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Abstract

Background—The yield of echocardiography in cancer patients with acute ischemic stroke is
unknown.

Methods—We identified adult patients with active systemic cancer diagnosed with acute
ischemic stroke at a tertiary-care cancer center from 2005 through 2009 who underwent
transthoracic (TTE) or transesophageal echocardiography (TEE). Two neurologists independently
reviewed all clinical data, including TTE and TEE reports, and adjudicated whether
echocardiographic studies revealed a definite or possible source of stroke according to pre-defined
criteria. Patients were classified as having suspected cardioembolic strokes if imaging showed
embolic-appearing infarcts in more than one vascular territory.

Results—Among 220 patients with cancer and ischemic stroke who underwent
echocardiography, 216 (98%) had TTE and 37 (17%) had TEE. TTE revealed a definite source in
15 (7%, 95% CI 4-10%) patients and a possible source in 42 (19%, 95% CI 14-25%), while TEE
revealed a definite source in 10 (27%, 95% CI 12-42%) patients and a possible source in 14 (38%,
95% ClI 21-54%). In 92 patients with suspected cardioembolic strokes who underwent TTE, 6
(7%, 95% CI 1-12%) had a definite source, including 4 with marantic endocarditis, and 20 (22%,
95% ClI 13-30%) had a possible source. Twenty-one of these patients also underwent TEE, which
demonstrated a definite or possible source in 16 (76%, 95% CI 56-96%) patients, including
marantic endocarditis in 4 (19%).

Conclusions—The yield of TTE for detecting marantic endocarditis and other cardiac sources
of stroke in cancer patients is low, but TEE may provide a higher yield in targeted patients.
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Introduction

Methods

Cancer and stroke are the second and fourth leading causes of death in the United States and
independently account for a large burden of morbidity and mortality [1]. Stroke occurs in up
to 15% of patients with cancer and is caused by both traditional risk factors and cancer-
specific mechanisms often related to acquired hypercoagulability [2—4]. Stroke in patients
with cancer may disrupt cancer therapy and is typically associated with short life expectancy
[5, 6].

The cause of stroke in cancer patients often differs from the general population [2—4].
Cardiac sources of embolism account for 15 to 30% of ischemic strokes in the general stroke
population [7, 8]. Conversely, in cancer patients, the occurrence of cardioembolic strokes is
thought to be higher, with about 40% exhibiting a cardioembolic pattern of stroke on
neuroimaging [4, 9]. In addition, 46% of cancer patients with acute ischemic stroke have
evidence of microemboli—a surrogate of cardiac embolism—on transcranial Doppler
studies [10]. Furthermore, a large autopsy study demonstrated that marantic endocarditis,
which consists of sterile platelet-fibrin vegetations on cardiac valves, is the most common
cause of symptomatic ischemic stroke in cancer patients.2 However, the vegetations in
marantic endocarditis are generally small and friable and thus may be difficult to detect on
clinical imaging [2, 11, 12].

Transthoracic echocardiography (TTE) is frequently used to evaluate stroke patients for
potential cardiac sources of emboli. In the general stroke population, depending on patients’
age and risk factors, the yield of TTE ranges from 5 to 19% and the yield of transesophageal
echocardiography (TEE) ranges from 41 to 60% [13-17]. In cancer patients with stroke,
echocardiography is often used to evaluate for marantic endocarditis and other
cardioembolic sources, but its yield is uncertain. One study reported that TEE identified a
definite cardiac source of embolism in 47% of cancer patients with stroke, including
marantic endocarditis in 18%; however, this study included only 51 patients and did not
evaluate TTE, which is more commonly performed [11]. Therefore, we performed a large
retrospective study to better evaluate the yield of TTE and TEE in patients with systemic
cancer and ischemic stroke. Our hypothesis was that TEE would be superior to TTE in
detecting potential sources of cardioembolism.

Study Design

We identified all adult patients (age =18 years) with active systemic cancer diagnosed with
an acute ischemic stroke at Memorial Sloan Kettering Cancer Center (MSKCC) from

January 1, 2005 to December 31, 2009. Active systemic cancer was defined as in previous
studies as the diagnosis of, or treatment for, any systemic cancer besides local basal cell or
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squamous cell carcinoma of the skin within the prior 6 months, or known recurrent or
metastatic disease [4, 10, 18]. Acute ischemic stroke was defined as a new neurological
deficit with corresponding evidence of acute ischemia on brain MRI without any clinical or
radiographic evidence of a non-cerebrovascular etiology.

Study Subjects

As previously described [5], patients were identified using an administrative database search
for International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes for ischemic stroke (codes 433.01, 433.11, 433.21, 433.31, 433.81, 433.91,
434.01, 434.11, 434.91), and by reviewing the MSKCC Department of Neurology’s
prospective clinical database for diagnoses of “ischemic stroke”, “stroke”, or “transient
ischemic attack”. We excluded patients whose stroke was based solely on CT imaging as
cerebral metastases can mimic stroke and differentiating the two can be difficult. In addition,
patients were excluded if their stroke was diagnosed as an outpatient, as these patients were
less likely to have complete diagnostic evaluations. After these initial screens, all charts
were reviewed by a board-certified neurologist to determine final eligibility. Our
institutional review board approved this study and the requirement of informed consent was
waived due to minimal risk to patients.

Measurements

In accordance with the recommended guidelines for cohort studies, data were collected
using a standardized abstraction form that had undergone several revisions prior to official
use based on pilot abstractions and investigator meetings [19, 20]. This data abstraction form
and a data dictionary containing a list of all predefined variables were used by a reviewing
neurologist to collect data about patients’ demographics, comorbidities, type and extent of
cancer, brain and vascular imaging, echocardiographic studies, and clinical outcomes [21].
Only echocardiography studies performed at the time of ischemic stroke were abstracted.
Medical records were reviewed for clinical outcomes from the time of the index stroke until
death or July 31, 2012.

After reviewing all clinical, laboratory, radiological, and pathological data, two board-
certified neurologists determined by consensus each patient’s specific stroke mechanism (if
known) and stroke subtype according to the modified TOAST (Trial of ORG 10172 in
Acute Stroke Treatment Study) criteria [22]. Marantic endocarditis was diagnosed only if
there was echocardiographic or pathologic evidence of cardiac valve vegetation(s) without
positive blood cultures or other signs of infection. Reviewing neurologists also classified
patients by their radiographic infarction pattern; patients whose brain MRI demonstrated
wedge-shaped or cortical infarctions in multiple vascular territories were suspected to have
cardioembolic stroke [23].

All TTEs and TEEs performed to evaluate patients’ strokes were reviewed. Relevant
findings were classified as definite or possible cardiac sources of stroke based on a modified
version of previously established criteria by Dutta et al [11]. Our study used a more
inclusive approach than that used by Dutta et al in that left ventricular thrombus, severe
cardiomyopathy, cardiac tumor, dyskinetic left ventricular segment, spontaneous
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echocardiography contrast, and simple aortic arch atheroma were also considered relevant
findings [11]. Definite cardiac sources included complex aortic arch atheroma (proximally
located atheroma >0.4 cm or with ulceration or thrombus), valve vegetation, left atrial or
ventricular thrombus, patent foramen ovale (PFO) with documented venous
thromboembolism (evidence of right-to-left shunt with concomitant deep vein thrombaosis or
pulmonary embolism), severe cardiomyopathy (ejection fraction less than 30%), or cardiac
tumor. Possible cardiac sources consisted of PFO without venous thromboembolism, atrial
septal aneurysm, dyskinetic left ventricular segment (echocardiographic evidence of focal
segmental wall motional abnormality), spontaneous echocardiography contrast (suggesting
clot-in-formation), and simple aortic arch atheroma (proximally located atheroma <0.4 cm
and without ulceration or thrombus).

Statistical Analysis

Results

Descriptive statistics were used to characterize patients’ baseline characteristics and
outcome rates. Fisher’s exact test or the Chi-squared test was used to compare dichotomous
baseline characteristics in patients who had TTE as compared to those who had TEE; while
the Student’s t-test or Wilcoxon rank-sum test was used for continuous variables. Our
primary outcome was a definite or possible cardiac source of stroke discovered by
echocardiography. TTE and TEE were evaluated both individually and together, and
separate analyses were performed for the entire cohort and for patients with suspected
cardioembolic stroke based on their radiographic infarction pattern. Significance was
defined as a p-value of <0.05.

Description of the cohort

Among 263 patients with active cancer and acute ischemic stroke, 220 (84%) had
echocardiography and were included in our final analysis. Of these 220 patients, 216 (98%)
had a TTE and 37 (17%) had a TEE; both studies were performed in 33 (15%) patients.
Patients who did not have echocardiography generally had terminal cancer, and had fewer
diagnostic stroke evaluations (i.e., vessel imaging), worse functional status at hospital
discharge, and worse overall survival (median 25 days versus 109 days, p<0.01) than
patients who had echocardiography. Among patients who lived beyond 30 days, 90% had
echocardiography. In addition, patients who had TEE more often had vessel imaging (95%
vs. 81%, p=0.05), good functional outcomes at discharge (57% vs. 39%, p=0.05), and
disposition to home (70% vs. 55%, p=0.08) than patients who only had TTE.

Mean patient age was 66 years (SD 13), 51% were women, and most patients were white
(80%); there were no significant demographic differences between patients who had TTE
versus those who had TEE. Most underlying cancers were solid tumors of adenocarcinoma
histology, particularly of the lung, gastrointestinal tract, or genitourinary system (Table 1).
Other solid tumors, including breast and gynecological malignancies, were less common,
while liquid tumors only accounted for 10% of cases. Median time from cancer diagnosis to
stroke was 10 months (interquartile range 2—34). Disseminated cancer was common at the
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time of stroke with most patients having known metastases to other organs and more than
half having received cancer treatment within 30 days.

Stroke classification

Based on TOAST criteria, stroke subtypes for patients who had echocardiography were 24%
cardioembolism, 15% large artery atherosclerosis, 7% small vessel occlusion, 4% other
determined causes, and 50% undetermined. Marantic endocarditis was diagnosed in only 5%
(n=10). Among the entire cohort, 93 patients (42%) were suspected to have a cardioembolic
stroke based on their radiographic infarction pattern; among those with an undetermined
stroke mechanism, 63 (57%) were suspected to have a cardioembolic stroke.

Yield of echocardiography

TTE revealed a definite cardiac source of stroke in 15 (7%, 95% CI 4-10%) patients, a
possible source in 42 (19%, 95% CI 14-25%), and a definite or possible source in 48 (22%,
95% CI 17-28%; some studies revealed both a definite and possible source thus individual
percentages do not add up equally). TEE revealed a definite source in 10 (27%, 95% CI 12—
42%) patients, a possible source in 14 (38%, 95% CI 21-54%), and a definite or possible
source in 23 (62%, 95% CI 46-79%) (Figure 1). Among 168 patients with an unremarkable
TTE, 27 also had TEE, of which 14 (52%, 95% CI 32-72%) revealed a definite or possible
source of stroke.

In the subgroup of patients with suspected cardioembolic stroke based on their radiographic
infarction pattern (n=93), 72 had TTE alone, 20 had both TTE and TEE, and 1 had TEE
alone. Among this group, TTE revealed a definite cardiac source in 6 (7%, 95% CI 1-12%)
patients, a possible source in 20 (22%, 95% CI 13-30%), and a definite or possible source in
22 (24%, 95% CI 15-33%). In contrast, TEE revealed a definite cardiac source in 7 patients
(33%, 95% CI 11-55%), a possible source in 10 (48%, 95% CI 24-71%), and a definite or
possible source in 16 (76%, 95% CI 56-96%) (Figure 2).

Relevant echocardiographic findings varied and included typical stroke mechanisms such as
PFO, as well as atypical mechanisms unique to the cancer population such as cardiac tumor
(Table 2). Four vegetations were seen on TTE, all from marantic endocarditis, while 6
vegetations were seen on TEE, 4 from marantic endocarditis and 2 from infective
endocarditis. Of the 6 vegetations diagnosed by TEE, none were seen on TTE. Among
patients with suspected cardioembolic stroke, marantic endocarditis was detected in 19%
with TEE and 4% with TTE.

Discussion

In this large cohort of cancer patients with stroke, the yield of TTE for the detection of
cardiac sources of emboli was low, even when a cardioembolic source was suspected.
However, the yield of TEE in cancer patients with stroke was considerably higher and may
be particularly helpful in targeted patients. For example, in patients with suspected
cardioembolic stroke based on infarction pattern, TEE identified a potential cardiac source
of stroke in 76%.
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To our knowledge, only one prior study has examined the yield of echocardiography in
cancer patients with stroke [11]. This study evaluated the diagnostic yield of TEE in 51
patients, and reported that 47% had a definite cardiac source of stroke and 55% had a
definite or possible (termed probable by authors) cardiac source [11]. Our study evaluated
the yield of both TTE and TEE, and TEE identified a definite cardiac source in 27% and a
definite or possible source in 62%. Therefore, our study identified fewer definite cardiac
sources of stroke but more possible sources. A potential reason for this discrepancy is that
our study used a slightly different set of definitions for cardiac sources of stroke. For
example, we included left ventricular thrombus, severe cardiomyopathy, and cardiac tumor
as definite cardiac sources, and dyskinetic left ventricular segment, spontaneous
echocardiography contrast, and simple aortic arch atheroma as possible sources, while Dutta
et al excluded these potential stroke mechanisms [11]. Differences in patient characteristics
between the two studies could also have affected TEE findings. Our patients had more
advanced cancer (68% with systemic metastases vs. 21%), which could have resulted in an
enriched group of patients with cancer-specific stroke mechanisms, as cancer stage is
associated with marantic endocarditis and other unconventional stroke mechanisms [2, 4, 10,
11].

The yield of TTE and TEE in the general stroke population is variable, ranging from 5 to
19% for TTE and 41 to 60% for TEE [13-17]. In our cohort of patients with stroke and
cancer, the yield of both TTE and TEE was similar to the general stroke population—22%
for TTE and 62% for TEE—despite the higher incidence of cardioembolic strokes in the
cancer population. This conceptual discrepancy may be explained by the fact that marantic
endocarditis is a frequent cause of cardioembolic stroke in patients with cancer; however,
the vegetations from marantic endocarditis are typically small and friable and therefore may
be frequently missed on echocardiography [2, 11, 12].

In our cohort, TEE outperformed TTE in the detection of marantic endocarditis (11% vs.
2%). Based on an autopsy study of 500 cancer patients with cerebrovascular disease,
marantic endocarditis was the most common cause of symptomatic ischemic stroke,
accounting for 32% of cases [2]. However, marantic endocarditis is notoriously difficult to
visualize, even with TEE [11, 12]. In our study, only 10 of 220 patients were definitively
diagnosed with marantic endocarditis, although the yield was higher with TEE (19%) when
performed in patients suspected to have cardioembolic strokes. In addition, TEE detected
vegetations in six patients that were missed on TTE, suggesting that TEE is superior to TTE
for the evaluation of marantic endocarditis. Diagnosing marantic endocarditis may be
clinically meaningful because recent data suggest that these cancer patients have shorter
survival and higher rates of recurrent thromboembolism than cancer patients with stroke
from other mechanisms [5, 24]. However, TEE is more invasive than TTE and its use is
cancer patients can be limited by several clinical factors, including poor clinical status,
encephalopathy, and severe coagulopathy. Therefore, physicians will need to decide on a
case-by-case basis whether the incremental diagnostic yield of TEE justifies its increased
procedural risk and invasiveness.

Our study has several limitations. First, this was a retrospective single-center study
performed at an urban, tertiary-care cancer hospital and thus our results may not generalize
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to other settings. Second, echocardiographic evaluations were not standardized or complete
and only 17% of patients had TEE. This may have introduced a selection bias resulting in
inflated diagnostic yields, particularly for TEE. In addition, the low absolute numbers for
TEE resulted in diagnostic yield estimates that were imprecise as evident by the wide
confidence intervals. Third, our interpretation of echocardiographic findings was based on
clinical reports and not actual image review and thus some findings may have been missed
or incorrect. Finally, our study was underpowered to evaluate the association between
specific chemotherapy agents and echocardiography findings; future studies should be
performed to evaluate this potential relationship.

In summary, the yield of TTE in cancer patients with acute ischemic stroke is low, even if a
cardiac source of stroke is suspected. However, TEE may have a higher yield for detecting
cardiac sources of stroke, particularly when cardioembolism is suspected based on the
radiographic infarction pattern. Furthermore, TEE appears superior to TTE in the detection
of marantic endocarditis. Our results should be validated in a prospective community-based
cohort with standardized evaluations. If confirmed, these observations may be helpful in
determining the optimal diagnostic evaluation strategy for ischemic stroke in cancer
patients.
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Figure 1. Diagnostic Yield of Echocardiography in Cancer Patients with | schemic Stroke
Bar graph showing frequency and associated 95% confidence interval of definite and
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Table 1
Baseline Characteristics of Cohort, Stratified by Type of Echocardiography

TTE(N=216) | TEE(N=37) | P-value?

Cancer type, n (%)b

Lung 64 (30) 7(19) 0.14
Gastrointestinal 55 (25) 13 (35) 0.14
Genitourinary 25(12) 5(14) 0.73
Other solid 18 (8) 2(5) 0.50
Breast 15 (7) 6 (16) 0.03
Gynecological 15 (7) 4(11) 0.29
Lymphoma 11 (5) 0 (0) 0.13
Leukemia 7(3) 0 (0) 0.23
Other hematological 5(2) 0(0) 0.31
Melanoma 1(0) 0(0) 0.65

Cancer status, n (%)

Metastases to other organs 148 (69) 23(62) 0.43
Recent treatment® 120 (56) 19(51) 0.54
Chemotherapy 93 (43) 15 (41) 0.68
Biological 15 (7) 4(11) 0.36
Anti-angiogenesis 12 (6) 2 (5) 0.99
Radiotherapy 10 (5) 4 (11) 0.05

Vascular risk factors, n (%)

Hypertension 127 (59) 18 (49) 0.18
Hyperlipidemia 83(38) 13 (35) 0.68
Diabetes mellitus 45 (21) 8(22) 0.91
Coronary artery disease 34 (16) 4(11) 0.39
Atrial fibrillation 19 (9) 3(8) 0.82
Prior stroke 16 (7) 4(11) 0.36
Current smoking 9(4) 3(8) 0.18

a - . . .
For statistical comparisons between groups, patients who had both TTE and TEE were assigned to the TEE group.
b
Percentages have been rounded up, thus total values may not equal 100.

Some patients received multiple types of treatment (i.e., chemotherapy and radiotherapy); recent treatment is defined as treatment within 30 days
of index stroke.
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Echocardiographic Findings Among the Overall Cohort and those Suspected of Cardioembolic Stroke Based

on Radiographic Infarct Pattern

Table 2

Overall Cohort

| Suspected Cardioembolism

TTE(N=216) | TEE (N=37) | TTE(N=92) | TEE(N=21)

Definite Source, n (%, 95% CI)&b
Vegetation
PFO with VTE
Severe cardiomyopathy
Cardiac thrombus
Complex atheroma

Cardiac tumor

15 (7, 4-10)
5(2)
5(2)
4(2)
2(1)
0(0)
1(0)

10 (27, 12-42)
6 (16)
1(3)
0(0)
1(3)
3(8)
0(0)

6 (7, 1-12)
4(4)
2(2)
1(1)
1(1)
0(0)
0(0)

7 (33, 11-55)
6 (29)
1(5)
0(0)
0(0)
1(5)
0(0)

Possible Source, n (%,95% CI)
Dyskinetic left ventricle
Atrial septal aneurysm
PFO without VTE
Spontaneous echo contrast

Simple atheroma

42 (19, 14-25)
30 (14)
9(4)
6(3)
0(0)
0(0)

14 (38, 21-54)
2(5)
6 (16)
6 (16)
0(0)
5 (14)

20 (22, 11-30)
14 (15)
4(4)
3(3)
0(0)
0(0)

10 (48, 24-71)
1(5)
5 (24)
3(14)
0(0)
4(19)

a . - Lo -
Some patients had more than one finding, so number of individual findings exceeds total values.

bConfidence intervals only provided for main category headings.

Cl: Confidence interval; PFO: Patent foramen ovale; VTE: Venous thromboembolism.
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Specific Stroke Mechanisms in Patients with Cancer and Stroke who Underwent Echocardiography

Table 3

Overall Cohort (N =220)

Suspected Cardioembolism (N = 93)

Specific stroke mechanism N (%)2
Cryptogenic
Atrial fibrillation
Extracranial large-artery atherosclerosis
Intracranial large-artery atherosclerosis
Small vessel disease
Marantic endocarditis
Paradoxical embolism
Severe cardiomyopathy
Cardiac thrombus
Extrinsic compression of artery by tumor

Infectious endocarditis

Otherb

110 (50)

30 (14)
18 (8)
16 (7)
15(7)
10 (5)
7(3)
4(2)
2(1)
2(1)
2(1)
4(2)

63 (68)
15 (16)
0(0)
0(0)
0(0)
9(10)
20)
0(0)
1(1)
0(0)
2(2)
1(1)

a
Percentages have been rounded up, thus the total value exceeds 100.

Other diagnoses consist of disseminated intravascular coagulation, aortic arch atheroma, arterial dissection, and cardiac tumor
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