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Abstract

Objective To investigate whether hyperdense middle cerebral artery sign (HMCAS) on pretreatment no-contrast CT (NCCT)
is associated with hemorrhagic transformation (HT) after endovascular thrombectomy (EVT).

Methods Patients with acute middle cerebral artery (MCA) occlusion who received EVT in three comprehensive hospitals
were retrospectively evaluated. They were divided into four groups based on the presence or absence of HMCAS and cor-
responding CTA findings, among whom differences were compared. Univariate and multivariate logistic regression analyses
were performed to investigate the association between HMCAS and HT and its subtypes.

Results 318 patients were included, among whom 149 (46.9%) had HMCAS. Patients in the proximal positive HMCAS group
had higher National Institute of Health Stroke Scale scores and lower Alberta Stroke Program Early CT Scores (ASPECTS)
than those in the proximal negative HMCAS group. The rate of HT was higher in the proximal positive HMCAS group
than that in the proximal negative HMCAS group. In multivariate logistic regression analysis, the proximal HMCAS were
independently associated with HT (adjusted OR=2.073, 95% CI 1.211-3.551, p=0.008) and aHT (adjusted OR=2.271,
95% CI 1.294-3.986, p=0.004), but not with sHT. Patients who developed HT, including aHT and sHT, had a lower rate
of good outcome.

Conclusion Proximal HMCAS on initial NCCT was independently associated with aHT in patients who received EVT for
acute MCA occlusion. Both aHT and sHT had a detrimental effect on clinical outcome.

Keywords Hyperdense middle cerebral artery sign - Hemorrhagic transformation - Endovascular thrombectomy - Acute
middle cerebral artery occlusion

Introduction

Endovascular thrombectomy (EVT) has been widely

accepted as the standard of care for patients with acute large
vessel occlusion (LVO) and presumed salvageable tissue in
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making, patient selection for EVT and optimization of perio-
perative management.

Recent studies have validated certain risk factors of HT
after EVT, such as the National Institutes of Health Stroke
Scale (NIHSS) score, hyperglycemia on admission, Alberta
Stroke Program Early CT Score (ASPECTS) and unsuc-
cessful recanalization [4, 5, 9, 10]. However, an easy-to-use
imaging marker for routine practice has not been identified.
Hyperdense middle cerebral artery sign (HMCAS), defined
as an increased attenuation of the middle cerebral artery
(MCA) on non-contrast computed tomography (NCCT), has
been recognized as an indicator of thrombus obstructing the
artery with a specificity of 95% [11]. This sign is associated
with a more severe neurologic deficit and larger cerebral
infarction [12-15], which are definite risk factors for HT.
Indeed, an association between HMCAS and HT has been
observed in patients with large cerebral infarction without
thrombolytic therapy [14]. Moreover, a retrospective study
has demonstrated that HMCAS increases the risk of HT after
intravenous thrombolysis (IVT) [15]. However, in the new
era where EVT has been recognized as the optimal treat-
ment for acute LVO, there are limited data on the association
between HMCAS and HT after EVT.

In this study, we aim to investigate whether HMCAS on
pretreatment NCCT is an independent risk factor of HT in
patients who received EVT for acute MCA occlusion.

Methods

WE retrospectively reviewed patients with acute MCA
occlusion who received EVT from three comprehensive hos-
pitals in China (Zhongnan Hospital of Wuhan University,
Dabieshan Regional Hospital Center of Huanggang Central
Hospital and the Fifth Affiliated Hospital of Guangxi Medi-
cal University) between January 2018 and December 2021.
Ethics approval was obtained from the Medical Ethics Com-
mittee of each institute.

Patient selection and endovascular therapy

All patients admitted to the three comprehensive hospi-
tals with acute stroke were evaluated and managed under
the current guideline [2]. Usually, patients with suspected
acute stroke underwent NCCT of the brain to exclude hem-
orrhage. For those with acute ischemic stroke, CT angiog-
raphy (CTA) of the head and neck was performed to look
for LVO. The CTA images were promptly reviewed by a
radiologist and LVO was defined as occlusion of the inter-
nal carotid artery, MCA, anterior cerebral artery, vertebral
artery and basilar artery. For patients who were transferred
into the comprehensive hospitals with NCCT and/or CTA
images performed in a primary stroke center, the same
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radiological examination may not be implemented. In this
study, we evaluated all patients with acute occlusion of the
MCA and excluded those whose NCCT was not done in
the three comprehensive hospitals. Patients eligible for EVT
were those: (a) age was within the range of 18 ~ 80 years old;
(b) exhibited a disabling neurologic deficit due to LVO with
an NIHSS score > 6; (c) ASPECTS was six or more in the
anterior circulation; d) evaluated within 6 h or within 24 h
from symptom onset or last known normal with favorable
perfusion imaging. IVT using tissue plasminogen activa-
tor was given in eligible individuals before endovascular
therapy. Written informed consent for IVT and EVT was
obtained from family members.

EVT was performed by neurointerventionalists experi-
enced in EVT with stent retriever or aspiration techniques.
Patients received local anesthesia with conscious sedation
or general anesthesia if their vital signs were unstable and
assisted breathing with a ventilator was required or if they
were delirious after the stroke. Before thrombectomy, digi-
tal subtraction angiography (DSA) of the occluded artery
was performed to access the morphology and location of the
thrombus. Patients who achieved complete recanalization
with IVT shown on DSA images would not undergo EVT
and were excluded from this study. Thrombectomy modes,
such as stent retriever, aspiration or a combination of both,
the size or type of the devices, and the number of passes
performed were determined by the operator. Generally, stent
retriever thrombectomy served as the first-line approach,
and aspiration thrombectomy using an intermediate cath-
eter was implemented when the first-line therapy failed to
achieve successful recanalization. Once the occluded artery
was successfully recanalized, no more thrombectomy would
be performed. If procedure-related hemorrhagic complica-
tions, such as perforation of vessels indicated by leakage
of contrast, occurred during the procedure, an immediate
NCCT of the head was arranged and the procedure would
be terminated no matter the occluded artery was recanalized.
When encountering severe stenosis, balloon angioplasty was
performed after thrombectomy. If angioplasty failed to main-
tain the blood flow to the distal territory, stent placement
would be considered. The main goal was to achieve modi-
fied thrombolysis in cerebral infarction (mTICI) 2b/3 grades.

Patients were further managed and closely monitored
in the stroke unit after EVT. An NCCT of the head was
performed when any neurologic deterioration occurred or
at 24-36 h after EVT to rule out HT. Patients who devel-
oped unstable vital signs due to acute myocardial infarc-
tion, severe acute heart failure, aspiration pneumonia or
other causes may require tracheal intubation and assisted
breathing with a ventilator and have difficulty in rescanning
the brain using NCCT. We excluded those without follow-
up NCCT or magnetic resonance imaging examination after
thrombectomy. For those whose CT images showed HT, a
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repeated follow-up NCCT would be arranged to evaluate
whether the hemorrhage has expanded or absorbed, and to
distinguish HT from contrast leakage. For patients whose
follow-up NCCT did not show HT, antiplatelet therapy was
initiated for the prevention of stroke recurrence. Besides,
systolic blood pressure post-thrombectomy was controlled
to less than 140 mmHg in those with successful reperfusion,
or otherwise less than 160 mmHg.

Imaging protocols

The scanners and parameters used to obtain NCCT images
in three comprehensive hospitals were slightly different.
In Zhongnan Hospital of Wuhan University, NCCT was
performed by using a 64-detector scanner (GE MEDICAL
SYSTEM Discovery CT, General Electric, USA) with the
following parameters: axial scan acquisition with slice
thickness 1.25 mm; tube voltage 120 kV; tube current 350
mAs and matrix 512X 512. In Dabieshan Regional Hospital

Center of Huanggang Central Hospital, NCCT images were
obtained by using a 64-detector scanner (GE Optima CT680,
General Electric, USA) with the following parameters: axial
scan acquisition with slice thickness 2.50 mm; tube voltage
120 kV; tube current 450 mAs and matrix 512 x512. In the
Fifth Affiliated Hospital of Guangxi Medical University,
NCCT images were obtained by using a 64-detector scanner
(GE Light Speed VCT, General Electric (Japan), Japan) with
the following parameters: axial scan acquisition with slice
thickness 2.50 mm; tube voltage 120 kV; tube current 350
mAs and matrix 512 x 512. Continuous axial slices parallel
to the inferior orbitomeatal line from the skull base to the
vertex were obtained in all patients.

Data collection and assessment criteria
Clinical data of each included patient, including demo-

graphical characteristics, medical history, clinical presen-
tation and procedural details, were reviewed and extracted

Fig.1 Classification of the hyperdense middle cerebral sign
(HMCAS) on no-contrast CT (NCCT) and reconstructed maximal
intensity projection (MIP) images. A and B showed the negative
HMCAS on NCCT and occlusion of the M1 segment of the middle
cerebral artery (MCA) on MIP images in the same patient, respec-

tively. C and D showed the proximal HMCAS on NCCT and occlu-
sion of the M1 segment of the MCA on MIP images in the same
patient, respectively. E and F showed a “dot sign” in the sylvian fis-
sure indicating the distal HMCAS on NCCT and occlusion of the M2
segment of the MCA on MIP images in the same patient, respectively
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from the electronic medical records. CT images were inde-
pendently reviewed by two neurologists (Dong Sun and
Gang Zhou) who have more than five years of experience
in reviewing NCCT images. They were blind to clinical
information and DSA findings but not to CTA images. The
HMCAS was defined if the lumen of MCA appeared more
dense than adjacent or equivalent contralateral arteries but
non-calcified on pretreatment NCCT, and was categorized
as “proximal HMCAS” (main trunk or basal M1 segment
of MCA) and “distal HMCAS” (beyond the bifurcation of
MCA or M2 and M3 segments) based on its location and
extent (Fig. 1). If there was a disagreement on the pres-
ence or absence of HMCAS, a final decision was made by
consensus between the two readers. The early ischemic
change on pretreatment NCCT was quantified by using the
ASPECTS [16]. The degree of reperfusion was measured
using the mTICI grading system by neurointerventional-
ists who performed EVT, which was documented in the
electronic medical records. Successful reperfusion was
defined as mTICI 2b or 3. HT was defined as any hemor-
rhage found on follow-up brain images after EVT but not
detected on initial NCCT, which includes sHT and aHT.
The definition of sHT was HT that caused neurologic dete-
rioration indicated by a NIHSS score that increased by
four points or higher than the baseline value or the lowest
value within 24 h, or any hemorrhage that resulted in death
[17]. However, aHT was defined as HT other than sHT.
Functional outcome was assessed at 90-day follow-up by
using the modified Rankin scale (mRS) with a score of
0-2 considered as the good outcome while 3—6 as the poor
outcome. The stroke etiology was determined at discharge
using the classification of the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) and classified as “large artery
atherosclerosis,” “cardioembolism” and “other etiologies”
[18].

Statistical analysis

The data was analyzed using SPSS version 25.0 (IBM,
Armonk, New York). Patients were divided into four groups
based on a combination of NCCT findings and angiographic
findings: the proximal negative HMCAS group defined as
the absence of HMCAS with proximal MCA occlusion, the
proximal positive HMCAS group defined as the presence of
proximal HMCAS with proximal MCA occlusion, the distal
negative HCMAS group defined as the absence of HMCAS
with distal MCA occlusion and the distal positive HMCAS
group defined as the presence of HMCAS with distal MCA
occlusion. Multi-group comparison was conducted using
Kruskal-Wallis H test and post hoc analysis was performed
using Bonferroni correction method for continuous variables
at p <0.05 level. For categorical variables, Chi-square test
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or Fisher’s exact test was used in the multi-group compari-
son and a simple Bonferroni correction method was used in
pairwise comparisons. Continuous variables were described
as median and interquartile range (IQR) while categorical
variables as numbers and proportions. Univariate analysis
and logistic regression analysis were employed to investi-
gate the independent risk factors of HT after EVT. For vari-
ables with p <0.1 in univariate analysis, logistic regression
analysis for HT was conducted. Unadjusted or adjusted odds
ratios (ORs) with corresponding 95% confidential interval
(CI) were calculated for each variable. Then, we repeated
the same analyses for the subtypes of HT, including aHT
and sHT as defined above. Statistical significance was set at
two-sided p <0.05.

Results

Between January 2018 and December 2021, a total of 213
patients were enrolled from Zhongnan Hospital of Wuhan
University. From January 2019 to December 2021, a total
of 65 and 40 patients were included from Dabieshan
Regional Hospital Center of Huanggang Central Hospital
and the Fifth Affiliated Hospital of Guangxi Medical Uni-
versity, respectively. In all, 87 patients with acute MCA
occlusion were excluded for unavailable pretreatment CT
images (n=12), poor-quality CT images with artifacts
(n=17), complete recanalization with IVT (n=19), lack
of follow-up CT/MRI images (n=10) and abortion of
thrombectomy of the MCA due to lengthening tortuosity
of the carotid artery (n=29). The flowchart of inclusion
is shown in Fig. 2.

Among the 318 patients included, 173 (54.4%) patients
were men and 145 (45.6%) were women, with an aver-
age age of 65.0 (55.0-74.0) years old. HMCAS on ini-
tial NCCT images was visually identified in 149 (46.9%)
patients, among whom 107 (71.8%) had proximal HMCAS
and 42 (28.2%) had distal HMCAS, which were corre-
lated to CTA findings. Patients with negative HMCAS
were further divided into the proximal negative HMCAS
group and the distal negative HMCAS group based on the
location of occlusion of the MCA, with 142 (44.6%) and
27 (8.5%), respectively. The clinical characteristics of the
318 patients were summarized in Table 1. The baseline
NIHSS scores of patients in the proximal positive HMCAS
group were higher than that in the distal negative HMCAS
group (proximal negative HCMAS: 15.0 [IQR 12.0-19.0],
proximal positive HMCAS: 17.0 [IQR 13.0-22.0], distal
negative HMCAS: 12.0 [IQR 8.0-15.5], distal positive
HMCAS:14.5 [12.0-18.0], p=0.002, the same order in
the following descriptions). The ASPECTS of the proxi-
mal positive HMCAS group was lower than that of the
proximal negative HMCAS group (8.0 [IQR 7.0-10.0],
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Fig.2 Study flowchart showing
the inclusion and exclusion of
the patients. MCA, middle cer-
ebral artery; EVT, endovascular

Acute MCA occlusion patients treated with EVT
between January 2018 and December 2021 in three
comprehensive hospitals (# = 405)

thrombectomy; /VT, intravenous

thrombolysis; HMCAS, hyper-
dense middle cerebral artery

Pretreatment CT images were not
available (n=12)

Successful reperfusion with IVT

sign; PN HMCAS, proximal
negative HMCAS; PP HMCAS,

(n=19)

proximal positive HMCAS;
DN HMCAS, distal negative

HMCAS: DP HMCAS, distal artifacts (n = 19)

Pretreatment CT images have

Patients without follow-up CT or

positive HMCAS MRI after EVT (1 = 10)
Terminated thrombectomy of the
MCA (n=29)
Patients included
(n=318)
PN HMCAS PP HMCAS DN HMCAS DP HMCAS
n =142 n=107 n=27 n=42

7.0 [IQR 6.0-9.0], 8.0 [IQR 7.0-9.5], 8.0 [IQR 7.0-9.0],
p <0.001). For stroke etiologies, large artery atheroscle-
rosis was more frequent in the negative HMCAS groups
(55.6% vs 34.6% vs 48.1% vs 33.3%, p <0.05; negative
HMCAS groups 54.4% vs positive HMCAS groups 34.2%,
p <0.001), while cardioembolism was more common in
the positive HMCAS groups (31.0% vs 44.9% vs 33.3%
vs 42.9%, p > 0.05; negative HMCAS groups 31.4% vs
positive HMCAS groups 48.3%, p=0.002). Angioplasty
procedure or stent placement was more frequently imple-
mented in the negative HMCAS groups than the positive
groups (28.2% vs 15.0% vs 29.6% vs 7.1%, p =0.005; neg-
ative HMCAS groups 28.4% vs positive HMCAS groups
12.8%, p=0.001). There were no differences among the
four groups in age, sex, risk factors of cerebrovascular
disease, admission glucose level, the rate of receiving
IVT, thrombectomy modes, onset-to-groin puncture time
(OPT), the proportion of OPT > 360 min, onset-to-recanal-
ization time and puncture-to-recanalization time.

In the entire population, successful recanalization was
achieved in 267 (84.0%) patients and a good outcome in 106
(33.3%) patients. A total of 163 (51.3%) patients developed
HT after EVT, which included 122 (38.4%) cases of aHT
and 41 (12.9%) cases of sHT. The rate of HT was higher in
the proximal positive HMCAS group than that in the proxi-
mal negative group (42.3% vs 61.7% vs 48.1% vs 57.1%,
p=0.019). However, no statistical significance was found in
the rate of aHT and sHT among the four groups. There were
also no statistical differences regarding the rate of successful
recanalization and good outcome.

The results of the comparison between the patients with
HT and those without HT are shown in Table 2. Patients
who developed HT after EVT had higher admission glu-
cose levels (without HT: 7.1 [IQR 6.0-8.6] mmol/L,
with HT: 7.6 [IQR 6.2-9.7] mmol/L, p=0.037), lower
ASPECTS (8.0 [IQR 7.0-10.0] vs 8.0 [IQR 6.0-9.0],
p=0.012), higher rate of proximal positive HMCAS
(26.5% vs 40.5%, p=0.019) and a lower rate of success-
ful recanalization (90.3% vs 77.9%, p =0.003). In addition,
patients who developed HT had a lower rate of 90-day
good outcomes (43.9% vs 23.3%, p<0.001). Univariate
logistic regression analysis for HT showed that proxi-
mal positive HMCAS (unadjusted OR 2.200, 95% CI
1.318-3.673, p=0.003), ASPECTS (unadjusted OR 0.842,
95% CI 0.748-0.948, p=0.004) and successful reca-
nalization (unadjusted OR 0.378, 95% CI 0.198-0.723,
p=0.003) were significant. Proximal positive HMCAS
remained significantly associated with HT (adjusted OR
2.073, 95% CI 1.211-3.551, p=0.008) in multivariate
logistic regression analysis (Table 3).

To explore the subtype of HT that was affected by the
presence of proximal HMCAS, we repeated the same
analyses for aHT and sHT, respectively. We found that
patients with proximal positive HMCAS (without aHT or
sHT 26.5% vs with aHT 40.2%, p =0.045) and a lower rate
of successful recanalization (90.3% vs 77.0%, p=0.002)
were more likely to develop aHT after EVT (Table 4).
While sHT more frequently occurred in patients without
hyperlipidemia (without sHT 25.6% vs with HT 9.8%,
p=0.025), higher NIHSS score (15.0 [IQR 12.0-19.0]
vs 18.0 [IQR 13.0-22.0], p =0.024), higher admission
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Table 1 Clinical characteristics of included patients

Proximal negative
HMCAS (n=142)

Proximal positive
HMCAS (n=107)

Distal negative
HMCAS (n=27)

Distal positive HMCAS (n=42) p value”

Age (years) 66.0 (55.0-74.0) 66.0 (56.5-74.0) 66.0 (55.5-72.5)  63.0 (55.0-70.0) 0.587
Male sex 84 (59.2%) 49 (45.8%) 17 (63.0%) 23 (54.8%) 0.152
Hypertension 93 (65.5%) 58 (54.2%) 18 (66.7%) 22 (52.4%) 0.187
Diabetes mellitus 42 (29.6%) 22 (20.6%) 7 (25.9%) 6 (14.3%) 0.151
Hyperlipidemia 34 (23.9%) 27 (25.2%) 6 (22.2%) 8 (19.0%) 0.878
Previous stroke or TIA 29 (20.4%) 17 (15.9%) 3(11.1%) 5(11.9%) 0.438
Atrial fibrillation 53 (37.3%) 50 (46.7%) 8 (29.6%) 20 (47.6%) 0.218
Coronary heart disease 32 (22.5%) 24 (22.4%) 7 (25.9%) 9 (21.4%) 0.977
Smoking 30 (21.1%) 25 (23.4%) 6 (22.2%) 9 (21.4%) 0.980
Baseline NIHSS score 15.0 (12.0-19.0) 17.0 (13.0-22.0)" 12.0 (8.0-15.5)" 14.5 (12.0-18.0) 0.002
Glucose level (mmol/L) 7.4 (6.2-9.7) 7.3 (6.2-8.9) 7.4 (5.9-9.2) 7.6 (5.9-8.8) 0.860
ASPECTS 8.0 (7.0-10.0)" 7.0 (6.0-9.0)" 8.0 (7.0-9.5) 8.0 (7.0-9.0) <0.001
Intravenous thrombolysis 63 (44.4%) 55 (51.4%) 13 (48.1%) 18 (42.9%) 0.676
Stroke etiologies 0.022

Large artery atherosclerosis 79 (55.6%) * 37 (34.6%) " 13 (48.1%) 14 (33.3%)

Cardioembolism 44 (31.0%) 48 (44.9%) 9 (33.3%) 18 (42.9%)

Other etiologies 19 (13.4%) 12 (11.2%) 5(18.5%) 2 (4.8%)
Thrombectomy modes 0.859

Stent retriever alone 61 (43.0%) 51 (47.7%) 11 (40.7%) 16 (38.1%)

Aspiration alone 41 (28.9%) 24 (22.4%) 9 (33.3%) 13 (31.0%)

Combination of stent retriever 40 (28.2%) 32 (29.9%) 7 (25.9%) 13 (31.0%)

and aspiration

Angioplasty procedure with 40 (28.2%) T 16 (15.0%) 8 (29.6%) 3(7.1%) 1 0.005

stent placement
OPT (mins) 364.5 (242.0-570.0) 349.0 (225.5-530.0) 388.0 (274.0-677.0) 442.5 (285.0-530.0) 0.446
OPT > 360 min 72 (50.7%) 50 (46.7%) 15 (55.6%) 27 (64.3%) 0.268
ORT (mins) 461.0 (316.0-668.0) 447.0 (329.0-629.0) 480.0 (334.0-753.0) 527.0 (345.0-670.0) 0.677
PRT (mins) 63.0 (45.0-95.0) 80.0 (52.0-124.0) 76.0 (51.0-103.0) 71.5 (52.0-103.0) 0.140
Successful recanalization 119 (83.8%) 91 (85.0%) 23 (85.2%) 34 (81.0%) 0.938
AILHT 60 (42.3%)" 66 (61.7%)" 13 (48.1%) 24 (57.1%) 0.019
Asymptomatic HT 45 (31.7%) 49 (45.8%) 11 (40.7%) 17 (40.5%) 0.150
Symptomatic HT 15 (10.6%) 41 (38.3%) 2 (7.4%) 18 (42.9%) 0.424
Good outcome 49 (34.5%) 32 (29.9%) 10 (37.0%) 15 (35.7%) 0.819

Bold p values indicate statistical significance

HMCAS indicates hyperdense middle cerebral artery sign

TIA, transient ischemic attack; NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta stroke program early CT score; OPT, onset-
to-groin puncture time; ORT, onset-to-recanalization time; PRT, groin puncture-to-recanalization time; HT, hemorrhagic transformation

p values represent multi-group comparison

TStatistical significance with p <0.05 in pairwise comparison

glucose level (7.2 [IQR 6.0-8.9] vs 8.9 [IQR 7.3-10.8]
mmol/L, p <0.001), lower ASPECTS (8.0 [IQR 7.0-9.0]
vs 7.0 [5.0-8.0], p < 0.001) and a lower rate of angioplasty
or stent placement (23.1% vs 7.3%, p=0.021). There
was also statistical significance between patients with
sHT and those without in the proportions of stroke eti-
ologies (p=0.019) and thrombectomy modes (p =0.030,
Table 5). In multivariate logistic regression analyses, the
proximal positive HMCAS (adjusted OR 2.271, 95% CI
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1.294-3.986, p=0.004) and successful recanalization
(adjusted OR 0.345, 95% CI 0.173-0.689, p=0.003)
were identified as independent risk factors of aHT, while
admission glucose level (adjusted OR 1.127, 95% CI
1.021-1.245, p=0.018) and ASPECTS (adjusted OR
0.714, 95% CI 0.601-0.848, p <0.001) were independent
risk factors of SHT (Table 3).
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Table 2 Comparison between Without HT (n=155) With HT(n=163)  p value
patients with hemorrhagic
transformation (HT) and Age (year) 66.0 (56.0-73.0) 65.0 (55.0-74.0) 0.966
:lvl‘rg‘;‘;teizgger endovascular 41 cex 84 (54.2%) 89 (54.6%) 0.942
Hypertension 99 (63.9%) 92 (56.4%) 0.176
Diabetes mellitus 37 (23.9%) 40 (24.5%) 0.889
Hyperlipidemia 38 (24.5%) 37 (22.7%) 0.703
Previous stroke or TTA 25 (16.1%) 29 (17.8%) 0.693
Atrial fibrillation 64 (41.3%) 67 (41.1%) 0.973
Coronary heart disease 36 (23.2%) 36 (22.1%) 0.808
Smoking 32 (20.6%) 38 (23.3%) 0.566
Baseline NIHSS score 15.0 (11.0-19.0) 15.0 (12.5-20.0) 0.113
Glucose level (mmol/L) 7.1 (6.0-8.6) 7.6 (6.2-9.7) 0.037
ASPECTS 8.0 (7.0-10.0) 8.0 (6.0-9.0) 0.012
HMCAS 0.019
Proximal negative HMCAS 82 (52.9%) 60 (36.8%)
Proximal positive HMCAS 41 (26.5%) 66 (40.5%)
Distal negative HMCAS 14 (9.0%) 13 (8.0%)
Distal positive HMCAS 18 (11.6%) 24 (14.7%)
Intravenous thrombolysis 69 (44.5%) 80 (49.1%) 0.415
Stroke etiologies 0.257
Large artery atherosclerosis 77 (49.7%) 66 (40.5%)
Cardioembolism 56 (36.1%) 69 (42.3%)
Other etiologies 22 (14.2%) 28 (17.2%)
Thrombectomy modes 0.209
Stent retriever alone 60 (38.7%) 79 (48.5%)
Aspiration alone 47 (30.3%) 40 (24.5%)
Combination of stent retriever and aspiration 48 (31.0%) 44 (27.0%)
Angioplasty procedure with stent placement 38 (24.5%) 29 (17.8%) 0.142
OPT (mins) 363.0 (240.0-562.5) 380.0 (255.0-558.0) 0.704
OPT > 360 min 78 (50.3%) 86 (52.8%) 0.664
ORT (mins) 430.0 (306.0-671.0) 470.0 (345.0-654.5) 0.403
PRT (mins) 67.0 (48.5-108.0) 70.0 (50.0-114.0) 0.363
Successful recanalization 140 (90.3%) 127 (77.9%) 0.003
Good outcome 68 (43.9%) 38 (23.3%) <0.001
Bold p values indicate statistical significance
TIA, transient ischemic attack; NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta stroke
program early CT score; HMCAS, hyperdense middle cerebral artery sign; OPT, onset-to-groin puncture
time; ORT, onset-to-recanalization time; PRT, groin puncture-to-recanalization time
Discussion EVT despite statistical insignificance [19, 20]. Previous

Our study indicated that the presence of proximal HMCAS
was independently associated with greater odds of aHT in
patients who receive EVT for acute MCA occlusion. The
association between HMCAS and HT has also been demon-
strated in large cerebral infarction patients without throm-
bolytic therapy and in patients who received IVT [14, 15].
In addition, another two studies focusing on the prognostic
value of HMCAS on treatment outcomes of EVT found that
patients with HMCAS had a higher rate of sHT after the

studies have demonstrated that HMCAS on initial NCCT
was associated with larger cerebral infarction volume meas-
ured by the “one-third of the MCA territory” principle or
ASPECTS [12-15], which is established risk factor of HT
after EVT [5, 9, 10]. In our study, patients with proximal
HMCAS had lower ASPECTS on initial NCCT than those
with negative HMCAS and proximal MCA occlusion, and
proximal HMCAS was independently associated with an
increased risk of HT and aHT in multivariate logistic regres-
sion analyses. Therefore, our study suggests that proximal
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Table 3 Logistic regression analyses for hemorrhagic transformation (HT) and its subtypes after endovascular thrombectomy

Unadjusted OR (95%CI) p value Adjusted OR (95%CI) p value
All HT
Glucose level (per 1-mmol/L increase) 1.049 (0.980-1.123) 0.170 1.050 (0.977-1.129) 0.185
ASPECTS (per 1-score increase) 0.842 (0.748-0.948) 0.004 0.874 (0.773-0.989) 0.032
HMCAS
Proximal negative HMCAS Reference Reference
Proximal positive HMCAS 2.200 (1.318-3.673) 0.003 2.073 (1.211-3.551) 0.008
Distal negative HMCAS 1.269 (0.556-2.896) 0.571 1.306 (0.560-3.042) 0.537
Distal positive HMCAS 1.822 (0.909-3.655) 0.091 1.755 (0.854-3.608) 0.126
Successful recanalization 0.378 (0.198-0.723) 0.003 0.384 (0.197-0.748) 0.005
aHT
HMCAS
Proximal negative HMCAS Reference Reference
Proximal positive HMCAS 2.178 (1.254-3.781) 0.006 2.271 (1.294-3.986) 0.004
Distal negative HMCAS 1.432 (0.600-3.415) 0.418 1.512 (0.625-3.660) 0.359
Distal positive HMCAS 1.721 (0.808-3.665) 0.159 1.679 (0.776-3.634) 0.188
Successful recanalization 0.360 (0.182-0.710) 0.003 0.345 (0.173-0.689) 0.003
sHT
Hyperlipidemia 0.314 (0.108-0.911) 0.033 0.451 (0.148-1.380) 0.163
Baseline NIHSS score (per 1-score increase) 1.054 (1.012-1.098) 0.011 1.028 (0.982-1.077) 0.230
Glucose level (per 1-mmol/L increase) 1.115 (1.026-1.212) 0.010 1.127 (1.021-1.245) 0.018
ASPECTS (per 1-score increase) 0.716 (0.610-0.841) <0.001 0.714 (0.601-0.848) <0.001
Stroke etiologies
Other etiologies Reference Reference
Large artery atherosclerosis 0.611 (0.214-1.749) 0.359 0.885 (0.280-2.792) 0.835
Cardioembolism 1.743 (0.666-4.561) 0.258 1.834 (0.631-5.331) 0.265
Thrombectomy modes
Stent retriever alone Reference Reference
Aspiration alone 0.767 (0.362-1.626) 0.488 0.822 (0.364-1.857) 0.637
Combination of stent retriever and aspiration 0.275 (0.101-0.751) 0.012 0.366 (0.125-1.076) 0.068
Angioplasty procedure with stent placement 0.263 (0.078-0.879) 0.030 0.543 (0.141-2.087) 0.374

Bold p values indicate statistical significance

HT indicates hemorrhagic transformation

OR, odds ratio; CI, confidential interval; ASPECTS, Alberta stroke program early CT score; HMCAS, hyperdense middle cerebral artery sign;
aHT, asymptomatic hemorrhagic transformation; sH7, symptomatic hemorrhagic transformation; NIHSS, National Institute of Health Stroke

Scale

HMCAS may serve as a handy imaging marker of aHT in
patients with acute MCA occlusion after EVT.

HT is a common complication of EVT with a high
incidence rate of up to 46.1%-55.9% in randomized con-
trolled trials [21, 22]. Traditionally, sHT, which is usu-
ally termed as parenchymal hemorrhage, is the main type
of HT that has a detrimental impact on clinical outcome
[4, 5]. However, recent studies showed that patients who
developed aHT after EVT also had a worse functional out-
come than those without HT [6—-8]. Our study supports
the view that both aHT and sHT have an adverse effect
on the functional outcome of patients who received EVT.
Patients who developed HT, including aHT and sHT, after

@ Springer

reperfusion therapy with EVT had a lower rate of good
outcome (23.3% vs 43.9%, p <0.001). Therefore, the cur-
rent literature takes on particular importance for its inter-
est in better defining the population of patients who are at
high risk of HT after EVT, which could improve clinical
practice. First, as shown in our study that successful reper-
fusion was an important protective factor of HT, improve-
ment of thrombectomy techniques to increase the odds of
successful recanalization may reduce the infarct volume
and HT rate. In addition, in patients at high risk of HT
but still receiving EVT, a more aggressive blood pressure
reduction strategy may be applied after EVT to reduce
the likelihood of hemorrhagic complications. However,
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Table 4 Comparison between patients with aHT and without aHT or sHT after endovascular thrombectomy (n=277)
Without aHT or sHT (n=155) With aHT (n=122) p value

Age (year) 66.0 (56.0-73.0) 64.5 (55.0-74.0) 0.961
Male sex 84 (54.2%) 68 (55.7%) 0.798
Hypertension 99 (63.9%) 66 (54.1%) 0.100
Diabetes mellitus 37 (23.9%) 28 (23.0%) 0.858
Hyperlipidemia 38 (24.5%) 33 (27.0%) 0.632
Previous stroke or TIA 25 (16.1%) 22 (18.0%) 0.675
Atrial fibrillation 64 (41.3%) 52 (42.6%) 0.823
Coronary heart disease 36 (23.2%) 27 (22.1%) 0.829
Smoking 32 (20.6%) 29 (23.8%) 0.533
Baseline NIHSS score 15.0 (11.0-19.0) 15.0 (12.0-19.0) 0.416
Glucose level (mmol/L) 7.1 (6.0-8.6) 7.4 (5.9-9.3) 0.433
ASPECTS 8.0 (7.0-10.0) 8.0 (7.0-9.0) 0.222
HMCAS 0.045

Proximal negative HMCAS 82 (52.9%) 45 (36.9%)

Proximal positive HMCAS 41 (26.5%) 49 (40.2%)

Distal negative HMCAS 14 (9.0%) 11 (9.0%)

Distal positive HMCAS 18 (11.6%) 17 (13.9%)
Intravenous thrombolysis 69 (44.5%) 63 (51.6%) 0.239
Stroke etiologies 0.623

Large artery atherosclerosis 77 (49.7%) 55 (45.1%)

Cardioembolism 56 (36.1%) 45 (36.9%)

Other etiologies 22 (14.2%) 22 (18.0%)
Thrombectomy modes 0.357

Stent retriever alone 60 (38.7%) 55 (45.1%)

Aspiration alone 47 (30.3%) 28 (23.0%)

Combination of stent retriever and aspiration 48 (31.0%) 39 (32.0%)
Angioplasty procedure with stent placement 38 (24.5%) 26 (21.3%) 0.530
OPT (mins) 363.0 (240.0-562.5) 380.0 (255.0-557.0) 0.729
OPT > 360 min 78 (50.3%) 65 (53.3%) 0.625
ORT (mins) 430.0 (306.0-671.0) 477.5 (350.0-655.0) 0.408
PRT (mins) 67.0 (48.5-108.0) 71.0 (50.0-122.0) 0.314
Successful recanalization 140 (90.3%) 94 (77.0%) 0.002
Good outcome 68 (43.9%) 36 (29.5%) 0.014

Bold p values indicate statistical significance

AHT indicates asymptomatic hemorrhagic transformation

sHT, symptomatic hemorrhagic transformation; 77A, transient ischemic attack; NIHSS, National Institute of Health Stroke Scale; ASPECTS,
Alberta stroke program early CT score; HMCAS, hyperdense middle cerebral artery sign; OPT, onset-to-groin puncture time; ORT, onset-to-

recanalization time; PRT, groin puncture-to-recanalization time

this should be implemented according to the degree of
reperfusion because patients with unsuccessful recanali-
zation may develop clinical worsen and infarct extension
under strict blood pressure control [23]. Besides, since
ASPECTS was an essential risk factor of HT, especially
sHT, certain treatment strategies that may minimize the
growth of infarct core volume, such as the usage of neu-
roprotective agents, induced hypertension, and fast iden-
tification and treatment of patients, may be studied in
patients with proximal HMCAS to reduce the risk of HT.

Furthermore, higher admission glucose level was inde-
pendently associated with higher odds of sHT after EVT,
which highlighted the importance to control blood glucose
before and after EVT.

Although the proximal HMCAS on pretreatment NCCT
is associated with an increased risk of HT, an association
between HMCAS and the 90-day poor outcome has not been
observed in this study. There are conflicting results regarding
the association between HMCAS and the functional outcome
of patients who received endovascular therapy in current
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Table 5 Comparison between
patients with sHT and without
sHT after endovascular
thrombectomy

Without sSHT (n=277) With sHT (n=41) p value

Age (years) 65.0 (55.0-73.0) 66.0 (56.0-75.0) 0.794
Male sex 152 (54.9%) 21 (51.2%) 0.661
Hypertension 165 (59.6%) 26 (63.4%) 0.639
Diabetes mellitus 65 (23.5%) 12 (29.3%) 0.418
Hyperlipidemia 71 (25.6%) 4 (9.8%) 0.025
Previous stroke or TTA 47 (17.0%) 7 (17.1%) 0.987
Atrial fibrillation 116 (41.9%) 15 (36.6%) 0.521
Coronary heart disease 63 (22.7%) 9 (22.0%) 0.910
Smoking 61 (22.0%) 9 (22.0%) 0.992
Baseline NIHSS score 15.0 (12.0-19.0) 18.0 (13.0-22.0) 0.024
Glucose level (mmol/L) 7.2 (6.0-8.9) 8.9 (7.3-10.8) <0.001
ASPECTS 8.0 (7.0-9.0) 7.0 (5.0-8.0) <0.001
HMCAS 0.424

Proximal negative HMCAS 127 (45.8%) 15 (36.6%)

Proximal positive HMCAS 90 (32.5%) 17 (41.5%)

Distal negative HMCAS 25 (9.0%) 2 (4.9%)

Distal positive HMCAS 35 (12.6%) 7 (17.1%)
Intravenous thrombolysis 132 (47.7%) 17 (41.5%) 0.459
Stroke etiologies 0.019
Large artery atherosclerosis 132 (47.7%) 11 (26.8%)
Cardioembolism 101 (36.5%) 24 (58.5%)
Other etiologies 44 (15.9%) 6 (14.6%)
Thrombectomy modes 0.030

Stent retriever alone 115 (41.5%) 24 (58.5%)

Aspiration alone 75 (27.1%) 12 (29.3%)

Combination of stent retriever and aspiration 87 (31.4%) 5(12.2%)
Angioplasty procedure with stent placement 64 (23.1%) 3(7.3%) 0.021
OPT (mins) 370.0 (240.0-559.0) 370.0 (272.0-560.0) 0.909
OPT > 360 min 143 (51.6%) 21 (51.2%) 0.961
ORT (mins) 470.0 (320.0-660.0) 449.0 (331.0-650.0) 0.907
PRT (mins) 69.0 (50.0-112.0) 67.0 (50.0-103.0) 0.933
Successful recanalization 234 (84.5%) 33 (80.5%) 0.516
Good outcome 104 (37.5%) 2 (4.9%) <0.001

Bold p values indicate statistical significance

SHT indicates symptomatic hemorrhagic transformation

TIA, transient ischemic attack; NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta stroke
program early CT score; HMCAS, hyperdense middle cerebral artery sign; OPT, onset-to-groin puncture
time; ORT, onset-to-recanalization time; PRT, groin puncture-to-recanalization time

literature [19, 20, 24]. Kim et al. investigated 212 patients
with MCA occlusion treated with mechanical thrombectomy
and found a low prognostic value of HMCAS in predicting
treatment outcomes of endovascular therapy [19]. Another
study conducted by Mowla et al. showed a similar result in
patients receiving bridging therapy [20]. On the contrary,
Ume et al. demonstrated that absent HMCAS predicts worse
functional outcomes in patients with M1 occlusions treated
with mechanical thrombectomy [24]. The authors attributed
the difference to exclusion of patients with distal M2 occlu-
sion, who inherently carry a more favorable outcome [24].

@ Springer

However, this does not explain our findings: the good out-
come at 90-day was comparable among the proximal nega-
tive HMCAS, proximal positive HMCAS, distal negative
HMCAS and distal positive HMCAS groups. The HMCAS
is an important diagnostic sign indicating MCA occlusion
while the functional outcome of patients with acute LVO
depends on the effects of reperfusion therapy [19, 25].
Consistent with prior studies, our results suggest that new-
generation techniques for thrombectomy are effective in
removing negative HMCAS clots and positive HMCAS clots
[19, 20, 24]. Therefore, the prognostic utility of HMCAS on
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functional outcomes in settings of reperfusion therapy with
EVT is questionable.

The presence or absence of HMCAS may reflect the
composition of the clots and stroke origin. A histologic
study analyzing clots retrieved from mechanical thrombec-
tomy suggests that clots with positive HMCAS had a
higher proportion of red blood cells than clots without
HMCAS [26]. Another study reported that clots from car-
dioembolism had a higher proportion of red blood cells
than those from large artery atherosclerosis [27]. There-
fore, the presence of HMCAS may be indicative of cardiac
embolic clots, while its absence implies in situ thrombosis
due to underlying atherosclerosis. This explained the asso-
ciation between HMCAS and stroke etiologies observed
in our study and the study by Kim et al. [19], where car-
dioembolism was more common in patients with positive
HMCAS while large artery atherosclerosis was more fre-
quent in patients with negative HMCAS. Preoperative pre-
diction of clot composition and stroke origin is helpful for
operators to select frontline thrombectomy techniques and
consider rescue approaches to improve the successful reca-
nalization rate. Red blood cell-dominant clots presenting
with HMCAS may respond better to stent retriever, while
fibrin-dominant clots without HMCAS may have a higher
rate of recanalization with contact aspiration [28]. In addi-
tion, angioplasty using balloon dilation or stent placement
should be considered in patients without HMCAS. Our
study also showed that the angioplasty procedure or stent
placement was more frequently implemented in the nega-
tive HMCAS group.

There are several limitations in this study. First, our study
was a multicenter study with a modest sample size using the
retrospective design. The protocols for image acquisition,
techniques used for EVT and clinical care for acute stroke
were not strictly unified among the three centers. Retro-
spective analysis of the data may limit the control over con-
founding variables. All of these could affect the outcome and
reduce the power of the association. Nevertheless, results
analyzed of samples from multicenters in different regions
may be more representative and generalized. Second, we
did not quantitively measure additional information of the
clots on pretreatment NCCT, such as the Hounsfield unit, the
length and volume of the HMCAS, which has been reported
to be associated with treatment outcomes of EVT including
successful recanalization and functional outcome [29, 30].
However, an additional measurement of these information
is time-consuming, while visually accessing the HMCAS
in an emergent setting is more practical in clinical practice.
Third, imaging interpreters were blinded to clinical informa-
tion and DSA findings but not to CTA images. Furthermore,
we excluded patients whose baseline NCCT images were
poor and those without follow-up brain images. Patients with
poor-quality baseline imaging were usually unwell and thus

may be at a high risk of HT, while those without follow-up
imaging may have developed severe HT. Moreover, the num-
ber of patients with SHT was relatively small, which may
underestimate the effect of other variables. Finally, the slice
thickness of NCCT images was 1.25 mm or 2.5 mm in this
study, which may hamper the identification of clots smaller
than the section thickness.

Conclusion

Our study suggests that proximal HMCAS on pretreatment
NCCT is an independent risk factor of aHT in patients with
acute MCA occlusion undergoing EVT, which provides a
handy imaging marker for clinicians to identify individuals
at high risk of aHT. Both aHT and sHT have a detrimental
impact on the functional outcome of patients who received
EVT, but the prognostic value of this sign for the functional
outcome is insufficient. In addition, the association between
HMCAS and clot composition and stroke etiology may pro-
vide additional information for operators to select frontline
thrombectomy techniques and consider rescue approaches.
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