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Abstract 

Background: Cumulative evidence regarding the use of brain magnetic resonance imaging (MRI) for predicting 
prognosis of unconscious out‑of‑hospital cardiac arrest (OHCA) survivors treated with targeted temperature man‑
agement (TTM) is available. Theoretically, these patients are at a high risk of developing cerebral infarction. However, 
there is a paucity of reports regarding the characteristics of cerebral infarction in this population. Thus, we performed 
a pilot study to identify the characteristics and risk factors of cerebral infarction and to evaluate whether this infarction 
is associated with clinical outcomes.

Methods: A single‑center, retrospective, registry‑based cohort study was conducted at Severance Hospital, a tertiary 
center. Unconscious OHCA survivors were registered and treated with TTM between September 2011 and December 
2015. We included patients who underwent brain MRI in the first week after the return of spontaneous circulation. We 
excluded patients who underwent any endovascular interventions to focus on “procedure‑unrelated” cerebral infarc‑
tions. We assessed hypoxic–ischemic encephalopathy (HIE) and procedure‑unrelated cerebral infarction separately on 
MRI. Patients were categorized into the following groups based on MRI findings: HIE (−)/infarction (−), infarction‑only, 
and HIE (+) groups. Conventional vascular risk factors showing p < 0.05 in univariate analyses were entered into mul‑
tivariate logistic regression. We also evaluated if the presence of this procedure‑unrelated cerebral infarction lesion or 
HIE was associated with a poor clinical outcome at discharge, defined as a cerebral performance category of 3–5.

Results: Among 71 unconscious OHCA survivors who completed TTM, underwent MRI, and who did not undergo 
endovascular interventions, 14 (19.7%) patients had procedure‑unrelated cerebral infarction based on MRI. Advancing 
age [odds ratio (OR) 1.11] and atrial fibrillation (OR 5.78) were independently associated with the occurrence of proce‑
dure‑unrelated cerebral infarction (both p < 0.05). There were more patients with poor clinical outcomes at discharge 
in the HIE (+) group (88.1%) than in the infarction‑only (30.0%) or HIE (−)/infarction (−) group (15.8%) (p < 0.001). HIE 
(+) (OR 38.69, p < 0.001) was independently associated with poor clinical outcomes at discharge, whereas infarction‑
only was not (p > 0.05), compared to HIE (−)/infarction (−).

Conclusions: In this pilot study, procedure‑unrelated cerebral infarction was noted in approximately one‑fifth 
of unconscious OHCA survivors who were treated with TTM and underwent MRI. Older age and atrial fibrillation 
might be associated with the occurrence of procedure‑unrelated cerebral infarction, and cerebral infarction was 
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Introduction
Post-cardiac arrest (CA) brain injury is a common 
cause of morbidity and mortality in out-of-hospital car-
diac arrest (OHCA) survivors. This includes hypoxic–
ischemic encephalopathy (HIE), cerebral infarction, and 
a variety of neurologic manifestations, such as intracta-
ble myoclonus, cognitive decline, and parkinsonism [1]. 
Recent advances in integrated post-CA care, greatly con-
tributed by targeted temperature management (TTM), 
shed light on the treatment of unconscious OHCA sur-
vivors, with both higher chances of survival and better 
neurologic recovery [2].

Cumulative evidence regarding brain magnetic reso-
nance imaging (MRI), particularly diffusion-weighted 
imaging (DWI), for identifying HIE, a powerful and 
reliable method to predict the neurologic outcome of 
unconscious OHCA survivors treated with TTM, is avail-
able [3, 4]. In real clinical practice, we have sometimes 
found diffusion-restricted lesions, suggesting the occur-
rence of cerebral infarction in unconscious OHCA survi-
vors treated with TTM. It is hard to distinguish cerebral 
infarction from HIE, because both can show restricted 
diffusion and coexist [5, 6]. However, HIE tends to pre-
sent as restricted diffusions predominantly in the gray 
matter, such as the cortex, basal ganglia, thalami, hip-
pocampi, or cerebellum, whereas cerebral infarction 
may show patterns of a large-artery occlusion, embo-
lism, or small-artery occlusion [5–7]. Nevertheless, 
previous studies only focused on the presence of diffu-
sion-restricted lesions, which mainly considered HIE and 
showed that they could predict the prognosis of uncon-
scious OHCA survivors. However, they did not investi-
gate the differential impact of cerebral infarction and HIE 
on the prognosis [3, 4].

Until now, there has been only one preliminary study 
describing the characteristics of embolic infarction [8]. 
In this retrospective study, among the 77 patients who 
underwent induced hypothermia after CA, only two 
patients (3% of included patients, mean age 73  years) 
developed a clear embolic stroke; however, no features 
were found among these two patients that could dis-
tinguish them from the others [8]. This finding might 
be due to the paucity of stroke cases in their cohort. 
Theoretically, however, unconscious OHCA survivors 
treated with TTM have a high risk of developing cerebral 

infarction because of premorbid cardio-cerebrovascular 
risk factors, such as coronary and valvular heart diseases, 
low cardiac output, and arrhythmia [1, 9], as well as 
adoption of endovascular interventions, including percu-
taneous coronary intervention (PCI), intra-aortic balloon 
pump (IABP), and percutaneous cardiopulmonary sup-
port (PCPS) [10–13]. Furthermore, TTM is also associ-
ated with several complications, including dysrhythmias 
and hemodynamic instability, which in turn increase 
the incidence of cerebral infarction [14], although TTM 
generally increases the rate of a favorable neurologic out-
come and reduces mortality [2, 15].

The overall aim of this pilot study was to identify the 
characteristics and risk factors for development of pro-
cedure-unrelated cerebral infarction and to evaluate the 
association between the infarction and the neurologic 
outcome at discharge in unconscious OHCA survivors 
treated with TTM. Cerebral infarction and HIE based on 
MRI were evaluated separately to predict the prognosis 
of unconscious OHCA survivors treated with TTM.

Methods
Patients and TTM
This is a retrospective registry-based pilot study per-
formed in a single tertiary center. Unconscious OHCA 
survivors were prospectively enrolled according to the 
inclusion and exclusion criteria presented below and 
treated with integrated team-based TTM, encompassing 
the departments of emergency medicine, cardiology, pul-
monology, anesthesiology, and neurology, since Septem-
ber 2011.

The inclusion criteria were as follows: OHCA patients 
aged > 18  years who had stable vital signs after resusci-
tation but remained unconscious [defined as Glasgow 
coma scale (GCS) ≤ 8]. Patients with preexisting coma 
prior to CA, hemodynamic instability [mean blood pres-
sure (BP) < 60  mmHg despite vasopressor use], history 
of terminal illness, severe coagulopathy associated with 
bleeding, pregnant women, and those with a “do-not-
resuscitate” status were excluded.

TTM, as a pre-scheduled sequence in our hospital, 
was performed as follows: hypothermia was induced 
within 4  h after CA, hypothermia was maintained for 
24 h, and rewarming and maintenance of normothermia 
were performed for at least 48 h. The target temperature 

not considered to be associated with clinical outcomes at discharge. Considering that the strict exclusion criteria in 
this pilot study resulted in a highly selected sample with a relatively small size, further work is needed to verify our 
findings.

Keywords: Out‑of‑hospital cardiac arrest, Induced hypothermia, Cerebral infarction, Hypoxia–ischemia, brain, 
Prognosis
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for maintenance therapy was initially set at 32–34  °C 
[2]. During the study, there was no research conducted 
in non-cardiogenic OHCA survivors; thus, we decided 
to study the same targets in this population. From April 
2014, based on the Nielsen study [15], the target temper-
ature was changed for cardiogenic CA to 33–36 °C, and 
that for non-cardiogenic CA was maintained at 32–34 °C.

We retrospectively collected data of unconscious 
OHCA survivors who underwent TTM from September 
2011 to December 2015.

MRI Acquisition Protocol and Definition of Cerebral 
Infarction and HIE
Although the proper timing and value of MRI have not 
yet been validated for use in neurologic prognostication 
in unconscious OHCA survivors [16], brain MRI was 
scheduled at 72 h after the return of spontaneous circu-
lation (ROSC) per protocol in our hospital, which was 
based on a previous study [3]. In cases where MRI could 
not be performed owing to the patients’ unstable state, it 
was delayed and performed when the treating physicians 
believed that the patient could safely undergo MRI. For 
this study, we included the unconscious OHCA survi-
vors treated with TTM who underwent brain MRI within 
7 days of their ROSC. There is no definite scientific evi-
dence about the proper time window of MRI until now. 
Moreover, in real clinical practice, the time window of 
MRI is influenced by the patients’ condition and treating 
physicians’ judgement. Nevertheless, we tried to make 
our own inclusion criteria based on previous researches. 
Many studies on HIE for the neurologic prognostica-
tion in unconscious OHCA survivors used the MRI time 

window of within 7 days of ROSC [3, 4, 6]. With regard to 
evaluating cerebral infarction, an abnormal signal inten-
sity on DWI within 24  h of stroke onset was detected 
in 100% of the studied patients, and the detection rate 
remarkably decreased after 10  days (60%) [17]. Conse-
quently, to evaluate both cerebral infarction and HIE, we 
included patients who underwent MRI within 7  days of 
CA [3, 4, 6, 17]. The brain MRI protocol included DWI 
with B values of both 1000 and 3000, apparent diffusion 
coefficient (ADC), fluid-attenuated inversion recovery 
(FLAIR), and gradient echo (GRE) sequences. All scans 
were acquired by using a Philips 3.0 Tesla scanner (Philips 
Achieva; Philips Medical System, Best, The Netherlands).

We defined cerebral infarction as a lesion with both 
discrete DWI-high and ADC-low signal findings [5], 
and only if the lesion is not in conjunction with HIE 
(described below) on DWI or FLAIR images (Fig. 1a, b). 
HIE was regarded as a lesion showing relatively symmet-
ric and diffuse DWI-high and ADC-low signals, involving 
the cerebral cortex, deep gray nuclei (basal ganglia and 
thalamus), cerebellum, or brainstem; of which, the whole 
configuration does not follow arterial cerebrovascular 
territories (Fig.  1c) [6, 18]. Two neurologists who were 
blinded to the clinical findings reviewed the MRI scan 
and determined whether a cerebral infarction or HIE was 
present. In case of disagreement, the diagnosis was made 
with the help of a neuroradiologist.

We additionally excluded patients who underwent 
any endovascular interventions, including PCI, IABP, or 
PCPS before the MRI study, because of the well-estab-
lished relationship between these interventions and cer-
ebral infarction [10–13], which is not the focus of our 

Fig. 1 Illustrative MRI scans (DWI) showing cerebral infarction (a, b) and HIE (c) lesions. a, b Cerebral infarction was defined as the presence of 
discrete DWI‑high and ADC‑low signal findings, and only if the lesion is not in conjunction with HIE on DWI or FLAIR images. c HIE was regarded as 
a lesion, showing diffuse DWI‑high and ADC‑low signals involving the cerebral cortex, deep gray nuclei (basal ganglia and thalamus), cerebellum, or 
brainstem, which are not typical for vascular territories. ADC apparent diffusion coefficient, DWI diffusion‑weighted imaging, FLAIR fluid‑attenuated 
inversion recovery, HIE hypoxic–ischemic encephalopathy, MRI magnetic resonance imaging
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study. A cerebral infarction that occurred in patients who 
did not undergo endovascular procedures was referred to 
as a procedure-unrelated cerebral infarction and that in 
patients who underwent endovascular interventions was 
termed as a procedure-related infarction.

Considering the strong effect of HIE on prognosis in 
the previous study [4], we categorized the patients into 
the following three groups: patients with HIE [n = 42, 
HIE (+) group], patients with cerebral infarction-only 
[n = 10, infarction-only group], and patients with neither 
HIE nor cerebral infarction [n = 19, HIE (−)/infarction 
(−) group]. The remaining four patients with both HIE 
and cerebral infarction were further classified into the 
HIE (+) group.

Clinical Work‑Up and Definition of a Poor Clinical Outcome 
at Discharge
Clinical work-up data were obtained in a prospective and 
standardized manner at predefined time points. Neuro-
logic examinations, including pupil light reflex (PLR) and 
GCS [19, 20], were performed at the initial presentation 
and MRI acquisition, considering the frequent use of 
sedatives. Brain computed tomography was performed 
immediately in most cases (135 out of 156 patients, 
86.5%) to predict the need for hyperosmolar therapy. 
Additionally, somatosensory evoked potentials (SSEPs) 
were performed at approximately 72  h after ROSC 
according to our protocol [21].

The clinical outcome of the patients was assessed at 
discharge, using the Glasgow–Pittsburgh cerebral perfor-
mance category (CPC) scale [22]. A CPC of 1 indicates 
full recovery, a CPC of 2 indicates moderate disability, 
and a CPC of 3 indicates severe neurologic disability but 
with preserved consciousness. Patients with a CPC of 
4 are comatose or in a persistent vegetative state, and a 
CPC of 5 indicates death. A poor clinical outcome at dis-
charge was defined as a CPC of 3–5 at discharge [23].

Statistical Analysis
Statistical analysis was performed using R version 
3.5.2 (http://www.R-proje ct.org). Descriptive statis-
tics of continuous variables are presented as median 
and interquartile range (IQR), because all of them were 
not normally distributed. For the statistical test of dif-
ference among the three groups described earlier, the 
Chi-squared test or Fisher’s exact test was used for 
categorical variables, followed by the Bonferroni post 
hoc method. For continuous variables, we performed 
the Kruskal–Wallis test followed by the Dunn–Bonfer-
roni post hoc method. To determine the clinical factors 
that were independently associated with the occur-
rence of infarction, a logistic regression analysis for 
the presence of infarction, regardless of the presence 

of HIE, was conducted. Variables with p < 0.05 in the 
univariate analyses were entered into each multivari-
ate model. The results of the logistic regression analysis 
are presented as odds ratios (ORs) and 95% confidence 
interval (CI), and two-sided p values of < 0.05 were 
considered statistically significant. A poor clinical out-
come at discharge and the relationship with each clini-
cal variable, including the three predetermined groups 
based on MRI lesions, were determined through the 
univariate and multivariate logistic regression analyses, 
respectively.

Results
The flowchart of this study is depicted in Fig.  2. Data 
of 223 adult unconscious OHCA survivors who were 
enrolled in the registry were reviewed. Four patients who 
regained alertness soon after ROSC, four patients whose 
brain computed tomography (CT) scan showed cerebral 
hemorrhage, 26 patients with unstable vital signs, three 
patients who underwent surgery, and 30 patients whose 
caregivers refused further work-up or aggressive care 
(do-not-resuscitate) failed to complete the entire TTM 
protocol and were excluded. Among the remaining 156 
patients who were enrolled and who completed TTM, 94 
patients (60.3%) underwent a technically adequate brain 
MRI scan within 7 days of ROSC.

The baseline characteristics and differences accord-
ing to the presence of MRI scan among all 156 OHCA 
patients who completed TTM are summarized in Sup-
plementary Table  1. Patients who underwent MRI were 
more likely to have a shockable rhythm and were less 
likely to undergo PCPS than those who did not undergo 
MRI. Patients without an MRI scan showed a worse 
prognosis at discharge, and eventually a higher mortal-
ity. However, there was no difference in demographic and 
baseline clinical characteristics. Moreover, clinical vari-
ables during the TTM, such as initial neurologic exami-
nation and median temperature, were not different.

Among the unconscious OHCA survivors who 
completed TTM and underwent MRI (n = 94), eight 
patients showed a discrepancy between the neurologists 
regarding the presence of cerebral infarction (Cohen’s 
kappa = 0.798). As aforementioned, 23 patients who 
underwent endovascular interventions were addition-
ally excluded from our main analysis; of these, 11 (47.8%) 
patients had an infarction (procedure-related infarction), 
compared to 14 (19.7%) patients who did not undergo 
endovascular interventions and had procedure-unrelated 
infarctions (p = 0.017) (Supplementary Table 2).

Finally, unconscious OHCA survivors with complete 
TTM and MRI who did not undergo endovascular inter-
ventions (n = 71) were included in the analyses (Fig. 2).

http://www.R-project.org
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Characteristics of Procedure‑Unrelated Cerebral Infarction
The median time from ROSC to MRI scan was 77.2  h 
(IQR, 66.1–91.7). Procedure-unrelated cerebral infarc-
tion was observed in 19.7% (14/71) of the patients. There 
were six patients with vessel studies, including computed 
tomography angiography (CTA) or magnetic resonance 
angiography (MRA), and none of them showed relevant 
artery stenosis. According to the Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) classification [7, 23], 
12 patients were classified as having “cardioembolism”. 
Two patients with medium-risk potential cardiac sources 
of embolism (lone atrial fibrillation and hypokinetic left 
ventricular segment) were classified as having “incom-
plete evaluation.” The DWI scans of each patient show-
ing characteristics of cerebral infarction according to 

the abovementioned classification are presented in Sup-
plementary Fig. 1, and the clinical characteristics of each 
patient are shown in Supplementary Table 3. Border zone 
infarctions were observed in 57.1% of the patients (8 out 
of 14 patients with infarction, 1st and 2nd rows of Sup-
plementary Fig.  1). All border zone cerebral infarctions 
(n = 3) were located at the external border zone. The 
other border zone infarctions (n = 5) were located at the 
cerebellum.

Comparison of Characteristics According to the Presence 
of HIE and Cerebral Infarction
The baseline characteristics of 71 unconscious OHCA 
survivors after categorization into three groups based 
on their MRI features are summarized in Table  1. 

Fig. 2 Flowchart of patient selection. MRI magnetic resonance imaging, OHCA out‑of‑hospital cardiac arrest, ROSC return of spontaneous circula‑
tion, TTM targeted temperature management
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Thirty-three (46.5%) patients received sedatives during 
the MRI scan day. The infarction-only group was older 
than the HIE (−)/infarction (−) (Bonferroni-adjusted 
p = 0.015) or HIE (+) group (Bonferroni-adjusted 
p = 0.027). Moreover, the infarction-only group was 
more likely to preserve PLR at the initial presenta-
tion (Bonferroni-adjusted p = 0.006) and have bet-
ter GCS at the time of MRI scan (Bonferroni-adjusted 
p = 0.021) than the HIE (+) group. On the other hand, 
the HIE (+) group had a longer duration of cardiopul-
monary resuscitation (CPR) than the infarction-only 
(Bonferroni-adjusted p < 0.001) and HIE (−)/infarction 
(−) groups (Bonferroni-adjusted p = 0.003). In addi-
tion, the HIE (+) group was less likely to have a car-
diac origin of arrest (Bonferroni-adjusted p = 0.018), 

more likely to have worse GCS at the time of the MRI 
scan (Bonferroni-adjusted p < 0.001), and absent N20 
on SSEPs (Bonferroni-adjusted p = 0.006) than the HIE 
(−)/infarction (−) group.

Conditions Related with the Occurrence 
of Procedure‑Unrelated Cerebral Infarction
Univariate logistic regression analyses revealed that an 
increase in age (p = 0.002), atrial fibrillation (p = 0.006), 
or shorter duration of CPR (p = 0.016) was associated 
with the occurrence of procedure-unrelated cerebral 
infarction (Table 2). In the multivariate logistic regression 
analysis, every 1-year increase in age and atrial fibrilla-
tion was related to a 1.1-fold (OR 1.11, 95% CI 1.04–1.20, 
p = 0.006) and 5.8-fold (OR 5.78, 95% CI 1.23–31.31, 

Table 1 Baseline characteristics of unconscious OHCA survivors according to the MRI findings

Data are expressed as median [IQR] or a number (%)

CAOD coronary artery occlusive disease, CKD chronic kidney disease, CPR cardiopulmonary resuscitation, CVA cerebrovascular accident, GCS Glasgow coma scale, HIE 
hypoxic–ischemic encephalopathy, MRI magnetic resonance imaging, OHCA out-of hospital cardiac arrest, PR pupil light reflex, PYRS pack-years, SSEPs somatosensory 
evoked potentials
a Bonferroni-adjusted p < 0.05 in comparison with HIE (−)/infarction (−) group
b Bonferroni-adjusted p < 0.05 in comparison with HIE (+) group

Total (n = 71) HIE (−)/infarction 
(−) (n = 19)

HIE (+) (n = 42) Infarction‑only (n = 10) p value

Baseline characteristics

Age, years 58.0 [49.5–68.5] 58.0 [43.5–63.0] 57.0 [49.0–67.0] 70.5 [68.0–79.0]a,b 0.014

Sex, men 53 (74.6) 16 (84.2) 31 (73.8) 6 (60.0) 0.356

Hypertension 36 (50.7) 10 (52.6) 18 (42.9) 8 (80.0) 0.106

Diabetes 19 (26.8) 5 (26.3) 11 (26.2) 3 (30.0) 0.969

Dyslipidemia 13 (18.3) 4 (21.1) 6 (14.3) 3 (30.0) 0.481

Old CVA 13 (18.3) 3 (15.8) 6 (14.3) 4 (40.0) 0.159

Atrial fibrillation 15 (21.1) 3 (15.8) 8 (19.0) 4 (40.0) 0.276

CAOD 14 (19.7) 4 (21.1) 7 (16.7) 3 (30.0) 0.626

CKD 12 (16.9) 3 (15.8) 8 (19.0) 1 (10.0) 0.781

Smoking, PYRS 2.0 [0.0–30.0] 14.0 [1.0–30.0] 0.0 [0.0–15.0] 13.0 [0.0–30.0] 0.258

Antithrombotics before admission 27 (38.0) 6 (31.6) 14 (33.3) 7 (70.0) 0.079

Anticoagulation after admission 43 (60.6) 12 (63.2) 22 (52.4) 9 (90.0) 0.088

Arrest characteristics

Witnessed 48 (67.7) 15 (78.9) 25 (59.5) 8 (80.0) 0.215

Bystander CPR 46 (64.8) 13 (68.4) 27 (64.3) 6 (60.0) 0.898

Cardiogenic cause 40 (56.3) 16 (84.2) 18 (42.9)a 6 (60.0) 0.010

Shockable rhythm 31 (43.7) 12 (63.2) 14 (33.3) 5 (50.0) 0.085

CPR duration, min 19.0 [8.0–28.5] 11.0 [4.5–18.5] 24.0 [17.0–35.0]a 9.0 [6.0–12.0]b < 0.001

Work-up

GCS at initial 3.0 [2.0–4.5] 4.0 [3.0–6.0] 2.0 [2.0–3.0]a 3.0 [2.0–6.0] 0.002

PR (+) at initial 34 (47.9) 12 (63.2) 13 (31.0) 9 (90.0)b 0.001

GCS at MRI scan 2.0 [2.0–7.5] 10.0 [7.5–15.0] 2.0 [2.0–3.0]a 5.5 [2.0–9.0]b < 0.001

PR (+) at MRI scan 47 (66.2) 18 (94.7) 20 (47.6)a 9 (90.0) < 0.001

Any sedatives at MRI scan 33 (46.5) 6 (31.6) 21 (50.0) 6 (60.0) 0.267

Absent N20 on SSEPs (n = 59) 27 (45.8) 1 (8.3) 25 (64.1)a 1 (12.5) < 0.001
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p = 0.030) higher risks of procedure-unrelated cerebral 
infarction, respectively (Table 2).

Clinical Outcomes at Discharge
After a median hospitalization duration of 16.5  days 
(IQR, 11.1–26.9  days, range 5.1–296.7  days), the HIE 
(+) group demonstrated poorer clinical outcomes at dis-
charge (p < 0.001, Fig. 3). Six (8.5%) patients died (CPC 5) 
at discharge (5 [11.9%] in the HIE (+) group, one patient 
[5.3%] in the HIE (−)/infarction (−) group, and none in 
the infarction-only group).

A poor clinical outcome at discharge was associated 
with non-shockable rhythm, longer CPR duration, and 
HIE (+) in the univariate analyses (Table 3). In the mul-
tivariate analysis, HIE (+) was independently associated 
with a worse clinical outcome at discharge (OR 38.69, 
95% CI 6.77–359.90, p < 0.001), whereas infarction-only 
was not (p > 0.05), compared to HIE (−)/infarction (−) 
(Table 3).

Discussion
In this pilot study, procedure-unrelated cerebral infarc-
tion was observed in approximately one-fifth of uncon-
scious OHCA survivors who were treated with TTM and 
who underwent MRI. A high proportion of procedure-
unrelated infarction cases might be associated with a 
cardioembolic origin, and these cases also demonstrated 
a border zone pattern. Older age and atrial fibrillation 
might be associated with the occurrence of procedure-
unrelated infarction. Regarding the prognosis, HIE was 
considered to be associated with poor clinical outcomes 

Table 2 Logistic regression analyses for  the occurrence 
of cerebral infarction

Variables, which showed p < 0.05 in the univariate analyses (age, atrial fibrillation, 
and CPR duration), were included in the multivariate analysis. Data are given as 
odds ratio (95% confidence interval)

CAOD coronary artery occlusive disease, CPR cardiopulmonary resuscitation, CVA 
cerebrovascular accident, PYRS pack-years

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Baseline characteristics

Age, years 1.11 (1.05–1.2) 0.002 1.11 (1.04–1.20) 0.006

Sex, men 0.36 (0.1–1.26) 0.101

Hypertension 2.98 (0.99–11.9) 0.092

Diabetes 1.71 (0.46–5.85) 0.402

Dyslipidemia 1.28 (0.26–5.07) 0.737

Atrial fibrillation 6.13 (1.70–
23.05)

0.006 5.78 (1.23–31.31) 0.030

CAOD 1.14 (0.23–4.44) 0.858

Old CVA 2.13 (0.5–8.09) 0.275

Smoking, PYRS 0.99 (0.96–1.02) 0.609

Use of 
antithrombot‑
ics

2.67 (0.81–9.18) 0.107

Arrest character-
istics

(−)

Witnessed 1.25 (0.36–5.03) 0.733

Bystander CPR 0.46 (0.14–1.53) 0.202

Shockable 
rhythm

0.66 (0.18–2.17) 0.505

CPR duration, 
min

0.92 (0.86–0.98) 0.016 0.93 (0.86‑0.99) 0.053

Fig. 3 Distribution of clinical outcomes at discharge according to the presence of HIE or procedure‑unrelated cerebral infarction. The stacked bar 
graph shows that there are more patients who showed worse clinical outcomes at discharge (CPC 3–5) in the HIE (+) group than in the infarction‑
only and HIE (−)/infarction (−) groups (p < 0.001). CPC Glasgow–Pittsburgh cerebral performance categories, HIE hypoxic–ischemic encephalopathy
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at discharge in this highly selected patient population, 
whereas cerebral infarction did not show a statistically 
significant association.

The procedure-unrelated cerebral infarction was more 
frequently observed in our study than in the previous 
preliminary report, which might be due to the differ-
ence in the methods used. For example, in the previous 
study, only clear embolic stroke lesions were counted [8]. 
Unconscious OHCA survivors treated with TTM usually 
have not only underlying cardio-cerebrovascular risk fac-
tors but also hemodynamic instability [1, 9]. TTM also 
increases the risk of dysrhythmias and hemodynamic 
instability [14], despite its well-established benefit [2, 15]. 
In our study, in accordance with the previous research 
[9], older age and atrial fibrillation might be associated 
with the occurrence of procedure-unrelated cerebral 
infarction. In fact, according to the TOAST classifica-
tion [7, 24], most of the cases could be classified as car-
dioembolism. Other conventional cardiovascular risk 
factors [9], such as hypertension, diabetes, or history 
of old cerebrovascular accidents, did not show an asso-
ciation with the occurrence of cerebral infarction in the 
univariate analysis. However, the infarction-only group 

had a consistently higher proportion of each cardiovas-
cular risk factor than the HIE (−)/infarction (−) group, 
although there was no statistical difference (Table 1). This 
observation could be attributed to the small sample size 
in this study.

According to the TOAST classification [7, 24], all of 
the infarction cases were found to be related with car-
dioembolism (two patients with medium-risk potential 
cardiac sources of embolism). Atrial fibrillation, myocar-
dial infarction, and akinetic/hypokinetic left ventricular 
segment were found to be the main causes of cardioem-
bolism. Although there were only six patients with vessel 
studies in whom no stroke-relevant artery stenosis was 
found, we postulate that cardioembolism is the major 
mechanism of cerebral infarction in unconscious OHCA 
patients treated with TTM. It is well known that border 
zone infarction constitutes approximately 10% of all brain 
infarction cases; however, it accounted for nearly half 
of the patients in this study [25, 26]. The external cere-
bral border zone infarction is mainly caused by embolic 
pathogenesis, whereas the internal cerebral border zone 
infarction is related with hemodynamic compromise 
[25, 26]. The pathomechanism of cerebellar border zone 

Table 3 Logistic regression analyses for poor clinical outcomes at discharge

Variables, which showed p < 0.05 in the univariate analyses (shockable rhythm, CPR duration, and MRI category), were included in the multivariate analysis. Data are 
given as odds ratio (95% confidence interval)

CAOD coronary artery occlusive disease, CPR cardiopulmonary resuscitation, CVA cerebrovascular accident, HIE hypoxic–ischemic encephalopathy, MRI magnetic 
resonance imaging, PYRS pack-years

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Baseline characteristics

Age, years 1.02 (0.99–1.05) 0.174

Sex, men 0.50 (0.14–1.54) 0.246

Hypertension 1.05 (0.40–2.73) 0.924

Diabetes 3.21 (1.01–12.46) 0.063

Dyslipidemia 1.59 (0.46–6.41) 0.482

Atrial fibrillation 0.69 (0.22–2.21) 0.520

CAOD 0.58 (0.18–1.92) 0.370

Old CVA 1.59 (0.46–6.41) 0.482

Smoking, PYRS 1.00 (0.98–1.02) 0.993

Use of antithrombotics 0.92 (0.34–2.47) 0.860

Arrest characteristics

Witnessed 0.42 (0.13–1.20) 0.116

Bystander CPR 0.80 (0.29–2.16) 0.662

Shockable rhythm 0.14 (0.04–0.39) < 0.001 0.08 (0.01–0.36) 0.003

CPR duration, min 1.05 (1.01–1.09) 0.019 1.03 (0.97–1.09) 0.368

Patient category

HIE (−)/infarction (−) 1 1

Infarction‑only 2.29 (0.35–15.32) 0.376 2.29 (0.27–21.77) 0.444

HIE (+) 39.47 (9.53–222.87) < 0.001 38.69 (6.77–359.90) < 0.001
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infarction is known to be either arterial disease or car-
dioembolism [27, 28]. In this study, all cerebral border 
zone infarction cases were located in the external border 
zone, which also highlights the potential causative role 
of cardioembolic pathogenesis. Although vessel stenosis 
was not evaluated in most patients, we speculated that 
both hemodynamic compromise (cardiac arrest itself ) 
and embolism, which were common in unconscious 
OHCA survivors treated with TTM, might contribute 
to the frequent occurrence of border zone infarction in 
this study. A future study that includes cerebral angiogra-
phy in unconscious OHCA survivors might be needed to 
thoroughly investigate the pathomechanism of infarction 
found among them.

Poor clinical outcomes at discharge was highly sus-
pected to be associated with HIE (+) and non-shockable 
rhythm in the multivariate analyses, which is in line with 
the results of previous studies [4, 29]. However, unex-
pectedly, infarction-only did not seem to be associated 
with a poor outcome in unconscious OHCA survivors 
who were treated with TTM and underwent MRI. This 
contradicts that, in general, cerebral infarction is one of 
the well-established predictors of poor outcomes [30]. 
There is a possibility that an infarction might be an epi-
phenomenon of cardiac diseases in unconscious OHCA 
survivors.

It is difficult to clarify the extent of the relation-
ship between MRI findings and the clinical outcome 
of unconscious OHCA survivors treated with TTM. 
Our finding should be interpreted threefold. First, our 
results concerning the prognostic factors of uncon-
scious OHCA survivors with TTM were consistent 
with the previous findings. A few researchers suggest 
that the presence of HIE lesion on MRI is among the 
most powerful predictors of the clinical outcome in 
OHCA patients [4]. A study using quantitative DWI 
MRI showed that decreased ADC value and volume 
of HIE lesion is correlated with poor prognosis with 
high specificity [31]. Moreover, it is well known that 
non-cardiogenic CA and non-shockable rhythm are 
predictors of poor clinical outcomes [4, 29], which 
were common in the HIE (+) group in our group com-
parison. Second, we could not draw a conclusion on 
whether infarction-only is related with the outcome. 
The strict definition of cerebral infarction in the cur-
rent study might have rendered the number of patients 
insufficient to observe an effect of infarction on the 
clinical outcome. Similarly, the number of patients in 
each group might mask the differential relationships of 
cerebral infarction and HIE. Although not significantly 
different, the percentage of well-known predictors of 
poor clinical outcomes, such as non-cardiogenic cause 
of arrest, non-shockable rhythm, absent PLR, and lower 

GCS [4, 19, 20, 29], were the highest in the HIE (+) 
group, followed by the infarction-only group, and the 
lowest in the HIE (−)/infarction (−) group (Table  1). 
The proportion of patients with poor clinical outcomes 
was also decreased in the same order (Fig.  3). This 
implies the possibility that the difference in occurrence 
and effect of each condition might be more apparent 
with a larger number of patients in each group. Third, 
patients without MRI who were suspected of having a 
higher burden of cerebral infarction could have been 
excluded. Although there was no statistical difference 
in the cardiovascular risk factors between patients who 
underwent MRI and those who did not (Supplementary 
Table 1), considering that MRI was not taken in medi-
cally unstable patients, there still exists a possibility of 
excluding an unneglectable number of patients with 
cerebral infarction, which is probably associated with 
poor clinical outcomes.

The overall rate of cerebral infarction after PCI is not 
high, ranging from 0.2 to 0.4% [11, 12, 32]. However, we 
found that cerebral infarction was relatively common in 
patients with endovascular procedures (47.8%, Supple-
mentary Table 2). Previous studies reported that the risk 
factors for the development of post-intervention cerebral 
infarction were underlying cardiovascular risk factors, 
urgency of procedures, history of carotid disease, and 
placement of IABP [11, 32]; all of which could contrib-
ute to the more frequent occurrence of procedure-related 
infarction in our study than in previous reports.

There are several limitations in our study. First, there 
were only 71 patients included in this pilot study. Given 
the small sample size, we can only speculate on the impli-
cations of the study findings. Larger trials are needed to 
verify our findings. Second, the included patients were 
highly selected. Among 156 unconscious OHCA survi-
vors with complete TTM, 62 patients without brain MRI 
were excluded. Considering this aspect, the results of this 
study should be interpreted carefully. Third, the diagnosis 
of cerebral infarction was not fully consistent. Although 
the inter-rater reliability between the two neurologists 
showed a substantial strength of agreement [33], distin-
guishing infarction from HIE was difficult in a few cases. 
Fourth, we did not evaluate the focal neurologic deficits 
related to infarction. The CPC used for prognostication 
and the PLR and GCS used for the neurologic examina-
tion due to frequent use of sedatives in the current study 
approximate the patients’ clinical status. However, the 
lack of a detailed examination of the focal neurologic 
deficits makes it difficult to predict the impact of infarc-
tion on the awakened patients’ activities of daily living. 
Fifth, cerebral vessel imaging studies were not performed 
in a significant number of patients. They are needed 
not only to better categorize patients according to the 
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TOAST classification but also to investigate the associa-
tion between vessel stenosis and border zone infarction 
territory [7, 26].

Conclusions
Our pilot study suggests that procedure-unrelated cer-
ebral infarction on MRI was not rarely observed in 
unconscious OHCA survivors treated with TTM. The 
major mechanism of infarction could be classified as car-
dioembolism. Many of these infarction lesions demon-
strated a border zone pattern. Older age and history of 
atrial fibrillation might be associated with the occurrence 
of procedure-unrelated infarction. Procedure-unre-
lated infarction did not seem to be associated with poor 
clinical outcomes at discharge in these highly selected 
patients, whereas HIE lesion did. These findings must be 
interpreted carefully because only unconscious OHCA 
survivors who completed TTM and underwent MRI were 
included in this study.

Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s1202 8‑020‑00990 ‑8) 
contains supplementary material, which is available to authorized users.

Author details
1 Department of Neurology, Yonsei University College of Medicine, 50‑1 
Yonsei‑ro, Seodaemun‑gu, Seoul 03722, Korea. 2 Department of Biomedi‑
cal Science and Engineering, Gwangju Institute of Science and Technology, 
Gwangju, Republic of Korea. 3 Department of Emergency Medicine, Yonsei 
University College of Medicine, Seoul, Korea. 4 Division of Cardiology, Depart‑
ment of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea. 
5 Division of Pulmonary and Critical Care Medicine, Department of Internal 
Medicine, Yonsei University College of Medicine, Seoul, Korea. 6 Department 
of Anesthesiology and Pain Medicine, Yonsei University College of Medicine, 
Seoul, Korea. 7 Department of Radiology, Yonsei University College of Medi‑
cine, Seoul, Korea. 

Acknowledgements
KC was supported by a faculty research grant from Yonsei University College 
of Medicine 6‑2018‑0092.

Author Contributions
MB participated in the study design, collection and analysis of data, interpreta‑
tion of results, and drafted and finalized the manuscript. KHC participated in 
the study design, interpretation of results, and reviewed and provided the 
final approval of the version to be published. CO participated in the statistical 
analysis and revision of critical points in the manuscript. YC participated in the 
study design and collection of data. KMK participated in the collection of data. 
SSA participated in the analysis of neuroimaging data. DS provided substantial 
contribution to the study conception and design. JHH, YSP, JW, YSK, and JK 
participated in the collection of data and reviewed the manuscript.

Source of Support
None.

Data Availability

The datasets for this manuscript are not publicly available because of 
protection for personal information. Requests to access the datasets 
should be directed to KC (zhau@yuhs.ac; zhau@naver.com).

Conflict of interest
The authors declare that the research was conducted in the absence of any 
personal, commercial, or financial relationships that could potentially be 
construed as a conflict of interest.

Ethical Approval
The study was approved by the institutional review board of Severance Hos‑
pital, Yonsei University Health System. Informed consent was waived owing to 
the retrospective nature of the study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Published online: 24 June 2020

References
 1. Neumar RW, Nolan JP, Adrie C, et al. Post‑cardiac arrest syndrome: epide‑

miology, pathophysiology, treatment, and prognostication: a consensus 
statement from the international liaison committee on resuscitation 
(American Heart Association, Australian and New Zealand Council 
on Resuscitation, European Resuscitation Council, Heart and Stroke 
Foundation of Canada, InterAmerican Heart Foundation, Resuscitation 
Council of Asia, and the Resuscitation Council of Southern Africa); the 
American Heart Association Emergency Cardiovascular Care Committee; 
the Council on Cardiovascular Surgery and Anesthesia; the Council on 
Cardiopulmonary, Perioperative, and Critical Care; the Council on Clinical 
Cardiology; and the Stroke Council. Circulation. 2008;118(23):2452–83.

 2. Group, T.H.a.C.A.S. Mild therapeutic hypothermia to improve the neuro‑
logic outcome after cardiac arrest. N Engl J Med. 2002;346(8):549–56.

 3. Wijman CA, Mlynash M, Caulfield AF, et al. Prognostic value of 
brain diffusion‑weighted imaging after cardiac arrest. Ann Neurol. 
2009;65(4):394–402.

 4. Ryoo SM, Jeon SB, Sohn CH, et al. Predicting outcome with diffusion‑
weighted imaging in cardiac arrest patients receiving hypothermia 
therapy: multicenter retrospective cohort study. Crit Care Med. 
2015;43(11):2370–7.

 5. Lutsep HL, Albers GW, DeCrespigny A, et al. Clinical utility of diffusion‑
weighted magnetic resonance imaging in the assessment of ischemic 
stroke. Ann Neurol. 1997;41(5):574–80.

 6. Arbelaez A, Castillo M, Mukherji SK. Diffusion‑weighted MR imaging of 
global cerebral anoxia. Am J Neuroradiol. 1999;20(6):999–1007.

 7. Adams HP, Bendixen BH, Kappelle LJ, et al. Classification of subtype 
of acute ischemic stroke. Definitions for use in a multicenter clini‑
cal trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 
1993;24(1):35–41.

 8. Smith J, Kelly A. Just getting warmed up: a retrospective analysis of the 
frequency of embolic stroke after therapeutic hypothermia for cardiac 
arrest (P06.245). Neurology. 2012;78(1 Supplement):P06.245.

 9. Sacco RL, Benjamin EJ, Broderick JP, et al. Risk factors. Stroke. 
1997;28(7):1507–17.

 10. Jacobs I, Nadkarni V, Bahr J, et al. Cardiac arrest and cardiopulmonary 
resuscitation outcome reports: update and simplification of the Utstein 
templates for resuscitation registries: a statement for healthcare profes‑
sionals from a task force of the International Liaison Committee on 
Resuscitation (American Heart Association, European Resuscitation 
Council, Australian Resuscitation Council, New Zealand Resuscitation 
Council, Heart and Stroke Foundation of Canada, InterAmerican Heart 
Foundation, Resuscitation Councils of Southern Africa). Circulation. 
2004;110(21):3385–97.

 11. Wong SC, Minutello R, Hong MK. Neurological complications following 
percutaneous coronary interventions (a report from the 2000–2001 New 
York State Angioplasty Registry). Am J Cardiol. 2005;96(9):1248–50.

 12. Hamon M, Baron J‑C, Viader F, Hamon M. Periprocedural stroke and 
cardiac catheterization. Circulation. 2008;118(6):678–83.

https://doi.org/10.1007/s12028-020-00990-8


258

 13. Stone GW, Marsalese D, Brodie BR, et al. A prospective, randomized 
evaluation of prophylactic intraaortic balloon counterpulsation in high 
risk patients with acute myocardial infarction treated with primary angio‑
plasty. J Am Coll Cardiol. 1997;29(7):1459–67.

 14. Scirica Benjamin M. Therapeutic hypothermia after cardiac arrest. Circula‑
tion. 2013;127(2):244–50.

 15. Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature 
management at 33°C versus 36°C after cardiac arrest. N Engl J Med. 
2013;369(23):2197–206.

 16. Geocadin RG, Callaway CW, Fink EL, et al. Standards for studies of 
neurological prognostication in comatose survivors of cardiac arrest: a 
scientific statement from the American Heart Association. Circulation. 
2019;140:e517–42.

 17. Burdette JH, Ricci PE, Petitti N, Elster AD. Cerebral infarction: time course 
of signal intensity changes on diffusion‑weighted MR images. Am J 
Roentgenol. 1998;171(3):791–5.

 18. Mlynash M, Campbell DM, Leproust EM, et al. Temporal and spatial 
profile of brain diffusion‑weighted MRI after cardiac arrest. Stroke. 
2010;41(8):1665–72.

 19. Schefold JC, Storm C, Kruger A, et al. The Glasgow Coma Score is a predic‑
tor of good outcome in cardiac arrest patients treated with therapeutic 
hypothermia. Resuscitation. 2009;80(6):658–61.

 20. Fugate JE, Wijdicks EF, Mandrekar J, et al. Predictors of neurologic out‑
come in hypothermia after cardiac arrest. Ann Neurol. 2010;68(6):907–14.

 21. Bouwes A, Binnekade JM, Kuiper MA, et al. Prognosis of coma after 
therapeutic hypothermia: a prospective cohort study. Ann Neurol. 
2012;71(2):206–12.

 22. Morrison LJ, Visentin LM, Kiss A, et al. Validation of a rule for termina‑
tion of resuscitation in out‑of‑hospital cardiac arrest. N Engl J Med. 
2006;355(5):478–87.

 23. Sandroni C, Cavallaro F, Callaway CW, et al. Predictors of poor neurologi‑
cal outcome in adult comatose survivors of cardiac arrest: a systematic 
review and meta‑analysis. Part 2: patients treated with therapeutic 
hypothermia. Resuscitation. 2013;84(10):1324–38.

 24. Nam HS, Park E, Heo JH. Facilitating stroke management using modern 
information technology. J Stroke. 2013;15(3):135–43.

 25. Yong SW, Bang OY, Lee PH, Li WY. Internal and cortical border‑zone 
infarction: clinical and diffusion‑weighted imaging features. Stroke. 
2006;37(3):841–6.

 26. Mangla R, Kolar B, Almast J, Ekholm SE. Border zone infarcts: pathophysi‑
ologic and imaging characteristics. Radiographics. 2011;31(5):1201–14.

 27. Amarenco P, Kase CS, Rosengart A, et al. Very small (border zone) cerebel‑
lar infarcts. Distribution, causes, mechanisms and clinical features. Brain. 
1993;116(Pt 1):161–86.

 28. Mounier‑Vehier F, Degaey I, Leclerc X, Leys D. Cerebellar border zone 
infarcts are often associated with presumed cardiac sources of ischaemic 
stroke. J Neurol Neurosurg Psychiatry. 1995;59(1):87–9.

 29. Engdahl J, Bang A, Karlson BW, et al. Characteristics and outcome among 
patients suffering from out of hospital cardiac arrest of non‑cardiac 
aetiology. Resuscitation. 2003;57(1):33–41.

 30. Vernino S, Brown RD Jr, Sejvar JJ, et al. Cause‑specific mortality after first 
cerebral infarction: a population‑based study. Stroke. 2003;34(8):1828–32.

 31. Hirsch KG, Mlynash M, Eyngorn I, et al. Multi‑center study of diffusion‑
weighted imaging in coma after cardiac arrest. Neurocrit Care. 
2016;24(1):82–9.

 32. Dukkipati S, O’Neill WW, Harjai KJ, et al. Characteristics of cerebrovascular 
accidents after percutaneous coronary interventions. J Am Coll Cardiol. 
2004;43(7):1161–7.

 33. Landis JR, Koch GG. The measurement of observer agreement for cat‑
egorical data. Biometrics. 1977;33(1):159–74.


	Cerebral Infarction Observed on Brain MRI in Unconscious Out-of-Hospital Cardiac Arrest Survivors: A Pilot Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients and TTM
	MRI Acquisition Protocol and Definition of Cerebral Infarction and HIE
	Clinical Work-Up and Definition of a Poor Clinical Outcome at Discharge
	Statistical Analysis

	Results
	Characteristics of Procedure-Unrelated Cerebral Infarction
	Comparison of Characteristics According to the Presence of HIE and Cerebral Infarction
	Conditions Related with the Occurrence of Procedure-Unrelated Cerebral Infarction
	Clinical Outcomes at Discharge

	Discussion
	Conclusions
	Acknowledgements
	References




