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Abstract

Introduction: The best therapeutic strategy for patients with mechanical heart valves (MHVs) having acute ischemic
stroke during treatment with vitamin K antagonists (VKAs) remain unclear. Being so, we compared the outcomes for: (i)
full dose heparin along with VKA (bridging therapy group) and (ii) restarting VKA without heparin (nonbridging group).
Patients and methods: For this multicenter observational cohort study, data on consecutive acute ischemic stroke
patients with MHV was retrospectively collected from prospective registries. Propensity score matching (PSM) was
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adopted to adjust for any treatment allocation confounders. The primary outcome was the composite of stroke, systemic
embolism, symptomatic cerebral bleeding, and major extracerebral bleeding at 90 days.

Results: Overall, 255 out of 603 patients (41.3%) received bridging therapy: 36 (14.1%) had combined outcome,
compared with 28 (8.0%) in the nonbridging group (adjusted OR 1.83; 95% CI 1.05-3.18; p=0.03). Within the bridging
group, |3 patients (5.1%) compared to 12 (3.4%) in the nonbridging group had an ischemic outcome (adjusted OR
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1.71; 95% Cl 0.84-3.47; p=0.2); major bleedings were recorded in 23 (9.0%) in the bridging group and 16 (4.6%) in the
nonbridging group (adjusted OR 1.88; 95% CI 0.95-3.73; p=0.07). After PSM, 36 (14.2%) of the 254 bridging patients
had combined outcome, compared with 23 (9.1%) of 254 patients in the nonbridging group (OR 1.66; 95% CI 0.95-2.85;

p=0.07).

Conclusion: Acute ischemic stroke patients with MHV undergoing bridging therapy had a marginally higher risk of
ischemic or hemorrhagic events, compared to nonbridging patients.

Keywords

Mechanical heart valve, acute stroke, prevention, oral anticoagulants

Date received: 19 May 2023; accepted: 2| June 2023

Introduction

Patients with mechanical heart valves (MHV) require life-
long anticoagulation with vitamin K antagonists (VKAs) to
reduce the risk of ischemic stroke and systemic embolism.
In the case of such an event, the risk of bleeding is higher
whenever anticoagulation is continued, whereas, the risk of
thromboembolism is generally higher after anticoagulation
has been interrupted. Therefore, to judiciously manage
these risks, currently a treating physician can: (1) continue
anticoagulation with VKA; (2) discontinue VKA and
resume it only after excluding for the presence of a hemor-
rhagic transformation by a second brain CT scan or an MRI
performed 24—72h from index event; (3) discontinue VKA
and initiate early anticoagulation therapy using bridge ther-
apy with a full dose of a short-acting anticoagulant (e.g.
low molecular weight heparin) along with VKA, until the
therapeutic international normalized ratio (INR) is
achieved. Regarding acute stroke patients with atrial fibril-
lation (AF), past study results have suggested that using
bridging therapy is associated with higher risks of both
early ischemic recurrence and hemorrhagic transformation,
compared to nonbridging patients.’? In patients with acute
stroke and MHYV, the benefit and safety profile associated
with bridge therapy remains unclear. In fact, results from a
meta-analysis, indicate that early anticoagulation with hep-
arins in patients with cardioembolic stroke was associated
with a non-significant reduction in the recurrence of
ischemic stroke, but the study also observed an increased
intracranial bleeding rate. However, in this meta-analysis,
the majority of the patients had AF.3

In light of this, we compared the clinical profiles and
outcomes of patients with acute ischemic stroke and MHV
receiving and not receiving bridging therapy.

Methods

In this multicenter observational cohort study, data of con-
secutive acute ischemic stroke patients with MHV hospital-
ized between January 2007 and September 2022 were
collected from prospective registries using prespecified
variables and collection methods. Patients were enrolled

from 43 Stroke Units across Europe and Asia (18 from
teaching hospitals and 25 from nonteaching hospitals) all
with high expertise on the management of patients with
stroke. These registries were part of an established network
that had been collaborating since 2007 to collect data on
acute stroke patients. Over these years, the number of cent-
ers has progressively increased with only centers that have
demonstrated the ability to collect reliable data have been
included. The enrollment period of consecutive patients
was determined by each participating center, depending on
local registry characteristics. Patients were excluded if they
had not had a follow-up brain imaging at 24—72h, and if
they had had contraindications for continuing anticoagula-
tion therapy including a high risk for malignant brain edema
or presence of early hemorrhagic transformation.

On admission, stroke severity was assessed using the
National Institute of Health Stroke Scale (NIHSS). A non-
contrast cerebral computed tomography (CT) or cerebral
magnetic resonance imaging (MRI) scan was performed at
admission on all patients to exclude for intracranial hemor-
rhage. Intravenous thrombolysis and/or endovascular
thrombectomy treatments were delivered according to
international guidelines. Standard stroke unit care, moni-
toring, and treatment were provided at all participating
centers according to international recommendations for
acute ischemic stroke according to the period of inclusion.
All patients were monitored for blood pressure, tempera-
ture, glucose level, and heart rate over the first days after
stroke. Attending physicians were free to make decisions
on the types of therapy (bridging or not) to be used and its
initiation day. A second brain CT scan or magnetic reso-
nance was performed 24-72h from stroke onset on all
patients. Hemorrhagic transformation (HT) was defined on
CT scan as any degree of hyperdensity within the area of
low attenuation and was classified as either hemorrhagic
infarction or parenchymal hematoma.*> On magnetic reso-
nance imaging, HT was defined as hypointensity on axial
T1-weighted or T2-weighted images. HT was considered to
be symptomatic if it was associated with an increase of =4
points on the NIHSS score or death.® We assessed for the
presence of white matter changes (leukoaraiosis defined on
the first computed tomography examination as ill-defined
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and moderately hypodense areas of =5mm according to
published criteria).” Leukoaraiosis in the deep white matter
was dichotomized into absent versus present (mild, moder-
ate, or severe).

The sites and sizes of the qualifying infarcts were classi-
fied based on standard templates®® as (1) small, when a
lesion was <1.5cm in the anterior or posterior circulation;
(2) medium, when a lesion was in a superficial cortical
branch of the middle cerebral artery (MCA), in the MCA
deep branch, in the internal border zone territories, in a cor-
tical superficial branch of posterior cerebral artery, in a cor-
tical superficial branch of the anterior cerebral artery; (3)
large when a lesion involved the entire territory of MCA,
posterior cerebral artery, or anterior cerebral artery, in 2
superficial cortical branches of MCA, in a cortical superfi-
cial branch of MCA associated to the MCA deep branch, or
in >1 artery territory (e.g. MCA associated to anterior cer-
ebral artery territories) or when a lesion was =1.5cm in the
brain stem or cerebellum.'’

For the purpose of this analysis, bridging therapy was
defined as any temporary full dose of LMWH (e.g. 100 UI/
kg of enoxaparin twice a day) or unfractionated heparin
(aPTT ratio 1.5-2.0) started combined or before with
VKAs, in order to guarantee the required time to achieve its
therapeutic effect'! or any full dose (given for at least 24 h)
of LMWH prior to the use of VKAs.

This study was approved by the pertinent institutional
review boards when required. Informed consent was
obtained in accordance with local requirements.

This study was designed adhering STROBE statement
recommendations  (Strengthening the Reporting of
Observational Studies in Epidemiology) (Supplemental
Material).

Baseline data

The following baseline variables were investigated: age,
sex, history of hypertension (blood pressure of
=140/90mmHg at least twice before stroke or treatment
with antihypertensive drugs), history of diabetes mellitus
(fasting glucose level =126 mg/ dL preprandial on 2 meas-
urements, glucose level =200mg/dL post-prandial, or
HbAlc =6.5%, or diabetic treatment), current cigarette
smoking, hyperlipidemia (total cholesterol =200 mg/dL or
triglyceride =140mg/ dL or lipid lowering therapy), his-
tory of symptomatic ischemic heart disease (myocardial
infarction, angina, existence of multiple lesions on thallium
heart isotope scan or evidence of coronary disease on coro-
nary angiography), current alcohol abuse (=300g per
week), history of previous stroke/transient ischemic attack,
presence of AF classified as paroxysmal when episodes ter-
minated spontaneously within 7 days, type of MHV (mitral,
aortic or both), history of symptomatic peripheral arterial
disease (intermittent claudication of presumed atheroscle-
rotic origin; or ankle/arm systolic blood pressure ratio

<0.85 in either leg at rest; or history of intermittent claudi-
cation with previous leg amputation, reconstructive sur-
gery, or angioplasty), presence of a pacemaker, intracardiac
thrombus on echocardiography (transthoracic and/or
transesophageal), INR on admission, creatinine clearance
(calculated by Cockcroft-Gault equation) and the day of
starting anticoagulant treatment after index stroke. Any
concurrent antiplatelet use prior to and/or after the index
stroke was also recorded.

Evaluation of outcomes

Patients were followed up prospectively through face-to-
face or telephone interviews. Study outcomes at 90 days
were (1) recurrent ischemic stroke or symptomatic systemic
embolisms; (2) symptomatic cerebral bleedings or major
extracerebral bleedings. The primary study outcome was
the composite of stroke, systemic embolism, symptomatic
cerebral bleeding, and major extracerebral bleeding. HTs
found on neuroimaging 24-72h after onset were not con-
sidered outcome events unless classified as symptomatic.
Stroke was defined as the sudden onset of a new focal neu-
rological deficit of vascular origin in a site consistent with
the territory of a major cerebral artery and categorized as
ischemic or hemorrhagic. Systemic embolism was defined
as an acute vascular occlusion of an extremity or organ con-
firmed by imaging, surgery, or autopsy. Major extracerebral
bleeding was defined as a reduction in the hemoglobin level
of at least 2 g/dL, requiring blood transfusion of at least 2
units, or symptomatic bleeding in a critical area or organ.!'?
Disability and mortality at 90days were also assessed
using the modified Rankin Scale (mRS). Nondisabling
functional outcome was defined as a mRS score of 0-2.

Statistical analysis

The analysis was performed to identify predictors of com-
posite outcome events. Chi-square test or Fisher’s exact test
with Yate’s correction, when appropriate, for categorical
variables or the Mann-Whitney U test for continuous varia-
bles were used to compare patients with combined events to
those without events, according to the presence of risk fac-
tors for stroke, as well as the type of anticoagulation therapy
(bridging or nonbridging therapy). Multivariable logistic
regression analysis was performed to identify variables that
would be associated with combined outcome event. The
variables of interest included in this analysis were selected
from the univariate analysis, using backward stepwise anal-
ysis with a 0.1 level as a screening criterion for the selection
of candidate variables. The day of starting anticoagulant
treatment was inserted into the models as a continuous vari-
able. Furthermore, for outcome events, survival and empiri-
cal cumulative hazard functions were estimated via the
Kaplan-Meier estimator for the two groups. Patients were
censored at the time of an outcome event or death.
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Propensity score matching (PSM) was adopted to con-
trol for factors driving treatment allocation. For the treat-
ment group this score was calculated including all of the
study variables. Matching was then done with a 1:1 ratio
across the groups, without replacement, and with a forced
preservation of bridging cases. After PSM, survival func-
tion and empirical cumulative hazard function were inde-
pendently utilizing the Kaplan-Meier estimator for the two
groups. Patients were censored at the time of an outcome
event, death, or if they had been lost to follow-up. Data
were analyzed using the SPSS/PC Win package 25.0 and R
v3.3.1.

Sample size calculation

To perform a logistic regression analysis, we needed at least
10 patients with outcome for each variable included in the
model.’* The expected primary outcome event rate at
3 months was estimated to be 10%.3 In light of the above, to
evaluate the predictors of the primary outcome event, it was
calculated that 600 patients would have been needed, so no
more than 6 variables were required for inclusion in the
model to reach a sufficient level of confounding.

Results

A total of 627 patients with acute stroke and MHV were
enrolled in the study and 24 patients were excluded from
the analysis because anticoagulation therapy was consid-
ered contraindicated or not indicated: 16 had malignant
middle cerebral artery syndromes, 5 early severe hemor-
rhagic transformations, 2 severe extracranial bleedings on
admission and 1 severe pancytopenia. In Table S1 on
Supplemental Material are reported the number of patients
included in each participating center. After index acute
ischemic stroke, 255 of 603 patients (41.3%) underwent
bridging therapy (239 with LMWH and 16 with unfraction-
ated heparin) (bridging group), 77 (12.8%) continued VKA
and 271 (44.9%) interrupted VKA that was restarted subse-
quently. These last two groups together comprised the non-
bridging group.

Clinical characteristics of the bridging and
nonbridging groups

The bridging and nonbridging groups differed for sex, pres-
ence of AF, history of stroke, the percentage of small-sized
lesions, revascularization therapy, and for NIHSS and
INR =2.5 on admission (Table 1).

The treatment with anticoagulant was initiated after a
mean of 3.3 =2.6days in the bridging group compared to
3.7 £5.3 days in the nonbridging group (p=0.6).

On admission, 85 of 255 patients (33.3%) in the bridg-
ing group were simultaneously taking an antiplatelet agent
(either aspirin, 100-300mg per day, or clopidogrel, 75 mg

per day), whereas in the nonbridging group, patients under
antiplatelet therapy were 94 of 348 (27.0%), being statisti-
cally similar (p=0.1).

At multivariable analysis, NIHSS on admission (odds
ratio [OR], 1.05 for each point increase; 95% CI, 1.01-1.08;
p=0.003), history of hyperlipidemia (OR 1.52; 95% CI
1.04-2.21; p=0.03) and revascularization therapy with
rtPA (OR 2.36; 95% CI, 1.53-3.65; p=0.001) were corre-
lated with the use of bridging therapy. Presence of AF (OR
0.65; 95% CI 0.44—0.96; p=0.03) and INR =2.5 on admis-
sion (OR 0.54; 95% C1 0.35-0.83; p=0.005) were inversely
correlated with the use of bridging therapy.

Outcomes in the bridging and nonbridging

groups

Opverall, 36 of 255 bridging patients (14.1%) had combined
outcome, compared with 28 of 348 (8.0%) in the nonbridg-
ing group (OR 1.88; 95% CI 1.11-3.17; p=0.02) (Table 2).
Within the bridging group, 13 of 36 (5.1% of all patients)
versus 12 of 28 (3.4% of all patients) in the nonbridging
group had an ischemic outcome (OR 1.50; 95% CI 0.67—
3.35; p=0.4); specifically, 12 ischemic strokes and 1 sys-
temic embolism in the bridging group and 10 ischemic
strokes, 2 systemic embolisms in the nonbridging group.
Major bleedings occurred in 23 of 36 patients (9.0% of all
patients) in the bridging group and 16 of 28 (4.6% of all
patients) in the nonbridging group (OR 2.06; 95% CI 1.06—
3.98; p=0.04); specifically, 11 symptomatic cerebral bleed-
ings and 12 severe extracranial bleedings in the bridging
group and 14 symptomatic cerebral bleedings and 2 severe
extracranial bleedings in the nonbridging group.

Table 3 summarizes the characteristics of the patients
with and without combined outcome events.

From multivariable analysis, bridging therapy was asso-
ciated with combined outcome (OR 1.97; 95% CI, 1.12—
3.47) and hemorrhagic events (OR 2.05; 95% CI 1.02—4.13)
but not with ischemic event (OR 1.50; 95% CI 0.67-3.35).

The Kaplan-Meier curves that compared the overall out-
come events in those patients with and without bridging
therapy are shown in Figure 1.

Excluding the 77 patients from the nonbridging group
who had continued VKA therapy (Table S2 on Supplemental
Material), the rates of outcome events in the remaining 271
patients in the nonbridging group who had their VKA ther-
apy interrupted were the following: combined outcome
events 23 (8.5%), hemorrhagic outcome events 13 (4.8%)
and ischemic outcome events 10 (3.9%) (Table S3 on
Supplemental Material). From multivariable analysis, the
bridging therapy group (255 patients) compared with the
nonbridging therapy group where the patients had inter-
rupted their VKA therapy (271 patients), was associated
with combined outcome (adjusted OR 1.89; 95% CI 1.03—
3.47, p=0.03) and hemorrhagic events (adjusted OR 2.17;
95% CI 1.03-4.60, p=0.04).



Paciaroni et al. 1035
Table I. Characteristics of the patients treated with or without bridging therapy.
Bridging therapy No bridging therapy p
N=255 N=348
Age (mean, years) 689+ 133 69.9+12.0 0.2
NIHSS on admission (mean, median) 10.1 £7.4 72*6.5 <0.0001
9 (IQR 12) 5 (IQR9)
Sex male 156 (61.2%) 181 (52.0%) 0.02
Diabetes Mellitus 64 (25.1%) 78 (22.4%) 0.4
Hypertension 178 (69.8%) 252 (72.4%) 0.5
Hyperlipidemia 130 (51.0%) 151 (43.4%) 0.07
Atrial fibrillation 118 (46.3%) 198 (56.9%) 0.01
History of stroke 69 (27.1%) 126 (36.2%) 0.02
Smoking (ongoing) 53 (20.8%) 59 (16.9%) 0.2
Alcoholism 34 (13.3%) 29 (8.3%) 0.06
Congestive heart failure 52 (20.4%) 75 (21.5%) 0.7
History of myocardial infarction 46 (18.0%) 62 (17.8%) 1.0
Peripheral artery disease 31 (12.1%) 32 (9.2%) 0.3
Pacemaker 32 (12.5%) 48 (13.8%) 0.7
Lesion size 0.002
Small 96 (37.6%) 181 (52.0%)
Medium 91 (35.7%) 101 (29.0%)
Large 68 (26.7%) 66 (19.0%)
Hemorrhagic transformation (24—72h) 44 (17.2%) 54 (15.5%) 0.6
Intracardiac thrombus 19 (7.4%) 17 (4.9%) 0.2
Mechanical mitral valve 115 (45.1%) 144 (41.4%) 0.5
Mechanical aortic valve 114 (44.7%) 172 (49.4%) 0.3
Mechanical mitral and aortic valves 26 (10.2%) 33 (9.5%) 0.8
rtPA 43 (16.9%) 29 (8.3%) 0.002
rtPA and/or mechanical thrombectomy 97 (38.0%) 59 (16.9%) <0.0001
Antiplatelet on admission 85 (33.3%) 94 (27.0%) 0.1
INR=2.5 on admission 45 (17.6%) 106 (30.4%) <0.0001
Creatinine clearance 772+ 36.6 67.9+254 <0.0001
Antiplatelet at discharge 12 (4.7%) 30 (8.6%) 0.08
Timing of anticoagulant therapy 33x26 3576 0.6
initiation (mean, days)
IQR: interquartile range.
Table 2. Outcome events in patients treated with or without bridging therapy.
Bridging therapy No bridging therapy Odds Ratio (95% ClI) p
N=255 N=348
Combined outcome events 36 (14.1%) 28 (8.0%) 1.88 (1.11-3.17) 0.02
adj. 1.97 (1.12-3.47)* 0.02
Ischemic outcome events 13 (5.1%) 12 (3.4%) 1.50 (0.67-3.35) 04
adj. 1.68 (0.69—4.08)* 0.2
Hemorrhagic outcome events 23 (9.0%) 16 (4.6%) 2.06 (1.06-3.98) 0.04
adj. 2.05 (1.02—4.13)* 0.04
Mortality 24 (9.4%) 23 (6.6%) 1.46 (0.80-2.66) 0.2
adj. 1.34 (0.70-2.56)** 0.3
Ischemic stroke 12 (4.7%) 10 (2.9%) 1.67 (0.71-3.93) 0.2
Systemic embolism 1 (0.4%) 2 (0.6%) 0.68 (0.06-7.55) 0.7
Symptomatic intracerebral bleeding Il (4.3%) 14 (4.0%) 1.08 (0.48-2.41) 0.8
Severe extracranial bleeding 12 (4.7%) 2 (0.6%) 8.54 (1.89-38.52) 0.0008

adj=adjusted.

*Adjusted for age, lesion size, history of stroke, clearance of creatinine and timing of initiation of anticoagulant therapy.
**Adjusted for age, sex, history of hypertension, atrial fibrillation, congestive heart failure, lesion size and intracardiac thrombus.
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Table 3. Characteristics of the patients having or not combined outcome event.

Combined outcome event No outcome event p
N=64 N=539
Age (mean, years) 724+ 11.6 69.2+12.7 0.05
NIHSS on admission (mean) 13.3x7.1 79*68 <0.0001
Sex male 39 (60.9%) 297 (55.1%) 04
Diabetes Mellitus 20 (31.2%) 122 (22.6%) 0.2
Hypertension 49 (76.6%) 380 (70.5%) 0.3
Hyperlipidemia 27 (42.2%) 254 (47.1%) 0.5
Atrial fibrillation 38 (59.4%) 278 (51.6%) 0.3
History of stroke 30 (46.9%) 165 (30.6%) 0.0l
Smoking (ongoing) 16 (25.0%) 95 (17.6%) 0.2
Alcoholism 8 (12.5%) 55 (10.2%) 0.5
Congestive heart failure 19 (29.7%) 108 (20.0%) 0.1
History of myocardial infarction 16 (25.0%) 92 (17.1%) 0.1
Peripheral artery disease I (17.2%) 51 (9.5%) 0.07
Pacemaker 14 (21.9%) 66 (12.2%) 0.04
Lesion size <0.0001
Small 12 (18.8%) 266 (49.4%)
Medium 24 (37.5%) 168 (31.1%)
Large 28 (43.7%) 105 (19.5%)
Leukoaraiosis 38 (59.4%) 283 (52.5%) 0.3
Intracardiac thrombus 6 (9.4%) 30 (5.6%) 0.2
rtPA 10 (15.6%) 62 (11.5%) 0.3
rtPA and/or mechanical thrombectomy 20 (31.2%) 135 (25.0%) 0.3
INR=2.5 18 (28.1%) 133 (24.7%) 0.3
Timing of anticoagulant therapy initiation (mean, days) 56* 145 32+39 0.003
Combined endpoint Ischemic endpoint Hemorrhagic endpoint
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Figure |. Cumulative risk of combined, ischemic or hemorrhagic endpoint events in patients receiving or not bridging therapy.

After PSM, the 254 patients who did not have bridging
therapy were compared to the 254 who did. In Table S4 on
Supplemental Material, the characteristics of the patients
after PSM are reported. Matching allowed to compare simi-
lar rates of cardiovascular risk factors across the cohorts, as
well as mitigation of the differences in stroke severity and
hyperacute treatment, of which the latter two variables

were higher among patients who had underwent bridging.
Regarding outcome events, 36 (14.2%) bridging patients
had a combined outcome event, compared with 23 (9.1%)
nonbridging patients (OR 1.66 [95% CI, 0.95-2.85];
»=0.07). In the bridging group, 13 of 36 (5.1% of all
patients) compared to 10 of 23 (4.0% of all patients) in the
nonbridging group, had an ischemic outcome (OR 1.31;
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Figure 2. Cumulative risk of combined, ischemic or hemorrhagic endpoint events in patients receiving or not bridging therapy

after Propensity Score Matching.
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Figure 3. Cumulative risk of combined, ischemic or hemorrhagic endpoint events stratified according to timing of anticoagulant

therapy initiation in patients receiving or not bridging therapy.

95% CI10.56-3.03; p=0.5). Major bleedings occurred in 13
out of 23 patients (5.1% of all patients) in the nonbridging
group and 23 out of 36 (9.1% of all patients) in the bridging
group (OR 1.85; 95% CI 0.91-3.70; p=0.08).

The Kaplan-Meier curves that compared the combined
outcome events (ischemic stroke, systemic embolism,

intracranial hemorrhage, and major extracranial bleeding)
between the two treatment groups after PSM are reported in
Figure 2.

As 30.4% of patients in the nonbridging group and
17.6% in the bridging group had INR=2.5 on admission,
we performed a sensitivity analysis with the aim of testing
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the robustness of the results by restricting the cohort to
patients with INR <2.5 on admission when bridging ther-
apy would have been more appropriate. Overall, 27 of the
210 patients (12.8%) in the bridging group had combined
outcomes, compared to 18 of the 242 patients (7.3%) in the
nonbridging group (OR 1.84; 95% C1 0.98-3.44, p=0.059).
After adjustment for age and sex, bridging therapy was
associated with combined outcome events (OR 1.88; 95%
CI 1.00-3.54, p=0.05).

At 90days, 110 (43.1%) patients treated with bridging
therapy were deceased or disabled (mRS score =3); of
those, 24 (9.4%) were deceased while 138 (39.6%) patients
treated with nonbridging therapy were deceased or disa-
bled; of those 23 (6.6%) were deceased (p=0.2 and p=0.3,
respectively). Variables associated with mortality or disa-
bility were age (OR 1.04 for each year increase; 95% ClI
1.02-1.06; p=0.0001), presence of AF (OR 1.57; 95% CI
1.06-2.33; p=0.02), history of stroke (OR 1.90; 95% CI
1.26-2.86; p=0.002), history of congestive heart failure
(OR 1.73; 95% CI 1.08-2.78; p=0.02). Small lesion size
was inversely associated with mortality or disability (OR
0.20; 95% CI1 0.13-0.30; p=0.0001) while bridging therapy
was not associated with this outcome (OR 1.11; 95% CI
0.75-1.65; p=0.5).

Bridging and nonbridging therapy and

the risk of recurrent ischemic events or
bleedings associated with the day of initiating
anticoagulant treatment

The graphs in Figure 3 show the different risks associated
with the day of initiating anticoagulant treatment in patients
with or without bridging therapy for ischemic and hemor-
rhagic outcome events. The results suggest that patients
treated with bridging therapy had an increased risk of major
bleeding, compared to patients treated without bridging
therapy, especially when anticoagulant treatment was initi-
ated within the first 3 days from index event. In fact, 18
(10.8%) out of 166 patients treated with bridging therapy,
within 3 days from index stroke, had a hemorrhagic out-
come compared to 7 (2.9%) out of 240 patients treated
without bridging therapy (OR 4.05; 95% CI 1.65-9.93;
»=0.002). In addition, 8 (4.8%) out of the 166 patients
treated with bridging therapy, within 3days from index
stroke, had an ischemic outcome compared to 5 (2.1%) out
of the 240 patients treated without bridging therapy (OR
2.38; 95% CI1 0.76-7.41; p=0.1).

Discussion

The ESTREM study found that the use of bridging therapy
is common among patients with MHV and acute ischemic
stroke and may be associated with bleeding risk. Specifically,
the risk of bleeding was particularly high when therapy with
heparins was initiated early, within the first 3 days from
index stroke. In agreement with our data, previous

randomized studies included in a meta-analysis had reported
that early anticoagulation initiated within 48 h with heparins
in patients with cardioembolic stroke was associated with a
non-significant reduction in the recurrence of ischemic
stroke. However, these studies observed increased intracra-
nial bleeding rates. It should be noted that in these studies
the majority of the patients had AF.> Another difference, was
that in our study, bleedings were located for the most part
extracranially while the rates of symptomatic intracranial
bleeding were similar between the bridging and no bridging
groups. The mechanism as to why bridging therapy was
associated, especially with an increased risk of extracranial
severe bleedings is not well understood. But other studies,
investigating other types of patients reported that early
bridging therapy was associated with an overall increase in
severe bleedings: specifically, in patients with acute
ischemic stroke and AF and also in patients with MHV who
had their VKA interrupted for invasive surgical or diagnos-
tic procedures.'>!* Whereas, in the abovementioned meta-
analysis of randomized controlled clinical trials, the rate of
severe extracranial bleeding was not reported. Albeit, the
results are in agreement: an early use of heparins was associ-
ated with a high risk of bleeding events. Recent results from
randomized controlled trials in patients with AF and stroke
have reported a very low rates of intracranial and extracra-
nial bleedings in patients started on direct oral anticoagu-
lants early after stroke; which is in contrast to the findings
presented in this study.'>!°-. This may have been due to the
differences between Vitamin K antagonists and direct oral
anticoagulants; the latter had not been suggested to be effec-
tive and safe in patients with MHV.!7

In our study, following PSM, the observed significant
difference in combined outcome events between the two
groups emerging in the multivariable model was reduced to
a marginally significant trend, most likely due to the reduc-
tion in the sample size along with the decrease in the num-
ber of outcome events recorded. Bridging therapy with
heparin is initiated for sub-acute ischemic stroke, as it is
thought to reduce the risk of ischemic recurrence possibly
due to a presumed prothrombotic activity attributed to war-
farin at treatment initiation if this latter treatment had been
interrupted before and re-initiated.'® However, reliable data
on the role of warfarin in blocking endogenous anticoagu-
lants has not been demonstrated. Therein, it is plausible that
warfarin alone might be more effective and safer than
bridging therapy with heparin in the subacute phase of
stroke in reducing recurrence.

In the ESTREM study, patients treated with bridging
therapy had more severe strokes on admission and larger-
sized lesions compared to patients treated without bridging
therapy. Specifically, more than 62% of the patients treated
with bridging therapy had medium or large-sized lesions
compared to 48% of the patients had not received bridging
therapy. We hypothesize that clinicians might have pre-
ferred to continue VKA therapy without interruption in less
severe patients. Another probable reason that might have
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lead clinicians to treat patients without bridging therapy
and continuing VKAs, might have been the patient’s INR
values on admission. In fact, about 30% of the patients
without bridging therapy had an INR=2.5 on admission
compared to about 17% of the patients treated with bridg-
ing therapy.

The ESTREM study had several limitations. First, the
reported associations in our nonrandomized study were
undoubtedly influenced by numerous potential confounders,
even though they were adjusted using statistical models. In
fact, the two groups differed for several vascular risk factors,
stroke severity and lesion size. Second, both central adjudica-
tion of the outcome events and centralization of vascular
imaging for measurement of the ischemic lesions were not
performed. Third, a possible bias in the ascertainment of
recurrent strokes versus asymptomatic intracranial hemor-
rhage depending on antithrombotic status could have been
present, given the absence of blinding. Fourth, the study
included patients derived from several registries and these
registries could have differed in their designs, quality assur-
ances, recruitment strategies, care settings, geographic distri-
butions and their follow-ups. Interpretations of data from
these registries must take into account the impact of recall
bias and survivorship bias that can be incurred with enroll-
ment.'? Fifth, the original protocol for this study specified that
all of the patients had to be included consecutively and that all
centers had to follow guidelines for the management of the
patients. We have no objective data to confirm that this was
done. However, patients were enrolled from Stroke Units
with high expertise on the management of patients with
stroke. Finally, we did not collect data on the type of MHV.
Several types of MHV exist having different risks of throm-
boembolism requiring different therapeutic ranges of INR.

The strengths of our study included its adequate sample
size and its findings that reflect real-life experiences.
Regarding the latter, in view of the complete absence of any
randomized data, these findings may provide observational
information that could assist stroke physicians in better
managing acute cerebral ischemic patients with MHV.

In conclusion, acute ischemic stroke patients with MHV
in the bridging therapy group had marginally higher risks of
ischemic or hemorrhagic events, compared to the nonbridg-
ing therapy group. These results require cautious interpreta-
tion because of the substantial potential for confounding.
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