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The “island sign” on diffusion-weighted i

imaging predicts early neurological
deterioration in penetrating artery territory
infarctions: a retrospective study
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Abstract

Background Early neurological deterioration (END) sometimes occurs in patients with penetrating artery ter-
ritory infarction (PATI) and leads to poor prognosis. In this study, we analyzed clinical and neuroimaging charac-
teristics of PATI, and focused on the infarct patterns on diffusion-weighted imaging (DWI). We tried to investigate
whether the “island sign”pattern is associated with END.

Methods We enrolled consecutive patients admitted with acute PATI within 48 h after onset from May 2020 to July
2022.They were divided into with and without the “island sign” pattern on DWI. According to infarct location, all

the patients were classified into two groups: the territories of the lenticulostriate arteries (LSA) and paramedian pon-
tine arteries (PPA). The patients in each group were further divided into two groups according to whether they devel-
oped END or not. Through analyzing the clinical and neuroimaging characteristics of the patients, we tried to identify
the factors that might associated with the “island sign” pattern and the potential predictors of END within the LSA
and PPA groups.

Results Out of the 113 patients enrolled in this study, END was found in 17 patients (27.9%) in the LSA group

and 20 patients (38.5%) in the PPA group. The “island sign”was found in 26 (23%) patients. In the multivariate analy-
sis, the independent predictors of END in the LSA group were the “island sign” (OR 4.88 95% Cl 1.03-23.2 P=0.045)
and high initial National Institute of Health Stroke Scale (NIHSS) (OR 1.79 95% Cl 1.08-2.98 P=0.024) and in the PPA
group was the presence of lesions extending to the ventral pontine surface (OR 7.53 95% Cl 1.75-32.37 P=0.007).

Conclusions The predictive factors for END were different in the LSA and PPA groups. The “island sign”was particu-
larly associated with END in the LSA group.

Keywords Penetrating artery territory infarction, Island sign, Early neurological deterioration, Lenticulostriate arteries,
Paramedian pontine arteries, Diffusion-weighted imaging(DWI)
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Introduction

Penetrating artery territory infarctions (PATIs) constitute
up to 25% of all ischemic strokes, and patients generally
have a better prognosis than patients with major brain
artery occlusion [1]. However, 14%-40% of PATI patients
are reported to develop early neurological deterioration
(END) [1-4]. The worsening involves various neurologi-
cal symptoms especially motor function and often result
in severe disability [5]. Although several clinical factors
have been associated with END, including female sex,
initial systolic blood pressure, mean platelet volume, and
high National Institute of Health Stroke Scale (NIHSS)
score on admission [3, 6, 7], the mechanism and specific
predictors remain unestablished [8].

Over the past decade, MRI findings such as lesion size
and location on diffusion-weighted imaging (DWI) have
been reported to be potential predictors of END in PATI
[9, 10]. However, few studies have focused on the spe-
cific shape of the infarctions. It is crucial to discover the
mechanisms underlying the infarct shape for developing
appropriate treatment strategies. Most previous studies
considered patients with isolated lesions; nevertheless,
as observed in clinical practice, patients with multiple
lesions in a PATI territory seem more likely to develop
deterioration in the hospital. Therefore, we hypothesized
that multiple lesions (represented as the “island sign”) on
DWI would be a predictor of END. In the study of Yu and
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Tan [2], this multiple lesion pattern was named the “satel-
lite lesion sign” to distinguish it from single oval lesions.
In view of the irregular shape of the infarctions on DWI
in many cases, we use the “island sign” instead of the “sat-
ellite lesion sign” to describe the pattern. It has been sug-
gested in several studies that the risk factors are different
in the territories of the lenticulostriate arteries (LSA) and
paramedian pontine arteries (PPA) [6, 11]. The goal of
this study was to analyze patients with PATT in the LSA
and PPA territories to assess the predictors of END in the
two groups of patients.

Methods

Patient selection

We retrospectively examined consecutive patients with
acute ischemic stroke admitted to the First Affiliated
Hospital of Shandong First Medical University from
May 2020 to July 2022. Among them, patients who met
the following criteria were enrolled: (1) admitted within
48 h of onset with a lacunar syndrome; (2) patients with
penetrating artery territory infarctions confirmed by
MRI-DWTI; (3) the lacunar syndrome was attributed
to the infarctions. Patients with the following condi-
tions were excluded (Fig. 1): (1) infarctions not located
within the territories of the LSA or PPA [12]; (2) lack of
motor deficits (facial palsy, motor arm, motor leg, limb
ataxia, or dysarthria); (3) evidence of >50% stenosis or

Patients with acute penetrating artery infarctions who were admitted
within 48h of stroke onset between May 2020 and July 2022 (n=274)

Patients with penetrating artery infarctions not located
within the territories of the LSA or PPA (n=54)

Patients lack of MRI images within 72 hours after onset or
cerebrovascular examination or NIHSS score records (n=13)

Patients with infarctions within the territories of the LSA or PPA (n=207)

Exclusion conditions:

1. lack of motor deficits (n=8)

2. evidence of 250% stenosis or vulnerable plaques of the
carrier artery or proximal intracranial large artery (n=18)

3. potential source of cardioembolism (n=11)

4. other causes of infarction (n=7)

5. intravenous thrombolytic therapy with alteplase (n=20)

6. hemorrhage or severe organ failure (n=4)

7. neurological progress before the first MRI scan (n=26)

Final analysis (n=113)

Fig. 1 Patient flowchart. Abbreviations: LSA, lenticulostriate arteries; PPA, paramedian pontine arteries; NIHSS, national institute of health stroke

scale
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vulnerable plaques of the carrier artery or proximal inter-
nal carotid and vertebral artery; (4) a potential source of
cardioembolism (mitral stenosis, prosthetic heart valve,
atrial fibrillation, recent myocardial infarction, infec-
tive endocarditis, etc.) [13]; (5) a history of hematologi-
cal disorders, coagulopathy, malignant tumor, moyamoya
disease, dissection or vasculitis of the intracranial carotid
artery, middle cerebral artery and vertebrobasilar artery;
(6) current treatment with intravenous thrombolysis
therapy; (7) hemorrhage or severe organ failure during
the observation period; (8) neurological progress before
arrival or before the first MRI scan after arrival; (9) lack
of MRI images within 72 h after onset or cerebrovascu-
lar examination or NIHSS score records. Acute medical
treatments were performed following the current prac-
tice guidelines. All the patients were treated with anti-
platelets (mono-antiplatelet or dual-antiplatelet therapy)
and stain.

Collection and definition of clinical data

We collected demographic and clinical data from the
patients’ records, including age, sex, NIHSS scores on
arrival and within 7 days, TIA history in the previous
week and history of hypertension, diabetes mellitus, dys-
lipidemia, smoking and ischemic stroke. Hypertension
and diabetes mellitus were defined according to the lat-
est guidelines and standards [14, 15]. Dyslipidemia was
defined as a total cholesterol (TC) level >6.2 mmol/l,
low-density lipoprotein cholesterol (LDL-C) > 2.6 mmol/l
or triglyceride (TG)>1.8 mmol/l, or current treatment
with lipid-lowing drugs [16]. Habitual smoking was
defined as current or former regular smoking. Previous
cerebral infarction or TIA was identified as an ischemic
stroke history. We gathered laboratory information,
including platelet count (PLTc), mean platelet volume
(MPV), fibrinogen, D-dimer, TG, LDL-C and homocyst-
eine, from the patients, all of whom were assessed within
24 h after admission. A twelve-lead ECG was performed
for all patients.

Evaluation of END

The evaluation of neurological deterioration was per-
formed using the NIHSS score recorded on arrival and
over the following 7 days 1-2 times daily by certified
neurologists. END was defined as an increase in the
NIHSS score>1 point in motor function or>2 points
in total during the first 5 days after symptom onset [17].
The neurologic worsening should be persistent in order
to distinguish from clinical fluctuations, whose deterio-
ration was transient and reversed in the later course. If
not, the patient was defined as non-END. The time from
onset to END was collected.
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Evaluation of neuroimaging information

All participants underwent 3.0-T MRI (Siemens Skyra
Vision) within 72 h after onset. Conventional spin—echo
sequences for cross-sectional T1-weighted (T1WI),
T2-weighted (T2WI), and DWI were performed.
“Infarct size” was measured as the maximal diameter
of the lesions on the axial DWI scan (slice thickness
5 mm; interslice gap 1.5 mm; field of view 220 mm; rep-
etition time 4240 ms; echo time 64 ms; matrix number
160x160; b value=0; 1000 s/mm?). The “island sign”
was defined as at least one independent lesion beside the
main lesion on an axial DWI slice within the same pen-
etrating artery territory of the LSA or PPA, regardless of
shape and number (Fig. 2). The intracranial carotid arter-
ies, middle cerebral arteries and vertebrobasilar arteries
of all the patients were assessed by MRA or CTA within
one week. The severity of stenosis in each relevant artery
was graded based on the maximal luminal narrowing,
as follows: normal, mild stenosis (<50%) and moder-
ate or severe stenosis (>50%). Carrier artery stenosis
was defined as the presence of mild stenosis at the mid-
dle cerebral artery or basilar artery within infarctions of
the LSA or PPA territory, respectively. All neuroimag-
ing data were evaluated by neuroradiologists who were
blinded to the patients’ characteristics. The “island sign”
was assessed by two neuroradiology specialists (k values,
0.846), and a senior colleague judged any inconsistencies
and made the final decision.

Statistical analysis

Numerical variables (age, initial NIHSS, PLTc, MPV, etc.)
are presented as the mean + standard deviation or median
(interquartile range). Categorical variables (sex, hyper-
tension, smoking history, island sign, etc.) are reported as
the percentage. Univariate comparisons of clinical char-
acteristics were performed with Student’s ¢ test (normally
distributed variables), the Mann—Whitney U test (non-
normally distributed variables), X2 test or Fisher’s exact
test (categorical variables). Variables with a P value<0.1
in the univariate analysis were included in the multiple
logistic regression models to determine the independ-
ent predictors of END in all the samples and subgroups.
P<0.05 was considered significant. SPSS version 26.0
software (Chicago, IL, USA) was used to perform all the
statistical analyses.

Results

Baseline and demographic characteristics

A total of 113 consecutive inpatients diagnosed with
acute cerebral infarction within the territories of the LSA
and PPA (mean age + SD=65.4+10.11 years; 44 females)
were included in the final analysis. Of them, 85 (75.2%)
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Fig. 2 (A) Example of the“island sign“pattern on DWI in the lenticulostriate arteries (LSA) territory. (B) Example of the “island sign” pattern on DWI

in the paramedian pontine arteries (PPA) territory

patients had hypertension, 41 (36.3%) patients had dia-
betes mellitus, 38 (33.6%) patients had dyslipidemia,
43 (38.1%) patients had a smoking history, 25 (22.1%)
patients had an ischemic stroke history, and 10 (8.8%)
patients suffered a TIA in the week before onset. Over-
all, the median NIHSS score was 2.58 (IQR 1.62-3.74)
on arrival, 61 (54%) patients had infarcts of the LSA ter-
ritory, 26 (23%) showed the “island sign” on DWI, and 9
(8%) patients had carrier artery stenosis.

Demographic and clinical characteristics between patients
with and without the “island sign”

Of the 113 patients, the “island sign” was found in 26
(23%) patients. In the comparison of the characteris-
tics between patients with and without the “island sign’,
females (P=0.025) were more likely to present with
the pattern. In the LSA group, patients with an infarct
size>15 mm (P=0.003) were more prone to show the
“island sign” than those without. The other demographic
and clinical factors had no significant associations with
the “island sign’, as shown in Table 1.

Clinical, radiological and laboratory predictors of END

Thirty-seven patients (32.7%) exhibited END, 48.6% of
these patients had END within the first 48 h and 35.1%
within the subsequent 24 h after onset (Fig. 3). The
presence of the “island sign” was significantly differ-
ent between the patients with and without END. After
adjusting for all potential confounders (including smok-
ing history, initial NIHSS, “island sign’; MPV, all of which
had a P value £0.1 in the univariate analysis), the “island
sign” (OR 4.86, 95% CI 1.79-13.19, P=0.002) and a high

initial NIHSS (OR 1.38 95% CI 1.05-1.82, P=0.023) were
identified as independent predictors for END (Table 2).

Factors of END in the LSA group and PPA group

The rate of END was 27.9% in the LSA group and 38.5%
in the PPA group. Multivariate logistic regression anal-
ysis with the variables with P<0.1 in the univariate
analysis revealed that the “island sign” (OR 4.88 95% CI
1.03-23.02 P=0.045) and a high initial NIHSS (OR 1.79
95% CI 1.08-2.98 P=0.024) in the LSA group and lesions
extending to the ventral pontine surface (OR 7.53 95% CI
1.75-32.37 P=0.007) in the PPA group remained inde-
pendent predictive factors for END, as shown in Table 3.

Discussion

In our population, END occurred in 32.7% of all patients:
27.9% of the LSA group and 38.5% of the PPA group.
Here, the DWI “island sign” was found to be an inde-
pendent predictor for END in penetrating artery terri-
tory infarctions and in the LSA group. However, in the
PPA group, lesions extending to the ventral pontine sur-
face were observed to be an independent risk factor for
END. To the best of our knowledge, few studies have
focused on the relationship between infarction shape in
the perforating arterial territory and END, especially in
the territories of the LSA and PPA.

In previous studies, branch atheromatous disease
(BAD) was revealed to be associated with progressive
neurological deficits [18]; this condition is reported to
result from occlusion or stenosis at the origin of a deep
penetrating artery [19] and lead to large ischemic lesions
[20]. Nakase, Yoshioka et at. [9] defined BAD as an
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Table 1 Comparison of demographic and clinical characteristics between patients with and without the “island sign”

With island sign Without island sign P
All patients N=26 N=87
Age, years, median(IQR) 65 (60.25,73) 65 (57,71) 0.728
Female sex, N% 15(57.7) 29 (333) 0.025
Hypertension, N% 19 (73.1) (75 9) 0.773
Diabetes mellitus, N% 10 (38.5) 1(35.6) 0.792
Dyslipidemia, N% 10 (38.5) (32 2) 0.552
Ischemic stroke history, N% 5(19.2) 20 (23.0) 0.685
TIA in the previous week, N% 2(7.7) 8(9.2) 1.000
Smoking history, N% 8(30.8) 35(40.2) 0.383
Initial NIHSS, median(IQR) 3(1.75,4) 2(2,4) 0911
Onset to initial MRI, h, 33.87+£16.14 31.96+16.56 0.606
mean +SD
LSA territory, N% 14 (53.9) 47 (54.0) 0.987
Carrier artery stenosis, N% 4(15.4) 5(5.8) 0.238
LSA N=14 N=47
Initial NIHSS, median(IQR) 2.5(1.75,4) 2(2,3) 0.634
Onset to initial MRI, h, 30.07+15.06 27.89+1598 0.652
mean +SD
Carrier artery stenosis, N% 3(214) 2(43) 0.133
Infarct size > 15 mm, N% 10(71.4) 13(27.7) 0.003"
Axial slices >3, N% 10 (71.4) 33(70.2) 1.000
PPA N=12 N=40
Initial NIHSS, median(IQR) 3(1.25,3.75) 3(2,4) 0.444
Onset to initial MRI, h, 3830+16.86 36.74+16.14 0.773
mean +SD
Carrier artery stenosis, N% 1(83) 3(7.5) 1.000
Lesions extending to the 9 (75.0) 21 (52.5) 0.116

ventral pontine surface, N%

IQR Interquartile range, NIHSS National institute of health stroke scale, LSA Lenticulostriate arteries, PPA, Paramedian pontine arteries
"P<0.05

The day of early neurological deterioration

16
14
12
10

Number of patients

(= e

1 2 3 4 5
Duration of infarct (day)

Fig. 3 The day of END. The vertical line shows the number of patients with END and the horizontal line shows the duration of infarct. Thirty-seven
patients (32.7%) exhibited END, 83.7% of the patients with END were gathered during the first 72 h after onset. Abbreviations: END, early
neurological deterioration
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Table 2 Comparison of END and non-END in all the patients
Characteristics END P Logistic regression
Yes(N=37) No(N=76) OR 95% Cl P
Age, years, 64.95+9.13 65.62+10.60 0.742
mean +SD
Female, N% 16 (43.2) 28(36.8) 0513
Hypertension, N% 25 (67.6) 60 (78.9) 0.189
Diabetes mellitus, N% 14 (37.8) 27 (35.5) 0.810
Dyslipidemia, N% 3(35.1) 25(329) 0.813
Ischemic stroke history, N% 0(27.0) 5(19.7) 0.381
TIAin the previous week, N% 6 (1 6.2) 4 (5.3) 0.116
Smoking history, N% 10 (27.0) 33(434) 0.092 0.55 (0.211.42) 0216
Initial NIHSS, median(IQR) 3(2,4) 2(2,3) 0.064 1.38 (1.051.82) 0.023"
Dual-antiplatelet 29 (784) 57 (75.0) 0.693
therapy, N%
LSA territory, N% 17 (45.9) 44 (57.9) 0.232
Island sign, N% 16 (43.2) 10(13.2) 0.000 486 (1.7913.19) 0.002"
Carrier artery stenosis, N% 5(13.5) 4 (5.3) 0.25
PLTc, *10A9/L, median(IQR)? 214.5 (185.75, 256.75) 224.5 (190, 267.5) 0418
MPV, fL, median(IQR)? 1035 (9.72,10.90) 9.90 (9.50, 10.68) 0.069 133 (0.85 2.08) 0212
Fibrinogen, g/L, mean +SD? 267+0.64 291+0.77 0.115
D-dimer, mg/L, median(IQR)? 0.27(0.17,0.49) 0.28(0.21,0.59) 0.391
TG, mmol/L, median(IQR) 1.06 (0.91,1.98) 1.17(0.87,1.80) 0.653
LDL-C, mmol/L, mean +SD 263+0.68 2.58+0.72 0711
Hcy, umol/L, median(IQR)? 13.30(10.25, 14.40) 12.80(11.30, 16.70) 0428

2 PLTc, MPV, Fibrinogen, D-dimer and Hcy data of 1 patient was unavailable

END Early neurological deterioration, NIHSS National institute of health stroke scale, LSA Lenticulostriate arteries, PLTc Platelet count, MPV Mean platelet volume, TG
Triglyceride, LDL-C Low-density lipoprotein cholesterol, Hcy Homocysteine, OR Odds ratio, C/ Confidence interval, SD Standard deviation, IQR Interquartile range

"P<0.05

intracerebral lesion > 15 mm in diameter spanning more
than 3 slices or a lesion extending to the surface of the
pontine base on DWT; this definition has been applied in
several studies [7, 11, 16, 21]. In our study, patients with
lesions extending to the ventral pontine surface tended to
develop END in the PPA group, which is consistent with
the aforementioned studies. However, the infarct size
was not independently corelated with END in the LSA
group. This might be attributed to the different stages of
DWTI examination in the present study and the previous
studies [9, 21] and the restriction of our population to
those prior to neurological deterioration. Nevertheless,
we found that the proportion of patients with “infarct
size>15 mm” in the END group was higher than that in
the non-END group. This might be more relevant to the
multiple-lesion shape in the END group because of the
increased “infarct size” Thus, we speculated that if the
DWI was evaluated at a different stage or after neurologi-
cal deterioration, early small lesions could be enlarged,
and multiple lesions can be integrated into large-sized
infarcts, which was estimated as a predictive factor of
END.

In this study, we discovered that the “island sign” on
DWI was independently associated with END, especially
in the LSA group. Additionally, we found that there were
more lesions with a maximal diameter >15 mm in the
“island sign” group than in the group without the “island
sign”. Larger ischemic lesions are said to be the result of
vascular lesions located proximally along the perfora-
tor artery [22], which are usually caused by junctional
plaques or microatheroma within the orifice of the pen-
etrating artery [23]. Studies based on high-resolution
magnetic resonance imaging (HR-MRI) have shown
that plaques on the middle cerebral artery are related to
larger infarction lesions in the LSA region and END [24,
25]. Very recently, studies using perfusion MRI have sug-
gested that hemodynamic compromise and lack of col-
laterals in PATI play important roles in the development
of END [26, 27]. We speculated that the possible mecha-
nisms of the “island sign” in the perforating arterial terri-
tory might be 1) extension of the atheromatous plaques
at the orifice of the penetrating arteries or the parent
arteries that leads to occlusion at more than one branch
of the perforating artery; 2) stenosis at the origin of the
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Table 3 Comparison of END and non-END in the LSA group and PPA group
END P Logistic regression
Yes No OR 95% CI P
LSA N=17 N=44
Age, years, mean+SD 66.71+10.20 64.84+11.58 0.563
Female, N% 8(47.1) 17 (38.6) 0.549
Hypertension, N% 12 (70.6) 34(77.3) 0.832
Diabetes mellitus, N% 4(23.5) 10 (22.7) 1.000
Dyslipidemia, N% 5(294) 11(25.0) 0.979
Ischemic stroke history, N% 4(23.5) 8(18.2) 0911
TIA in the previous week, N% 2 (4.6) 3(6.8) 0912
Smoking history, N% 5(29.4) 18 (40.9) 0.406
Initial NIHSS, median(IQR) 4(2,5) 2(2,3) 0.009 1.79 (1.08 2.98) 0.024°
Dual-antiplatelet 11(64.7) 33(75.0) 0.627
therapy, N%
Island sign, N% 8(47.1) 6(13.6) 0.015 4.88 (1.0323.02) 0.045"
Carrier artery stenosis, N% 3(17.7) 2 (4.6) 0.249
PLTc, *1019/L, median(IQR)? 209.5 (179, 240.75) 232(217.5,282.25) 0.035 099 (0.97 1.00) 0.106
MPV, fL, mean +SD? 1049+147 9.93+0.77 0.169
D-dimer, mg/L, median(IQR) 0.32(0.25,0.65) 0.29 (0.21,0.58) 0.676
Fibrinogen, g/L, median(IQR) 2.65(2.18,3.02) 2.87(2.52,3.30) 0.177
TG, mmol/L, median(IQR) 1.03 (0.83,1.37) 1.00 (0.78, 1.45) 0.816
LDL-C, mmol/L, mean+SD 2.68+0.64 267 +0.64 0.953
Hcy, umol/L, median(IQR) 12.30 (855, 14.20) 13.70 (11.68, 17.50) 0.048 0.87 (0.71 1.06) 0.176
Infarct size > 15 mm, N% 11(64.7) 12 (27.3) 0.007 1.19 (0.255.61) 0.824
PPA N=20 N=32
Age, years, mean+SD 63.45+8.08 66.69+9.16 0.201
Female, N% 8(40.0) 11(34.4) 0.682
Hypertension, N% 13 (65.0) 26 (81.3) 0.188
Diabetes mellitus, N% 10 (50.0) 17 (53.1) 0.826
Dyslipidemia, N% 8 (40.0) 14 (43.8) 0.790
Ischemic stroke history, N% 6 (30.0) 719 0510
TIA in the previous week, N% 4(20.0) 1(3.1) 0.127
Smoking history, N% 5(25.0) 15 (46.9) 0.115
Initial NIHSS, median(IQR) 32,4 3(2,4) 0.737
Dual-antiplatelet 18 (90.0) 24 (75.0) 0.330
therapy, N%
Island sign, N% 8(40.0) 4(12.5) 0.051 3.96 (0.87 18.06) 0.075
Carrier artery stenosis, N% 2(10.0) 2(6.3) 1.000
PLTc, *1079/L, mean +SD 230.60+53.64 211.13+46.02 0.170
MPV, fL, median(IQR) 10.35(9.93, 10.90) 10.00 (9.63, 10.78) 0.254
D-dimer, mg/L, median(IQR)* 0.24 (0.16,0.42) 0.28 (0.22,0.62) 0.109
Fibrinogen, g/L, mean +SD? 2.76+0.53 291+0.65 0.388
TG, mmol/L, median(IQR) 1.37(0.97,2.23) 1.39(1.04,2.21) 0.962
LDL-C, mmol/L, mean+SD 2.59+0.72 246+0.81 0.544
Hcy, umol/L, median(IQR)? 13.80 (11.35, 14.55) 12.50 (10.60, 16.10) 0.364
Lesions extending to the ventral 17 (85.0) 13 (40.6) 0.002 7.53 (1.7532.37) 0.007"

pontine surface, N%

? PLTc, MPV, Fibrinogen, D-dimer and Hcy data of 1 patient was unavailable

END Early neurological deterioration, LSA Lenticulostriate arteries, NIHSS National institute of health stroke scale, PLTc Platelet count, MPV Mean platelet volume,
TG Triglyceride, LDL-C Low-density lipoprotein cholesterol, Hcy Homocysteine, PPA paramedian pontine arteries, OR Odds ratio, C/ Confidence interval, SD Standard

deviation, /QR Interquartile range

"P<0.05
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branches and the absence of collateral vessels, leading to
high susceptibility to hypoperfusion, and mimicking of
watershed infarcts by the subsequent infarction [23, 28];
3) dropping off of the unstable plaque in the parent artery
that results in the embolization of several penetrating
arteries; or 4) the contribution of multiple mechanisms.
A territory of more than one branch was involved in the
suspected pathogenesis mentioned above. Progression of
thrombosis and embolism may cause more involvement
and stepwise perfusion reduction of branches, which
ultimately contribute to END. In addition, other mecha-
nisms, such as edema, excitotoxicity and inflammation,
may also be involved in the process [5]. As defined before,
the “island sign” was observed on axial DWI scans and
is approximately vertical to the lenticulostriate arteries;
thus, it was easy to discover lesions caused by multiple
branches. However, the axial section was nearly parallel
to most of the basilar branches, which may explain why
the “island sign” was not independently associated with
END in the PPA territory.

In our study, 22 (nearly 60%) patients of the END group
performed repeat CT or MRI after the neurological dete-
rioration, recurrent infarct lesion was not found within
them. In previous study, the cumulative rate of the first
recurrent ischemic stroke at 7 days was 1.4% [29] and
most of the primary infarcts are classified into “large
artery atherosclerosis” and “cardioembolism” accord-
ing to the TOAST criteria [30]. However, in this study,
almost 80% of included patients belonged to the subtype
of “small artery occlusion” Therefore, we suspected that
recurrent stroke in the included patients during the first
week was very rare and might have little effect on the
final results.

There were several limitations to our study. First, this
was a retrospective study in a single center involving
a small sample size, and the results need to be further
confirmed by multicenter prospective studies with large
samples. Second, because of some practical difficulties,
repeat MRI was not performed in all the patients, and
the aforementioned suspected enlargement of lesions
was not observed on DWI. Third, the “island sign” was
defined on an axial DWI scan, and other images, such as
coronal scans, were not available. However, we hypothe-
size that the presence of the “island sign” on coronal DW1
may be related to END in the PPA territory.

Conclusion

In summary, our study indicated that the presence of
the “island sign” on DWI may independently predict
END in patients with LSA territory infarction. The
underlying mechanisms need to be explored by fur-
ther investigations. According to recent studies, END
was found to be associated with unfavorable functional
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outcomes at 3 months [31]. Therefore, we suggested
that neurological physicians should pay more attention
to patients with this special form of infarct shape and
implement more aggressive and individualized therapy
in the early stage to prevent END.
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