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Abstract

Background: Cerebral microbleeds (CMBs) detected by T2*-
weighted MRI are a potential indicator of hypertension, mi-
crovascular disease and hemorrhagic stroke. An association
between infective endocarditis (IE) and CMBs has been re-
ported recently, but the clinical significance remains unclear.
We hypothesized that CMBs in patients with IE are associated
with vascular vulnerabilities such as mycotic aneurysm or
pyogenic vasculitis. Methods: We retrospectively reviewed
26 consecutive patients with definite IE who underwent T2*-
weighted MR! and were admitted to 2 medical centers in
Osaka, Japan, between January 2006 and June 2010. We ex-
amined the incidence of symptomatic intracranial hemor-
rhage (ICH) occurring afterinitial MRl examination and inves-
tigated the association between ICH, CMBs and other clinical
characteristics. Results: CMBs were identified in 14 patients
(54%), and 72% of CMBs were found in the lobar region.
Symptomatic ICH was observed in 8 patients (31%) during
the 3-month follow-up period after initial MRl examination.
In multiple logistic regression analyses, the presence of pre-
ceding ICH [odds ratio (OR) 40.0, 95% confidence interval (Cl)

2.5-2,870] and the presence of CMBs (OR 34.0, 95% C| 1.3~
17,300) were independent predictors of the development of
ICH. Using cutoff values for CMBs of =2 and =3, the adjust-
ed ORs for ICH increased (OR 42.1, 95% ClI 1.9-24,300, and OR
70.1, 95% Cl 2.5-105,000, respectively). Conclusions: in addi-
tion to prior ICH, the presence of CMBs was a strong predic-
tor of impending ICH in patients with IE. CMBs might repre-
sent vascular vulnerability related to IE.

Copyright @ 2011 S. Karger AG, Basel

Introduction

Patients with infective endocarditis (IE) often experi-
ence cerebrovascular complications, and this confers a
worse prognosis. Intracranial hemorrhage (ICH) occurs
in approximately 2-10% of patients with IE [1-4]. In pa-
tients with IE and ICH, the prognosis is very poor [1, 3],
and cardiac surgery should be delayed {5, 6].

Recent studies have reported a high frequency of
asymptomatic cerebral microbleeds (CMBs) in patients

~with IE [2, 7, 8]. CMBs detected by T2*-weighted MRI

may serve as markers of hypertensive vasculopathy, cere-
bral amyloid angiopathy and hemorrhagic transforma-
tion after thrombolysis [9-11], and as a predictor of mul-
tiple simultaneous ICHs [12]. However, the clinical sig-
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nificance of CMBs in patients with IE remains unclear.
We hypothesized that CMBs in patients with IE are as-
sociated with vascular vulnerabilities such as mycotic an-
eurysm or pyogenic vasculitis. We wished to assess the
risk of ICH in patients presenting with IE, and we further
examined the possible association between ICH and
CMBs.

Materials and Methods

Patient Selection and MRI Protocol

We conducted a retrospective, descriptive study at 2 medical
centers in Osaka, Japan (Osaka University Hospital and Osaka Na-
tional Hospital). Patients were classified as having IE if they met the
modified Duke criteria for definite endocarditis [13]. Between Jan-
uary 2006 and June 2010, 44 consecutive patients were hospitalized
for IE. Brain CTs were routinely performed in all patients with IE
on admission. Brain MRI including gradient echo T2*-weighted
sequences was also performed on admission in those patients who
had neurological symptoms (n = 13) or an asymptomatic abnormal
finding on initial CT (u = 3), were 60 years old or above (n = 8) or
were judged to be at high risk of stroke by attending physicians
(n = 2). Consequently, these 26 patients who underwent MRI on
admission were included in this study. Baseline clinical informa-
tion was systematically extracted from patient medical records.

The study outcome was the presence of symptomatic ICH 3
months after MRI. Patients were followed for 3 months, and sub-
sequent brain CT or MRI was performed when the patient pre-
sented a new neurological symptom. Patients were diagnosed
with ICH if the subsequent CT or MRI showed a new parenchy-
mal hematoma or subarachnoid hemorrhage. The 18 patients
without initial MRI were also followed for 3 months to investigate
the incidence of symptomatic ICH.

MRI examinations were performed with a 1.5-tesla MRI sys-
tem with gradient echo T2*- (repetition time/echo time 617/20
ms, flip angle 25° matrix 256 X 256), diffusion-, T1-, T2- and T2
fluid-attenuated inversion recovery-weighted sequences using a
5-mm slice thickness and a 1-mm slice gap. MRI images were in-
dependently assessed by 2 of 3 neurologists (5.0., M.S. and B.H.)
blinded to patient characteristics. CMBs were defined as homo-
geneous, round foci <10 mm diameter, of low signal intensity on
T2*-weighted MRI. Identified CMBs were categorized by cerebral
hemisphere and location (lobar, deep or infratentorial). Differ-
ences in analysis were resolved by consensus. Additionally, other
abnormal MRI findings were collected, including (1) cerebral in-
farction, (2) parenchymal hematoma, (3) subarachnoid hemor-
rhage, (4) abscess and (5) aneurysm.

Statistical Analyses

Statistical analyses were performed using the software JMP
8.02 (SAS Institute Inc., Cary, N.C., USA). Interobserver agree-
ment was evaluated using the simple x coefficient. Fisher’s exact
test was used to compare qualitative variables, and the Mann-
Whitney U test was applied to compare quantitative variables.
Associations with p < 0.20 in the univariate analyses were includ-
ed in multivariate logistic regression analyses. Statistical signifi-
cance was defined as p < 0.05.
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Table 1. Clinical characteristics of patients with IE with and with-
out ICH

Age, years 51 (35-72) 65 (56-73) 0.182
Males 5 (63) 13 (72) 0.667
Risk factors
Hypertension 0 5 (28) 0.281
Diabetes mellitus 0 2 (8) 1.000
Atrial fibrillation 1 (13) 6 {(33) 0.375
Congenital heart diseases 2 (25) 0 0.086
Prosthetic valves 1 (13) 0 0.308
Bacteria 0.694
Staphylococcus sp. 3 (38) 5 (28)
Streptococcus sp. 3 (38) 10 (56)
Others 2 (25) 3 (17)
Treatmerts
Cardiac operation 5 (63) 12 (67) 1.000
Anticoagulant 1 (13) 2 (1D 1.000
Antiplatelet 1 (13) 3 (17) 1.000
B-Blocker 1 (13) 3 (17) 1.000
Statins 0 2 (11) 1.000
ACEI/ARB 2 (25) 7 (39) 0.667
Steroid/immunosuppressant 0 3 .(17) 0.529
Antibiotics
Penicillin derivative 7 (87} 14 (78) 1.000
Cephem derivative 1 (13) 4 (22) 1.000
Gentamicin 4 (50) 12 (67) 0.665
MRI findings
Preceding cerebral infarction 5 (63) 10 (56) 1.000
Preceding ICH 5 (63) 2 (11) 0.014
Aneurysm 0 2 (11) 1.000
Microbleed 7 (88) 7 (39) 0.036
Lobar region 7 (88) 5 (28) 0.009
Deep region 4 (50) 2 1y 0.051
Infratentorial region 6 (75) 2 (11) 0.003

Age is shown as median and interquartile range in parenthe-
ses. Other values are numbers of patients and percentages in pa-
rentheses. ACEI = Angiotensin-converting enzyme inhibitor;
ARB = angiotensin II receptor blocker.

Results

Among 26 patients, interobserver agreement regarding
the presence of CMBs had a k coefficient of 0.85. Other
MRIfindingsalso demonstrated high interobserver agree-
ment, with k coefficients of 0.92 and 0.80 for preceding
cerebral infarction and ICH, respectively. Table 1 shows
patient characteristics. An initial brain MRI indicated IE-
related lesions in 16 patients, namely cerebral infarction in
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Fig. 1. Location of CMBs and subsequent ICH. A-H Initial T2*-weighted MRI and subsequent hemorrhage CT
of 8 patients with IE who developed ICH after initial MRI examination. The white arrowhead indicates a mi-
crobleed, white arrows a new ICH and black arrows a prior ICH. The hemorrhage lesion seems to coincide with

the microbleed in cases A, B and possibly H.
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Fig. 2. Number of CMBs and development of ICH. The patients
who developed ICH had significantly more CMBs on initial MRI
than those without ICH. The p value was calculated by means of
the Mann-Whitney U test.

15, ICH in 7 (parenchymal hematoma in 4, subarachnoid
hemorrhage in 2 and both in 1), abscessin 1 and aneurysm
in 2. CMBs were identified in 14 patients (54%), and 72%
of CMBs were present in the lobar region, 12% in the deep
region and 16% in the infratentorial region.

Of the 26 patients with MRI on admission, 19 patients
presented a new neurological symptom (consciousness
disorder in 4, hemiplegia in 6, apraxia in 1, hemianopia
in 1 and headache in 7) and underwent subsequent CT or
MRI. Subsequently, 8 patients (31%) were diagnosed with
symptomatic ICH during the follow-up period. Brain
images of these 8 patients are shown in figure 1. Of the
other 18 patients without initial MRI, none experienced
symptomatic ICH during the follow-up period. Seven-
teen patients (65%) underwent cardiac surgery within the
3-month follow-up, and 3 experienced the onset of ICH
shortly after surgery. The interval between MRI and the
onset of ICH in these 8 patients ranged from 1 to 19 days
(median 4.5 days). When patients with and without ICH
3 months after MRI examination were compared, signif-
icantly more CMBs were observed in the patients who
developed ICH (median 11, interquartile range 5-13)
compared to those without ICH (median 0, interquartile
range 0-1, p = 0.003; fig. 2).

Baseline characteristics, including age and hyperten-
sion, were not different between the patients with and
without the presence of CMBs (data not shown). When pa-
tients who developed ICH were compared by univariate
analyses (table 1), the presence of preceding ICH [odds ra-
tio (OR) 13.3, 95% confidence interval (CI) 1.7-104] and
the presence of CMBs (OR 11.0, 95% CI 1.1-110) were sig-
nificantly associated with the development of ICH. The

486 Cerebrovasc Dis 2011;32:483-488

number of CMBs was also significantly associated with the
development of ICH, and the OR per unit was 1.23 (95% CI
1.06-1.53). Using cutoff values for CMBs of >2 and =3,
the ORs for ICH gradually increased (OR 24.5,95% CI 2.3~
262, and OR 35.0, 95% CT 3.1-399, respectively). When we
examined the association between the site of CMBs and
the development of ICH, lobar CMBs and infratentorial
CMBs were significantly associated with ICH, but deep
CMBs showed only borderline significance (table 1).

In multiple logistic regression analyses, the presence
of preceding ICH (OR 40.0, 95% CI 2.5-2,870) and the
presence of CMBs (OR 34.0, 95% CI 1.3-17,300) were in-
dependent predictors of ICH. CMBs =2 and =3 were
also independently associated with the development of
ICH, and adjusted ORs for ICH were 42.1 (95% CI 1.9~
24,300) and 70.1 (95% CI 2.5-105,000), respectively.

Case Report

A 3l-year-old woman with a history of a ventricular
septal defect was hospitalized with spike fever and head-
ache. The echocardiogram revealed vegetation on the mi-
tral valve, and multiple blood cultures identified Strepto-
coccus mutans, and she was consequently diagnosed as
having definite IE. Brain MRI on admission showed mul-
tiple small infarctions and CMBs (upper images in fig. 3).
Despite intensive antibiotic therapy, she developed severe
headache on day 21, and brain CT revealed ICH in the
right parietal lobe (fig. 1D). Brain MRI on day 23 showed
many new CMBs (lower images in fig. 3). We also per-
formed CT angiography and conventional angiography,
but no mycotic aneurysm was identified. She underwent
a mitral valve replacement on day 47 and was discharged
from hospital on day 61 without sequelae.

Discussion

The development of ICH can be catastrophic and is
associated with very poor outcomes in patients with IE.
Identifying patients at risk of developing ICH could help
determine whether surgical treatment is indicated in pa-
tients presenting with IE. We identified a high incidence
of impending ICH in patients with IE and CMBs. To the
best of our knowledge, this is the first study examining
the relationship between CMBs and the development of
ICH in patients with IE.

In our study, the incidence of ICH was higher than that
reported in previous studies [1, 2, 4]. Brain MRI was per-
formed only in those patients who were potentially at high
risk for stroke. When all 44 patients with IE were included
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Fig. 3. T2*-weighted gradient echo images of a 31-year-old woman with IE on admission (upper images) and on
day 23 (lower images). White arrowheads indicate CMBs on admission, black arrowheads ICH and white ar-
rows new CMBs on day 23.

in the analysis, the incidence of ICH was reduced to 18%.
Additionally, our study included more patients with neu-
rological complications than other studies. This also
might explain the high incidence of ICH in our study.

CMBs have been reported as a marker of microangi-
opathy such as hypertensive vasculopathy or cerebral am-
yloid angiopathy [9, 10], but we found no association be-
tween CMBs and hypertension or age. In our study, 72%
of CMBs were located in the lobar region. The develop-
ment of CMBs in patients with IE might represent infec-
tious microangiitis and lead to the development of my-
cotic aneurysms or pyogenic vasculitis, as has been sug-
gested by previous studies [14, 15]. Unfortunately, none of
the patients had undergone a brain MRI before the onset
of IE, and we could not identify when the CMBs devel-
oped in this study. Whereas the prevalence of CMBs in
healthy adults is approximately 5% [16], that in our study
was 54%. A similarly high prevalence of CMBs in patients
with IE was also reported by Duval et al. [2]. In addition,
CMBs can increase rapidly within a short period in pa-
tients with IE, as well as after ischemic stroke [17] or car-
diac surgery [18], as shown by our case report (fig. 3).
These findings lend support to our hypothesis that the
development of CMBs is due to IE.

CMBs Predict ICH in Infective
Endocarditis

Our study has several limitations. Orders for follow-
up CT or MRI were at the discretion of different attend-
ing physicians, and it is possible that patients presenting
with an abnormal initial MRI may have undergone more
follow-up imaging procedures. This could have artificial-
ly increased the rate of detection of ICH in patients with
preceding ICH or CMBs. Additionally, because of the
small sample size, we were unable to subdivide the pa-
tients into groups with or without preceding ICH. Al-
though our study indicated that the presence of CMBs
was a predictor of ICH independent of preceding ICH,
preceding ICH is strongly correlated with both CMBs [9]
and recurrent ICH [19]. Further studies are needed to
clarify these correlations. Finally, although all patients
received appropriate antibiotic therapy in our study, it re-
mains unclear how medical therapy in patients with IE
can affect the incidence of ICH.

We showed that the presence of CMBs was an inde-
pendent predictor of impending ICH in patients with IE.
CMBs might represent vascular vulnerability related to
IE. Further studies are needed to help establish the value
of studies of CMBs for predicting future neurological
complications of IE.
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