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Abstract

Aim: This study evaluated whether the grey-white matter ratio (GWR) assessed via early brain computed tomography (CT) within 2 h after the return of
spontaneous circulation (ROSC) following cardiac arrest is associated with poor neurological outcomes after 6 months in post-cardiac arrest patients
treated with targeted temperature management (TTM).

Methods: This study used data from the Korean Hypothermia Network prospective registry obtained from November 2015 to October 2017 to assess
patients with out-of-hospital cardiac arrest (OHCA) who underwent brain CT within 2 h following the ROSC. The primary endpoint was the neurological
outcome 6 months post-cardiac arrest (cerebral performance category; CPC). The GWR was measured using early brain CT images. The subgroup
analysis examined the difference in GWRs obtained from early and repeated brain CT.

Results: Five-hundred-twelve patients were enrolled. Good (CPC 1-2) and poor (CPC 3-5) neurological outcomes were observed in 162 (31.6%) and
350 (68.4%) patients, respectively. The multivariate logistic regression analysis revealed that the GWR measured using early brain CT was a statistically
nonsignificant predictor of poor neurologic outcomes (p =0.727). In patients with poor outcomes, the mean GWR obtained from early and repeated CT
images were 1.171 +0.058 and 1.091 £ 0.133, respectively (p < 0.001); there was no statistically significant difference between the GWRs in patients
with good outcomes.

Conclusion: The GWR assessed via early brain CT alone is not an independent factor predictive of poor neurologic outcomes but could be useful when
used with repeated CT data.
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Prognostic factor

Introduction

The early prediction of neurological outcomes in patients with post-
cardiac arrest syndrome (PCAS) is important for establishing a
treatment plan and determining the appropriate withdrawal of life-
sustaining therapy. Although the efficacies of various prognostic
tools in determining early neurological prognoses have been
investigated, none of these tools have achieved 100% specificity
when used alone. Unenhanced brain computed tomography (CT)
is frequently performed to evaluate the cause of cardiac arrest in
the early stages following the return of spontaneous circulation
(ROSC). Accordingly, numerous studies have been performed on
associations between poor neurological outcome in patients with
PCAS and evaluative modalities measured by early brain CT, such
as grey-white matter ratio (GWR) and optic nerve sheath diameter
(ONSD).* '

After Torbey et al.'? reported a lower GWR in patients with
post-cardiac arrest than in healthy controls in 2000, several
studies have found that CT-measured GWR is significantly lower in
post-cardiac arrest patients with poor outcomes than in those with
good outcomes.’ 5718 |n the 2015 American Heart Association
(AHA) guidelines for cardiopulmonary resuscitation and emergen-
cy cardiovascular care, a Class IIb recommendation stated that the
marked reduction of GWR assessed via brain CT within 2h
following cardiac arrest may predict poor outcomes in patients with
PCAS without targeted temperature management (TTM).'®
Further, according to the European Resuscitation Council (ERC)
and European Society of Intensive Care Medicine Guidelines for
Post-resuscitation Care 2015, the CT-informed marked reduction
of the GWR or sulcal effacement within 24 h following the ROSC
may predict poor outcomes.?® However, these previous studies
and guidelines were subject to several limitations: (1) Because the
cut-off values of the GWR varied for predicting poor outcomes,
they are difficult to apply in clinical settings; (2) the time from
cardiac arrest to brain CT following the ROSC was inconsistent;
and (3) prior investigations were mostly retrospective, single-
centred, and featured small sample sizes.

This prospective, multi-centred, observational study deter-
mined whether the GWR measured using early brain CT is
associated with poor outcomes in PCAS patients. In addition, we
compared the GWRs prospectively obtained from the initial brain
CT to those obtained retrospectively from the repeated brain CT to
identify changes in the GWR over time and thereby assess
neurological outcomes.

Methods
Study design and population

Data were collected between November 2015 and October 2017
from the Korea Hypothermia Network prospective (KORHN-pro)
registry (ClinicalTrials.gov Identifier: NCT02827422), a South
Korean multi-centre clinical research consortium for TTM

established in 2011. The KORHN-pro manages a web-based
prospective registry of out-of-hospital cardiac arrest (OHCA)
cases treated with TTM to improve post-cardiac arrest care quality
and outcomes. This study was approved by the Institutional
Review Board (IRB) of each hospital and was registered to the
clinical trial registry platform. Informed written consent was
obtained for all patients enrolled in this study, and the protocol
was approved by the IRB. The inclusion criteria were: (1) age of
>18years, (2) out-of-hospital cardiac arrest, (3) comatose mental
status after the ROSC, (4) performance of TTM, and (5)
obtainment of brain CT after the ROSC. The exclusion criteria
were: (1) haemorrhagic or ischemic stroke confirmed as the cause
of cardiac arrest; (2) cerebral performance category (CPC) of 3 or
4 before cardiac arrest; (3) body temperature below 30°C upon
arrival; (4) PCAS care, including TTM, not provided; and (5) brain
CT not obtained within 2 h following the ROSC. Enrolled patients
received PCAS care according to the protocol of each hospital.
Differences among the hospitals regarding the detailed manage-
ment of patients with PCAS included the devices used, TTM
procedures and shock management; relevant detailed variables
were collected using a web-based registry. Each principal
investigator of the participating hospitals reviewed the hospital
records of the OHCA survivors treated with TTM, circulatory status
after the ROSC, circulatory support, neurological status and exam
results, TTM procedure, incidence of complications and neurolog-
ical outcomes at discharge and at 1 and 6 months after the ROSC.
The neurological outcomes were investigated by researchers who
were blind to the patient data. Researchers called either the
surviving discharged patients or their relatives to complete the
prepared questionnaire and rate the final CPC. Three clinical
research associates monitored the data and assessed their quality
by sending queries to the investigators. Finally, a data manager
examined the data and decided whether the records could be
accepted or needed revision.

Variables

All data were prospectively collected from the web-based registry
(http://pro.korhn.or.kr) according to the Utstein guidelines.?' Time
variables for resuscitation were defined as no-flow time (from
collapse to the first cardiopulmonary resuscitation [CPR]), and
low-flow time (from the first CPR to the ROSC). After the ROSC,
we collected variables usually examined within 2h of the event,
including the Glasgow coma scale (GCS), pupillary light reflex
(PLR), corneal reflex, mean arterial pressure (MAP), serum lactate
levels, duration between the ROSC and brain CT examination and
the temperature for TTM. The initial early brain CT was performed
before the induction of TTM to confirm the exclusion criteria. The
GWR of initial early brain CT was collected prospectively. If a
repeated brain CT scan was performed within 7 days of admission,
the GWR of the repeated brain CT was collected retrospectively.
After admission to the intensive care unit (ICU), the duration of the
ICU stay and sequential organ failure assessment (SOFA) scores
were recorded for 7 days.
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Measurement of grey-white matter ratio

In each hospital, principal investigators reviewed the unenhanced
brain CT images and selected three images at specified axial levels
(the basal ganglia, centrum semiovale, and high convexity). After the
patient information was deleted, these brain CT images were
uploaded to the web. The three researchers then measured the
GWR according to methods used in previous studies.'®"” Circular
regions of interest (10-15mm?) were used to measure Hounsfield
units (HUs) on each side and average values were recorded. The
interclass correlation coefficient of HUs measured by the three
investigators was 0.953 (p <0.001). The basal ganglia level was
measured from the caudate nucleus (CN), putamen (PU), posterior
limb of the internal capsule (PLIC) and corpus callosum (CC). The
centrum semiovale and high convexity levels were measured from the
medial cortex (MC1 and MC2) and medial white matter (MW1 and
MW?2), respectively (Fig. 1). GWRs were calculated by three methods
according to previous studies: GWRpasal gangiia=(CN+PU) / (PLIC +
CC), GWRerebrum = (MC1+MC2) / (MW1 + MW2), and GWRgyerage =
(GWRbasai gangliat GWRcerebrum) / 2.

Sample size

A previous study estimated the prevalence of poor neurological
outcomes to be 60%.° To evaluate the GWR using early brain CT as
diagnostic tool, the minimum null and the hypothetical hypotheses
required 70% and 80% specificity, respectively.?> The minimum
sample sizes were calculated with a significance level of 0.05 and a

power of 90%. To achieve a power of 90% for both the sensitivity and
specificity, a sample size of 500 and a sample size for poor neurologic
outcomes of 300 were required. These sample sizes were calculated
by Power Analysis and Sample Size 13 Software (NCSS, LLC.
Kaysville: Utah, USA).

Statistical analysis

To assess differences between good and poor neurological
outcomes (CPC 1-2 and CPC 3-5, respectively) in patients with
post-cardiac arrest, either the independent t-test or Mann-
Whitney U-test was performed for continuous variables; and a
Pearson’s chi-square test or Fisher's exact test, for nominal
variables. Continuous and categorical variables are expressed
as means + standard deviations and numbers and percentages,
respectively. To determine independent factors for neurological
outcomes, a multivariate logistic regression analysis was
conducted. All variables were checked for collinearity before
multivariate logistic regression. The variation inflation factors
were below 2 and were thus proven to be independent. The
multivariate logistic regression analysis was conducted on
variables with a p-value <0.1, which was deemed statistically
significant for the univariate analysis. Adjusted odds ratios (ORs)
and 95% confidence intervals (Cls) were generated from the
multivariate analyses. Significance was set at p < 0.05. Statisti-
cal analyses were conducted using IBM SPSS statistics version
23.0 (IBM Corp., Armonk, NY, USA).

Fig. 1 - Grey-white matter ratio (GWR) measured using early unenhanced brain computed tomography in patients with

good and poor neurological outcomes.

A, B and C images reflect a good neurological outcome; while D, E and F reflect a poor neurological outcome. The
Hounsfield unit was measured at 3 axis levels: the basal ganglia (A, D), centrum semiovale (B, E), and high convexity (C,
F). The corresponding GWRs were 1.240 (GWR,.sai gangiia)s 1:182 (GWR erebrum) @and 1.211 (GWR, crage) in the case of a
good outcome, and 1.166 (GWRpasal gangiia)s 1:159 (GWRcerebrum) and 1.163 (GWR,,erage) in the case of a poor outcome.
(CC, corpus callosum; CN, caudate nucleus; PLIC, posterior limb of the internal capsule; PU, putamen; MC1, medial
cortex of centrum semiovale level; MW1, medial white matter of centrum semiovale level; MC2, medial cortex of high
convexity level; MW2, medial white matter of high convexity level).
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Results

Participant baseline characteristics

During the study period, 731 patients were enrolled in 20 hospitals,
and the corresponding data were recorded in the KOHRN-pro registry.
Of the enrolled patients, 219 were excluded (Fig. 2). Concerning the
remaining 512 patients, 77 received repeated brain CT within 7 days,
162 (31.6%) had good neurological outcomes and 350 patients
(68.4%) had poor neurological outcomes at 6 months after the ROSC.
The baseline characteristics of enrolled participants are presented in
Table 1. The mean durations between the ROSC and CT examination
were 48.80 + 27.71 min and 50.13 + 30.47 min for patients with good

and poor outcomes, respectively (p =0.638). Cardiac arrest time was
longer in the poor outcome group than in the good outcome group
(Table 1).

Patients with good neurological outcomes were younger, and
cardiac arrest was more often observed in patients with good
neurological outcomes. Bystander CPR and shockable rhythms
measured by the emergency medical service (EMS) were more
common in the good outcome group than in the poor outcome group.
Further, cardiac arrest time was shorter in patients with good
neurological outcomes. Following the ROSC, GCS and MAP values
were higher in patients with good outcomes than in those with poor
outcomes, and PLRs and corneal reflexes were more common in the
good outcome group. After admission, ICU-stay duration was shorter
and the highest SOFA score 7 days after admission was lower among

Screening OHCA
from 1 Nov 2015 to 31 Oct 2017
(n =5,676)

A 4

A 4

Enrolled patients to KORHN-pro registry

Exclusion:

No sustained ROSC (n=3375)

Age < 18 years (n=65)

Able to obey verbal commands after ROSC (n=279)

Not treated with TTM (n=430)

Suspected or confirmed acute stroke (n=172)

Known limitations in therapy and DNR order (n=381)
Known pre-arrest CPC 3 or 4 (n=67)

Known disease making 180 days survival unlikely (n=14)
Temperature on admission < 30°C (n=3)

Refused to write informed consent (n=159)

database (n=731)

\ 4

Exclusion:

Brain CT not performed (n=51)

Initial brain CT performed after 120min (n=130)
Incomplete outcome data (n=21)

Impossible to measure GWR in brain CT (n=17)

h 4

Good neurologic outcome after 6 months
(n=162)

Initial brain CT performed < 120 min

(n=512)

Poor neurologic outcome after 6 months
(n=350)

\ 4

Good neurologic outcome after 6 months
(n=25)

Repeated brain CT
(n=77)

Poor neurologic outcome after 6 months
(n=52)

Fig. 2 - Flow chart for patient selection.

(OHCA: Out-of-hospital cardiac arrest, KORHN-pro registry: Korean hypothermia network prospective registry, CT:
computed tomography; TTM, target temperature management).
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patients with good outcomes. However, the targeted temperature of
TTM (<84°C and > 34°C) and defibrillation by the emergency
department (ED) did not differ significantly according to neurological
outcome (p=0.408 and p=0.296, respectively; Table 1).

Grey-white matter ratio

The attenuation of HUs of the three levels (basal ganglia, centrum
semiovale, and high convexity) and the calculated GWRs are shownin
Table 2. The mean value of grey matter at the three levels was
significantly higher in patients with good neurological outcomes
(p < 0.001). However, there was no statistically significant differencein
the white-matter HU between the two groups. The univariate analysis
revealed that the mean GWRayerage Was higher for good neurologicall
outcomes (1.22 £ 0.06) than poor neurological outcomes (1.18 £ 0.07,
p <0.001). Both GWRpasal ganglia @nd GWRerenrum Were significantly
higher in patients with good neurological outcomes (p < 0.001).

Independent prognostic factors for poor neurological
outcomes

The multivariate logistic regression analysis revealed that age
(OR=1.058, p<0.001), non-shockable rhythm (in EMS: OR=
6.367 and p=0.029, in ED: OR=6.767, p=0.011), absence of a
PLR (OR=3.789, p=0.005) and corneal reflex (OR=6.643,
p=0.005) after the ROSC, serum lactate level (OR=1.095,
p=0.046), and the highest SOFA score in 7 days (OR=1.224,
p=0.008) were found to be independent prognostic factors for
poor neurologic outcomes. However, GWRgyerage; GWRpasal
ganglia, aNd GWR¢ereprum Were statistically nonsignificant predictors
of poor neurologic outcomes (p=0.727, p=0.731 and p=0.737,
respectively; Table 3).

Grey-white matter ratios of early and repeated brain
computed tomography

Of the 77 patients who received repeated brain CT within 7 days of
admission, 25 (32.5%) and 52 patients (67.5%) showed good and
poor outcomes (Fig. 2), respectively. In the former, there was no
statistically significant difference in the GWRs calculated by three
methods between early and repeated brain CT (GWRgayerage:
p= 0.1 84: GWRbasaI ganglia: p= 0.31 9: and GWRcerebrum:
p=0.112). However, in the poor outcome group, there was a
statistically significant difference of the mean GWRs between early
and repeated brain CT (Fig. 3): for the early and repeated brain CT,
the GWRaveragev GWRbasaI ganglia and GWRcerebrum were
1.171 £0.058 and 1.091 +£0.133 (p<0.001), 1.186+0.070 and
1.088 £0.143 (p<0.001), and 1.156 +0.067 and 1.094 £0.152,
respectively.

Discussion

The 2015 AHA guidelines and ERC guidelines recommend that
GWR be used to predict poor neurological outcomes.'®° However,
details such as the timing of CT scans or TTM use differ between
guidelines. Informed by previous studies,®®2%2* the 2015 AHA
guidelines define the time at which the CT scan should be performed
as within 2 h following cardiac arrest. Since 2015, the GWR has been
studied as a useful prognostic tool of neurological outcomes of
patients with post-cardiac arrest treated with TTM. In a retrospective
multi-centre study, KORHN-pro reported that the GWR derived from
brain CT data obtained within 24 h following the ROSC could predict
poor outcomes of TTM-treated patients with a 1.13 cut-off value for
cardiac aetiology and 1.22 for non-cardiac aetiology.”® A single-

Table 2 - Comparison of the grey-white matter ratio based on early brain computed tomography data for 6-month

neurological outcomes.

Good outcomes (n =162) Poor outcomes (n = 350) p-value
Basal ganglia
Grey matter
CN 37.75+3.28 35.78 +3.89 < 0.001
PU 37.54 +3.49 35.94 +3.55 < 0.001
White matter
CcC 30.72+3.28 30.43+3.50 0.371
PLIC 30.16+3.05 29.96 +3.26 0.514
Centrum semiovale
Grey matter
MC1 34.99 +4.00 33.36+:4.16 < 0.001
White matter
MW1 29.17 £3.31 28.58 +4.01 0.102
High convexity
Grey matter
MC2 35.21+4.25 33.66 +4.36 < 0.001
White matter
MwW2 29.43+3.72 28.92 +0.22 0.183
Grey-white matter ratio
GWRayerage (GWRbasal gangiiat GWRcerebrum)/2 1.22+0.06 1.18+0.07 < 0.001
GWRypasal gangia (CN+PU)/(PLIC+CC) 1.24+0.07 1.19+0.08 < 0.001
GWRerebrum (MC1+MC2)/(MW1+MW2) 1.20+£0.07 1.17+£0.10 < 0.001

CN, caudate nucleus; PU, putamen; CC, corpus callosum; PLIC, posterior limb of internal capsule; MC1, medial cortex at the centrum semiovale; MW1,medial
white matter at the centrum semiovale; MC2, medial cortex at the high convexity; MW2, medical white matter at the high convexity; GWR, grey-white matter ratio.
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Table 3 - Multivariate regression analysis for poor
neurological outcomes 6 months after cardiac arrest.

Neurological outcome

OR 95% ClI p-value

Age (years) 1.058 1.027 1.089 < 0.001
ECG rhythm in EMS

Shockable 0.023

Non-shockable 6.367 1.206 33.616  0.029
ECG rhythm in ED

Shockable 0.002

Non-shockable 6.767 1540 29.727  0.011
Pupil light reflex after ROSC

Yes 0.021

No 3.789 1.480 9.698 0.005
Corneal reflex after the ROSC

Yes < 0.001

No 6.643 2445 18.049 0.005
Lactate 1.095 1.001 1.197 0.046

Highest SOFA score for 7 days  1.224  1.054  1.422 0.008
Grey-white matter ratio

GWRaverage 0.727
GWRbasal ganglia 0.731
GWRcerebrum 0.737

OR, odds ratio; Cl, confidence Interval; ECG, electrocardiogram; EMS,
emergency medical service; ED, emergency department; ROSC, return of
spontaneous circulation; SOFA, sequential organ failure assessment;
GWR, grey-white matter ratio.

centred retrospective study showed that the GWRs were correlated
with poor neurological outcomes when obtained from brain CTs
performed within 6 h following the ROSC in patients with PCAS who
underwent TTM of 33°C with a 1.13 cut-off value." Furthermore,
single-centre retrospective studies demonstrated that GWRs
measured via unenhanced brain CTs could predict poor neurological
outcomes in patients treated with TTM of 33 °C (cut-off values: 1.21
and 1.1, respectively).'>'® These studies analysed the predictive
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[E Initial brain CT

value of GWRs for the prognoses of patients who underwent TTM
during PCAS care but were limited by their retrospective and single-
centred design, small sample sizes, and not having controlled for the
time of the brain CT scan.

Our multivariate regression analysis (Table 3) showed that the
GWRs measured by early brain CT were not correlated with
neurological outcomes at 6 months after the ROSC, although the
univariate analysis revealed that GWRs were significantly reduced in
the poor neurologic outcome group (Table 2). This result conflicts with
those previous. Several differences between the present study and
those previous may account for the dispensary. This study featured a
prospective and multi-centred design. Moreover, while the time that
elapsed before the brain CT scan was obtained ranged from 1 h to 1
week in previous studies, > '>"'® we only included cases in which the
time between the ROSC and brain CT examinations was within 2 h to
reconcile the different definitions of ‘initial’ and ‘early’ brain CT used in
previous studies. Brain CT scans conducted in the first 2 h following
ROSC likely do not allow sufficient time for the formation of cerebral
oedema and increased intracranial pressure: factors that may be
correlated with adverse outcomes.'®

Although the GWR assessed through early brain CT could not
predict poor neurological outcomes, we speculated that a GWR
obtained from a repeated CT and compared to that collected from
the early CT could predict a patient’s outcome. The enrolled patients
were therefore reviewed retrospectively for repeated brain CT
performed within 1 week of admission. Repeated brain CT scans
were performed in 77 cases; 25 were in the good outcome group
and 52 were in the poor outcome group (Fig. 2). In the latter, GWRs
of repeated brain CT were significantly lower than those of early
brain CT, but there was no statistical difference between the GWRs
in the good neurological outcome group (Fig. 3) However, the
prognostic value of GWR might be improved. A study that performed
CT within 7 days observed that the sensitivity of GWRgyerage Was
37.7% at 100% specificity,'” suggesting that a delayed CT can
better predict neurologic outcomes. These findings contrast from
those obtained by a study that performed CT within 1 h after ROSC:
sensitivities of GWRayerage aNd GWRpasal gangiia @t 100% specificity

o P <0.001
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Fig. 3 - A comparison of the grey-white matter ratio calculated using the results from early and repeated brain
computed tomography (CT) 6 months after the cardiac arrest.
(A) Good neurological outcome group. (B) Poor neurological outcome group.
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were 13.3% and 3.3%, respectively. These finding are similar to the
values of to 10.9% and 2%, respectively, found in the present
study.®

Current guidelines recommend the adoption of multimodal
approaches to reduce errors in prognostication,'®2° and several
recent studies have reported prognostic improvement with a
multimodal approach that includes GWR values.''>'""® Imaging
modalities reflecting cerebral edema are thought to be less affected
by TTM or sedative drugs than other prognostic tools and can be
performed relatively earlier. Although the present study found that
the obtainment of brain CT within 2h following ROSC could not
predict the neurological outcomes, the optimal timing of scanning
brain CT that yields reliable prognostication remains unknown.
Further research should ascertain the ideal time at which to
perform brain CT for measuring GWR and thereby enhancing the
multimodal approach of determining neurologic outcome in
patients with PCAS.

This study is subject to several limitations. The information
regarding the CT scanner was not documented: the numerous
hospitals involved in this multi-centre study each have multiple
CT scanners; thus, more than 20 CT scanners were used in this
study, and we could not regulate the CT scanner models. This
could affect the quality and consistency of CT images as well as
the HU and GWR measured by the investigators.®> Second, we
recorded the CT scan timing based on the ROSC because the
cardiac arrest time may occur while the patients are not being
observed and can thus be based on a caregiver’s surmise. Third,
the GWRs were not measured by radiologists but rather by
emergency physicians. However, the investigators were emer-
gency medicine specialists with more than 10years of clinical
experience; furthermore, the interclass correlation coefficient
was 0.953 among the investigators. Finally, with respect to the
comparison between the GWRs obtained from early and
repeated brain CT, the data of repeated CT was collected
retrospectively. A simple univariate analysis was therefore
conducted to compare mean GWRs because of the few repeated
CTs performed.
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