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Brain Magnetic Resonance Imaging in Patients with Favorable Out-
comes after Out-of-Hospital Cardiac Arrest: Many Have Encephalopa-
thy Even with a Good Cerebral Performance Category Score

Woo Sung Choi, M.D., Jin Joo Kim, M.D., and Hyuk Jun Yang, M.D.

Department of Emergency Medicine, Gachon University Gil Medical Center, Incheon, Korea

Background: The aim of this study was to retrospectively evaluate and analyze the brain magnetic resonance imaging (B-MRI) findings of
patients with a favorable neurological outcome following cerebral performance category (CPC) after out-of-hospital cardiac arrest (OHCA)
at single university hospital emergency center.

Methods: Patients with return of spontaneous circulation (> 24 h) after OHCA who were older than 16 years of age and who had been
admitted to the emergency intensive care unit (EICU) for over a 57-month period between July 2007 and March 2012 and survived with a
favorable neurological outcome were enrolled. B-MRI was taken after recovery of their mental status.

Results: Fifty-two patients among the 305 admitted patients had a good CPC, and 33 patients’ B-MRI were analyzed (CPC 1: 26 patients,
CPC 2: 7 patients). Among these, 18 (54.5%) patients had a normal finding on B-MRI. On the other hand, ischemia/infarction/microangiopa-
thy compatible with hypoxic-ischemic encephalopathy (HIE) were found on various brain areas including subcortical white matter (7/13),
cerebral cortex, central semiovlae, basal ganglia, putamen, periventricular white matter, and cerebellum.

Conclusions: Survivors with a favorable neurological outcome from OHCA showed HIE on B-MRI, especially all of the patients with a CPC 2.
More detail neurologic category including brain imaging would be needed to categorize patients with favorable outcome after OHCA.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is fatal thus is a major global health concern. There were approximately 166-200
OHCA cases in the U.S. in 2008,[1] and the standardized incidence rates in South Korea in 2006 and 2007 were 20.9 and 22.2
per 100,000, respectively.[2] The survival discharge rate was extremely low (3.5%) for the resuscitation-attempted group, and
only 1.1% of all the patients had a favorable neurological outcome (cerebral performance category [CPC] 1-2).[2] Cardiac ar-
rest results in global cerebral ischemia as well as hypoxic-ischemic encephalopathy (HIE) even for patients with a good CPC.
The neuropsychological sequelae of HIE are memory disturbances, amnesia, insomnia, change of personality and behavior,
visual deficit, language skills, and so on.[3] But there were
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ings of patients with a favorable neurological outcome fol-
lowing CPC after out-of-hospital cardiac arrest at one emer-

gency center.

Materials and Methods

1) Study population

The study institution was a 1,600-bed university hospital
with an annual emergency intensive care unit (EICU) cen-
sus of 1,000. This was a retrospective study of patients with
return of spontaneous circulation (> 24 h) after OHCA who
were older than 16 years of age and who had been admitted
to the EICU for over a 57-month period between July 2007
and March 2012. After admission, patients received post
cardiac arrest care including therapeutic hypothermia (TH)
following a standardized protocol. Patients with a favor-
able neurological outcome (CPC 1-2) underwent B-MRI
after recovery of their mental status and then enrolled in our
study. CPC were measured at 6 month after discharge. Pa-
tients who did not receive TH and did not undergo B-MRI,
patients who were pregnant, traumatic cardiac arrest were
excluded from the study. Informed consent was received for
the study following the protocol used in the authors’ depart-
ment. In the authors’ emergency center, the standardized
post cardiac arrest care protocols have been used since 2007

and are updated annually.

2) B-MRI

B-MRI was checked after recovery of consciousness and
stabilization of their general condition. B-MRIs available
at our institution during the study period were 1.5 Tesla (T)
(Magnetom Vision, Siemens, Erlangen, Germany) and 3T
scanners (Magnetom Verio, Siemens, Erlangen, Germany).

B-MRI results were analyzed by neurological radiologists.

Results

During the study period, a total of 402,607 patients visited
our emergency department; 1,145 patients received cardio-
pulmonary resuscitation, 305 patients were admitted to the
EICU and received post cardiac arrest care, 226 patients
survived, 52 patients had a good CPC, and 33 had a B-MRI

402,605
ED visit
> 401,462
y No attempt of CPR
1,145
CPR
> 840
" Died at ED
305
Admission
_ 253
y Poor CPC
52
Good CPC
> 19
y No B-MRI
33
B-MRI

Fig. 1. This diagram shows the enrolled patients during July
2007 to March 2012. ED: emergency department; CPR: cardio-
pulmonary resuscitation; GPC: cerebral performance category;
B-MRI: brain magnetic resonance imaging (good CPC: CPC1-2).

Table 1. Basal characteristics of the patients (N = 305)

Gender (male) 210 (69.0)

Age (year) 53.33 (+ 15.242)
Smoking (PYR) 8.84 (+ 16.040)
Initial rhythm, non-shockable 217 (71.1)
Shockable 88 (28.9)
Cause of arrest, cardiac 193 (63.4)
Non-cardiac disease 80 (26.1)
Trauma 32 (10.6)
AR_BLS (min) 7.33 (+5.882)
AR_ACLS (min) 18.47 (+ 9.349)
AR-RO (min) 35.46 (+ 18.700)
APACHE Il 24.31 (+ 5.884)
Lactate (mmol/L) 9.075 (+ 3.777)
CPC, good 52 (17.05)

Data are expressed as mean + standard deviation or n (%).

PYR: pack year; AR_BLS: time from arrest to start the basic life support; AR_ACLS:
time from arrest to start the advanced cardiac fife support; AR-RO: time from arrest
to return of spontaneous circulation; APACHE: acute physiology and chronic health
evaluation; CPC: cerebral performance category (good CPC: 1-2, poor CPC: 3-5).

(CPC 1: 26 patients, CPC 2: 7 patients) (Fig. 1). Two pa-
tients were excluded due to not having received TH, and 17
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Table 2. Variables by neurologic outcome (N = 305)

Neurologic outcome

Good (n = 52) Poor (n=253) p-value
Male 39(18.6) 171(81.4) 0.350
Female 3(13.6) 82 (86.4)
Age (year) 50.23 (= 11.99) 54.50 (+ 16.21) 0.090
Smoking (PYR) 11.97 (+ 20.25) 7.63 (+14.01) 0.224
Initial rhythm, non-shockable 21(14.9 117 (85.1) 0.000"
Shockable 31 (58.5) 136 (41.5)
Cause of arrest, cardiac 42 (37.8) 153 (62.2) 0.001~
Non-cardiac 0(9.6) 100 (90.4)
AR_BLS (min) 5.92 (+ 0.626) 7.88 (+ 0.629) 0.042"
AR_ACLS (min) 14.76 (+ 1.292) 19.77 (+ 0.950) 0.003
AR-RO (min) 2851 (+2.812) 38.08 (+ 1.887) 0.006*
APACHE Il 2161 (+5.22) 25.28 (+ 5.83) 0.001*
Lactate (mmol/L) 8.69 (+ 4.12) 9.20 (+3.67) 0.561

Data are expressed as mean =+ standard deviation or n (%).

PYR: pack year, AR_BLS: time from arrest to start the basic life support, AR_ACLS: time from arrest to start the advanced cardiac life support, AR-RO: time from arrest
to return of spontaneous circulation, APACHE: acute physiology and chronic health evaluation.

"p < 0.05.

Table 3. Brain MRI findings of the patients with good CPC (N = 33)

MRI findings n (%)
Time from admission to scan B-MRI 11.67 (+ 9.00)
Days
Normal 18 (54.5%)
Abnormal 13 (39.4%)
HIE
Cortex
Temporal lobe 2
Occipital lobe 2
Parietal lobe 2
Frontal lobe 1
Subcortical WM 7
Central semiovale 2
BG, putamen 3
Cerebellum 1
PVWM 2
Underlying abnormalities
Diffuse brain atrophy 1(3.0%)
Microangiopathy 1(3.0%)

Data are expressed as mean =+ standard deviation or n (%).

MRI: magnetic resonance imaging; CPC: cerebral performance category, B-
MRI: brain magnetic resonance imaging; HIE: hypoxic-ischemic encephalopathy;
WM: white matter; BG: basal ganglia; PVWM: periventricular white matter (good
CPC: CPC 1-2).

patients were excluded due to not having taken B-MRI after
recovery of mental status. Therefore, a total of 33 B-MRI
findings were analyzed in the present study. Table 1 shows
the basal characteristics of the patients and Table 2 shows
the variables statistically significant related to good CPC.
The average time from arrest to undergoing B-MRI was
11.63 (£ 9.00) days (< 5 days: 5 cases, > 6 days: 28 cases,
acute or subacute period). Among these, 18 (54.5%) patients
had a normal finding on B-MRI and all of those patients
had a CPC 1. In the patients with abnormal B-MRI findings,
ischemia/infarction/microangiopathy compatible with HIE
were found in various brain areas. The most common in-
jured area was subcortical white matter (7/13) in our study.
Other injured areas were the cerebral cortex, centrum semi-
ovale, basal ganglia, putamen, periventricular white matter,
and cerebellum (Table 3). Underlying abnormalities were
diffuse brain atrophy and microangiopathy. The typical find-
ings of HIE on B-MRI were well seen on T2 weighted im-
aging and fluid attenuated inversion recovery (FLAIR) with
increased signal intensity (Fig. 2). One patient with a CPC
2 showed HIE on B-MRI with a high signal change in T2
weighted imaging and FLAIR along the cortex and still had
remaining HIE on follow-up imaging at six months after

arrest (Fig. 3). He suffered from visual disturbances but did
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Fig. 2. This brain magnetic resonance imaging shows typical hypoxic-ischemic encephalopathy in subcortical white matter with high
signal intensity on T2 weighted imaging (A)/fluid attenuated inversion recovery (B).

usual his life by himself.

Many efforts have been made to overcome the complica-
tions of cardiac arrest. The only method proven to improve
the neurological outcome after cardiac arrest is TH.[5,6] For
this reason, TH is recommended to patients with spontane-
ous return of circulation after cardiac arrest in 2010 Ameri-
can Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care.[7] As
mentioned earlier, the survival discharge rate was extremely
low (3.5%) for the resuscitation-attempted group, and only
1.1% of patients had a favorable neurological outcome.[2]
Among the patients with a good CPC, HIE could be seen on
B-MRI and could have been suffered from various neuro-
logical disturbances.

Cortical lesion pattern represents bilateral and symmetri-
cal gyriform involvement through increased signals on T2
weighted imaging and FLAIR. The underlying mechanism
of this cortical lesion is suggested to be cortical laminar ne-
crosis.[8] Microvacuolation, which is suggested as the ini-
tial phase of cortical laminar necrosis, may reflect the high
sensitivity of diffuse weighted imaging through diffusion
restriction.[9] Usually physicians check diffusion weighted

imaging of brain immediately after cardiac arrest because it
takes shorter time to check and could check more briefly in
emergency department. Arbelaez et al[10] reported that dur-
ing the acute period (<24 hours), high-strength diffusion-
weighted images showed the abnormal basal ganglia, cer-
ebellum, and cortex to a better extent than did conventional
MR images. Els et al[11] reported that pathologic diffusion
weighted brain imaging during early phase after cerebral
hypoxia might be superior to conventional MRI as a predic-
tor of a worse clinical outcome. Diffusion weighted imaging
would be better during early stage after hypoxia to predict
worse outcome. But in this study, we analyzed conventional
MRI during early to subacute state after hypoxia of patients
with good outcome.

In the acute period, the cerebral cortex is usually affected
in isolation. Involvement of the thalamus, basal ganglia and
cerebellum in addition to the cerebral cortex is more fre-
quently seen in scans obtained later cardiac arrest.[12] The
hippocampus, medial temporal lobes and basal ganglia are
more vulnerable in the condition of pulmonary hypoxic ar-
rest.[13] Topcuoqlu et al[8] reported neurological prognosis
based on B-MRI findings, B-MRI of patients in the poor
neurological outcome group showed an extensive cortical
lesion pattern and those in the good neurological outcome
group revealed focal not extensively. In our study, different

injured areas were observed on B-MRI including the cortex,
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Fig. 3. This brain magnetic resonance imaging shows high signal change in T2 weighted imaging/fluid attenuated inversion recovery
along the cortex (A) and follow-up imaging six-month after insult in the patient with cerebral performance category 2 score (B).

subcortical white matter, basal ganglia, cerebellum, and so
on. The average time to B-MRI was 11.6 days more after
6 days as subacute period. It is important to note that no
typical or fixed pattern of B-MRI abnormality was present
in patients with HIE. However, cortical lesion, and other
various patterns of B-MRI abnormalities after cardiac ar-
rest have been described especially in diffusion restriction.
[13-17] Wu et al[16] reported a retrospective study of 80
patients and showed that whole-brain apparent diffusion
coefficients were lower in poor outcome patients than in
good outcome patients. Prognostication after cardiac arrest
and hypothermia should be performed continuously and

cautiously through not only B-MRI but also through clinical

neurological examination, serum biomarkers, neurophysi-
ological studies including electroencephalography, somato-
sensory evoked potential, and so on, even after recovery of
mental status.[18,19]

Cognitive impairments in survivors of cardiac arrest have
been reported. One prospective study reported cognitive
function of 57 patients who survived from OHCA. Among
these patients, 11 to 28% of survivors were cognitively im-
paired, while 58% scored unimpaired for all tests. Daily life
activities were limited in 19% of the patients.[20] Grubb
et al[21] reported chronic memory impairment especially
verbal and spatial memory in 35 survivors of OHCA than

controls. In our study, patients with a good CPC also had
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cognitive dysfunction including memory disturbances and
visual deficits, even if they showed normal B-MRI findings.
All patients with a CPC2 had HIE on B-MRI and most of
them had cognitive dysfunction. In general, Glasgow out-
come score or CPC are used to check patient’s neurologic
outcome in post cardiac arrest syndrome. We need more de-
tail neurologic category applied brain imaging to categorize
patients with favorable outcome after OHCA and physicians
do rehabilitation more actively to these patients. This would
be effective to care and upgrade their life ability by reha-
bilitation program following category. Correlation between
cognitive dysfunction and B-MRI findings was not investi-
gated in our study. Further research including neuroimaging,
neurophysiologic and neuropsychological studies of survi-
vors after cardiac arrest will be needed. Our study has some
limitations. First, since this was a retrospective one center
study, a number of unknown biases could have been intro-
duced. Second, the time from arrest to B-MRI varied among
the study participants. In our institution usually B-MRI is
taken after stabilization after acute stage of post-cardiac ar-
rest care including extubation because it takes time to check
full MRI. But ischemic lesion could vary following checked
time and if there were very small lesion, it couldn’t be seen
in imaging.

Survivors with a favorable neurological outcome from
OHCA could show HIE on B-MRI, especially all of the
patients with a CPC 2. More detail neurologic category ap-
plied brain imaging would be needed to categorize patients
with favorable outcome after OHCA and physicians do re-

habilitation more actively to these patients.
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