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Dear Sir:

Cerebral infarction may lead to delayed neuronal degeneration
in remote areas of the brain that are connected to the primary
ischemic lesion." Particularly, basal ganglia infarctions may be
associated with delayed degeneration of the substantia nigra
(SN).** Although delayed SN degeneration is often observed on
diffusion-weighted imaging (DWI) in patients with stroke,*”
the factors associated with delayed SN degeneration and its
clinical significance are unclear. Herein, we investigated factors
associated with delayed SN degeneration in patients with
acute infarction involving the basal ganglia. We also investi-
gated the short-term neurological outcomes.

This was a retrospective study using data from the Effects of
Very Early Use of Rosuvastatin in Preventing Recurrence of
Ischemic Stroke (EUREKA) trial.® We used these data because
they included initial (within 48 hours after onset) and fol-
low-up DWI data at days 5 and 14 with National Institutes of
Health Stroke Scale (NIHSS) scores. This study included pa-
tients who had an infarction involving the unilateral basal
ganglia on initial DWI and who underwent follow-up DWI at
least once at day 5 or 14. This study was approved by the Insti-
tutional Review Board of Severance Hospital, Yonsei University
Health System (no. 4-2021-1272), which waived the need for
informed consent owing to the study's retrospective design.
Images were analyzed to determine the location of ischemic

lesions in the basal ganglia and co-existing lesions in the terri-
tory of the middle cerebral artery (MCA). The volume of isch-
emic lesions in the basal ganglia was measured semi-automat-
ically using Xelis software (Infinitt, Seoul, Korea).” The occur-
rence of SN degeneration was determined on follow-up DWI at
days 5 and 14. SN degeneration was defined as a lesion with
high signal intensity in the SN region on DWI (Supplementary
Figure 1). Images were independently analyzed by two inves-
tigators (K.L. and J.H.H.), and any discrepancies were resolved
by consensus. We compared the degree of neurological im-
provement based on the percent improvement in NIHSS
scores between patients with and without SN degeneration.
The percent improvement was defined as [(NIHSS at baseline
- NIHSS at 14 days) / NIHSS at baseline x 100].° Statistical
analyses were performed using SPSS software for Windows
version 23.0 (IBM Co., Armonk, NY, USA). All statistical analy-
ses were two-tailed, and statistical significance was set at
P<0.05. Details of the statistical analyses are described in the
Supplementary Methods.

Of the 318 patients enrolled in the EUREKA trial, 289 who
underwent follow-up DWI at least once were considered. We
excluded two patients who underwent stent insertion because
this might have affected the development of new lesions on
follow-up DWI. Of the remaining 287 patients, this study final-
ly included 62 patients who had lesions in the basal ganglia.
Thirty-one patients (50%) had co-existing lesions in the MCA
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Factors associated with the occurrence of substantia nigra degeneration

Variable Adjusted OR 95% Cl 2

Age (yr) 1.026 0.975-1.079 0.321
Male sex 2.160 0.501-9.321 0.302
Co-existing MCA territorial infarction 4.118 1.225-13.843 0.022
Basal ganglia infarction volume (cm®) 1.379 1.050-1.813 0.021
Uric acid (mg/dL) 0.677 0.440-1.041 0.075

OR, odds ratio; Cl, confidence interval; MCA, middle cerebral artery.
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Percent improvement in National Institutes of Health Stroke
Scale (NIHSS) scores on day 14 after stroke. Patients with substantia nigra
(SN) degeneration showed less neurological improvement. *P=0.04.

territory (Supplementary Figure 2). Lesions in the SN were de-
tected in 27 patients (43.5%) on follow-up DWI (10 [16.1%] at
5 days and 27 [43.5%] at 14 days).

Patients with SN degeneration had significantly lower blood
uric acid levels (0.27+0.11 vs. 0.33+0.10, P=0.043) than those
of patients without SN degeneration (Supplementary Table 1).
Co-existing infarctions in the MCA territory were more fre-
quent in patients with SN degeneration (66.7% vs. 37.1%,
P=0.021). The infarction volume in the basal ganglia was sig-
nificantly larger in patients with SN degeneration (1.5 [inter-
quartile range, IQR, 0.5 to 4.6] vs. 0.7 [IQR, 0.2 to 1.4], P=0.02)
(Supplementary Table 2). On multivariable analysis, SN degen-
eration was significantly associated with co-existing infarc-
tions in the MCA territory (adjusted odds ratio [OR], 4.118;
950 confidence interval [Cl], 1.225 to 13.843; P=0.022) and
the infarction volume in the basal ganglia (adjusted OR, 1.379;
95% Cl, 1.050 to 1.813; P=0.021) (Table 1).

The initial NIHSS score was significantly higher in patients
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with SN degeneration (median, 8; IQR, 4 to 14) than in those
without SN degeneration (median, 4; IQR, 2 to 6) (P<0.001).
The percent improvement in the NIHSS score at 14 days was
significantly lower in patients with SN degeneration (median,
15%; IQR, 0% to 60%) than in those without SN degeneration
(median, 50%; IQR, 33.3% to 100%) (P=0.04) (Figure 1). On
univariable and multivariable linear regression analyses, SN
degeneration was independently associated with percent im-
provement (P=0.016) (Table 2).

This study showed that SN degeneration was observed on
DWI in approximately 44% of patients with basal ganglia in-
farctions within 2 weeks, and the occurrence of SN degenera-
tion was associated with the infarction volume in the basal
ganglia and co-existing infarction in the MCA territory. Our
findings are supported by those of a previous autopsy study,
which showed SN degeneration in patients with massive basal
ganglia infarctions but not in those with smaller infarctions.”
Large infarctions may produce greater involvement of striatoni-
gral fibers, which increases the likelihood of visible changes on
DWI by increasing the extent or severity of SN degeneration. In
this study, co-existing MCA infarctions were also associated
with SN degeneration. Previous studies did not identify SN de-
generation in patients with infarctions in the cerebral cortex of
the MCA territory without striatal lesions.** However, in a re-
cent study of a stroke model with isolated cortical infarction in
rats, the loss of dopaminergic neurons in the midbrain occurred
14 days after stroke.” These findings suggest that polysynaptic
coupling may play a role in delayed exo-focal post-ischemic
neurodegeneration.’

This study showed that patients with SN degeneration had
worse neurological deficits than those without SN degenera-
tion. Our findings suggest that SN degeneration may negative-
ly affect recovery from neurological deficits and that preven-
tion of SN degeneration is a potential therapeutic target.” In-
flammation may play a key role in the development of delayed
neuronal degeneration in remote brain areas.””

In conclusion, SN degeneration is associated with large in-
farctions involving the basal ganglia and co-existing infarc-
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Factors associated with the percent improvement in NIHSS scores
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Univariable analysis

Multivariable analysis

Variable Unstanda_rdized Standard error P Unstan@a_rdized Standard error P
coefficient coefficient
Demographics
Age (yr) -0.707 0.415 0.094 -0.184 0.438 0.676
Male sex 16.114 11.182 0.155 14.562 11.243 0.200
Hypertension -17.474 14.217 0.224
Diabetes mellitus -1.037 12.747 0.935
Hypercholesterolemia -8.812 13.924 0.529
Smoking 15.151 11.358 0.187
Previous stroke -22.934 26.337 0.387
Body mass index (kg/m?) -0.687 1.729 0.692
Laboratory results
White blood cells (x10%/L) 1.395 2.822 0.623
Hemoglobin (g/dL) 5.050 3.150 0.114
Hematocrit (%) 2.025 1.146 0.082
Platelet count (x10°/L) 0.220 0.093 0.021 0.182 0.094 0.058
Blood urea nitrogen (mg/dL) -0.943 1.116 0.401
Creatinine (mg/dL) 22.844 33.679 0.500
Fasting glucose (mg/dL) 0.074 0.102 0.471
AST (IU/L) 0.333 0.954 0.728
ALT (IU/D) -0.575 0.804 0.478
Total protein (g/dL) 16.884 9.960 0.095
Albumin (g/dL) 19.028 16.622 0.257
Uric acid (mg/dL) 1.872 3.284 0.571
Creatine kinase (IU/L) 0.089 0.058 0.132
C-reactive protein (mg/dL) -0.833 0.640 0.198
Total infarct volume (cm®) -0.295 0.378 0.439
Treatment
Anticoagulant -19.744 19.066 0.305
Tissue plasmin activator 59.459 31.258 0.062
Rosuvastatin -11.085 11.504 0.339
Location of infarction
Basal ganglia
Putamen -11.104 14.817 0.457
Globus pallidus -12.112 11.668 0.303
Caudate nucleus 5.163 11.574 0.657
Co-existing MCA territory -13.879 11.232 0.221
Relevant artery stenosis >50% -3.707 11.364 0.745
New lesion on follow-up DWI -17.474 14.217 0.224
Substantia nigra degeneration -30.321 10.781 0.007 -26.139 10.578 0.016

NIHSS, National Institutes of Health Stroke Scale; AST, aspartate aminotransferase; ALT, alanine aminotransferase; MCA, middle cerebral artery; DWI,

diffusion-weighted imaging.

tions involving the MCA territory. Patients with SN degenera-
tion showed less improvement in their neurological deficits

https://doi.org/10.5853/j0s.2022.02145

during the acute phase of stroke. Further studies involving
long-term follow-up DWIs with analyses of clinical outcomes
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in a larger patient cohort are warranted.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2022.02145.
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Supplementary Methods

Statistical analysis

All statistical analyses were performed using the SPSS software
for Windows version 23.0 (IBM Co., Armonk, NY, USA). Data
were presented as number (%), mean+standard deviation, or
median (interquartile range). Univariable analysis was performed
using the Pearson chi-square test or Fisher's exact test for cate-
gorical variables or the independent t-test or Mann-Whitney

https://doi.org/10.5853/j0s.2022.02145
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test for continuous variables, as appropriate. Multivariable lo-
gistic regression analysis was performed to determine the fac-
tors associated with substantia nigra degeneration. Multivari-
able linear regression analysis was performed to determine the
factors associated with the percent improvement in the Na-
tional Institutes of Health Stroke Scale (NIHSS) score. Age, sex,
and other variables (P<0.05) on the univariable analyses were
entered for multivariable analysis. All statistical analyses were
two-tailed, and statistical significance was set at P<0.05.
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Comparison of patient characteristics

Lee et al.  Poor Recovery with Substantia Nigra Degeneration

Characteristic SND (n=27) No SND (n=35) P
Demographics
Age (yr) 64.9+12.4 62.0+14.3 0.403
Male sex 13 (48.1) 18 (51.4) 0.798
Hypertension 17 (63.0) 17 (48.6) 0.259
Diabetes mellitus 9(33.3) 8(22.9) 0.359
Hypercholesterolemia 3(1.1) 10 (28.6) 0.094
Smoking 10 (37.0) 16 (45.7) 0.492
Previous stroke 0(0) 3(8.6) 0.250
Body mass index (kg/m?) 234435 23.4+3.2 0.975
Laboratory results
White blood cells (x10°/L) 80+2.4 7.2+18 0.108
Hemoglobin (g/dL) 13.4+1.6 14.2+1.8 0.061
Hematocrit (%) 39.4+4.2 41.6+5.2 0.080
Platelet count (x10°/L) 237.0+68.3 254.4+50.9 0.254
Blood urea nitrogen (mg/dL) 15.6+4.2 14.145.7 0.238
Creatinine (mg/dL) 0.8 (0.7-0.9) 0.8 (0.7-1.0) 0.563
Fasting glucose (mg/dL) 120.0 (99.0-154.0) 112.0 (95.0-152.0) 0.733
AST (IU/L) 21.6+7.1 22.1+5.1 0.708
ALT (IU/L) 18.6+8.4 18.316.1 0.868
Total protein (g/dL) 7.0£0.6 7.1£0.5 0.892
Albumin (g/dL) 4.140.3 4.1+04 0.928
Uric acid (mg/dL) 46+1.8 55+1.6 0.043
Creatine kinase (IU/L) 77.0 (50.0-126.0) 75.0 (50.0-132.0) 0.809
C-reactive protein (mg/dL) 1.2 (0.2-3.0) 0.5 (0.2-1.9) 0.284
Treatment
Anticoagulant 5(18.5) 1(2.9) 0.077
Antiplatelet 27 (100) 35 (100) -
Tissue plasminogen activator 0(0) 2(5.7) 0.500
Rosuvastatin 11 (40.7) 14 (40.0) 0.953
Values are presented as mean+standard deviation, number (%), or median (interquartile range).
SND, substantia nigra degeneration; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
Comparison of imaging characteristics
Characteristic SND (n=27) No SND (n=35) P
Location of infarction
Basal ganglia
Putamen 22 (81.5) 29 (82.9) 1.000
Globus pallidus 2 (44.4) 11 (31.4) 0.293
Caudate nucleus 2 (44.4) 13 (37.1) 0.561
Co-existing MCA territory 8 (66.7) 13 (37.1) 0.021
Infarction volume of basal ganglia (cm’) 1.5 (0.5-4.6) 0.7 (0.2-1.4) 0.020
Relevant artery stenosis >50% 17 (63.0) 14 (40.0) 0.073
New lesion on follow-up DWI 8(29.6) 4(11.4) 0.072

Values are presented as number (%) or median (interquartile range).
SND, substantia nigra degeneration; MCA, middle cerebral artery; DWI, diffusion-weighted imaging.
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Baseline

Representative diffusion-weighted images showing the degeneration of the substantia nigra in the midbrain (arrows).

318 Patients enrolled to the
EUREKA trial
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Patient flow diagram. EUREKA, Effects of Very Early Use of Rosuvastatin in Preventing Recurrence of Ischemic Stroke; DWI, diffu-
sion-weighted imaging; MCA, middle cerebral artery; SN, substantia nigra.
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