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Abstract

Dilated cardiomyopathy (DCM) is increasingly indicated as a cause of cardioembolic syndrome, in particular, cardioembolic
ischemia stroke. However, the potential risk factors for stroke among DCM patients remain under investigated. DCM patients
hospitalized from June 2011 to June 2016 were included. The cases were defined as the group of DCM patients with stroke
compared with those without stroke. Clinical characteristic data were collected and compared between the two groups including
demographic data, complicated diseases, echocardiography index, and laboratory parameters and estimated glomerular filtration
rate (eGFR). A multivariate logistic regression analysis model adjusted by sex and age was used to explore the related risk factors
for stroke in DCM patients. A total of 779 hospitalized patients with DCM were included. Of these, 55 (7.1%) had experienced a
stroke. Significantly lower eGFR levels (68.03 + 26.22 vs 79.88 + 24.25 mL/min/1.73 m?, P = .001) and larger left atrial diameters
(45.32 + 7.79 vs 43.25 + 7.11 mm, P = .04) were found in the group of patients having DCM with stroke compared to those
without stroke. When the eGFR was categorized as eGFR >60, 30<eGFR< 60 and eGFR < 30, there were more patients with
30<eGFR< 60 (30.9% vs 17.7%) and eGFR< 30 (9.1% vs 3.3%) in the ischemic stroke group (P = 0.003). A multivariate logistic
regression analysis model adjusted by sex and age showed that 30 <eGFR<60 (odds ratio [OR]: 2.07, 95% confidence interval
[CI]: [1.05-4.07], P = .035) and eGFR<30 (OR: 4.04, 95% CI: [1.41-11.62], P = .009) were statistically associated with ischemic
stroke in patients with DCM. It is concluded that decreased eGFR is significantly associated with an increased risk of ischemic
stroke in patients with DCM.
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the prevalence of left ventricular thrombosis in patients with
DCM is 11% to 44%.

Investigations have been limited in DCM cohorts to identify
the clinical characteristics of patients with DCM diagnosed
with ischemic stroke and the potential risk factors for ischemic
stroke. Chronic kidney dysfunction has been previously iden-
tified as an independent risk factor for ischemic stroke in
patients with AF, and the R,CHA,DS,-VASc score has been
developed as a modified scoring system to evaluate the risk of
systemic embolism and stroke in patients with AF.® Low esti-
mated glomerular filtration rate (eGFR) is also associated with
intracranial arterial stenosis.” Additionally, among patients
with hypertrophic cardiomyopathy (HCM), several risk factors
for ischemic stroke have been reported, including elderly age,
maximal left ventricular wall thickness, left atrial size, and
complications including AF, heart failure, or vascular disease.”

However, eGFR levels have not yet been described in
patients having DCM with stroke. It is not clear whether
patients having DCM with decreased eGFR have increased risk
of ischemic stroke. The present study was performed to collect
clinical characteristics of hospitalized patients with DCM and
to explore whether eGFR is associated with the risk of ischemic
stroke among these patients.

Patients and Methods
Study Population

This study protocol was approved by the ethics committee of
the Second Affiliated Hospital of Nanchang University.
Informed consents were obtained from all patients. A total of
2425 patients diagnosed with DCM were consecutively hospi-
talized in the second Affiliated Hospital of Nanchang Univer-
sity from June 2011 to June 2016. Patients who met the
following criteria were eligible: (1) Diagnosis was made
according to the guidelines for the management of DCM,’
which is characterized by left ventricular ejection fraction
(LVEF) <45% or left ventricular short axis reduction (LVSF)
<25%, with left ventricular diastolic dimension (LVDd)
> 55 mm in the echocardiograms. (2) Patients were excluded
if they had the following complications: ischemic cardiomyo-
pathy, arrhythmogenic cardiomyopathy, rheumatic heart
disease, congenital heart disease, pulmonary heart disease,
drug-induced cardiomyopathy, and perinatal cardiomyopathy.
For patients with recurrent admission, only data during the first
hospitalization were collected for analysis. Two experienced
cardiologists individually reviewed each patient’s medical
records to confirm study eligibility.

Clinical Data Extraction

All clinical patient data were extracted from medical records in
our hospital information system, including demographic data,
complicated diseases, echocardiography index, and laboratory
parameters. Patients were considered to have had ischemic
stroke if cerebral infarction, lacunar infarction, or transient
ischemic attack was included in their medical records. These

could be previous conditions or newly diagnosed during hospi-
talization. The eGFR was calculated using the new Chronic
Kidney Disease Epidemiology Collaboration equation: eGFR
=a x (serum creatinine/b)c x 0.993 age. All clinical data were
measured on admission. Patients were divided into 2 groups,
those with and those without stroke.

Statistical Analysis

For the statistical analyses, all continuous data were repre-
sented by the mean + standard deviation. The comparison of
continuous data between 2 groups was performed by Student ¢
tests. Categorical variables are presented as n (%) and were
analyzed using the ¥ test. Univariate and logistic regression
analyses were used to analyze the related factors of DCM com-
bined with ischemic stroke. After performing the univariate
regression analyses, variables with a P value <.05 or potential
clinic significance were selected as candidates for entry into the
multivariate model. All data were collected and tabulated using
Microsoft Excel (Microsoft Inc, California) in a database for-
mat. Statistical analyses were performed using IBM SPSS Ver-
sion 23.0 (IBM Inc, Chicago, Illinois). Two-sided P values <
.05 were considered to be statistically significant.

Results

Among 2425 hospitalized patients with DCM, 779 patients
were eligible and reviewed in this study. Of these, 55 (7.1%)
patients had a diagnosis of ischemic stroke.

Clinical Characteristics

As shown in Table 1, there was no significant difference
between the 2 groups among a series of variables including
age, sex, homocysteine, and the incidence of combined dis-
eases such as hypertension, diabetes, or AF.

Compared to patients having DCM without stoke, the mea-
surement of left atrial diameter (LAD) was statistically larger
in those with stroke (45.32 + 7.79 vs 43.25 + 7.11 mm,
P = .04). Despite no significant difference in serum creatinine,
statistically lower eGFR was observed in patients having DCM
with stroke (68.03 + 26.22 vs 79.88 + 24.25 mL/min/1.73 m?,
P =.001). When the eGFR was categorized as eGFR > 60, 30 <
eGFR < 60, and eGFR <30, there were more patients with 30
<eGFR < 60 (30.9% vs 17.7%) and eGFR <30 (9.1% vs 3.3%)
in the ischemic stroke group (P = .003) as shown in Figure 1.

Multivariate Analysis on Risk Factors for Ischemic Stroke

Variables included sex, age, LAD, eGFR, hypertension, dia-
betes, and AF. For categorized eGFR, eGFR >60 was consid-
ered the reference. On multivariate regression analysis,
30 <eGFR<60 (odds ratio [OR]: 2.07, 95% confidence interval
[CT]: [1.05-4.07], P = .035) and eGFR<30 (OR: 4.04, 95% CTI:
[1.41-11.62], P = .009) were statistically associated with
ischemic stroke in patients with DCM, as shown in Table 2.
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Table 1. Comparison of Clinical Characteristic Data Between Patients Having Atrial Fibrillation With and Without Stroke.

With Stroke, n = 55 Without Stroke, n = 724 P Value

Age, years 61.22 + 13.99 58.75 + 14.56 23
Male, n/% 35/63.6 491/67.8 .55
LVSF, % 16.36 + 4.28 16.10 + 3.84 .63
LAD, mm 4532 + 7.79 43.25 + 7.11 042
RAD, mm 44.09 + 8.70 42.07 + 6.97 .10
LVEDD, mm 65.57 + 8.70 65.81 + 8.48 .85
LVESD, mm 5453 + 8412 55.01 + 8.432 94
RSD, mm 2494 4+ 557 2493 4 4.84 .66
EF, % 3222 + 7.77 3297 + 740 95
Serum creatinine, pmol/L 110.50 + 64.73 94 .00 + 66.67 .08
eGFR, mL/min/1.73 m? 68.03 + 26.22 79.88 + 24.25 .0012

eGFR >60, n/% 33/60% 572/79% .003%

30 <eGFR < 60, n/% 17/30.9% 128/17.7%

eGFR < 30, n/% 5/9.1% 24/3.3%
FBG, mmol/L 539 + 2.68 5.07 + 1.51 397
Homocysteine, umol/L 19.2 + 10.64 17.20 + 9.80 .203
Hypertension 9 (16.36%) 123 (16.99%) 1.0
Diabetes 5 (9.09%) 71 (9.81%) 72
Atrial fibrillation 16 (29.09%) 206 (28.45%) .88

Abbreviations: EF, ejection fraction; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; LAD, left atrial diameter; LVEDD, left ventricular end-
diastolic diameter; LVESD, left ventricular end-systolic diameter; LVSF, left ventricular fractional shortening; RAD, right atrial diameter; RSD, right ventricular

diameter.
?Statistical difference was observed between the 2 groups.

100 1
n=572 [ with stroke(n=55)
= % Bl without stroke (n=724)
E'.E n=33
1 p=0.003
& 601
©
=
Q 40+ n=A7
E n=128
L |'|
n=24
0 - . ] o
& & oD
A
& & &
e :PG e(,
o

Figure |. The proportion of patients with or without stroke among 3
estimated glomerular filtration rate (eGFR) categories.

Discussion

Previous studies have indicated that patients with DCM are
susceptible to cardiogenic cerebral infarction.'®!! In this study,
we presented the clinical characteristics of patients having
DCM, with or without ischemic stroke. Our findings first indi-
cated reduced eGFR levels were closely associated with an
increased rate of ischemic stroke among patients with DCM.
The pathogenesis of thromboembolic events in patients with
DCM is multifactorial. The risk of thromboembolic complica-
tions presenting in idiopathic DCM might be related to blood
stasis and altered myocardial kinetics, which might be associ-
ated with an enlarged ventricle, subdued ventricular wall

Table 2. Multivariate Analysis of Factors Related to DCM Combined
With Ischemic Stroke.

Compared with eGFR > 60 OR P Value 95% ClI
Sex 1.336 .355 0.724-2.465
Age, years 1.006 .570 0.985-1.028
LAD 1.048 .024* 1.006-1.092
eGFR < 30 4.044 .009* 1.407-11.623
30 <eGFR<60 2.071 .035% 1.054-4.070
Hypertension 1.003 994 0.467-2.151
Diabetes 0.871 781 0.329-2.306
Atrial fibrillation 0.719 334 0.369-1.403

Abbreviations: Cl, confidence interval; DCM, dilated cardiomyopathy; eGFR,
estimated glomerular filtration rate; LAD, left atrial diameter; OR, odds ratio.
?Statistical difference was observed.

motion, decreased cardiac output, arrhythmia, and a higher
level of platelet activity.'®!'%!* These pathophysiological sub-
strates may place patients with DCM at high risk of embolic
events.

Well-known risk factors for ischemic stroke include smok-
ing, alcohol consumption, age, sex, hyperlipidemia, abnormal
glucose metabolism, hypertension, AF, heart valve disease,
ischemic heart disease, carotid atherosclerosis, and hyperho-
mocysteinemia.'*!? In this study, 55 (7.1%) hospitalized
patients with DCM had experienced ischemic stroke. By com-
paring the clinical characteristic data of the 55 patients with
stroke and the 724 patients without stroke, no significant dif-
ference was found between the 2 groups for a series of vari-
ables, including age, sex, serum creatinine, hypertension,
diabetes mellitus, AF, right atrial diameter, left ventricular
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diameter, and homocysteine. However, larger LAD was more
prevalent in patients having DCM with stroke than in those
without stroke, which is similar to the findings that LAD is a
risk factor for thromboembolic events in patients with HCM.®

It has been previously demonstrated that left atrial enlarge-
ment is an independent predictor of cardiovascular events in
patients with chronic kidney disease.'® In our study, despite
there being no significant difference in LVEF, larger LAD and
reduced eGFR can be observed in the ischemic stroke group.
The causal link between LAD and eGFR remains uncertain.
Both LA enlargement and reduced eGFR might be consequen-
tial for increased activation of the renin—angiotensin—aldoster-
one pathway, leading to high risk of ischemic stroke from
damage to the vascular endothelia.

The presence of thrombus, as interpreted by echocardio-
grams, has been reported to be associated with a 3-fold
increased risk of stroke or TIA among patients with DCM.'°
However, it remains under investigation whether renal function
is related to the increased risk of ischemic stroke in this pop-
ulation. Our findings illustrated that eGFR level was signifi-
cantly lower in patients with DCM having ischemic stroke.
When patients were classified into 3 subgroups based on eGFR
>60, 30< eGFR <60, and eGFR <30, there were more patients
diagnosed with stroke in the latter 2 subgroups. Additional
multivariate logistic analysis determined that approximately
2-fold and 4-fold incidence of stroke can be found in
patients having DCM with 30 < eGFR <60 and eGFR <30,
respectively.

As shown in previous studies, abnormal eGFR levels (eGFR
< 60) are an independent risk of the first occurrence of stroke
in the general population, particularly in patients with AF.'® A
recent epidemiological investigation has found that, by 2013,
cardiovascular deaths attributed to reduced GFR outnumbered
deaths related to end-stage renal disease worldwide.?’
Although our findings cannot demonstrate that low eGFR lev-
els are risk factors for DCM with ischemic stroke, we conclude
that patients having DCM with ischemic stroke may be asso-
ciated with low levels of eGFR. The underlying mechanism
needs to be further investigated. We hypothesize that reduced
eGFR in patients with DCM can promote the formation of
thrombosis through excessive oxidative stress on the vascular
endothelium and activating the renin-angiotensin system.*'**

The present study found that 7.1% of patients with DCM had
a diagnosis of ischemic stroke. This might be an underestimate
due to the absence of magnetic resonance imaging or computed
tomography (CT) examination of patients with asymptomatic
stroke. As reported previously, silent cerebral infarction can be
found in patients with DCM.*® Thus, it is suggested that
patients having DCM with abnormal eGFR be routinely eval-
uated by magnetic resonance imaging or CT examination to
screen the silent ischemic stroke.

The risk of ischemic stroke in patients with AF has been
demonstrated in detail previously, and stroke prevention with
anticoagulation therapy is clearly recommended.”* However,
there is limited evidence for the use of anticoagulation therapy
to prevent stroke events among patients with DCM having

sinus thythm. The present study has shown that reduced eGFR
and larger LAD are possibly associated with increased inci-
dence of ischemic stroke in patients with DCM. Therefore,
we hypothesize that patients having DCM with reduced eGFR
and increased LAD might benefit from anticoagulation therapy
to prevent stroke events. A large-scale prospective trial is war-
ranted to provide robust evidence for this hypothesis. Clini-
cians should be careful to identify patients having DCM with
high risk of ischemic stroke and treat them appropriately.

Limitations

This is a retrospective cohort study with several inherent lim-
itations. First, since the study population was drawn from a
single center, relative selection biases may be introduced. The
relation between abnormal eGFR and the risk of ischemic
stroke might be overestimated. Second, cranial MRI or CT
cannot be measured in every patient with DCM. The incidence
of ischemic stroke might be underestimated since some patients
with silent ischemic stroke cannot be detected. Finally, the
sample size was relatively small for a multivariable regression
analysis. Since patients having DCM with abnormal eGFR are
at high risk of ischemic stroke, it remains uncertain whether it
is reasonable to prescribe oral anticoagulants to patients having
DCM without AF. Studies with very large sample sizes are
needed to provide further evidence for the use of anticoagulant
therapy in patients with DCM to prevent ischemic stroke.
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