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ACE gene polymorphisms influence t-PA-induced brain vessel
reopening following ischemic stroke
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Abstract

Angiotensin converting enzyme (ACE) influences vessels tone and the coagulation/fibrinolysis system. The ACE gene I/D polymorphism
has been linked with PAI-1 and fibrinogen levels and with Factors VII and X activities. Therefore, we aimed to test whether I/D poly-
morphism could be related to thrombolysis safety and efficacy. We studied strokes involving the middle cerebral artery (MCA) territory
of patients who received t-PA <3 h of stroke onset. Blood samples were obtained before t-PA administration to measure fibrinogen, PAI-1,
Factors VII and X. I/D polymorphism was determined by polymerase chain reaction and agarose electrophoresis. Recanalization rates were
serially evaluated by Transcranial Doppler. Among 96 included patients the genotype frequency was: DD = 33.3%, ID = 57.3% and II = 9.4%.
A strong association was found between DD homozygous and successful recanalization rates (DD = 69.2%, ID + II = 31.6%, p = 0.002 at 1 h;
DD = 91.3%, ID + II = 51%, p = 0.001 at 6 h; DD = 100%, ID + II = 72.3%, p = 0.003 at 24 h post-t-PA administration). In fact, DD genotype was
an independent predictor of recanalization (OR = 4.3 95% CI 1.35–13.49, p = 0.013). No relation was found between I/D polymorphism and
symptomatic hemorrhagic complications (p = 0.237). No association between ACE genotypes and Factor VII or Factor X activities, neither with
fibrinogen or PAI-1 levels was observed. DD homozygous is strongly associated with MCA recanalization following t-PA treatment. Mech-
anisms of benefit remain unknown since I/D polymorphism had similar FVII and X activities and PAI-1 and fibrinogen levels in our stroke
population.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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Tissue type plasminogen activator (t-PA) is the only approved
drug for the treatment of acute ischemic stroke. Even though
the great benefit of this treatment, between 6 and 15% of the
stroke patients treated with t-PA suffer symptomatic hemor-
rhagic transformations (HT) [24] and as many as 40% of them
do not recanalize or do it too late [10].

The reasons for interindividual differences in t-PA medi-
ated clot lysis remain largely unknown. Angiotensin converting
enzyme (ACE) is an enzyme that belongs to renin–angiotensin
and kallikrein–kinin systems that plays a major role in vaso-
constriction catalysing the transformation of angiotensin I to
angiotensin II. An insertion/deletion (I/D) polymorphism in
the intron 16 of the gene influences the levels of the circulat-
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ing enzyme [15,22] and also of some endogenous fibrinolysis
inhibitors [9,11].

In fact, the deletion allele (D) is associated with elevated lev-
els of ACE and elevated levels of plasminogen activator inhibitor
1 (PAI-1) [9,11]. In contrast, recently it has been observed that
the presence of the D allele in homozygous state determines low
activities of coagulation Factors X and VII [12] and lower lev-
els of fibrinogen [23] predisposing to an anticoagulant effect.
Recent studies have shown that fibrinolysis related molecules
may influence safety and efficacy after t-PA treatment in stroke
[14].

Therefore, we aim to study the influence of I/D polymorphism
of the ACE gene on Factor X and VII activities and fibrinogen
and PAI-1 levels, and consequently determine its pro or antifib-
rinolytic effect and its impact on brain vessel recanalization
and hemorrhagic transformations of t-PA treatment for stroke
patients.
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Patients with an acute stroke admitted at the emergency room
of a teaching hospital and enrolled consecutively were prospec-
tively studied. Our target group consisted of those patients who
had an acute ischemic stroke involving the vascular territory
of the middle cerebral artery (MCA), and who fulfilled criteria
for t-PA treatment. All patients underwent urgent carotid ultra-
sound and transcranial Doppler (TCD) examinations. Ninety-
eight patients had a documented MCA occlusion on TCD and
received t-PA in a standard 0.9-mg/kg dose (10% bolus, 90%
continuous infusion during 1 h) <3 h after symptom onset. We
excluded patients with a known inflammatory or malignant
disease (n = 2). Finally, 96 patients were included in the anal-
ysis. All the included subjects were of European white ancestry
(Mediterranean area).

A detailed history of vascular risk factors was obtained
from each patient. To identify potential mechanism of cere-
bral infarction, a set of diagnostic tests was performed that
included electrocardiogram, chest radiography, carotid ultra-
sonography, complete blood count and leukocyte differential and
blood biochemistry in all patients; when indicated some patients
also underwent special coagulation tests, transthoracic ecocar-
diography and Holter monitoring. With this information, and
the neuroimaging data, previously defined etiologic subgroups
were determined [1]. Stroke severity was assessed by using the
National Institute of Health Stroke Scale (NIHSS). We defined
neurological improvement as a decrease in the NIHSS stroke
scale of 4 or more points and neurological deterioration as either
death or an increase of 4 or more points at 48 h [2].

Neither intravenous heparin or antiplatelet agents were
administered during the first 24 h. This study was approved by
the Ethics Committee of the hospital and all patients or relatives
gave informed consent.

A standard TCD examination was performed by experi-
mented neurologists in the emergency room on admission before
t-PA administration using I-channel 2-MHz equipment (TCD
100M, Spencer Technologies). A standard set of diagnostic cri-
teria was applied to diagnose arterial occlusion. Proximal and
distal MCA occlusions were defined according to the Throm-
bolysis in Brain Ischemia (TIBI) gradient system [5]. To asses
recanalization, follow up recordings were performed at 1 h after
t-PA administration and again at 6 and 24 h. In 13 patients
the complete TCD follow-up was not available. Recanalization
on TCD was diagnosed as partial when blunted or dampened
signals appeared in a previously demonstrated absent or min-
imal flow. Complete recanalization on TCD was diagnosed
if the end-diastolic flow velocity improved to normal or ele-
vated values (normal or stenotic signals) [3]. No change in
the abnormal waveforms indicated that no recanalization had
occurred.

On admission, all patients underwent a CT within the first
3 h of stroke onset, and a second CT was repeated after 24–48 h
(or earlier when rapid neurological deterioration occurred) to
evaluate the presence of HT. CT scans were reviewed by a neu-
roradiologist with extensive experience in acute stroke that was
blinded to clinical and laboratory details. Presence and type
of HT were defined according to previously published crite-
ria [7,13]. Symptomatic intracranial hemorrhage was defined as

blood at any site in the brain on the CT scan and documentation
of neurological deterioration.

DNA was extracted from whole blood by standard methods.
A 490 base pairs in the intronic region of ACE where is located
the I/D polymorphism was amplified by polymerase chain reac-
tion (PCR) following previously described procedures [6]. The
amplicons were analyzed on agarose gel electrophoresis (1.5%)
and the homozygous DD were subjected to another insertion-
specific amplification to prevent ID versus DD mistyping (10%
of the homozygous DD are real ID, due to the preferential ampli-
fication of the shortest D allele and an inadequate amplification
of the largest I allele) [20].

Peripheral blood was obtained from patients before t-PA
administration, EDTA and citrated tubes were used to collect
blood samples and plasma was obtained by standard methods.
Plasma Factors VII and X activities were determined by a one-
step assay using Factor VII deficient plasma, Factor X deficient
plasma and PT-Fibrinogen HS plus (citrated tubes; Instrumen-
tation Laboratory Company, Lexington, MA, USA) and carried
out in a ST4 (Stago, France).

Plasma concentrations of PAI-1 were measured by enzyme-
linked immunosorbent assay (ELISA) using the TintElize
Biopool kit (Biopool, Sweden) according to manufacture’s users
guide.

Fibrinogen levels were measured by Von Claus-thrombin
standard method (Grifols, Spain).

Descriptive and frequency statistical analyses were obtained
and comparisons were made by use of the SPSS statistical pack-
age, version 12.0. Statistical significance for intergroup differ-
ences was assessed by the χ2 or Fisher’s exact test for categorical
variables and to determine whether there was any significant dif-
ference in allelic or genotype frequencies between cases with or
without MCA recanalization and with or without HT. Bonfer-
roni correction was used to determine which genotype accounts
for statistical significances. The presence of Hardy-Weinberg
equilibrium for I/D polymorphism was examined by χ2-test. T-
test, Mann–Whitney U-test and one-way ANOVA were used to
detect significant differences between age, NIHSS, Factor X,
Factor VII, fibrinogen and PAI-1 with MCA recanalization and
ACE polymorphism. To prevent overmodeling of the data, only
recanalization and hemorrhagic transformation were studied in
relation to patient’s genotypes.

Logistic regression was achieved to determine the indepen-
dent factors that could be predictors of recanalization of the
vessel by the end of t-PA infusion.

A total of 96 patients (50.5% women, mean age 71.3 ± 10.5)
with an ischemic stroke involving the MCA territory were
included. Among them 50% of patients were hypertensive,
31.5% were dyslipemic, 20.7% had a history of diabetes mellitus
and 39.1% had a documented atrial fibrillation. Median base-
line NIHSS was 17 (range 4–28) and baseline TCD detected a
proximal MCA occlusion in 60.9% and a distal occlusion in the
remaining patients.

Homozygous DD was found in 32 patients (33.3%), het-
erozygous ID in 55 patients (57.3%) and homozygous II in 9
patients (9.4%) corresponding to a Hardy–Weinberg equilib-
rium (p = 0.09). No differences were observed among the three
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