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A B S T R A C T   

Background and purpose: Watershed infarcts denote ischemic lesions involving the distal territories of two major 
arteries. For years, hypotheses on its pathophysiological mechanisms have been proposed. Yet, the cause is still 
widely debated. This study aimed to determine the mechanism of watershed strokes and compare their clinical 
outcomes to acute ischemic stroke from other causes and predict the factors affecting clinical outcomes in pa
tients with watershed infarcts. 
Methods: This single-center, comparative, six-years retrospective cohort study included patients with a diagnosis 
of Acute Ischemic Stroke. Patients were classified under watershed group or acute ischemic stroke based on their 
neuroimaging findings. Stroke mechanisms were determined between groups as well as the factors associated 
with clinical outcomes in watershed strokes. 
Results: Among the 424 patients included in the study, large artery atherosclerosis was seen in greater frequency 
in patients with watershed infarcts regardless of the type (EWIs: n = 68, 73% vs IWIs: n = 89, 75%). No dif
ferences observed in the clinical outcomes between groups. Multiple variable analysis showed that age, female 
sex, high NIHSS score and presence of underlying malignancy were associated with clinical outcomes. 
Conclusion: Clinical outcomes between watershed infarcts and acute ischemic strokes were similar. Hemody
namic compromise in the setting of severe stenosis is the underlying mechanism for both types of watershed 
strokes thus, the goal of treatment is to maintain adequate perfusion. High baseline NIHSS score, increased age, 
female gender and underlying malignancy were all poor predictors of clinical outcomes in patients with 
watershed strokes.   

1. Introduction 

Watershed infarcts (WIs) denote ischemic lesions involving the distal 
territories of two major arteries. They represent approximately 10% of 
all ischemic strokes and most of the time related to carotid steno- 
occlusive disease [1] or hemodynamic compromise in the presence of 
severe intracranial stenosis [2]. For years, many classifications and hy
potheses on its pathophysiological mechanisms have been proposed. 
Yet, the cause is still widely debated. To date, hemodynamic impairment 
from severe luminal stenosis is implicated as a determinant of internal 
watershed infarcts [3] with recent studies establishing stronger corre
lation between hemodynamic impairment and carotid steno-occlusion 
in its pathogenesis [4]. External watershed infarcts, conversely, are 
regarded as induced by micro embolism due to the lower level of 

cerebral vasoreactivity impairment and oxygen metabolism [5]. 
Current reports on the etiology and mechanism of this infarct are 

limited on small number of included patients and relatively short 
duration of data collection which could hinder precise estimate on the 
causal mechanism [6–8]. Although a registry of ischemic stroke patients 
provided a glimpse on the association of watershed infarcts on good 
outcome and low mortality [9], there are no comparative cohort study 
that compares the clinical outcome of watershed infarcts and ischemic 
stroke from other causes. Furthermore, most of these studies were 
conducted in European and American patients whose profile may be 
remarkably different from Asian. 

Therefore, we aimed to determine the mechanism of watershed 
strokes to guide clinicians in the appropriate clinical management of 
these patients. In addition, we also aimed to compare clinical outcomes 
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of watershed infarcts to acute ischemic stroke from other causes in terms 
of Modified Rankin Scale (MRS) score at 90 days, need for Intensive Care 
Unit (ICU) admission, readmission due to cerebrovascular cause and 
mortality. Lastly, to predict the different factors affecting clinical out
comes in patients with watershed infarcts. 

2. Methodology 

2.1. Study design, patient selection and cohort description 

We performed a single-center, comparative, six-years retrospective 
cohort study involving all patients with a diagnosis of Acute Ischemic 
Stroke admitted on our institution. Inclusion criteria were: adults ≥19 
years old, with retrieved neuroimaging findings in the Picture Archiving 
and Communication System (PACS) suggestive of watershed infarcts and 
patients with disposition (i.e. discharged, died) at the end of the study 
period. Individuals who had hemorrhagic conversion, venous infarction 
and incomplete or missing data were excluded from the study. 

Identified patients had their neuroimaging findings retrieved 
through the institution's picture archiving system and were grouped 
based on the neuroimaging findings of the authors. Those who presented 
with watershed findings on imaging were classified under the watershed 
group while patients with acute ischemic stroke, age (+/− 5 years) and 
sex-matched to the watershed group, were classified under acute 
ischemic stroke. 

2.2. Imaging criterion for watershed infarcts 

Watershed infarcts were classified as external or internal based on 
their location. External watershed infarcts (EWIs) were defined radio
graphically by an ovoid or wedge-shaped infarct between the cortical 
territories of the anterior cerebral artery (ACA), middle cerebral artery 
(MCA) and posterior cerebral artery (PCA) while, internal watershed 
infarcts (IWIs), were defined as a series of three or more lesions arranged 
in a linear fashion parallel to the lateral ventricle or centrum semi-ovale 
[3]. 

2.3. Outcome variables 

We obtained the following relevant patient outcomes: NIHSS score 
(patients with score of ≥15 were classified as severe using the classifi
cation of Brott et al [10]), mortality, functional outcome (patients with 
MRS score between 0 and 2 at 90 days were considered with good 
outcome whereas, those with score of 3–5 had poor outcome), ICU 
admission (stroke patients requiring care of higher intensity that cannot 
be provided in the Acute Stroke Unit, patients with neurological dete
rioration or cardio-respiratory compromise and those with communi
cable diseases) and readmission at 1 year due to a cerebrovascular cause 
(patients readmitted at 1 year because of another ischemic stroke). 

2.4. Sample size 

The calculation of the sample size, computed at 160 patients, was 
based on the proportion of watershed stroke patients using stroke 
recurrence as an outcome measure [11]. 

2.5. Statistical analysis 

Inverse probability of treatment weighting (IPTW) method [12] 
using the propensity score was applied to balance the baseline de
mographics and clinical characteristics. Propensity scores were esti
mated using logistic regression that included age, sex and baseline 
comorbidities. 

Demographic characteristics were summarized using frequencies 
and percentages for categorical variables and mean (SD) or median 
(IQR) for continuous variables. Independent t-test, Mann Whitney U test 

and Kruskal Wallis test were used to compare continuous data. Cate
gorical data were compared using Chi square test or Fisher's exact test. 

Multiple logistic regression analysis was done to determine the fac
tors associated with the following outcomes: MRS score at 90 days, 
mortality, need for ICU admission, and readmission due to cerebrovas
cular cause. The use of simple logistic and linear regression analyses was 
done using the p < 0.20 criterion to screen for potential predictors [13] 
while, model building by a backward elimination technique was per
formed to account for all outcome predictors. All statistical analyses 
were conducted using the Stata MP version 16 software. 

2.6. Ethical considerations 

The study was evaluated and approved by the Institutional Ethics 
and Research Review Committee of St. Luke's Medical Center – Quezon 
City (SL-22120). 

3. Results 

3.1. Patients' characteristics 

We identified a total of 1649 patients diagnosed with acute ischemic 
stroke from our stroke data bank. Before the weighting application, 
patients who had watershed strokes were older (65 [IQR: 56–76] vs 54 
[IQR: 49–82]) than those with acute ischemic stroke from other causes. 
After applying the IPTW method, differences in baseline characteristics 
were balanced (all p < 0.05; absolute standardized difference < 0.1). A 
total of 424 were included in the qualitative and quantitative analyses. 
Two hundred twelve patients with MRI-confirmed watershed infarcts 
were classified under the watershed group, and another 212 ischemic 
stroke patients, age (±5 years) and sex-matched, served as the control 
(see Fig. 1). 

3.2. Demographic and clinical characteristics of included patients 

The median age of the full cohort was 65 years old (24–103) mostly, 
males. Majority had hypertension (81%) while half had diabetes (50%). 
Regarding stroke severity, a lower proportion of internal watershed 
infarct patients had severe NIHSS on admission compared to the external 
watershed group and control (n = 7, 6% vs n = 15 vs 16% and n = 35, 
17%). For etiologic investigations, large artery atherosclerosis was seen 
in greater frequency in patients with watershed infarcts regardless of the 
type (EWIs: n = 68, 73% vs IWIs: n = 89, 75%). 

In the analysis of clinical outcomes between the three groups (EWIs, 
IWIs and control), no differences were observed except for the higher 
proportion of readmitted patients seen in the control (n = 44, 21% vs n 
= 12,13% vs n = 18,15%) (see Tables 1 and 2). 

3.3. Factors related to clinical outcomes 

Univariable analysis showed that age, female sex, high NIHSS score 
and presence of underlying malignancy were associated with clinical 
outcomes (see Table 3). Multiple variable analysis showed that age [OR 
1.04 (1.00,1.08)], female sex [OR 3.40 (1.23, 9.38)] and high baseline 
NIHSS score (≥ 15) [OR 38.27 (10.98, 133.37)] were associated with 
poor functional outcome in 90 days. Likewise, a high baseline NIHSS 
score was associated with higher probability of ICU admission [OR 
165.37 (38.08, 719.11)] and readmission due to cerebrovascular cause 
[OR 5.37 (1.88, 15.37)]. Malignancy was associated with higher odds of 
readmission in one year [OR 5.03 (1.53, 16.50)]. 

4. Discussion 

In this study, we compared the two types of watershed strokes – 
external and internal to ischemic stroke of other known etiology; and 
determined the factors affecting their clinical outcomes. We found that 
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stroke mechanisms and clinical outcomes did not differ significantly 
between the two types of watershed strokes. In these group of patients, a 
high baseline NIHSS score, increased age, female gender and underlying 
malignancy correlate to poor clinical outcomes. 

Interestingly, no significant difference in the clinical outcomes exist 
between the three groups. This could be attributed to the fact that unlike 
age and gender differences, wherein increased age and female sex were 
associated with multiple comorbidities and risk factors [14], stroke 
mechanism was not an independent predictor of clinical outcomes. 

Among patients with watershed strokes, we separated the external 
from the internal border zone infarcts. Their stroke mechanisms and 
clinical outcomes were described, which contradict the results of earlier 
studies that showed differences between the two [3,9]. In our study, 
large artery atherosclerosis was prevalent in both types of infarcts sug
gesting that both severity of hemodynamic impairment and degree of 
stenosis played an important role on its pathophysiology [6]. Previous 
studies showed differences in the clinical outcomes between two types of 
watershed strokes. Internal border zone infarcts were associated with 
poorer prognosis and increased mortality [15] compared to the external 
border zone type. This dissimilarity in our study could be due to the 
differences of the included population, as hemodynamic involvement of 
the anterior and posterior circulation was excluded in the previous 
studies. Our study showed that baseline NIHSS score was an indepen
dent predictor of mortality, functional outcome and readmission in pa
tients with watershed strokes. It supported earlier studies on the link 
between high baseline NIHSS score and increased probability of death 

and severe disability among ischemic stroke patients [16,17]. Stroke risk 
was highest at or soon after cancer diagnosis [18]. These cancer- 
mediated hypercoagulability peaks may partly explain why the likeli
hood of readmission is higher among watershed stroke patients with 
underlying malignancy. 

There were several limitations in this study. First, since this was a 
single-center, retrospective study, there may have been selection bias. 
Second, the number of watershed patients was relatively small, although 
it was comparable and even higher to previously published studies 
[19–21] and lastly, patients with incomplete data were excluded from 
the study, which may introduce a selection bias. 

5. Conclusion 

In this study, we found that clinical outcomes between watershed 
infarcts and acute ischemic strokes were similar. Hemodynamic 
compromise in the setting of severe stenosis is the underlying mecha
nism for both types of watershed strokes thus, the goal of treatment is to 
maintain adequate perfusion. High baseline NIHSS score, increased age, 
female gender and underlying malignancy were all poor predictors of 
clinical outcomes in patients with watershed strokes. 

Sources of funding 

The authors received no financial support for the research, author
ship, and/or publication of this article. 

Fig. 1. Study flow of patients.  
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Table 1 
Baseline characteristics and clinical outcomes between the watershed and con
trol group.  

Characteristics Watershed 
infarct 
external 
(n = 93) 
n(%) 

Watershed 
infarct 
internal 
(n = 119) 
n(%) 

Control 
(n = 212)  

n(%) 

P Value 

Age (in years), 
median 

66 [IQR: 
56–75] 

64 [IQR: 
56–76] 

64 [IQR: 
55–76] 

0.9918a 

Sex 
Female 37 (40) 54 (45) 91 (43) 0.717b 

Male 56 (60) 65 (55) 121 (57) 
Medical history 

Hypertension 79 (85) 97 (82) 169 (80) 0.558b 

Diabetes 37 (40) 64 (54) 109 (51) 0.096b 

Atrial fibrillation 23 (25) 22 (18) 36 (17) 0.279b 

Hyperlipidemia 29 (31) 40 (34) 68 (32) 0.927b 

CAD 9 (10) 6 (5) 7 (3) 0.069b 

Malignancy 9 (10) 8 (7) 14 (7) 0.611b 

Previous stroke 13 (14) 12 (10) 34 (16) 0.324b 

Infection 15 (16) 17 (14) 36 (17) 0.814b 

Smoking 21 (23) 34 (29) 48 (23) 0.439b 

Alcohol intake 9 (10) 15 (13) 37 (17) 0.165b 

TOAST classification 
Large artery 
atherosclerosis 

68 (73) 89 (75) 127 (59) <0.0001*c 

Cardio embolism 21 (23) 22 (18) 378 (18) 
Small vessel 
disease 

3 (3) 7 (6) 45 (21) 

ESUS 1 (1) 1 (1) 2 (1) 
NIHSS on admission, 

median 
5 [IQR: 2–11] 4 [IQR: 2–7] 4 [IQR: 

2–8] 
0.2571a 

Mild 59 (63) 94 (79) 156 (74) 0.004*b 

Moderate 19 (20) 18 (15) 21 (10) 
Severe 15 (16) 7 (6) 35 (17)  

Table 2 
Comparison of the clinical outcomes between watershed infarcts (external, in
ternal) and control.  

Outcome Watershed infarct 
external (n = 93) 
n(%) 

Watershed infarct 
internal (n = 119) 
n(%) 

Control (n 
= 212) 
n(%) 

P value 

Functional Outcome (mRS at 90 days) 
Good 
outcome 

50 (83) 64 (74) 121 (79) 0.435b 

Poor 
outcome 

10 (17) 22 (26) 33 (21) 

Mortality 
Yes 12 (13) 7 (6) 16 (8) 0.159b 

Need for ICU admission 
Yes 18 (19) 16 (13) 46 (22) 0.182b 

Readmission for CVS cause 
Yes 12 (13) 18 (15) 44 (21) <0.0001*b 

eKruskal Wallis test was used; bchi square test was used, cfisher's exact test was 
used. 

Table 3 
Factors affecting clinical outcomes in watershed infarcts.   

Adjusted or (95% CI) P value 

A. Functional Outcome (mRS at 90 days) 
Age (in years) 1.04 (1.00–1.08) 0.029* 
Sex 

Female 3.40 (1.23–9.38) 0.018* 
NIHSS on admission   

Severe 249.03 (9.05–6855.10) 0.001* 
B. Need for ICU admission 
NIHSS on admission 

Severe 165.37 (38.083–719.11) <0.0001* 
C. Mortality 
NIHSS on admission 

Severe 38.27 (10.98–133.37) <0.0001* 
D. Readmission due to CVS cause 
Medical history 

Malignancy 5.03 (1.53–16.50) 0.008* 
NIHSS on admission 

Severe 5.37 (1.88–15.37) 0.002*  
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