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Three-territory sign in cancer-related ischemic stroke
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Abstract

Background & Objective: The presence of multiple acute infarcts in stroke patients indicates
cardioembolism in etiology. However, it has also been proposed that 3-territory sign (TTS) with
infarction in three different vascular teritories is a radiological marker for cancer. In this study, we
aimed to examine TTS in stroke patients with cancer comorbidity as compared to control. Methods:
Among the patients who were hospitalized with the diagnosis of acute stroke between 2017-2022,
68 patients with a history of cancer were included in this study. Age, sex, medication, vascular risk
factors (RF), cancer type, Bamford and TOAST classification, National Institute of Health Stroke Score
(NIHSS), modified Rankin Score (mRS) and TTS as imaging findings were recorded. As the control
group (CG), 47 stroke patients matched for age, sex, medication and RF were included. Results: The
most common cancer types were gastrointestinal system, breast and lung, respectively. There was a
significant difference between the two groups in terms of Bamford classification and NIHSS. 64.7%
of the CaG had infarction in 1 territory, 13.2% in 2 and 13.2% in 3 territories. While 83% of CG had
infarction in 1 territory, 14.9% in 2 territories, there were no participants with infarction in 3 territories
(p=0.02). After exclusion of the patients with cardioembolic etiology, 14% of CaG had TTS, while
no patient had TTS in CG (p=0.047).

Conclusion: Our study supports the finding of TTS in cancer-related stroke, even after excluding
cardioembolic etiologies.
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INTRODUCTION

Ischemic cerebrovascular disease occurs in 15%
of cancer patients', and the 6-month cumulative
incidence of ischemic stroke is twice higher in
cancer patients compared with control patients.?
In cancer patients, cerebrovascular disease is the
second most common neurological manifestation
after metastases.’

Although malignancy is known for its
association with venous thrombosis, recent studies
showed that it is also a significant risk factor
for arterial thromboembolism, and 10% of the
ischemic stroke patients have comorbid cancer.

of patients and may occur 1-5 months before
cancer diagnosis.”® Hypercoagulability, cancer
therapy, infections, paraneoplastic disorders,
and direct tumour effects are factors involved in
the pathogenesis of arterial thrombosis in cancer
patients.®

Although multiple acute cerebral ischemic
infarcts are most frequently attributed to a
cardioembolic etiology? it is also a feature of cancer
associated stroke. The lesions are characterized as
small and involving multiple vascular territories'®,
indicating proximal embolism caused by cancer-
associated hypercoagulation.® Since infarction in
multiple vascular territories, especially in three

Although stroke can occur at any time
during malignancy, the risk of ischemic stroke
is highest in the first few months (up to 1 year)
after cancer diagnosis.>® And also it can be the
first manifestation of occult malignancy in 3%

vascular territories has been reported in cancer-
associated stroke'''?, Finelli er al. developed
this finding as a sign called “three-territory sign
(TTS)” and suggested it as a radiological marker
for cancer-associated stroke.”!?
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Following that, Nouh et al. compared cancer
patients with acute stroke and no atrial fibrillation,
with the patients with known atrial fibrillation
(AF) and without cancer by using TTS. They
showed that the frequency of TTS is 6-times
higher in cancer patients than in stroke patients
with AF.?

In this study, we aim to evaluate TTS in stroke
patients with a history of cancer compared with
stroke patients without cancer. Our hypothesis
is that stroke patients with a history of cancer
would show higher TTS than the control group,
even when we exclude those with cardioembolic
etiology.

METHODS

Participants

This study was carried out according to a
protocol approved by the Ethics Committee of the
Bagcilar Training and Research Hospital and all
participants provided written informed consent.

The records of patients who were hospitalized
in the Neurology Clinic of Bagcilar Training and
Research Hospital between January 2017 and
January 2022 were retrospectively reviewed,
and 68 patients with a history of cancer were
included as the cancer group (CaG). As the control
group (CQG), 47 stroke patients matched for age,
sex, medication and vascular risk factors (RF)
were included. Age, sex, medication, RF, type
of cancer, Bamford and Trial of Org 10172 in
Acute Stroke Treatment (TOAST) classification,
National Institute of Health Stroke Scale (NIHSS)
and modified Rankin Scale (mRS) scores at
entry and discharge, clinical course (same,
better and worse), hemorrhagic transformation,
systemic complications (pneumonia, urinary
tract infections, deep vein thrombosis, pulmonary
embolism, bleeding and others), outcome (home
discharge, transfer to another clinic, transfer
to intensive care unit), and three-territory sign
as neuroimaging findings were collected and
recorded.

All the patients had at least one cranial
magnetic resonance imaging (MRI), computerized
tomography or MRI angiography, and cardiac
investigations (electrocardiography, transthoracic
echocardiogram) to define stroke etiology. If
we did not detect any cardioembolic source
in electrocardiography and transthoracic
echocardiogram, we depended on 24-hour holter
monitoring, transesophageal echocardiography
and digital subtraction angiography performed
in some patients.
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Stroke types were classified as ischemic
stroke, transient ischemic attack, and hematoma.
Ischemic strokes were further classified into four
main groups including total anterior circulation
infarction (TACI), partial anterior circulation
infarction (PACI), posterior circulation infarction
(POCI), and lacunar infarction (LACI) according
to the Bamford Clinical Classification.

Etiological subtypes were classified as large-
artery atherosclerosis, cardioembolism, small-
vessel occlusion, stroke of other determined
etiology, and stroke of undetermined etiology
according to the TOAST classification.

Hypertension, diabetes mellitus, AF, coronary
artery disease, heart failure, previous stroke,
smoking, obesity, and dyslipidemia were the RFs
for stroke.

Diffusion-weighted MRI (DWTI) patterns of the
patients were classified as 1, 2, or 3 territories™'”
as follows; One Territory: Unilateral, single, or
multiple acute ischemic strokes involving the
anterior or the posterior circulation; Two Territory:
Unilateral, single, or multiple acute ischemic
strokes involving bilateral anterior circulation or
the anterior circulation plus posterior circulation;
Three Territory: Bilateral, single, or multiple acute
ischemic strokes involving the bilateral anterior
and posterior circulation.

Statistical analysis

Statistical analysis was performed using SPSS
version 28.0 software (SPSS Inc., Chicago, IL,
USA). Descriptive data were expressed in mean,
standard deviation, median, minimum, maximum,
frequency, and percentage. In comparing
demographic and clinical data, the Kruskal-
Wallis test was used. The Pearson chi-square and
Fischer’s exact tests were used to compare the
frequencies and percentages.

RESULTS

Cancer types are showed in Table 1. Comparison
of the demographic and clinical variables of CaG
and CG are shown in Table 2. There were no
significant differences among the groups in terms
of age (p = 0.064), sex (p = 0.85), medication (p
=0.055), RFs (p =0.059), TOAST classification
(p =0.18), mRS scores at entry and discharge (p
=0.065 and p=0.128, respectively), hemorrhagic
transformation (p = 1.0), and outcome (p =0.13).

Although there was no statistically significant
difference between the two groups in terms of
TOAST classification, CaG patients had higher
rate of undetermined stroke etiology than the CG;



Table 1: Cancer types

Type of cancer n (%)
GIS 18 (26.5)
Breast 11 (16.2)
Lung 10 (14.7)
Urinary tract 8 (11.8)
Hematological 4(5.9)
Nasopharynx, larynx 4 (59
Connective tissue, bone 4(5.9)
Skin 344
Brain 2(2.9)
Endometrium 2(29)
Testicle 1(1.5)
Thyroid 1(1.5)

GIS: Gastrointestinal system

42.6% of the CaG patients (n= 29) and 29.8%
of the CG patients (n = 14) had undetermined
stroke etiology; 27.9% of the CaG patients (n
= 19) had cardioembolic etiology, all of which
was atrial fibrillation; 13.2% of the CaG (n = 9)
had small vessel occlusion and 7.4% (n = 5) had
large-artery atherosclerosis.

Bamford classification (p = 0.009) was
significantly different between the two groups.
While PACI and POCI were dominant in CaG,
PACI, LACI, and POCI were dominant in CG.
NIHSS scores of CaG at entry and discharge
were significantly higher than the CG (p =0.031
and p = 0.03, respectively). Clinical course was
significantly different between the two groups (p
<0.001). While participants with same and better
clinical course were dominant in both groups,
the percentage of worse patients was higher in
CaG than in CG. Systemic complications were
significantly different between the two groups
(p =0.013). Pneumonia, urinary tract infections,
deep vein thrombosis, and pulmonary embolism
were more frequent in the CaG than the CG.

When the neuroimaging findings were
classiffied as territory signs in ischemic stroke
patients (1, 2, and 3) and hematoma, the two
groups were significantly different (p = 0.022).
The proportion of participants with three-territory
sign or hematoma in CaG were higher than in the
CG (Table 3).

To evaluate the TTS in patients other than
strokes with cardioembolic etiology we excluded
patients with hematoma and stroke with
cardioembolic etiology. In the comparison made
after this exclusion, CaG had significantly higher
territory sign than the CG in Kruskal-Wallis test

(p =0.022). Pearson chi-square test also showed
a significant difference between the two groups
(p = 0.047). While 90.6% of CG (n =29) had 1
territory infarction, 9.4% (n = 3) had 2 territory
infarction and none of CG had three territory
infarction. While 69.8% of CaG (n = 30) had 1
territory infarction, 16.3% (n = 7) had 2 territory
infarction and 14% (n = 6) had three-territory
infarction (Table 4).

DISCUSSION

This study aimed to investigate TTS in stroke
patients with a history of cancer. Our main
expectation was that the stroke patients with a
history of cancer would show higher TTS than the
control group. Our CaG patients showed higher
TTS frequency than the CG, even after excluding
the patients with cardioembolic etiology.

TTS was first suggested as a neuroimaging
marker in cancer-associated stroke by Finelli
et al.’® The authors retrospectively evaluated
the stroke patients with DWI lesions involving
3 or more vascular territories in the absence of
an identifiable embolic source. They reported
that the most frequent etiology was cancer-
related infarctions (22%). Following that Nouh
et al. compared stroke patients with a known
malignancy and stroke patients with AF.° The
authors showed that TTS was observed in 23.4%
of the patients with malignancy, but only 3.5%
of the patients with AF.

In their later work, Finelli evaluated MRI
findings of stroke patients retrospectively. Of the
2792 stroke patients, 22 had TTS. 16 of 22 patients
with TTS had cancer in etiology.!* The authors
reported that malignancy was known only in 7
patients at stroke presentation. The malignancy
was occult in 9 patients. Cancer types were
cholangiocarcinoma, adenocarcinoma of lung,
pancreatic carcinoma, non-small cell carcinoma of
lung, adenocarcinoma of breast, origin unknown
adenocarcinoma, carcinoid, ovarian carcinoma,
and unknown lung mass. Adenocarcinomas were
reported as the most common type in cancer-
related stroke 5416

GIS cancers were the most common type of
cancer with a rate of 26.5%, in our study. It was
followed by breast, and lung cancers. We could
not report subtypes of cancer, since we did not
collect the histological diagnoses data. Yesilot ef
al., has reported that the most common cancer
type in stroke patients was gastrointestinal tract
and hepatobiliary systems."” In another study. lung
cancer was reported as the most common cancer
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Table 2: Demographic and clinical findings according to the diagnostic groups
Cancer Group Control Group p
(n=68) (n=47)
Age, mean + Sd. 67.8 =11.2 632 =125 0.0647
Sex, F:M, n (%) 29:39 (42.6:57.4) 19:28 (40.4:59.6) 0.85*
Medication, n (%)
None 26 (38.2) 18 (38.3) 0.055%
Antiaggregants 11 (16.2) 18 (38.3)
Anticoagulants 7 (10.3) 2 (4.3)
Antiaggregants and Anticoagulants 2(2.9) 1(2.1)
Other 22 (32.4) 8 (17)
Risk factors, n (%) 0.059%
1 RF 19 (27.9) 7 (14.9)
2 RF 8 (11.8) 11 (23.4)
>3 RF 14 (20.6) 16 (34)
No RF 27 (39.7) 13 (27.7)
Bamford Classification, n (%)
TACI 459 1(2.1) 0.009%"
PACI 36 (52.9) 18 (38.3)
POCI 16 (23.5) 11 (23.4)
LACI 6 (8.8) 16 (34)
Hematoma 6 (8.8) 1Q2.1)
TOAST Classification, n (%)
Large-artery atherosclerosis 5(74) 8 (17) 0.18%
Cardioembolism 19 (27.9) 14 (29.8)
Small-vessel occlusion 9 (13.2) 9 (19.1)
Other 0 1(2.1)
Undetermined etiology 29 (42.6) 14 (29.8)
Entry NIHSS, mean + Sd. 45+38 3434 0.031%
Discharge NIHSS, mean + Sd. 42 %37 2425 0.03*
Entry mRS, mean + Sd. 05+12 09«15 0.0657
Discharge mRS, mean + Sd. 19«18 14+18 0.1287
Clinical course, n (%)
Same 45 (66.2) 17 (36.2) <0.001%"
Better 15 (22.1) 29 (61.7)
Worse 8 (11.8) 1(2.1)
Systemic complications, n (%)
None 42 (61.8) 42 (89.4) 0.013%
Pneumonia, urinary tract infections 17 (25) 4 (8.5)
DVT, pulmonary embolism 2(2.9) 0
Bleeding 6 (8.8) 0
Other 1 (1.5) 12.1)
Hemorrhagic transformation, n (%) 22.7) 1(2.1) 1.0%
Outcome, n (%)
Home discharge 57 (83.8) 45 (95.7) 0.13%
Transfer to another clinic 344 12.1)
Transfer to intensive care unit 8 (11.8) 1(2.1)

n: number; Sd: standard deviation; F: female; M: male; RF: risk factors, TACI: total anterior circulation infarction;
PACI: partial anterior circulation infarction; POCI: posterior circulation infarction; LACI: lacunar infarction; NIHSS:

National Institute of Health Stroke Scale; mRS: modified Rankin Scale; DVT: deep vein thrombosis

“p<0.05
"Kruskal-Wallis test
“Fisher’s Exact test
SPearson chi-square test
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Table 3: Neuroimaging findings according to the diagnostic groups.

CaG CG p
(n=68) (n=47)
Neuroimaging findings, n (%)
1 territory infarction 44 (64.7) 39 (83) 0.022%*
2 territory infarction 9(13.2) 7 (14.9)
3 territory infarction 9 (13.2) 0
Hematoma 6 (8.8) 1@2.1)
n: number
#p<0.05

FPearson chi-square test

type in malignancy related stroke patients.'* On
the other hand, TTS was reported in 44.12% of the
patients with malignant gastrointestinal tumor." In
our study 22.2% of the stroke patients with GIS
cancer had TTS, but without any cardioembolic
etiology. GIS cancers were the most common
cancer type with a rate of 66.6% in 6 patients,
who had TTS and did not have any cardioembolic
source.

Cancer related acute ischemic stroke is
associated with early neurological deterioration,
higher recurrence rates, poor prognosis, and
higher mortality rates'’?*?2, with TTS reported
as an independent risk factor for prognosis.'® As
in other studies cancer patients showed worse
neurological status as measured via NIHSS, worse
clinical course and more systemic complications
in our study.

Our data replicates Finelli’s findings of TTS in
cancer patients without any cardioembolic source
in a design with a control group, which includes
stroke patients matched for age, sex, medication
and risk factors. Our findings showed that
undetermined etiology in TOAST classification

and TTS are more frequent in the stroke patients
with a history of cancer. These findings indicate
that clinicians should suspect a cancer when they
could not determine the etiology in the stroke
patients who had TTS.

The major limitation of this study is its
retrospective and single-center design, which
limits the information reported. We could not
collect all needed data such as DIC parameters,
histological diagnosis, grade of cancer. Our study
also did not include patients who had thrombolytic
treatment or thrombectomy because our center
does not have an acute stroke unit, and we can
not perform acute treatment of patients with
thrombolysis and thrombectomy. Such patients are
referred to appropriate centers by the emergency
call center.
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Table 4: Territory sign according to the diagnostic groups after excluding patients with hematoma
and patients had strokes with cardioembolic etiology

Cancer Group Control Group P
(n=43) (n=32)
Territory sign, mean + Sd. 144 +£0.73 1.09 +0.296 0.02271%*
Territory sign, n (%)
1 30 (69.8) 29 (90.6) 0.047%
2 7(16.3) 3094)
3 6 (14) 0
n: number; Sd: standard deviation
#p<0.05

TKruskal-Wallis test
+Pearson chi-square test
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