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in Cancer-Associated Hypercoagulation Stroke
(Trousseau Syndrome)

P.F. Finelliand ““A. Nouh

ABSTRACT

BACKGROUND AND PURPOSE: DW! infarcts involving the bilateral anterior and posterior circulation suggest an embolic etiology. In the
absence of an identifiable embolic source, we analyzed DWI lesions involving these 3 cerebral territories to determine the diagnostic value
for ischemic infarction caused by cancer-associated hypercoagulation.

MATERIALS AND METHODS: A retrospective analysis of all brain MR imaging studies at our institution from July 2014 to June 2015 was

» o

conducted, yielding 4075 studies. Of those, 7% (n = 709) contained the terms “restricted-diffusion” plus either “numerous,” “innumera-
ble,” “multiple,” or “bilateral.” Of these 709 reports, 6% (n = 41) of DWI lesions involving 3 or more vascular territories of the bilateral

anterior and posterior circulation were analyzed.

RESULTS: Of the 41 patients, 19 separate etiologies were identified, the most frequent being malignancy-related infarctions (22% [n = 9])
and hypoxic-ischemic injury (12% [n = 5]). Only 2 patients had an indeterminate etiology. The most frequent etiology of infarctions not
suspected clinically or radiographically was malignancy (P < .001). Infarctions of malignancy had a characteristic appearance, being
nonenhancing, nonring-appearing clusters or single areas of restricted diffusion of 0.5-2 cm with a peripheral location or larger vascular
territories, uncommonly in a watershed distribution, and with absence of diffuse cortical ribbon or deep gray nuclei involvement.

CONCLUSIONS: Approximately 1in 5 ischemic infarcts in patients with DWI lesions involving 3 vessel territories are malignancy related.
In the absence of an identifiable embolic source, ischemic infarction with cancer-associated hypercoagulation accounts for 75% of cases.

Cancer-associated hypercoagulation infarction should be considered, particularly when no other cause is apparent.

ABBREVIATION: TS = Trousseau syndrome

p to 15% of patients with malignancy may experience a
U thromboembolic cerebrovascular event during their clinical
course.' In addition, malignancy is frequently overlooked as a
cause of stroke and is commonly undiagnosed until a second
event occurs.” Though the paraneoplastic hypercoagulable state is
complex and not fully understood, it is an established mechanism
of thrombosis in malignancy. The importance of diagnosing can-
cer-associated hypercoagulation is appreciated because it may be
the heralding manifestation of occult malignancy. Treatment
with heparin has been demonstrated effective in preventing
thrombotic events, including stroke.>*

Trousseau syndrome (TS) is a hypercoagulable state, associ-
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ated with cancer, that includes various disorders probably involv-
ing multiple overlapping mechanisms. It has been suggested the
term “Trousseau syndrome” be restricted to unexplained throm-
botic events that either precede the diagnosis of an occult visceral
malignancy or appear concomitantly with the tumor.” Cerebral
infarction, mostly caused by in situ thrombosis in medium and
small vessels, is thought to be related to the prothrombic state of
TS. Verrucous endocarditises associated with cerebral emboli, in-
fection, or therapy-related strokes are alternative causes of isch-
emic infarction.”® Given the familiar usage of TS by some authors
to refer to cancer-associated hypercoagulation,” we use TS in that
context in this discussion.

DWI primarily defines ischemic infarcts in malignancy as
small and involving multiple vessel territories,®” with the number
of territories involved correlating with the likelihood of this syn-
drome.*'%"'* However, studies specifically evaluating MR imag-
ing in cerebral infarction with TS and its diagnostic value in es-
tablishing causality are lacking. Distinct from prior reports where
patient selection was based on the presence of stroke with malig-
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Etiologies of 3 territory diffusion-weighted lesions

uated for radiographic appearance of

No. Clinical/MR Imaging, DWI, Enhancement Features

DWI lesions. Lesions with MR charac-

Suspected etiology (n = 29)

Trauma 1 History of trauma, imaging-associated sequelae of trauma,
subarachnoid hemorrhage, shear pattern

Demyelinating 1 Age, history of multiple sclerosis, periventricular/corpus
callosum predilection

Hypoxic-ischemic 5 Hypotension, deep nuclei and cortical ribbon involvement

Metastasis 3 History of malignancy and/or ring or enhancing lesion

Seizure 1 Seizures, deep nuclei and/or cortical ribbon enhancement

HIV-related (n = 2)

Toxoplasmosis 1 HIV, periventricular, ring, enhancing, target sign, rarely

shows restricted diffusion

—_

Fungal abscess
Cerebral emboli (n = 10)

HIV, ring, enhancing, numerous restricted-diffusion lesions

teristics of ischemic infarction (hyperin-
tense on DWI and restricting on ADC)
were deemed as infarction. The underly-
ing etiology was determined from a
chart review process. Lesion etiology
was dichotomized into a “suspected” co-
hort (clinically suspected and docu-
mented or suggested by MR imaging
report) and a “not suspected” cohort
(clinically not suspected or documented
and/or not suggested by radiology re-

Endocarditis 4 Fever, leukocytosis, murmur, ring, enhancing port) during hospitalization. The “not
Air 1 Followed esophagogastroduodenoscopy suspected” cohort represents the pa-
s 1 Followed long bone fracture tients in whom etiology was not sus-
Atrial fibrillation 2 No source other than atrial fibrillation found . o
Aortic atheroma 1 Significant arch atheroma noted pected by the treating physician or sug-
Aortic dissection 1 Patient had concomitant aortic dissection gested by the radiologist because of the
Postoperative (n = 6) clinical history given and reported radi-
Aneurysm coiling 1 Symptoms developed postoperatively ology reading.
Cardiac surgery 4 Symptoms developed postoperatively
Aortic aneurysm repair 1 Symptoms developed postoperatively RESULTS
Not suspected (n = 10 . . .
Maligzancy—rfelated : 9 Lung (n = 4), colon (n = 2), renal (n = 1), pancreas (n = 1), Of41 patients reviewed, a suspected eti-

bladder (n = 1)
Proven by brain biopsy

—_

Intravascular lymphoma
Indeterminate (n = 2)

Incomplete history

Multiple etiologies

Lost to follow-up

R

Possible fat emboli vs Trousseau syndrome

ology for 3-territory DWI lesions was
identified in approximately 71% (n =
29), not suspected in approximately
24% (n = 10), and indeterminate in ap-

nancy or vice versa, our patient selection was based on the pres-
ence of numerous, innumerable, multiple, or bilateral lesions on
MR imaging. At our institution, we have experienced many cases
of 3—cerebral territory infarctions associated with malignancy.
However, the association of 3-territory DWTI infarcts and malig-
nancy has not been studied.

We speculate that selecting patients by using MR criteria al-
lows for a more accurate assessment of diagnosing TS-related in-
farction compared with selection criteria using history of stroke
and cancer because the potential for error exists when cancer his-
tory is overlooked or undiagnosed. In this study, we assessed the
etiology of DWI-defined 3-territory infarcts, with attention to
their diagnostic value in TS-related stroke.

MATERIALS AND METHODS

We sought to analyze the MR imaging characteristics of patients
with DWI lesions involving 3 vascular territories (namely, the
bilateral anterior and the posterior circulation) and correlate
them with individual etiologies. A retrospective chart review at
our institution was conducted after approval from the institu-
tional review board for conducting research. All data on brain MR
imaging conducted from July 1, 2014 to June 30, 2015 were in-
cluded, encompassing 4075 studies with radiology reports. A
search tool for the terms “restricted-diffusion” plus either “nu-
merous,” “innumerable,” “multiple,” or “bilateral” yielded 709
studies. Of these studies, only reports with multiple DWI lesions
that involved 3 vascular territories that included bilateral anterior
and posterior circulation were analyzed. After exclusion, only 41
studies met criteria for analysis. Studies were reviewed and eval-
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proximately 5% (n = 2). A total of 19
separate etiologies were identified, in-
cluding only 2 patients with indeterminate etiology. An embolic
source, namely cardiac or large vessel, was the most common
etiology in the “suspected” cohort. Of these 16 patients, only 1 had
concomitant systemic malignancy. In the “not suspected” cohort
of 10 patients, 9 had a concomitant systemic malignancy and 1
had intravascular lymphoma. In the absence of an identifiable
embolic source, the presence of concomitant systemic malig-
nancy was significantly associated with 3-territory DWT infarc-
tions (P < .001). The Table lists etiologies of all patients with
3-territory DWI lesions with supporting clinical and radiographic
features.

Moreover, patients with underlying malignancy represented
approximately 29% (n = 12) of all patients. In 9 patients, malig-
nancy as cause of stroke etiology was diagnosed in a retrospec-
tive fashion after excluding all other potential causes and the
concomitant presence of active malignancy. The mean age was
61 = 27 years and 66% were men. The malignancies in our
cohortincluded lung cancer (n = 4), colon cancer (n = 2), and
1 case each for renal, bladder, and pancreatic cancer. In only 2
patients, cause was indeterminate because of incomplete his-
tory or multiple possible etiologies. Although 1 patient with
3-territory infarctions during hospitalization was diagnosed
with biopsy-proved intravascular lymphoma, it was not sus-
pected by the treating physician or suggested by radiology re-
port as the etiology.

In the “suspected” cohort, 3 patients had known metastatic
cancer with 3-territory DWT involvement. However, lesions were
ring-enhancing and suggestive of metastatic tumor spread to



FIGURE. DW! infarcts involving bilateral anterior and posterior circulation (3 territory) with TS in

9 study group patients.

the brain. Other causes of 3-territory DWI lesions not defined
as ischemic infarctions included infection, demyelination, sei-
zure, and trauma. In the suspected cohort, an established em-
bolic source was found in 10 patients and occurred postoper-
atively in 6 patients. Though the 3-territory pattern is the most
compelling MR imaging feature of malignancy-related isch-
emic infarctions, characteristic radiographic DWI findings for
malignancy-related infarction are often noted. These include
nonenhancing, nonring clusters or single areas of restricted
diffusion of 0.5-2 cm with a peripheral preference or large
vascular territories, uncommonly in a watershed distribution,
with absence of diffuse cortical ribbon or deep gray involve-
ment (Figure).

DISCUSSION
DWTI infarction in multiple territories
has been reported,”'®'* including

3-territory lesions,* '’

yet a clear expres-
sion of the diagnostic significance of this
MR imaging pattern with TS-related in-
farction has not been articulated. In our
study, among the 12 patients without a
suspected etiology, malignancy-related
ischemic events were the source in 9
(75%). Though not unique, the diffu-
sion-weighted MR imaging features in
our patients with malignancy-related in-
farction were highly suggestive.

In a prospective study evaluating
embolic signals detected by transcranial
Doppler in 74 patients with malignancy-
related infarction, embolic signals were
more commonly seen in patients lacking
conventional stroke risk factors (P =
.034) and were correlated strongly with
D-dimer levels and the number of em-
bolic signals detected (P = < .001)."
The excess of embolic signal in patients
with malignancy may explain the 3-ter-
ritory DWI pattern observed or support
this hypothesis, though this cannot ex-
clude the possibility of intrinsic medi-
um- and small-vessel thrombosis.

DWTI lesions in our patient cohort
also manifested diffuse changes that in-
volve deep gray nuclei and/or cortical
ribbon as seen with hypoxia-ischemia
and seizure, whereas ring lesions, with
or without enhancement, were associ-
ated with infection, metastasis, and en-
docarditis. Only endocarditis was asso-
ciated with a peripheral predilection.
TS-related infarction in the context of
3-territory DWI infarcts without an
identifiable cause was not considered by
the clinician or radiologist in our pa-
tients. Furthermore, in the presence of
both malignancy and atrial fibrillation,
if echocardiogram shows no valvular pathology or intracardiac
clot, TS should be a leading consideration. A tranesophageal
echocardiogram is necessary to exclude a cardioembolic source.

In our study, we sought to evaluate the role of MR imaging in
aiding with the diagnostic approach to multiple territory infarc-
tions. Therefore, our approach was notably based on MR imaging
as the identifying feature. We acknowledge that because of the
retrospective nature of the study, linking the etiology of the 3-ter-
ritory infarctions to malignancy is speculative based on excluding
other causes as documented by the work-up completed by the
treating physician. Moreover, it is possible that patients with true
malignancy-related infarctions or TS involving only 1 or 2 terri-
tories were not accounted for in this study. Longitudinal data,
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such as prolonged cardiac monitoring to evaluate the possibility
of atrial fibrillation in patients where etiology was not diagnosed
during hospitalization, were not available. However, a substantial
work-up was completed during hospitalization as 19 separate eti-
ologies were identified.

Elevated D-dimer level, a direct measure of activated coagula-
tion, is associated with malignancy and has been used as a measure
of hypercoagulability in studies investigating stroke and malig-
nancy.®” However, this biomarker is not specific to the hyperco-
agulable status of malignancy and can be elevated in several other
conditions, such as infection, venous thromboembolism, and
stroke.'* D-dimer levels were not reported in our study because of
the few patients who had these levels tested during hospitaliza-
tion. However, the aim of this study was to highlight the diagnos-
tic value of the 3-territory DWI pattern as an additional diagnostic
tool in the stroke work-up. In addition, because of the few patients
in this study and the lack of patients with active malignancy and
stroke of undetermined etiology involving 1 or 2 territories, the
positive or negative predictive value of 3-territory DWI infarcts
could not be calculated.

CONCLUSIONS

DWI infarcts involving 3 specific vascular territories, in the ab-
sence of an identifiable embolic source or other disease associated
with such lesions, are highly suggestive of cancer-associated hy-
percoagulation stroke. Because TS-related stroke may be the her-
alding manifestation of an occult malignancy, work-up should
include D-dimer and fibrinogen levels; tumor biomarkers;
screening for deep vein thrombosis; CT of chest, abdomen, and
pelvis; and PET scan when other tests are negative. Given the
efficacy of heparin in preventing thrombotic events in cancer-
associated hypercoagulation, timely diagnosis is paramount. As
described here, the 3-territory DWI infarct pattern can provide an
important diagnostic clue to an otherwise underrecognized cause
of stroke. Future prospective studies evaluating patients with ma-
lignancy-related infarction with TS are needed to quantify the
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proportion of patients with 3-territory infarctions versus other
MR patterns.
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