, TBI: traumatic brain
injury, USCI: upper cervical spine injury.

Frequency and type of brain injury

Twenty patients (53%) had a CT evidence of
TBI. Diffuse hemorrhagic brain swelling was seen
in 19 patients (Table 2). On the other hand, acute
subdural hematoma with midline shift (> 5 mm)
was present only in 4 patients. Skull fractures were
present in 17 patients. Among the 18 patients without
TBI, early CT signs of hypoxia were present in 15
(39%), and in the other 3 patients (8%), brain CT
was considered intact (Fig. 1). As a consequence,
a total of 35 patients (92%) were considered to
have abnormal brain CT (Fig. 1). None of the 20
patients with TBI or 15 with hypoxic brain injury
recovered brainstem functions and survived to
discharge, and brain surgery was performed in
none of them. By contrast, one of the 3 patients
with intact brain CT survived to discharge. As a
result, one of the 38 patients (3%) achieved a long-
term survival, and the overall survival rate of TCA
patients in our institution was 0.7% (1 in 145). The
presence of abnormal brain CT predicted fatality
with a sensitivity of 95%, specificity of 100%, and
positive predictive value of 100%. Cases with a
typical CT finding of TBI and hypoxic brain injury
is illustrated in Fig. 2.
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CA from blunt trauma
N=145

ED survivor: ROSC with stable BP
N=38 (26%)

ED death [
N=107

CT (brain/spine)

TBI (+)
N=20
LT survivor: 0

TBI (-) Hypoxia (+) TBI (-) Hypoxia (-)
N=15 N=3
LT survivor: 0 LT survivor: 1

Abnormal brain CT (92%)

Intact brain CT (8%)

Fig. 1 Outcomes of 38 patients classified by brain
computed tomography (CT) findings are shown. BP:
blood pressure, CA: cardiac arrest, ED: emergency
department, LT: long-term, ROSC: return of spontaneous
circulation, TBI: traumatic brain injury.

Fig. 2 A: A case of traumatic brain injury, character-
ized by diffuse traumatic subarachnoid hemorrhage,
intracranial air, and destruction of the anterior skull
base. B: A case of hypoxic brain injury, characterized
by loss of boundary between the gray matter and white
matter and cortical sulcal effacement.

Frequency and type of UCSI

Among the 38 patients, 13 (34%) had a CT
evidence of UCSI. The types of USCI in order of
frequency were: C2 odontoid fractures in 6 (16%),
atlanto-axial dislocations (AAD) in 4 (11%), occipito-
atlantal dislocations (OAD) in 2 (5%), and C2-C3
fracture-dislocation in 1 (3%) (Table 2). A case with
an OAD and a case with a C2 odontoid fracture is
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Fig. 3 A: A case of occipito-atlantal dissociation.
Marked distraction of the occipito-atlantal joint is
indicated with an asterisk. B: A case of C2 odontoid
fracture with marked dislocation.

Table 3 Relationship between traumatic brain injury
and upper cervical spine injury

UCSI
TBI
Yes No
Yes 5 (13%) 15 (40%)
No 8 (21%) 10 (26%)

TBI: traumatic brain injury, UCSI: upper cervical spine injury.

illustrated in Fig. 3. None of the 13 patients with
UCSI recovered brainstem functions and survived
to discharge, and spine surgery was performed in
none of them. Subsequently, relationship between
TBI and UCSI is shown in 2 x 2 Table (Table 3).
Five patients (13%) had concomitant TBI and USCI,
15 (40%) had TBI alone, 8 (21%) had USCI alone,
and the other 10 (26%) had neither TBI nor USCI.

Discussion

A pessimistic view that CPR might be futile for
patients with TCA had prevailed because of their
poor prognosis.'®'® However, vigorous resuscita-
tion initiated at the scene seems to improve their
outcomes.*#1% Recent studies showed that the long-
term survival rate of patients with TCA improved
to 9-17%.4%19 Several prognostic variables have
been reported, including presence of pulse and
reactive pupil at the scene.*®!® Other than such
vital signs, however, diagnostic adjuncts used in
comatose patients to evaluate survivability, such
as electroencephalogram and brainstem auditory
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evoked potentials, may not be available or reliable
in ED or intensive care unit.? Recently, the role
of imaging studies in the treatment of patients
with non-traumatic CA seems to have been estab-
lished.>1%111%) Brain CT occasionally revealed an
unexpected intracranial hemorrhage which was
responsible for CA.51°% Early CT signs of hypoxic
brain injury were present in as many as 70% of non-
traumatic CA patients with ROSC,"V and presence
of intracranial hemorrhage and/or hypoxic brain
injury almost invariably predicted fatality in that
population.’®'V Similarly, the use of whole body CT
in the acute care of poly-trauma patients presenting
with pulse significantly increased the probability
of long-term survival.” However, few authors have
evaluated the role of CT during resuscitation of
patients with TCA.

In this study, CT was feasible in all of the 38
TCA patients achieving ROSC with an average ED
door-to-CT time of 51.5 + 18.6 min. CT evidence of
TBI was present in 53%. Interestingly, only a small
fraction of patients with TBI had CT evidence of
brain herniation (Table 2), indicating that diffuse
rather than focal brain injury results in instantaneous
brain death in most victims of TCA. Brain surgery
was attempted in none of them because of lack of
recovery in the brainstem functions. Furthermore,
CT evidence of hypoxic brain injury was present
in another 39%. In total, 35 (92%) of the 38 TCA
patients with ROSC sustained either traumatic
or hypoxic brain injury (Fig. 1). The results that
abnormal CT predicted fatality with a sensitivity
of 95% and specificity of 100% show that brain
CT is a reliable prognosticator in that population.

The frequency of UCSI, 34% in this study, seems
to be compatible with those from postmortem
radiological studies which range from 34% to
41%.'® The axis is the vertebra most likely to be
injured.” Concomitant TBI and USCI occurs rela-
tively infrequently (Table 3), only in 13% in this
study. Nevertheless, the frequency is higher than
that of comatose TBI patients presenting with pulse,
in whom concomitant USCI is present only in 3%
to 4%.7?9 Relatively high frequency of AAD and
OAD (Fig. 3) in our series may explain the differ-
ence, although they are rarely present in comatose
TBI patients presenting with pulse. Spine surgery
was attempted in none of them because of lack
of recovery in the brainstem functions. Like TBI,
the presence of USCI on cervical spine CT also
seems to reflect severe injury and predict fatality,
although survival after fixation surgery has rarely
been reported.'?

Despite potential benefits of CT in prognostication
of patients with TCA achieving ROSC, there are not

a few limitations in this study. Even when TBI and/
or spinal instability was found, the great majority
of the patients remained clinically brain-dead, and
obtaining CT may not help identify those with
potentially operable lesions: in contrast to abnormal
brain CT which invariably predicts fatality, intact
CT may not be associated with long-term survival.
Distinction between traumatic and hypoxic brain
injury on brain CT may also be arbitrary. Diffuse
axonal injury may not be visualized optimally on
brain CT,'” and several patients with this injury
might have been classified either as hypoxic brain
injury or intact. It should also be reminded that
TCA is a clinical entity with heterogenous causes.
Due to lack of autopsy, it is uncertain whether TBI
visualized on brain CT was really responsible for
fatality. Similarly, a small proportion of UCSI may
also have been asymptomatic, and it is unclear
whether all USCIs visualized on cervical spine CT
were responsible for fatality.

We acknowledge that the low survival rate of
0.7% needs to be improved, and are considering
implementation of ambulance with physicians
(so-called doctor-car).' Deterioration of trauma
patients with pulse into CA during transport occurs
not uncommonly, and such prehospital interven-
tion may help prevent such deterioration and also
achieve earlier restoration of ROSC. Prehospital
application of various imaging modalities has also
been studied extensively in other countries and may
be promising. Feasibility and efficacy of portable
ultrasound at trauma scene has been demonstrated
repeatedly.? More recently, an ambulance equipped
with a portable CT unit has been introduced so that
thrombolytic therapy for acute stroke patients can be
initiated prehospitally.?? Although such mobile CT
may not be available soon in our country, prehospital
acquisition of CT images in severe trauma patients
has a potential to prolong their therapeutic time
window: whole body CT may reveal occult bodily
lesions for which early interventions may favorably
alter the course of patients. After such progress in
emergency diagnostic imaging, we expect that CT
scans for patients with TCA may become meaningful
not only as a prognostication tool but also in making
treatment decision in the near future.

In conclusion, CT obtained immediately after
resuscitation showed that more than 90% of TCA
patients with ROSC had a CT evidence of traumatic
and/or hypoxic brain injury, and the presence of
abnormal brain CT predicted fatality with high sensi-
tivity and specificity. USCI was present in 34%, and
the presence of USCI also seems to predict fatality.
These results suggest that brain and cervical spine
CT may be a valuable tool in the prognostication
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of TCA patients with ROSC.
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