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ORIGINAL RESEARCH
ADULT BRAIN

Cortical and Subcortical Brain Atrophy Assessment Using
SimpleMeasures on NCCT Compared withMRI in Acute Stroke

Tanaporn Jaroenngarmsamer, Faysal Benali, Joachim Fladt, Nishita Singh, Fouzi Bala, Michael Tymianski,
Michael D. Hill, Mayank Goyal, Aravind Ganesh,

On behalf of the ESCAPE-NA1 Investigators

ABSTRACT

BACKGROUND AND PURPOSE: Brain atrophy is an important surrogate for brain reserve, the capacity of the brain to cope with
acquired injuries such as acute stroke. It is unclear how well atrophy measurements on MR imaging can be reproduced using NCCT
imaging. We aimed to compare pragmatic atrophy measures on NCCT with MR imaging in patients with acute ischemic stroke.

MATERIALS AND METHODS: This is a post hoc analysis, including baseline NCCT and 24-hour follow-up MR imaging data from the
Safety and Efficacy of Nerinetide (NA-1) in Subjects Undergoing Endovascular Thrombectomy for Stroke (ESCAPE-NA1) trial. Cortical
atrophy was measured using the global cortical atrophy scale, and subcortical atrophy was measured using the intercaudate dis-
tance-to-inner-table width (CC/IT) ratio. Agreement and correlation between these measures on NCCT and MR imaging were calcu-
lated using the Gwet agreement coefficient 1 and Pearson correlation coefficients, respectively.

RESULTS: Among 1105 participants in the ESCAPE-NA1 trial, interpretable NCCT and 24-hour MR imaging were available in 558
(50.5%) patients (mean age, 67.2 [SD, 13.7] years; 282 women). Cortical atrophy assessments performed on NCCT underestimated at-
rophy severity compared with MR imaging (eg, patients with global cortical atrophy of $1 assessed on NCCT¼ 133/558 [23.8%] and
on MR imaging¼ 247/558 [44.3%]; a 20.5% difference). Overall, cortical (ie, global cortical atrophy) atrophy assessments on NCCT
had substantial or better agreement with MR imaging (Gwet agreement coefficient 1 of . 0.784; P, .001). Subcortical atrophy
measures (CC/IT ratio) showed strong correlations between NCCT and MR imaging (Pearson correlation¼ 0.746, P, .001).

CONCLUSIONS: Brain atrophy can be evaluated using simple measures in emergently acquired NCCT. Subcortical atrophy assess-
ments on NCCT show strong correlations with MR imaging. Although cortical atrophy assessments on NCCT are strongly correlated
with MR imaging ratings, there is a general underestimation of atrophy severity on NCCT.

ABBREVIATIONS: AC1 ¼ agreement coefficient 1; CC/IT ¼ intercaudate distance-to-inner-table width; ESCAPE-NA1 ¼ Safety and Efficacy of Nerinetide
(NA-1) in Subjects Undergoing Endovascular Thrombectomy for Stroke; GCA ¼ global cortical atrophy; h-ICD ¼ hemi-intercaudate distance; MTA ¼ medial
temporal atrophy

Brain atrophy is considered an important imaging surrogate of
brain reserve, the ability of the brain to cope with acquired

tissue injuries, such as stroke, demyelination, or trauma.1-7 There
is compelling evidence on the role that atrophy and other

measures of brain reserve play in moderating functional recovery
and neurocognitive sequelae after such brain injuries, leading to
burgeoning interest in assessing these markers in research and
practice.8-10 Several methods to assess brain atrophy on NCCT
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have been developed, including sophisticated automated volu-
metrics.11,12 However, pragmatic visual ratings and measure-
ments are currently the mainstay in clinical practice.13-15

Such pragmatic scales include cortical atrophy assessments,
which are based on the width of the sulci and volume of the gyri
(global cortical atrophy [GCA]):13 hippocampal atrophy assess-
ments, based on the height/volume of the hippocampus (medial
temporal atrophy [MTA] scale)15 and parietal lobe atrophy
assessments based on the width of the posterior cingulate and
parieto-occipital sulci (Koedam scale).14 Subcortical atrophy is
assessed less commonly but can be quantified using simple meas-
urements and calculations like the intercaudate distance-to-
inner-table width (CC/IT) ratio.16

MR imaging is the preferred imaging tool for the aforemen-
tioned scales and measures because they were originally developed
as part of the work-up for neurodegenerative disorders.17 However,
NCCT is more widely available and more often used in emer-
gency settings like acute stroke. In addition, some patients cannot
undergo MR imaging due to claustrophobia, excessive agitation,
metal implants, or other contraindications.18,19 Therefore, should
atrophy assessments on NCCT be comparable with those on MR
imaging, this similarity would help facilitate the routine consider-
ation of brain atrophy in the evaluation and prognostication of
patients with acute neurologic injuries like stroke.

Prior studies comparing the use of NCCT and MR imaging
for atrophy assessment included patients with neurodegenerative
disorders rather than acute injuries like stroke12,20 and used less
established scales or measurements.21 The few studies that
included patients with acute stroke share the important limitation
of not considering confounding of measurements by mass effect
from infarct-related edema, which can complicate around 5% of
all ischemic strokes.22,23

In this study, we aimed to compare the pragmatic assessment
of cortical and subcortical atrophy using well-known and stand-
ardized rating scales applied on NCCT versus MR imaging in a
large randomized controlled trial–derived population of patients
with acute stroke.

MATERIALS AND METHODS
Patient Sample
This study is a post hoc analysis of the Safety and Efficacy of
Nerinetide (NA-1) in Subjects Undergoing Endovascular
Thrombectomy for Stroke (ESCAPE-NA1) trial (clinicaltrials.
gov: NCT02930018), assessing the efficacy of IV nerinetide in
participants with acute ischemic stroke who underwent endo-
vascular thrombectomy within 12 hours from onset.24 Trial par-
ticipants of ESCAPE-NA1 were enrolled between March 1,
2017, and August 12, 2019. Detailed information about the trial
is provided in the Online Supplemental Data. We performed the

atrophy measurement between February 1, 2022, and July 31,
2022.

Image Acquisition
The imaging included in this study consisted of baseline NCCT
and MR imaging at 24 hours after randomization. The 5-mm-
thick, axial NCCT was acquired using a minimum power of 120–
140 kV and 170–200 mA and a 2-second scanning time. The
images were processed using appropriate algorithms to reduce
bone artifacts and a high SNR for gray-white differentiation.
Contiguous axial sections were obtained from the skull base to the
vertex, parallel to the inferior orbitomeatal line. A good-quality
NCCT scan was defined as having a well-discriminated lateral
margin of the lentiform nucleus on the unaffected side and a well-
defined insular ribbon in the absence of previous infarction.
Reformats included 5-mm-thick sections of axial, sagittal, and cor-
onal NCCT images and 25-mm axial and sagittal MIP CTA
images, all generated from the source. CTA required at least
75mL of contrast media. The scan was used only to confirm
affected side for measuring hemi-intercaudate distance (h-ICD)
on the contralateral side. A follow-up brain MR imaging was per-
formed at a mean of 24 (SD, 12) hours after randomization. MR
imaging sequences included a minimum of axial DWI, gradient-
echo, and FLAIR. Reformation was used to generate axial, coronal,
and sagittal images from the 3D FLAIR source. If only axial 2D
FLAIR images were acquired, as was the case for some sites in this
international trial, then available axial views were reviewed.

Image Analysis
Available baseline NCCT and 24-hour MR imaging data (flow
chart, Fig 1) were reviewed by independent core laboratory read-
ers (F. Benali, F. Bala, J.F., N.S, with 4–7 years of experience;
Online Supplemental Data) who were blinded to clinical and out-
come data. Disagreements were resolved by a senior reader (A.G.,
with 10 years of experience). The readers were trained to measure
atrophy and subcortical atrophy using 20 cases from the data set.
However, these cases were re-read for this study after a 30-day
washout period, mixed in with all the other data set cases with no
indicators of being from the training set. The readers then ran-
domly assessed either NCCT or MR imaging, with no reader
assessing both scans from the same patient in the first pass. An
additional intrarater intermodality analysis was conducted to
assess whether the same rater read NCCT and MR imaging dif-
ferently.25 Two readers (F. Benali and J.F.) each assessed global
cortical atrophy (applying the GCA scale) in a random set of 100
patients using NCCT and MR imaging, with a washout period of
30 days between the NCCT and MR imaging reading sessions to
mitigate the likelihood of being biased by prior measurements.
We selected a sample size of 100 patients because this would give
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us 80% power for identifying a disagreement rate of 10% at an a

of .001.26

Cortical Atrophy
Cortical atrophy was measured using visual rating scales for the
GCA (Online Supplemental Data). Additional sensitivity analyses
included regional atrophy assessments, assessed in both hemi-
spheres by applying the aforementioned scale to the frontal, tem-
poral, and occipital lobes. The parietal lobe was assessed using
the Koedam scale (Online Supplemental Data),14 and the hippo-
campus was assessed using the MTA scale (Online Supplemental
Data).15 If the atrophy was asymmetric in any of the mentioned
scales, the most severe side was included.

Subcortical Atrophy
Subcortical atrophy was assessed by calculating the ratio of the
intercaudate distance-to-the-inner-table width, the CC/IT ratio.16

To avoid measurement error due to potential infarct-associated
edema, the intercaudate distance was measured on the contralat-
eral hemisphere (ie, h-ICD) and then multiplied by 2 (Online
Supplemental Data). The h-ICD was defined as the minimum dis-
tance between the caudate head and the septum pellucidum at the
level of the foramen of Monro and has been used previously22,23 to
assess subcortical atrophy in stroke. In case of very severe edema
and midline shift, participants were excluded from all analyses.

Statistical Analyses
Baseline variables of the included participants were summarized
using mean (SD) or median and interquartile range for numeric
data; and numbers (No.) and percentages (%) for categoric and
dichotomous variables.

For correlation analyses regarding cortical atrophy assessment
in the overall data set, we analyzed the intermodality agreement

between NCCT and MR imaging rat-
ings. When we examined the distribu-
tion of our data, most cortical atrophy
data fell into the “no atrophy” and
“mild atrophy” categories. With such a
data distribution, use of conventional
methods for interrater reliability like
the Cohen k can result in misleadingly
low k values, even in the setting of
good agreement, also known as the k

paradox.27 The Gwet agreement coeffi-
cient 1 (AC1)28 is particularly useful in
this setting because it provides a more
stable coefficient with varying preva-
lence or marginal probability.29 We
used a linear-weighed Gwet AC1 for
our agreement calculations. The Gwet
coefficient was also used for assessment
of intermodality agreement for the ran-
dom subset of 200 cases for which both
NCCT and MR imaging were read by
the same readers (100 cases each).

Although Gwet did not describe the
level of agreement with categorized AC1

results, Landis and Koch’s level of agreement was used to interpret
AC1.28,30 Such categorizations have been used in discussing the
results of prior studies using the Gwet AC1.30 An AC1 of 0.21–0.40
was considered fair agreement, 0.41–0.60 was considered moderate,
0.61–0.80 was considered substantial, and 0.81–1.00 was considered
almost perfect.31 We performed agreement analyses for binary
assessment of atrophy: no atrophy (atrophy grade 0) versus any at-
rophy (atrophy grade 1 or more) (Online Supplemental Data).

For correlation analysis in the measurement of subcortical at-
rophy between NCCT and MR imaging, we used Pearson correla-
tion analyses. A Pearson correlation of 0.1–0.39 was considered
as weak, a coefficient of 0.4–0.69 was considered moderate, and a
coefficient of 0.7–0.89 was considered strong.32 Scatterplots were
first drawn to visualize any outliers or linear correlations. In addi-
tion, we used Bland-Altman plots to visualize the agreements
between NCCT and MR imaging. The patterns of the plots help
interpret the correlation between NCCT andMR imaging beyond
numeric data.33,34 For example, a Bland-Altman plot with con-
centrated data reveals that the both sets of data are highly corre-
lated, whereas the plot with parallel data shows that the difference
among data are constant. A narrow difference in the former plot
means that the concentration of data is high and the bias between
measurements is low. One of the radiologic indicators of early sur-
gical decompression in patients with an ischemic brain is the
bicaudate ratio of ,0.16.35 We performed Gwet AC1 analysis for
binary comparison of the CC/IT ratio (,0.16 and $0.16). All
P values #.05 were considered significant, and analyses were per-
formed using STATA/MP 16.1 (StataCorp).

RESULTS
Among the 1105 patients enrolled in the ESCAPE-NA1 trial, 1102
(99.7%) had interpretable NCCT and 568 (51.4%) had interpreta-
ble 24-hour MR imaging. Interpretable baseline NCCT and 24-

FIG 1. Flow diagram showing inclusion and exclusion of cases.
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hour MR imaging were available in 566 (51.2%) patients. We
excluded 8 cases for which subcortical atrophy was not assessable
due to severe brain edema (Fig 1). Of the remaining 558 cases, 282
were women, with a mean age of 67.2 (SD, 13.7) years (Table 1).
Multiplanar reformation of FLAIR images was available in 399
(71.5%) patients.

Cortical Atrophy
When using MR imaging, the rate of participants with any atrophy
(GCA $ 1) was higher compared with when GCA assessments
were performed using NCCT (ie, 245/558 [43.9%] and 133/558
[23.8%] for MR imaging and NCCT, respectively). This finding
was also true for other cortical atrophy scales, such as the Koedam
scale (ie, Koedam $ 1 with NCCT¼ 172/558 [30.8%] and with
MR imaging¼ 261/558 [46.8%]) and the MTA scale (ie, MTA of
$1 with NCCT¼ 123/558 [22.0%] and with MR imaging¼213/
558 [38.2%]). The agreement values of binary (no versus any atro-
phy) assessments (Gwet AC1¼ 0.500–0.554) were lower than the
values of standard assessments (Gwet AC1¼ 0.784–0.833). GCA
assessment showed almost perfect agreement between NCCT and
MR imaging (Gwet AC1¼ 0.815; P, .001) (Table 2). Regional
cortical atrophy assessments showed substantial-to-almost-perfect
agreement (Gwet AC1. 0.784, P, .001) (Online Supplemental
Data). Additional intrarater intermodality analyses of the GCA
(for cases read by the same person) showed moderate-to-substan-
tial agreement (Gwet AC1¼ 0.775 and 0.547; P, .001).

Subcortical Atrophy
Subcortical atrophy assessments (CC/IT ratios) were similar when
using NCCT compared with MR imaging (CC/IT ratio of $0.16

with NCCT¼ 87 [15.6%] and with MR imaging¼ 93 [16.7%]) with
a Pearson correlation coefficient of 0.746 (P, .001). Bland-Altman
plots depicting NCCT assessments compared with MR imaging
showed a low difference in highly concentrated areas (mean differ-
ence of the ratio was 0.0002; 95% limits of agreement, 0.005–0.005),
suggesting highly correlated measurements (Fig 2).33,34

DISCUSSION
In this post hoc analysis of 558 participants in the ESCAPE-NA1
trial who underwent baseline NCCT and 24-hour follow-up MR
imaging, we show that pragmatic visual ratings of cortical atro-
phy on NCCT strongly correlate with atrophy assessments on
MR imaging, though atrophy grades tended to be lower when
assessed on NCCT compared with 24-hour MR imaging across
different rating scales including GCA, Koedam, and MTA.
Moreover, we found a strong correlation between NCCT and MR
imaging for subcortical atrophy measurements using the inter-
caudate distance on the nonaffected hemisphere.

Compared with previous literature mostly involving consider-
ably smaller patient samples, our study shows similar or higher
agreement between atrophy ratings performed on NCCT and
MR imaging. One observational study including 70 patients with
stroke that assessed cortical and subcortical atrophy on NCCT
and MR imaging using a more complex 5-point visual rating
scale21 found lower agreement than in our study (weighted k ¼
0.43–0.61 for cortical atrophy and 0.53–0.70 for subcortical atro-
phy). In a prospective cross-sectional study of 30 patients sus-
pected of having dementia, the GCA and MTA scales on NCCT
and MR imaging20 showed agreement similar to our results
(weighted k ¼ 0.83 for the GCA scale, 0.86 and 0.88 for the MTA
scale on the right and left side, respectively. Notably, in this study,
imaging acquisitions were from patients recruited in a memory
clinic rather than the acute emergency setting. In addition, a
recently conducted retrospective study including 214 patients
with neurodegenerative disorders used computational atrophy
analyses including automated volumetrics of different brain
regions (ie, frontal, temporal, parietal, and occipital) and showed
strong correlations of the obtained volumes in all regions
(Pearson correlation. 0.82) between NCCT and MR imaging.12

Our study adds to previous literature providing empiric evi-
dence that a simple visual assessment of brain atrophy on routine
NCCT is feasible in patients with acute neurologic conditions
such as stroke or traumatic brain injury and represents a valuable

diagnostic tool in the emergency setting
when the numbers of acutely unwell
patients are relatively high and perform-
ance of MR imaging or sophisticated
volumetric analyses is not practical.

Pragmatic visual atrophy assess-
ment may have important prognostic
value complementing routine neuroi-
maging beyond the confirmation of
acute stroke diagnosis and depiction of
ischemic penumbra to inform treat-
ment planning as well as recovery
expectations for patients and treating
physicians.

Table 1: Baseline characteristics (n= 558)
Clinical Characteristics

Age (mean) (yr) 67.2 (SD, 13.7)
Sex (female) (No.) (%) 282 (50.5)
Hypertension (No.) (%) 386 (69.2)
Current smoker (No.) (%) 130 (23.3), n¼ 557
Dyslipidemia (No.) (%) 245 (43.9)
Atrial fibrillation (No.) (%) 172 (30.8)
Coronary artery disease (No.) (%) 121 (21.7)
Diabetes mellitus (No.) (%) 92 (16.5)
Any prior stroke (No.) (%) 76 (13.6)
Peripheral vascular disease (No.) (%) 19 (3.4)
Systolic blood pressure (mean) (mm Hg) 147.4 (SD, 25.1) n¼ 557
ASPECTS (median) (IQR) 8 (7–9) n¼ 552

Note:—IQR indicates interquartile range.

Table 2: Agreement and correlation between NCCT and MR imaging for cortical and sub-
cortical atrophy assessments, respectivelya

NCCT MRI Gwet AC1a

GCA (median) (min-max)b 0 (0–2) 0 (0–3) 0.815
GCA $1 (No.) (%) 133 (23.8) 245 (43.9) 0.500
Koedam (median) (min-max)b 0 (0–2) 0 (0–3) 0.784
Koedam $1 (No.) (%) 172 (30.8) 261 (46.8) 0.512
MTA (median) (min-max)b 0 (0–4) 0 (0–4) 0.833
MTA $1 (No.) (%) 123 (22.0) 213 (38.2) 0.554
CC/IT ratio (median) (IQR)b 0.12 (0.09–0.14) 0.12 (0.09–0.15) 0.746 (Pearson correlation)
CC/IT ratio $0.16 (No.) (%)c 87 (15.6) 93 (16.7) 0.523

Note:—min indicates minimum; max, maximum.
a All P values are ,.001.
b Full categoric scale is provided. Linear-weighted Gwet AC1.
c Cutoff is chosen on the basis of prior literature.35
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While an important value of our article is in demonstrating
how simple measurements of brain atrophy on NCCT compare
with MR imaging measurements, the specific setting of acute
stroke used for our study is also of interest, given the emerging
recognition of atrophy and other such measures of brain frailty as
important mediators of treatment outcome in acute stroke.36-38

Because there is now considerable impetus for future acute stroke
studies to factor such variables into the analyses, our finding that
cortical and subcortical atrophy can be feasibly measured on
NCCT in the acute setting is reassuring. In addition, future stud-
ies could examine how the underestimation of atrophy burden
on NCCT affects the prediction of poststroke outcomes.

Limitations
First, because all raters in our study had several years of experience
with neuroimaging readings and received similar training using
the scales at the start of the study, we cannot comment on to what
extent interrater differences in experience or training could con-
tribute to discrepancies between NCCT and MR imaging assess-
ments. Second, even though we used the h-ICD to account for
any stroke-related edema, possible evolution of edema during the
24-hour interval between baseline NCCT and follow-up MR

imaging could theoretically confound comparisons. However,
cases with extensive midline shift and/or sulcal or ventricular
effacement that were noninterpretable on the basis of the judg-
ment of the reader were excluded and accounted for ,1% of the
cases in the data set. Third, because this was a multicenter interna-
tional trial, scanners differed from one site to another, and we did
not impose specific MR imaging parameters beyond the expecta-
tions for a minimum set of sequences. However, this choice
allowed us to perform a more pragmatic comparison of ratings
performed on CT and MR imaging that is more generalizable to
the heterogeneities of real-world practice.

CONCLUSIONS
Brain atrophy can be feasibly evaluated using simple measures in
emergently acquired NCCT imaging. Subcortical atrophy measure-
ment using CC/IT ratios are highly reproducible on both NCCT
and MR imaging axial planes. Cortical atrophy assessments on
NCCT have substantial or better agreement with MR imaging rat-
ings but generally underestimate the severity of atrophy.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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