Cerebrovasc Dis Extra 2015;5:139-145

Y

Z
% 1 o DOI: 10.1159/000439549 © 2015 The Author(s) Karger
cel €.bl ovasc“lal % Received: July 7, 2015 Published by S. Karger AG, Basel Open-access
Diseases Accepted: August 14, 2015 1664-5456/15/0053-0139$39.50/0
Published online: October 30, 2015 www.karger.com/cee

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distributi-
on for commercial purposes as well as any distribution of modified material requires written permission.

ESC Award 2015

DWI Lesion Patterns in Cancer-Related
Stroke - Specifying the Phenotype

Christopher Jan Schwarzbach Marc Fatar Philipp Eisele Anne D. Ebert
Michael G. Hennerici  Kristina Szabo

Department of Neurology, University Medical Centre Mannheim, Heidelberg University,
Mannheim, Germany

Key Words
Stroke and cancer - Acute stroke - Recurrent stroke - Embolic stroke - Cerebral embolism -
Diagnostic criteria - MRI-DWI - Risk factors for stroke

Abstract

Background: Due to the lack of specific diagnostic markers, the diagnosis of cancer-related
stroke strongly depends on its phenotype. Distinct DWI lesion patterns with involvement of
multiple vascular territories have been reported repeatedly in cancer-related stroke but have
not been addressed in detail in a selected cohort of prospectively recruited cancer patients
with emphasis on hypercoagulable conditions. Patients and Methods: Ischemic stroke pa-
tients with known malignant cancer activity, laboratory evidence of strong plasmatic hyper-
coagulation (D-dimer levels >3 pg/ml) and without competing stroke etiologies according to
the recently introduced ASCOD (A — atherosclerosis, S — small vessel disease, C — cardiac pa-
thology, O —other cause, and D —dissection) classification of evidence-rated etiology of stroke
subtypes were included in the analysis. Cerebral MRI on admission was reviewed with respect
to ischemic lesion patterns. Results: Thirty-two patients met the inclusion criteria. The mean
D-dimer levels were 15.39 ug/ml (£10.84). Acute infarction in >2 vascular territories was pres-
ent in 27/32 (84%) patients. (Micro-) embolic scattering of infarction was present in 25/32
(78%) patients. Evidence for previous, potentially oligosymptomatic infarction was found in
16 (50%) patients, demonstrated by the additional presence of subacute or chronic ischemic
lesions. Conclusion: When excluding competing embolic and nonembolic stroke etiologies,
the pattern of scattered DWI lesions in multiple vascular supply territories strongly dominates
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the phenotype of cancer-related stroke. Additionally, evidence of recurrent infarction is fre-
quent in this cohort of patients. This is not only important for the diagnosis of cancer-related
stroke itself but may prove helpful for the identification of cancer-related stroke patients with
unknown malignancy at the time of stroke manifestation and evaluation of strategies for sec-

ondary prevention. © 2015 The Author(s)
Published by S. Karger AG, Basel

Background

Ischemic stroke and cancer represent a frequent coincidence with large-scale signifi-
cance on stroke etiology, diagnostics and treatment options. Evidence from early autopsy and
recent clinical studies suggest a prevalence of ischemic stroke in cancer patients of approxi-
mately 3% [1, 2]. Considering the annual incidence of cancer in Germany published by the
Robert Koch Institute in 2012, this number would imply 15,000 affected stroke patients in
Germany each year [3]. In practice, however, these numbers are much smaller as the associ-
ation of stroke and cancer often remains unappreciated. This is due to the fact that cancer-
related stroke is underestimated and difficult to diagnose, in particular in patients without a
known cancer history or unrecognized stroke subtype patterns. Owing to the lack of specific
diagnostic markers, the diagnosis of cancer-related stroke strongly depends on its phenotype,
which is determined by the interrelation of cancer-related hypercoagulation and concom-
itant arterial embolism [4, 5].

DWI-MRI is exquisitely sensitive to detect areas of acute ischemic tissue change [6] and
has improved the understanding of distinct pathophysiological mechanisms leading to
ischemia in several subgroups of stroke with differences in patterns considering lesion size,
localization and distribution [7-9]. Specifying DWI lesions in cancer-related stroke may
therefore amplify our understanding of the pathophysiological mechanisms, which take effect
in patients with cancer-related stroke and, moreover, may be easily applied to help identi-
fying patients affected by cancer-related stroke mechanisms.

On the basis of the contemporary pathophysiological perception of cancer-related stroke,
we hypothesized that embolic stroke patterns would be dominant in this selected cohort of
stroke patients.

Patients and Methods

Patient Selection

Patients with acute ischemic stroke, the additional diagnosis of solid and active malig-
nancy, laboratory evidence of strong plasmatic hypercoagulation (D-dimer levels >3 pg/ml)
and without competing stroke etiologies according to the ASCOD (A - atherosclerosis, S - small
vessel disease, C - cardiac pathology, O - other cause, and D - dissection) classification of
evidence-rated etiology of stroke subtypes [10] were included in the analysis. Participants
were recruited from our comprehensive stroke center (Department of Neurology, University
Medical Centre Mannheim, Heidelberg University, Mannheim, Germany) and identified by our
prospectively collected stroke data bank for the years 2004-2014. Active cancer was defined
as confirmed malignancy treated or untreated in the last 6 months before stroke. Diagnosis of
cancer was confirmed by given medical records or, in case of newly diagnosed or recurrent
cancer, by histological evidence and oncologist expertise. Patients with hematologic malig-
nancies or primary brain tumor were not included in the study because these patients were
considered to represent a subgroup with different underlying stroke mechanisms.
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Fig. 1. Characterization of DWI lesion patterns according to number and localization. a Single acute lesion.
b Multiple acute lesions in one vascular territory with (micro-) embolic scattering of infarction. ¢ Multiple
acute lesions in >1 vascular territory (bihemispheric anterior circulation lesions) without (micro-) embolic
scattering of infarction. d Multiple acute lesions in >1 vascular territory (bihemispheric anterior circulation
lesions) with (micro-) embolic scattering of infarction. e Multiple acute lesions in >1 vascular territory (an-
terior and posterior circulation lesions) with (micro-) embolic scattering of infarction.

Clinical Management and Data Acquisition

Type of cancer, stroke etiology and D-dimer levels were identified consistently by
reviewing each patient. D-dimer levels were assessed at the time of hospitalization. Full
stroke workup included extra- and intracranial Doppler and duplex sonography of brain-
supplying arteries, electrocardiography on admission, 72 h of electrocardiographic and vital
sign monitoring, transthoracic or transesophageal echocardiography and laboratory tests
(routine hematology and biochemistry, including coagulation test) as standard procedures
according to stroke unit management recommendations (European Stroke Organization
Guidelines, 2008). Patients without sufficient MRI at the time of hospitalization were excluded
from the analysis.

MRI Assessment and Analysis

The MRI investigations were performed on 1.5-tesla and 3.0-tesla MRI scanners
(MAGNETOM Sonata, Trio or Skyra; Siemens, Erlangen, Germany). The scanning protocol
included transversal DWI, T2-weighted fluid-attenuated inversion recovery, T1l- and
T2-weighted images, obtained with a 5-mm slice thickness, and an MR angiography. The
acute lesion pattern on DWI was characterized according to number and localization with
regard to the affected vascular territory (fig. 1). The presence of (micro-) embolic lesions was
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documented, defined as >5 scattered small DWI lesions (fig. 1). In addition, subacute (DWI
hyper- and apparent diffusion coefficient iso- or hyperintense) and chronic ischemic lesions
were assessed. Images were reviewed independently by two stroke neurologists (C.J.S. and
K.S.).In cases of discrepancy, the final pattern classification was reached by mutual agreement
of the readers.

Stroke Etiology

Before inclusion, the patients were phenotypically characterized according to the ASCOD
classification [10]. The prior ASCO phenotypic classification of stroke has shown good concor-
dance with the most widely used Trial of Org 10172 in Acute Stroke Treatment classification
[11]. Additionally, the ASCOD classification reflects important supplementary information.
Patients with a competing stroke mechanism, defined by the presence of an ASCOD phenotype
A (for atherothrombosis), S (for small vessel disease), C (for cardiac pathology), O (for other
causes) or D (for dissection) graded 1 or 2 were excluded from the analysis. With respect to
the suspected cancer-related stroke mechanisms, exceptions were made for patients with ‘no
direct cardiac source identified, but multiple brain infarction, repeated either bilateral or in
two different arterial territories (e.g. both anterior and posterior circulation)’, classified C2
according to the ASCOD classification, and nonbacterial thrombotic ‘endocarditis’, classified
C1 according to the ASCOD classification.

Ethical Considerations

The study was approved by the local institutional ethics committee (Medizinische Ethik-
komission II der Medizinischen Fakultdit Mannheim der Ruprecht-Karls-Universitat
Heidelberg).

Results

Patient Characteristics and D-Dimer Assessment

Thirty-two patients (16 male, 16 female) met the inclusion criteria and were included in
the analysis. The mean age was 68.7 years. Lung carcinoma was most frequently observed
(n = 13, 40%), followed by colorectal carcinoma (n = 4, 12.5%), gastric carcinoma (n = 4,
12.5%) and cancer of an unknown primary (CUP; n = 4, 12.5%). Three patients (9%) suffered
from pancreatic carcinoma, 2 (6%) from prostate cancer and 1 patient each from renal (3%)
and ovarian (3%) carcinoma. None of the included patients or control subjects showed
imaging evidence or clinical syndrome suggestive of cerebral vein thrombosis or primary
intracerebral hemorrhage as these patients were not considered in the study per se. Meta-
static disease, earlier considered as an additional stroke risk factor [4], was present in 29/32
(90%) patients.

The mean D-dimer levels were assessed with a routine coagulation test and were 15.39
pg/ml (£10.84) after a lower cutoff value of 3 pg/ml had been defined for patient inclusion.
The time between admittance to hospital and D-dimer assessment was 2.1 days (£2.2) on
average.

MRI Categorization

MRI demonstrated acute ischemic lesions in >2 vascular territories in 27/32 (84%)
patients. Additionally, (micro-) embolic scattering of infarction, as visualized in figure 1, was
present in 25/32 (78%) patients. Examples of DWI lesion patterns, characterized according
to number and localization, are given in figure 1. The results of acute ischemic lesion patterns
are summarized in detail in table 1.
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Fig. 2. Distribution of ischemic lesion patterns. Categorized into ‘Single infarction’, ‘Multiple lesions in one
vascular territory’ and ‘Multiple lesions in >1 vascular territory’. The frequency of lesions on ‘bilateral ante-
rior circulation’ and ‘anterior and posterior circulation’ is additionally visualized as well as the frequency of
‘additional subacute lesions’ and ‘chronic lesions’.

Table 1. MRI categorization

Single Multiple acute Multiple acute Total,

infarction, lesionsin 1 lesions in >1 n

n territory, vascular territory,

n n

Total 2 3 27 32
Lesions in anterior and posterior circulation 0 0 25 25
Lesions in bilateral anterior circulation 0 0 25 25
Additional subacute lesions in the same territory 0 0 12 12
Additional subacute lesions in an additional territory 1 0 3 4
Additional chronic lesions in the same territory 0 0 11 11
Additional chronic lesions in an additional territory 0 2 3 5
Cerebral metastasis 0 0 3 3
Additional (micro-) embolic scattering 0 2 23 25

As an indication of recurrent strokes, 16/32 (46%) patients presented with additional
subacute infarction. The same number of patients (16/32, 46%) also showed evidence of
chronic infarction. The distribution of lesion patterns is additionally visualized in figure 2.

Three patients (8.5%) showed additional evidence of cerebral metastasis. In all of these
cases, ischemic lesions could be easily distinguished from cerebral metastasis. One patient
showed extensive cerebral metastasis and was therefore excluded from the analysis.
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Discussion

As the diagnosis of cancer-related stroke is strongly dependent on its phenotype, its spec-
ification is of highest importance. Especially the lack of recognition of a possibly cancer-
related ischemic stroke pattern may prevent the identification of the present cancer-related
stroke mechanismsand may be areason for the undervaluation of this important phenomenon
in cancer patients with stroke. Currently, evidence of hypercoagulation and the presence of
active malignancy in the absence of conventional stroke mechanisms such as atrial fibrillation
or large vessel disease dominate the diagnostic criteria of cancer-related ischemic stroke
[10]. Looking at these diagnostic criteria, DWI lesion patterns have received little attention,
even though distinct DWI lesion patterns with involvement of multiple vascular territories
have been reported repeatedly in cancer-related stroke [4, 12, 13]. This may be due to the fact
that these lesion patterns have never been addressed in detail in a selected cohort of cancer
patients with evidence of hypercoagulation before. Our data shows that after the exclusion of
competing embolic and nonembolic stroke etiologies, DWIlesions in multiple vascular supply
territories strongly dominate the phenotype of cancer-related stroke, being observed in 84%
of all patients included in this analysis. Additionally, (micro-) embolic scattering is a frequent
feature of ischemic infarction in this special cohort of patients (being observed in 78% of all
patients included in this analysis). This is well in line with previous results showing an
elevated prevalence of embolic signal detected by transcranial Doppler monitoring in cancer
patients in up to 58% and associated with increased D-dimer levels [14]. Our results also
confirm the common pathophysiological perception of recurrent cerebral (micro-) emboli-
zation due to cancer-related hypercoagulation as leading cause of cancer-related ischemic
stroke.

Furthermore, our data shows that signs of recurrent embolization on MRI by the detection
ofinfarction at variable stages (acute, subacute or chronic) are also common in cancer patients
with evidence of hypercoagulation and without competing stroke etiologies. This is consistent
with other data, reporting an increased risk of new DWI lesions in patients with multiple
territory lesions at initial presentation [15]. As multiple DWI lesions have been shown to be
associated with an increased risk of recurrent stroke [16], this finding may emphasize the
urgency of validated strategies for secondary prevention of ischemic stroke in these patients.
This conclusion supports preliminary findings concerning the elevated risk of recurrent
stroke in cancer patients [17, 18]. However, these strategies still need to be established by
prospective, randomized and controlled data. In the meantime, in selected individuals, the
strategy for secondary prevention may be deduced from data concerning secondary
prevention of venous thromboembolism in cancer patients [19, 20]. With respect to this data,
treatment with low-molecular-weight heparin is currently recommended as first-line therapy
by the engaged medical societies [21].

In conclusion, (micro-) embolic scattering of DWI lesions in multiple vascular supply
territories and in variable stages appear to be an important aspect of the phenotype of cancer-
related stroke and are worth being considered in the diagnostic criteria. These results are not
only important for the diagnosis of cancer-related stroke itself but potentially also for identi-
fying cancer-related stroke patients with unknown malignancy at the time of stroke manifes-
tation, which, however, remains to be addressed by a separate prospective approach.
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