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Susceptibility-weighted imaging (SWI) is increasingly used in the assessment of isch-
emic stroke (1) because of the differences in magnetic susceptibility among various 
components such as blood and blood products (2). The prominent vessel sign (PVS) 

on SWI sequences has been correlated with the amount of deoxyhemoglobin in the ce-
rebral venous compartments secondary to an increased oxygen extraction fraction in the 
ischemic tissue (3). It has been reported that patients with PVS have larger infarct volumes 
and worse clinical outcomes when compared with those without PVS (4). Although the 
PVS has been reported in patients with ischemic stroke beyond the reperfusion window 
(5), magnetic resonance changes in patients with acute ischemic stroke (AIS) beyond the 
time window were not as important as those within the time window. Meanwhile, sev-
eral methods have been used to assess the PVS and their association with the clinical 
outcome. However, a more sensitive predictor of the prognosis of patients with AIS is 
still unknown. The most common method involves dichotomizing PVS into prominent 
cortical veins (PCV) and prominent medullary veins (PMV) according to their location. In 
most previous studies, the clinical significance of PCV and PMV have been analyzed, but 
rarely did the studies provide conclusive results on whether they had the same clinical 
value. Hence, in our study, we analyzed PVS in AIS patients within the time window and 
compared the PCV and PMV in the evaluation of the severity of stroke at baseline and the 
prognosis at follow-up. 

PURPOSE 
The prominent vessel sign (PVS) on susceptibility-weighted imaging (SWI) can be dichoto-
mized into prominent cortical veins (PCV) and prominent medullary veins (PMV). This study 
was designed to compare the predictive value of PCV and PMV in the evaluation of the sever-
ity of acute ischemic stroke (AIS) in patients within the reperfusion window.

METHODS
Forty-seven consecutive patients with AIS within the middle cerebral artery territory were 
recruited. Magnetic resonance imaging was performed within 8 hours of symptom onset and 
at 7 days after stroke onset. Infarct volume was measured, and the early clinical outcome at 
7 days was assessed using the modified Rankin Scale. PVS was dichotomized into cases with 
both PCV and PMV and cases with only PCV according to location. 

RESULTS
Patients with both PCV and PMV (n=32) had higher admission National Institutes of Health 
Stroke Scale scores (p = 0.020), larger infarct volumes at baseline (p = 0.026) and 7 days (p = 
0.007), and larger infarct growth at 7 days (p = 0.050) than those with PCV only. Multivariate 
regression analysis showed that both the time of onset at baseline (p = 0.013) and infarct 
growth at 7 days (p = 0.014) could independently predict poor early clinical outcome.

CONCLUSION
PMV may predict poor early clinical outcome in AIS patients, and reperfusion therapy may, 
therefore, be required more urgently in patients with PMV. 
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Methods
Patients

The clinical and imaging databases of 
consecutive patients presenting with AIS in 
our hospital, which were recruited prospec-
tively between January 2012 and Decem-
ber 2015, were retrospectively reviewed. 
The inclusion criteria were as follows: time 
between stroke onset and magnetic reso-
nance imaging (MRI) scan <8 hours; PVS in 
the middle cerebral artery (MCA) territory; 
age 18–80 years; no history of stroke or pre-
morbid symptoms; and premorbid modified 
Rankin Scale (mRS) score ≤2. The exclusion 
criteria were as follows: intracranial hemor-
rhage or brain tumors; serum glucose level 
<2.7  mmol/L or >22.2  mmol/L; and inade-
quate image quality. Ethics approval for this 
project was obtained from the institutional 
review board (Protocol Number: ky2011-
009-02). Written consent was obtained from 
patients or their next of kin.

Clinical assessment and follow-up protocol 
Patients underwent a multimodal MRI 

examination at baseline and a conventional 
MRI scan at 7 days after stroke onset. Treat-
ment strategies included reperfusion thera-
py (endovascular treatment or intravenous 
recombinant tissue plasminogen activator 
[rt-PA] thrombolysis) and routine treatment 
according to their MRI findings and clinical 
presentations. All patients who had throm-
bolysis or endovascular treatment under-
went follow-up multimodal MRI within 24 
hours of the intervention. According to 
predefined criteria (6), vascular risk factors 
such as history of atrial fibrillation, transient 
ischemic attack, hypertension, diabetes 
and hyperlipidemia were obtained when 
the patients just arrived at the hospital. 
National Institutes of Health Stroke Scale 
(NIHSS) scoring was evaluated at baseline 

before treatment, 7 days after stroke onset, 
and mRS scores were assessed at 7 days. 
Early good and poor functional outcomes 
were defined by the mRS scores of 0–2 and 
3–6, respectively. 

Imaging 
MRI was performed using a 3.0 Tesla 

scanner (Trio-Tim, Siemens). The multi-
modal MRI protocol included time-of-flight 
MRI angiography (TOF MRA), axial diffu-
sion-weighted imaging (DWI), fluid atten-
uation inversion recovery (FLAIR), SWI, and 
perfusion-weighted imaging (PWI). DWI 
was acquired with a single-shot echo-pla-
nar imaging with b values 0 s/mm2 and 1000 
s/mm2, repetition time/echo time (TR/TE) 
3000/75 ms, field-of-view (FOV) 23×23 cm2, 
matrix 128×128, and slice thickness 5 mm. 
FLAIR parameters were TR/TE/inversion 
time (TI) 8000/94/2500 ms, FOV 20×17.6 
cm2, matrix 256×179, flip angle 150°, and 
slice thickness 5 mm. SWI parameters were 
TR/TE 27/20 ms, FOV 23×17.25 cm2, matrix 
256×243, flip angle 15°, and slice thick-
ness 2.5 mm. TOF MRA parameters were 
TR/TE 28/3.04 ms, FOV 20×18 cm2, matrix 
256×179, slice thickness 0.7 mm, slices per 
slab=40, and flip angle 13°. The follow-up 
MRI protocol included T1-weighted image, 
T2-weighted image, DWI, FLAIR, gradient 
echo (GRE), and TOF MRA.

Image analysis
Images were reviewed independently 

by two experienced neuroradiologists who 
were blinded to the patient’s clinical infor-
mation. Disagreement between neurora-
diologists was resolved by a consensus.

The minimum intensity projection (mIP) 
SWI of 12.8 mm thickness was used for the 
evaluation of PVS. PVS on SWI was defined 
as a regional prominence of hypointense 
vessels with either more numerous or larg-
er veins and greater signal loss in the target 
area compared with the contralateral hemi-
sphere, which included prominent cortical 
and medullary veins. The PVS Alberta stroke 
program early CT score (ASPECTS) in the 
MCA territory were divided into eight areas 
including one deep white-matter area and 7 
cortical areas (Insular, M–M6) (7). PCV were 
assessed in the seven cortical areas; mean-
while, PMV were assessed in the white mat-
ter. The PVS score ranged from 0 (no PVS) 
to 8 (PVS in all ASPECTS areas). PVS was di-
chotomized into extensive PVS (scores 6–8) 
and non-extensive PVS (scores 1–5). PVS 
was also dichotomized into two groups: pa-

tients with both PCV and PMV and patients 
with PCV only. SWI-DWI mismatch was de-
termined by the presence of PVS on SWI in 
the involved MCA territory extending be-
yond the region of DWI hyperintensity. The 
susceptibility vessel sign (SVS) was defined 
as the presence of hypointensity within the 
culprit intracranial artery lumen in which 
the thrombus diameter exceeded the con-
tralateral normal vessel diameter (8). The 
SVS was classified as SVS positive and SVS 
negative. Lengths of SVS were measured on 
SWI mIP images.

Both baseline infarct volume (volume 1) 
and follow-up infarct volume (volume  2) 
were measured on DWI series. Infarct 
growth was defined as the difference be-
tween volume  2 and volume  1. These 
analyses were independently performed 
by a third neuroradiologist using the 3D 
Slicer version 4.8 (http://www.slicer.org). 
For each patient, the semi-automatically 
measured infarct volumes were assessed 
for a subsequent quantitative comparison. 
Arterial status was determined on TOF MRA 
according to the modified thrombolysis in 
myocardial infarction (TIMI) scale (9): TIMI 
0, complete occlusion; TIMI 1, severe steno-
sis; TIMI 2, mild or moderate stenosis; and 
TIMI 3, normal. We categorized vascular 
status into 2 subgroups: TIMI 0-1 and TIMI 
2-3. Hemorrhagic transformation (HT) was 
evaluated on GRE series in 7 days. Patients 
with HT were divided into 4 groups (10): 
hemorrhagic infarct type 1 (HI1), hemor-
rhagic infarct type 2 (HI2), parenchymal 
hematoma type 1 (PH1), and parenchymal 
hematoma type 2 (PH2), (Table 1). Our data 
were dichotomized into 2 groups for analy-
sis: PH1+PH2 and no-HT+HI1+HI2. 

Statistical analysis 
All statistical analyses were performed 

in SPSS version 23.0 (IBM Corp.). The Kolm-
ogorov-Smirnov normality test was used 
for continuous data. Descriptive statistics 
for non-normal variables are shown as 
median (25th-75th percentiles). Descriptive 
statistics for normal variables are shown 
as mean ± standard deviation. The ordinal 
and categorical variables are expressed as 
median (25th-75th percentiles) and number 
(percentage), respectively. Student t test 
was used for continuous variables that fit 
normal distribution, Mann-Whitney U test 
was used for continuous variables that did 
not fit the normal distribution. Ordinal vari-
ables were compared using Mann-Whitney 
U test. Categorical variables were tested 

Main points

•	 Symptoms were more severe in cases with 
both prominent cortical veins (PCV) and 
prominent medullary veins (PMV) than those 
with only PCV at admission.

•	 Infarct volume and infarct growth in cases 
with both PCV and PMV were larger than 
those with PCV alone.

•	 PMV may be more suitable than PCV for 
prediction of the early poor outcome, and 
reperfusion therapy may be more urgently 
required for acute ischemic stroke patients 
with PMV.



using the chi-square test or Fisher’s exact 
test, where appropriate. Binary logistic re-
gression models were used to determine 
independent predictors of poor clinical out-
come. p < 0.05 was considered statistically 
significant.

Results
A total of 47 patients with PVS on SWI 

(Fig. 1) were included. Clinical and imaging 
characteristics of the study population are 
presented in Table 2. 

Patients with both PCV and PMV had 
higher NIHSS at baseline (p  =  0.020), larger 
infarct volumes at baseline (p = 0.026) and at 
7 days (p = 0.007), and larger infarct growth 
(p = 0.050) than did those with PCV only (Ta-
ble 3; Figs. 2 and 3). Although patients with 
extensive PVS were younger than those 
without extensive PVS, the former had high-
er NIHSS scores (p = 0.013) and larger infarc-
tion volumes at baseline (p  =  0.019) (Table 
4). SWI-DWI mismatch was found in 97.9% 
(46/47) of patients (Fig. 2). 

Univariate analysis showed that patients 
with early poor outcome had longer onset 
time at baseline (p = 0.043), lower propor-
tion of intracranial internal carotid artery 
(ICA)/MCA TIMI 2-3 at 7 days (p = 0.005), and 
larger infarct volumes (p < 0.001) and larger 
infarct growth (p  <  0.001) by day 7 (Table 
5). Multivariate regression analysis showed 
that onset time at baseline (p = 0.013) and 
infarct growth in 7 days (p = 0.014) were in-
dependent predictors of early poor clinical 
outcome (Table 6).

Discussion
The presence of PVS on SWI in AIS pa-

tients has been previously described, with 
PVS incidence varying from 6.8% to 64% 
depending on different inclusion criteria 
(4, 5, 11). PVS has been proven to be asso-
ciated with presence of arterial occlusion 
(12) or severe stenosis (4). In our study, PVS 
with ICA/MCA TIMI 0-1 was found in 85% of 
the patients (40/47), which was consistent 
with the literature. In order to analyze the 
PVS more comprehensively, we recruited all 
PVS positive cases regardless of their arte-
rial status.

We found that patients with extensive 
PVS had higher NIHSS scores and larger 
infarction volumes at baseline than those 
without extensive PVS, similar to previous 
reports (5, 13).  In general, PVS on SWI re-
flects a state of misery perfusion in AIS that 
usually leads to a relatively large in infarct 
volume. Therefore, extensive PVS within 
the MCA territory implies a poor early stage 
outcome (11). Although extensive PVS indi-
cated larger infarction volume at baseline, 
it did not predict poor early outcome in 
our results. This may be because of several 
reasons such as different inclusion criteria, 
different PVS ASPECTS classification, and in-
farct volume assessment. The time of stroke 
onset in Chen et al. (11) was between 7 and 
60 hours, which is mostly beyond the reper-
fusion window. Furthermore, their total PVS 
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Figure 1. a–d. Illustrative examples of grading prominent vessel sign (PVS) on susceptibility-weighted 
imaging (SWI). Axial SWI minimum intensity projection images (a–d) demonstrate the extensive 
grade of PVS which are visible on eight areas of the left middle cerebral artery (MCA) territory. Ins, 
insular cortex; M1, anterior MCA cortex; M2, MCA cortex lateral to the insular cortex; M3, posterior 
MCA cortex; M4, M5 and M6, the anterior, lateral and posterior MCA territories which are superior to 
M1, M2 and M3, respectively; Deep, deep white matter, also known as prominent medullary veins. 

c

a

d

b

Table 1. The classification of hemorrhagic transformation

Type Description

HI1 Small hypointensity petechiae

HI2 More confluent hypointensity throughout the infarct zone without mass effect

PH1 Homogeneous hypointensity occupying <30% of the infarct zone, some mass effect

PH2 Homogeneous hypointensity occupying >30% of the infarct zone, significant mass 
effect. Or, any homogeneous hypointensity located beyond the borders of the infarct 
zone

HI1, hemorrhagic infarct type 1; HI2, hemorrhagic infarct type 2; PH1, parenchymal hematoma type 1; PH2, paren-
chymal hematoma type 2.
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ASPECTS score was 10 (PVS in M1, M2, M3, 
M4, M5, M6, I, C, L, or IC). During clinical 
work, PVS on SWI frequently appeared in 
deep white matter, but not in the caudate, 
lentiform nucleus, and internal capsule (7). 
Thus, we divided the MCA territory into 
eight areas including one deep white-mat-
ter area and seven cortical areas without 
caudate, lentiform nucleus, and internal 
capsule. Lastly, Chen et al. (11) assessed 
the infarct volume based on the ASPECTS 
topographic system, but we compared 
the infarct volumes quantitatively. Park et 
al. (14) showed that extensive PVS on SWI 
in AIS patients is associated with lower ini-
tial NIHSS scores, smaller diffusion lesion 
volume, and better collateral flow, which 
are contrary to our results. Park et al. (14) 
evaluated collateral flow according to the 
distal hyperintense vessels on FLAIR and 
vessels on post-contrast TOF MRA source 
images, which are still controversial and not 
gold-standard methods in the evaluation of 
the collateral flow. 

Recent reports have compared SWI-AS-
PECTS to mean transit time (MTT)-ASPECTS, 
demonstrating that they are correlated (15, 
16). Therefore, it can be extrapolated from 
the concept of diffusion-perfusion mis-
match that SWI-DWI mismatch may rep-
resent an acute ischemic penumbra with 
misery perfusion. Other studies demon-
strated that SWI-DWI mismatch was associ-
ated with smaller infarct volume and good 
outcome (17). Payabvash et al. (17) includ-
ed patients without PVS in their study and 
found SWI-DWI mismatch in 29.3% of their 
cases; on the other hand, we included only 
cases with positive PVS, and determined 
SWI-DWI mismatch in 97.9% of them. This 
indicates that the SWI-DWI mismatch may 
overestimate the penumbra tissue just as in 
traditional perfusion imaging.

Several authors (13, 18, 19) have report-
ed the relation between deep medullary 
veins and the outcome, but the PCV were 
not mentioned at all. In the current study, 
there were 68.1% cases with PMV, always 
coincident with PCV, so we compared the 
cases with PCV alone and those with both 
PCV and PMV. We found that cases with 
both PCV and PMV had higher admission 
NIHSS, larger infarct volumes at both base-
line and 7 days, and larger infarct growth at 
7 days than did those with PCV alone. Addi-
tionally, larger infarct growth at 7 days was 
associated with early poor outcome. Hence, 
the PMV may be more suitable to predict 
the early outcome than the PCV. Besides 

Figure 2. a–d. A representative case with only prominent cortical veins (PCV). Axial minimum 
intensity projection images of susceptibility-weighted imaging (SWI) (a–c) show prominent vessel 
sign (PVS) ASPECTS 7 indicating extensive PVS without prominent medullary veins. Axial diffusion-
weighted imaging (DWI) (d) reveals the ischemic infarctions are much smaller than the range of PVS, 
indicating SWI-DWI mismatch.

c
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d

b

Figure 3. Comparison of cases with only prominent cortical veins (PCV) and those with both PCV and 
prominent medullary veins (PMV).
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an increased ratio of deoxyhemoglobin to 
oxyhemoglobin caused by an uncoupling 
between the oxygen supply and demand 
within the hypoperfused tissue, another 

possible mechanism underlying PVS is an 
increased venous volume due to vasodila-
tation induced by regional ischemia, which 
may result in the difference between PCV 

and PMV in assessing the prognosis of AIS. 
In addition, Payabvash et al. (12) found that 
PCV were independent predictors of arterial 
occlusion, whereas PMV were more strong-
ly associated with larger infarct volumes, 
which was consistent with our results. Be-
sides the majority of PVS patients with ar-
terial occlusion or severe stenosis, 14.9% 
of the patients (7/47) had MCA TIMI 2-3 at 
baseline in the current study. Potentially 
pre-existing extracranial ICA occlusions 
leading to PVS have been reported (20). 
Since extracranial ICA or common carotid 
artery occlusions were not imaged, the rea-
son for the presence of PVS with mild MCA 
stenosis or normal MCA is still uncertain.

In previous studies, most of the patients 
were beyond the reperfusion window. In this 
study, the time from stroke onset to MRI ex-
amination was less than 8 hours, and reper-
fusion therapy was administered within an 
extended window time of up to 9 hours af-
ter symptom onset, which could offer more 
patients an opportunity to undergo reper-
fusion/recanalization treatment, in line with 
other studies (21, 22). Until now, treatment 
protocols for AIS within the time window 
mainly depended on whether an arterial oc-
clusion was present. Evaluation for the pres-
ence of PMV on SWI may provide a noninva-
sive estimation of blood oxygen demand and 
would be an effective supplement to reflect 
the severity of stroke. Therefore, as indicated 
by our results that patients with PMV tended 
to have poorer outcomes, reperfusion thera-
py may be required more urgently for the AIS 
patients with PMV, regardless of whether the 
affected artery has occlusion. This is especial-
ly important for convincing the AIS patients 
and/or their kin because signed informed 
consents should be obtained before reperfu-
sion therapy.

In addition, deep medullary veins pro-
vide drainage for the basal ganglia and 
white matter of the cerebral hemispheres. 
We compared the cases with and without 
basal ganglia and deep white-matter in-
farction, but no significant difference was 
found. Hence, PMV were associated with 
the severity of stroke, but not with the lo-
cation of stroke. Because PMV were only 
found in strokes within the MCA territory, it 
remains uncertain whether the value of PCV 
in the anterior cerebral artery and posterior 
cerebral artery territory are similar to that in 
the MCA territory. 

Some limitations of our study merit con-
sideration. A small number of patients was 
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Table 2. Clinical and imaging characteristics of the study population (n=47)

Baseline Age (years) 57.3±11.8

Male sex 78.7% (37/47) 

Risk factors

   Atrial fibrillation   14.9% (7/47)

   TIA before stroke   10.6% (5/47)

   Hypertension   46.8% (22/47)

   Diabetes   6.4% (3/47)

   Hyperlipidemia   12.8% (6/47)

Onset-to-MRI time (min)   256.5±97.8

NIHSS   6 (3, 11)

PVS

   Extensive   63.8% (30/47)

   Non-extensive   36.2% (17/47)

   Cases with PCV only   31.9% (15/47)

   Cases with both PCV and PMV   68.1% (32/47)

   PVS-DWI mismatch   97.9% (46/47)

SVS positive   59.6% (28/47)

SVS length (mm)   15.0±6.5

ICA/MCA 

   Intracranial ICA TIMI 0   12.8% (6/47)

   M1 segment TIMI 0   57.5% (27/47)

   M1 segment TIMI 1   10.6% (5/47)

   M1 segment TIMI 2   10.6% (5/47)

   M1 segment TIMI 3   4.3% (2/47)

   M2 segment TIMI 0   4.3% (2/47)

Volume 1 (mL)   6.2 (1.9, 24.3)

Treatment

   Intravenous thrombolysis   34.0% (16/47)

   Endovascular treatment   17.0% (8/47)

   Routine treatment   48.9% (23/47)

7-day follow-up NIHSS   4 (1, 8)a 

7-day good outcome   50.0% (23/46)

Volume 2 (mL)   31.3 (8.8, 67.6)b

Infarct growth (mL)   15.0 (1.7, 36.6)b 

ICA/MCA TIMI 2-3   66.0% (31/47)

HT (PH1+PH2)   21.7% (10/46)

Data are presented as mean ± standard deviation, median (interquartile range), or percentage (number/total).
TIA, transient ischemic attack; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke 
Scale; PVS, prominent vessel sign; PCV, prominent cortical veins; PMV, prominent medullary veins; DWI, diffu-
sion-weighted imaging; SVS, susceptibility vessel sign; ICA, internal carotid artery; MCA, middle cerebral artery; 
TIMI, thrombolysis in myocardial infarction; HT, hemorrhagic transformation; PH1, parenchymal hematoma type 1; 
PH2, parenchymal hematoma type 2.
aAnalyses were performed in 45 patients; bAnalyses were performed in 46 patients. 
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Table 3. Comparison of demographic characteristics and clinical presentation between patients with only PCV and patients with PCV and PMV

Characteristics Cases with PCV only (n=15) Cases with PCV and PMV (n=32) p

Baseline Age (years) 60.5±11.4 55.8±11.8 0.207

Male sex 73.3% (11/15) 81.3% (26/32) 0.704

Onset-to-MRI time (min) 249.2±96.9 256.9±99.5 0.730

NIHSS 4 (2, 7) 8 (4,12) 0.020

Volume 1 (mL) 2.7 (0.9, 6.2) 10.6 (1.9, 33.9) 0.026

ICA/MCA TIMI 0-1 86.7% (13/15) 84.4% (27/32) 1.000

SVS positive 60.0% (9/15) 59.4% (19/32) 0.968

SVS length (mm) 14.0±3.9 15.5±7.5 0.498

Basal ganglia and deep white 
matter infarction 

53.3% (8/15) 50.0% (16/32) 0.831

Reperfusion therapy 33.3% (5/15) 59.4% (19/32) 0.096

7-day follow-up NIHSS (n=45) 2 (1, 4) 4 (2, 9) 0.081

7-day good outcome (n=46) 66.7% (10/15) 41.9% (13/31) 0.116

Volume 2 (mL) (n=46) 10.8 (5.6, 33.6) 36.8 (16.4, 89.2) 0.007

Infarct growth (mL) (n=46) 5.4 (0.2, 25.5) 19.6 (5.6, 56.9) 0.050

HT (PH1+PH2) 7.1% (1/14) 28.1% (9/32) 0.143

ICA/MCA TIMI 2-3 60.0% (9/15) 68.8% (22/32) 0.555

Data are presented as mean±SD, median (interquartile range), or percentage (number/total).
PCV, prominent cortical veins; PMV, prominent medullary veins; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; ICA, internal carotid 
artery; MCA, middle cerebral artery; TIMI, thrombolysis in myocardial infarction; SVS, susceptibility vessel sign; HT, hemorrhagic transformation; PH1, parenchymal hematoma 
type 1; PH2, parenchymal hematoma type 2.

Table 4. Comparison of demographic characteristics and clinical presentation between patients with and without extensive PVS

Characteristics Extensive PVS (n=30) Non-extensive PVS (n=17) p

Baseline Age (years) 54.2±11.7 62.8±10.1 0.013

Male sex 83.3% (25/30) 70.6% (12/17) 0.460

Onset-to-MRI time (min) 268.2±104.4 222.3±67.8 0.163

NIHSS 8 (4, 12) 4 (2, 7) 0.013

Volume 1 (mL) 10.0 (4.1, 35.1) 2.67 (0.7, 11.1) 0.019

ICA/MCA TIMI 0-1 86.7% (26/30) 82.4% (14/17) 0.692

SVS positive 56.7% (17/30) 64.7% (11/17) 0.589

SVS length (mm) 15.8±7.7 13.8±3.9 0.366

Reperfusion therapy 60.0% (18/30) 35.3% (6/17) 0.104

7-day follow-up NIHSS (n=45) 4 (1, 9) 2 (1, 7) 0.263

7-day good outcome (n=46) 44.8% (13/29) 58.8% (10/17) 0.359

Volume 2 (mL) (n=46) 34.1 (10.2, 88.7) 21.5 (7.3, 51.2) 0.153

Infarct growth (mL) (n=46) 15.8 (1.5, 46.7) 12.8 (2.2, 30.1) 0.596

HT (PH1+PH2) 23.3% (7/30) 18.8% (3/16) 1.000

ICA/MCA TIMI 2-3 66.7% (20/30) 64.7% (11/17) 0.892

Data are presented as mean±SD, median (interquartile range), or percentage (number/total).
PVS, prominent vessel sign; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; ICA, internal carotid artery; MCA, middle cerebral artery; TIMI, 
thrombolysis in myocardial infarction; SVS, susceptibility vessel sign; HT, hemorrhagic transformation; PH1, parenchymal hematoma type 1; PH2, parenchymal hematoma 
type 2.



included. PWI images were obtained at 
baseline but not evaluated, because the 
majority of cases had mismatched SWI-DWI 
in our analyses. 

In conclusion, we showed that the pa-
tients with extensive PVS had higher  
NIHSS scores and larger infarction volumes 
at baseline; the cases with both PCV and 
PMV had higher admission NIHSS, larger in-
farct volumes at both baseline and 7 days, 
and larger infarct growth at 7 days than did 
those with PCV alone. Hence, the PMV sign 
may be more suitable than the PCV sign 

for prediction of early poor outcome, and 
reperfusion therapy may be more urgently 
required for AIS patients with PMV. 
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