Cerebral Microbleeds are an Independent Predictor of
Hemorrhagic Transformation Following Intravenous Alteplase
Administration in Acute Ischemic Stroke
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Background and Purpose: Intravenous alteplase (rt-PA) increases the risk of hem-
orrhagic transformation of acute ischemic stroke. The objective of our study was
to evaluate clinical, laboratory, and imaging predictors on forecasting the risk of
hemorrhagic transformation following treatment with rt-PA. We also evaluated
the factors associated with cerebral microbleeds that increase the risk of hemor-
rhagic transformation. Methods: Consecutive patients with acute ischemic stroke
admitted between January 1, 2009 and December 31, 2013 were included in the
study if they received IV rt-PA, had magnetic resonance imaging (MRI) of the
brain on admission, and computed tomography or MRI of the brain at 24 (18-36)
hours later to evaluate for the presence of hemorrhagic transformation. The clin-
ical data, lipid levels, platelet count, MRI, and computed tomography images were
retrospectively reviewed. Results: The study included 366 patients, with mean age
67 +15 years; 46% were women and 88% were white. The median National In-
stitutes of Health Stroke Scale (NIHSS) score was 6 (interquartile range 3-15).
Hemorrhagic transformation was observed in 87 (23.8%) patients and cerebral
microbleeds were noted in 95 (25.9%). Patients with hemorrhagic transformation
tended to be older, nonwhite, have atrial fibrillation, higher baseline NIHSS score,
lower cholesterol and triglyceride levels, and cerebral microbleeds and nonlacunar
infarcts. Patients with cerebral microbleeds were more likely to be older, have hy-
pertension, hyperlipidemia, previous history of stroke, and prior use of
antithrombotics. On multivariate analysis race, NIHSS score, nonlacunar infarct,
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and presence of cerebral microbleeds were independently associated with hem-
orrhagic transformation following treatment with rt-PA. Conclusions: Presence of
cerebral microbleeds is an independent predictor of hemorrhagic transformation
of acute ischemic stroke following treatment with rt-PA.

© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Hemorrhagic transformation (HT) of ischemic stroke
refers to hemorrhage in the infarct tissue, and it is con-
sidered part of the natural evolution of the stroke. It could
be due to reperfusion of the infarcted tissue by recana-
lization or augmented collateral circulation.® Administration
of intravenous alteplase (rt-PA) is the standard medical
treatment for patients presenting with acute ischemic stroke
(AIS) within the 4.5 hours of symptom onset.' However,
HT is a complication after ischemic stroke and may result
in worse outcome. The risk of HT is increased in pa-
tients receiving rt-PA.

Various definitions exist to define symptomatic intra-
cerebral hemorrhage (SICH). The most commonly used
classification of HT is that defined in the European Co-
operative Acute Stroke Study I (ECASS I). It classified
HT as hemorrhagic infarction (HI) type 1 and 2, and pa-
renchymal hematoma (PH) type 1 and 2. HT is classified
as symptomatic or asymptomatic on the basis of the ev-
idence and timing of neurological worsening associated
with the hemorrhage. Large PH type 2 is associated with
poor outcome, but the data on asymptomatic HT are not
clear.®”

Several clinical, laboratory, and imaging factors are as-
sociated with HT, but only a few are considered
independent risk factors."® Clinical factors associated with
the risk of HT include older age, history of diabetes, atrial
fibrillation, prior antiplatelet use, higher systolic blood
pressure, and increased severity of stroke as measured
by the National Institutes of Health Stroke Scale (NIHSS)
score. Laboratory factors include hyperglycemia, lower
low-density lipoprotein or total cholesterol, and renal im-
pairment. Stroke volume on diffusion-weighted imaging
(DWI) and extent of parenchymal attenuation on initial
computed tomography (CT) head are associated with HT.
Previous studies have evaluated the risk of HT and SICH
following administration of rt-PA in patients with cere-
bral microbleeds (CMs).*’ However, the role of CMs as
an independent risk factor of HT of ischemic stroke and
the factors influencing their development or rupture remain
to be determined.

The objectives of our study were (1) to evaluate the
independent impact of clinical, laboratory, and imaging
factors on the risk of HT following rt-PA and (2) to eval-
uate the factors associated with CMs as a predictor on
HT.

Methods
Study Population

This was a retrospective cohort that included consec-
utive patients with AIS admitted to University of Iowa
Hospitals and Clinics between January 1, 2009 and De-
cember 31, 2013. The study was approved by the
Institutional Review Board at the University of Iowa. Pa-
tients were included in the study if they had (1) received
intravenous rt-PA; (2) magnetic resonance imaging (MRI)
brain with interpretable DWI, gradient-recalled echo (GRE),
and fluid-attenuated inversion recovery (FLAIR) se-
quences on admission; (3) CT head or MRI brain at 24
(18-36) hours post rt-PA to evaluate for HT; and (4) a dis-
charge diagnosis of AIS. Patients were excluded from the
study if they did not have follow-up imaging or had
noninterpretable DWI, GRE, and FLAIR images.

The following baseline characteristics were extracted
from the University of Iowa stroke registry: (1) demo-
graphics, (2) medical history, (3) social history, (4)
preadmission antithrombotics, (5) admission NIHSS score,
(6) admission blood pressure, (7) laboratory tests (plate-
lets, lipid profile), and (8) discharge disposition.

Imaging Protocol

MRI images were obtained from 1.5T Siemens Espree
or 1.5T Avanto clinical scanners (Espree or Avanto; Siemens,
Erlangen, Germany). The MRI protocol included DWI,
FLAIR, and GRE. The typical parameters for DWI were
TR/TE =2900/79 with b =0 and b = 1000 sec/mm?, 5-mm
slice thickness, and 2-mm separation; for FLAIR, TR/
TE =9000/99-110, 5-mm thickness, 2-mm separation, flip
angle 180 degrees, and acquisition matrix 288 x 384; for
GRE, TR/TE = 418-800/18-25, 5-mm thickness, and 2-mm
separation. CT images of the head were obtained with
5-mm slices.

Imaging Evaluation

An investigator (N.T.) retrospectively evaluated all DWI
images independently while being masked to clinical out-
comes. She identified all DWI lesions that were suggestive
of AIS and classified them based on (1) laterality (right,
left, or both), (2) location (cortex, deep, cortex and deep,
brainstem, cerebellum, or multiple locations), (3) vascu-
lar territory (anterior cerebral artery, middle cerebral artery,
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