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The safety and efficacy of Heparin and Nadroparin compared to placebo in acute
ischemic stroke — pilot study

Jana Dluha?, Stefan Sivak?, Egon Kurca?, Robert Dusenka®, Klaudia Kalmarova?, Monika Turcanova Koprusakova?,
Ema Kantorova?, Vladimir Nosal®

Aims. This study aimed to compare the efficacy and safety of heparin and nadroparin in order to provide an additional
therapeutic option for patients with acute ischemic stroke in, whom systemic thrombolysis was excluded, or throm-
bectomy could not be performed.

Methods. We describe a prospective randomized double-blind placebo-controlled pilot study in acute ischemic stroke.
The therapeutic window was between 4.5 and 24 h after the onset of stroke. During the first 24 h of treatment, the
patients divided into 3 groups received placebo, heparin or nadroparin (in therapeutic doses). During the following
48 h, each patient received nadroparin in the therapeutic dose. 24 h after start of treatment they began taking 100 mg
aspirin daily. The primary safety indicator was incidence of complications such as intracerebral or systemic hemorrhage,
or death. Efficacy was primarily monitored by the neurological modified Rankin Scale (mRS) at 90 days.

Results. There were no signs of intracerebral or systemic bleeding in the cohort of 87 patients. Two patients died - one
(3.7%) in the heparin and one (3.8%) in the placebo group due to causes not connected with the treatment. There was
a statistically significant difference in mRS on the 90" day between the heparin and placebo groups (21 (80%) vs 13

(50%), P=0.0350) and between the nadroparin and placebo groups (29 (85%) vs 13 (50%), P=0.0031).
Conclusion. The results show that the treatment with heparin and nadroparin is safe and effective.
Trial registration: Trial is registered in ClinicalTrials.gov: NCT01862978.
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INTRODUCTION

Stroke represents one of the major public health prob-
lems worldwide, particularly in industrialized countries'.
It is a frequent cause of acute hospitalization (150,000
cases per year vs. 130,000 cases of myocardial infarction
in France), severe morbidity (the first cause of disability,
the second cause of dementia), and the third cause of
overall mortality’.

Since 1995, when the results of the NINDS clinical
study were published, causal therapy (intravenous throm-
bolysis - IVT) has been generally available. Initially IVT
was administered within 3 h of stroke onset®. In 2009, the
results of the ECASS III clinical study showed acceptable
efficacy and safety of IVT within 4.5 h from the onset
of stroke’. Moreover, currently there is an option to use
mechanical thrombectomy in cases of large artery occlu-
sion. Several publications have supported this method of
treatment within 6 h after stroke onset®*'°. According to
published data as well as our everyday experience, the
earlier the reperfusion treatment starts, the more effective
it is and the less complications there are. On the other
hand, the time is a very important limiting factor of the
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reperfusion therapy. From clinical practice, it is clear that
most patients arrive later than 4.5 h after the stroke onset.
Other delays are caused by poor intrahospital logistics
(long door-to-needle time). Even though both of these
delays can be shortened, the majority of patients still do
not receive the reperfusion therapy.

Before the era of reperfusion therapy, heparin or low
molecular weight heparin (LMWH) had frequently been
used'’. In specific cases, such as artery dissection, cere-
bral vein and sinus thrombosis, or cardioembolic stroke,
it used to be (and sometimes still is) considered the first
choice treatment.

In general, current opinions on the use of heparin/
LMWH in acute ischemic stroke therapy are very criti-
cal. This is due especially to the results of several clini-
cal studies, showing that there is a higher incidence of
hemorrhagic complications, especially hemorrhagic
transformation of ischemic tissue in patients treated with
LMWH or heparin'**. The use of heparin or LMWH
is thus, according to current guidelines, accepted only
as a prophylaxis for deep venous thrombosis. However,
most of the published studies have not respected current
views on stroke pathophysiology and treatment. Further,
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design flaws make comparison difficult. Details will be
discussed later.

There is a lack of therapeutic options in the initial
4.5-24 h after stroke onset in those patients who have not
undergone reperfusion therapy, and our personal positive
long-term clinical experiences with heparin/LMWH treat-
ment were the basis for our decision to start this clinical
study. We have designed a prospective clinical study, with
current views on stroke pathophysiology taken into the
account.

The primary aim of this study (safety endpoint) is to
establish whether or not patients treated with heparin or
nadroparin are at higher risk of intracranial hemorrhage
or major system hemorrhage compared to placebo. The
other aim (efficacy endpoint) is to compare the efficacy
of heparin and LMWH to placebo. Efficacy is measured
by several commonly used scales - National Institutes
of Health Stroke Scale (NIHSS), modified Rankin Scale
(mRS), and Barthel Index (BI).

METHODS

The primary aim of our study was to test whether treat-
ment with intravenous heparin sodium and subcutaneous
nadroparin calcium in the full anticoagulant dosage ad-
ministered within the first 4.5 to 24 h of an acute ischemic
stroke is safe and effective.

Our controlled clinical trial was a single centre, pro-
spective, randomized, double-blind, and placebo-con-
trolled. The recruitment period was 24 months.

The study has three arms with patient randomized in
the ratio 1:1:1
1) Intravenous heparin sodium. Patients received heparin

sodium during the first 24 h of treatment. After this

period, they received a therapeutic dose of nadroparin
calcium subcutaneously, adjusted according to body

weight (Fig. 1). The nadroparin treatment lasted 48

h. The heparin treatment included the initial bolus of

2500 UI and further continuous application of 1000

Ul/h (18-20 Ul/kg/h). aPTT was checked every 6 h

and the dosage is adjusted in order to reach 2-2.5x of

the initial aPTT value.

2) Subcutaneous nadroparin calcium. Nadroparin was
administered subcutaneously according to body weight
within 72 h.

3) Intravenous placebo. Placebo (saline solution) was
administered within the first 24 h by an IV pump. For
the next 48 h patients received subcutaneous nadropa-
rin calcium in the therapeutic dose, according to body
weight.

24 h after the treatment initiation a second CT scan
was performed and to exclude intracranial hemorrhage,
all patients receive 100 mg of aspirin daily.

Screening procedure
Inclusion criteria: acute ischemic stroke with symp-
toms duration of at least 30 min, treatment initiation with-
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Fig. 1. Scheme of the treatment.

in 4.5 to 24 h after the onset of stroke, mRS (modified
Rankin Scale) 0-1 (at least one month before the event),
NIHSS (The National Institutes of Health Stroke Scale)
>6 and <25, age: 18-80 years, informed consent signed,
willingness and ability to comply with the study protocol.

Exclusion criteria: intracranial hemorrhage verified by
CT, spontaneous rapid improvement of stroke symptoms
before initiation of the treatment, large ischemia visible on
the initial CT covering more than 2/3 of the territory of
the affected artery, epileptic seizure at the onset of stroke,
acute ischemic stroke on initial CT, recent ischemic stroke
treated with IVT or planned mechanical recanalization,
stroke, myocardial infarction or serious trauma within
the previous 3 months, platelet count <100.000/mm3,
refractory hypertension, systolic pressure >185 mmHg
or diastolic pressure >110 mmHg despite therapy, blood
glucose <2.77 or >22.15 mmol/L, bleeding diathesis, se-
vere liver or renal lesion, oral or parenteral anticoagulant
treatment at the time of stroke onset, current or previous
life-threatening bleeding, major surgery within the previ-
ous 3 months, malignancy, active tuberculosis, pregnancy,
known heparin or nadroparin allergy, alcohol and/or drug
abuse, participation in another clinical study.

Safety endpoints: major bleeding (i.e. gastrointestinal
bleeding), intracranial hemorrhage (intracerebral, sub-
arachnoid), death.

Evaluation of endpoints: Safety was evaluated by an
initial CT scan before randomization and another one
24 h later. mRS, NIHSS, and BI were performed on the
3rd 7t 30" and 90" day. As the efficacy endpoint of self
independence, we considered an mRS score of 0-2 points
on the 90™ day. We defined NIHSS score of 0-1 points as
a very good clinical neurological state (no or very mild
disability), NIHSS score of 2-8 points as a good clinical
state (mild to moderate disability), and NIHSS score of
>9 as a severe neurological state (severe disability), and
death. BI values were divided into three categories: BI
score of 95-100 - no need of assistance in daily activities,
BI score of 55-90 - slight dependence, BI score of 0-50 -
moderate to severe dependence.
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Table 1. Time and CT characteristic of groups.

Time onset Overall Nadroparin Heparin Placebo P
of treatment n=87 (%) n=34 (%) n=27 (%) n=26 (%) 0.1075
>45<12h 64 (73.56) 21 (61.76) 23(76.92) 20 (73.56)

>12<24h 23 (26.44) 13 (38.24) 4 (23.08) 6 (26.44)

CT 0 h - on admission 23 (26.44) 12 (35.29) 5(18.52) 6 (23.08) 0.3023
Ischemic lesion

CT 24 h - control 54 (62.07) 21 (61.76) 6 (59.26) 17 (65.38) 0.8988
Ischemic lesion 0(0.00) 0(0.00) 0(0.00) 0(0.00)

Intracerebral hemorrhagge

Process of patient randomization and blinding

A list of randomized numbers (1, 2, 3) with a dis-
tribution ratio 1:1:1 was created by the EDGARII com-
puter program. Numbers 1, 2 and 3 represent Heparin,
Nadroparin, and Placebo arms, respectively. This list
was open only to nurses, who prepared the medication.
Patients were not aware of the type of medication they
received. The clinical-state evaluator was also blinded to
the therapy and results of aPTT. The Ethics Committee
of Jessenius Faculty of Medicine in Martin, Comenius
University in Bratislava accepted the study protocol in-
cluding the informed consent.

Statistical analysis

All values are expressed as mean +/- standard devia-
tion (SD). Shapiro-Wilk test was used to test the normal-
ity of the data. Because of non-normal data distribution,
the nonparametric Kruskal-Wallis test and Man-Whitney
U test with Bonferroni correction were used for the com-
parison between the groups. For comparison between
paired groups, Wilcoxon signed ranks test was used.
For comparision of categorical variables, the chi-square
test was used. The significance level was set to a=0.05.
Statistical software STATISTICA (StatSoft) and Mathlab
(Mathworks) were used for calculations.

RESULTS
The study lasted from May 2013 to February 2016.

We enrolled 87 patients with acute ischemic stroke. There
were 50 men (57.47%) and 37 women (42.53%). Patients

were randomized into three treatment groups. 34 pa-
tients received nadroparin, 27 heparin and 26 patients
were in the placebo group. The groups did not differ in
age (P=0.5133). Mean age was 70 = 9.3 years. Fifty-one
patients (58.62%) were between 70 and 80 years old.

The treatment began on average 9.8 £ 5 h (median:
8 h) after the onset of stroke. There was no difference
in the time between the three groups (P=0.6349). The
initial brain CT detected early signs of brain ischemia in
23 (26.44%) patients and no new lesions in 64 (73.56%)
patients of the total cohort. The follow-up CT revealed
new ischemia in 54 (62.07%) patients and no intracranial
haemorrhage in any of the patients (Table 1). The aver-
age blood pressure before the treatment was 160 + 22.7
mmHg systole and 84 = 12.7 mmHg diastole. During the
first 24 h the average blood pressure was 150 + 16 mmHg
systole and 79 + 8.4 mmHg diastole.

Endpoints
Safety endpoint

In the 87 patients, we did not detect any signs of in-
tracerebral or systemic bleeding. Two patients died (one
(3.7%) in the heparin and one (3.8%) in the placebo
group). Overall mortality was 2.3%. There was no statisti-
cally significant difference between the groups (P=0.5180)
in mortality.

Efficacy endpoints
National Institute of Health Stroke Scale (NIHSS)

The average value of NIHSS before the beginning of
treatment was 7.5 £ 2.3 (median 7). NIHSS values of the
included patients were between 6 and 17. There was no

placebo

heparin

nadroparin

NIHSS on 90 day
number of patients

mNIHSS 0-1
ENIHSS 2-8
ENIHSS =9
M death

Fig. 2. NIHSS on 90th day.
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significant difference (P=0.1130) between the three groups
in the NIHSS scores on the 90" day (NIHSS 0-1; 2-8; >9;
death) (Fig. 2).

Modified Rankin Scale (mRS)

Self independence was evaluated by mRS on the 90
day. In the total cohort the value of mRS 0-2 was reached
by 63 (72.41%) patients, in the nadroparin group it was
29 (85%), in the heparin group it was 21 (80%), and in
the placebo group it was 13 (50%) patients. There was
a statistically significant difference between the heparin
and the placebo groups (21 (80%) vs 13 (50%), P=0.0350)
and between the nadroparin and the placebo groups (29
(85%) vs 13 (50%), P=0.0031) (Fig. 3).

Barthel Index (BI)

The need of assistance in daily activities was evalu-
ated by the Barthel Index neurological scale. There was
no statistically significant difference (P=0.2029) between
the BI groups (95-100, 5-90, 0-50) on the 90* day (Fig. 4).

DISCUSSION

Acute ischemic stroke is a frequent and disabling
disease. Despite current therapeutic approaches such as
intravenous thrombolysis and mechanical thrombectomy,
the majority of patients still do not receive this therapy.
This is mainly caused by long delays between the onset
of stroke and the beginning of therapy. The delay can
be influenced (i.e. patient education, improved patient

management), but only to a certain extent. Another pos-
sibility is to find new therapeutic approaches, what was
the aim of our study.

In our work, we focus on the acute phase of ischemic
stroke. There are three ways heparin or LMWH can be
used - as a treatment in acute phase of ischemic stroke,
as a secondary stroke prevention (short or long term),
or as a prevention of stroke complications such as deep
venous thrombosis with subsequent pulmonary embo-
lism. ASA/AHA or ESO stroke guidelines do not recom-
mend heparin or its derivates for the treatment of acute
ischemic stroke?*?!. These recommendations reflect the
results of large clinical studies and meta-analyses!>!"!°,
Unfortunately, in most published clinical studies, heparin
or LMWH were used later than 24 h from the onset of
a stroke. There are only a few clinical studies, where the
treatment is initiated within the first 24 h!*22,

One of the largest randomized studies regarding safety
and efficacy of heparin was the International Stroke Trial
(IST) with 19 435 patients enrolled. The results showed,
that there were significantly more deaths due to hemor-
rhagic stroke (28 vs 15, P<0.05) or extracranial hemor-
rhage (12 vs 3, P<0.05) compared to non-heparin group
within 14 days from the treatment initiation. On the other
hand, heparin treated patients had significantly fewer
recurrent ischemic strokes within 14 days (283 vs 370,
P<0.01). Among pooled fatal and non-fatal events, there
was a significant increase in hemorrhagic strokes (120
vs 41, P<0.00001) and extracranial hemorrhages (129
vs 37, P<0.00001). Howeyver, careful analysis can reveal
significant deficiencies in the study design. It is possible

mRS on 90 day
number of patients
placebo
heparin EmRS 0-2
EmRS 3-6
nadroparin
Fig. 3. mRS 0-2 on 90th day.
BI on 90 day
number of patients
placebo = BI95-100
. ® BI 55-90
heparin
mBI0-50
nadroparin = death

Fig. 4. BI on 90th day.
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that such a designed study would not now be published.
For example, in 34% of all patients enrolled in the IST,
the treatment was initiated later than 24 h after the onset
of stroke'. In our study, all patients were enrolled within
24 h after the onset of ischemic stroke. 28% of the IST
patients had uncontrolled arterial hypertension with sys-
tolic pressure values over 180 mmHg. The systolic blood
pressure during the treatment was maintained below
180 mmHg. Almost a third of randomized patients were
more than 80 years old. Our cohort consisted of patients
younger than 80 years old. The most serious limitation
of the study is that almost one third of all patients had
no CT scan prior to the treatment. In our study, all pa-
tients underwent an initial brain CT scan before the begin-
ning of the treatment and a follow-up CT scan 24 h later.
Intracerebral hemorrhage was not detected in any of the
patients. These days each of the above mentioned factors
would exclude the patient from the reperfusion therapy
due to the risk of intracerebral hemorrhage.

The efficacy and safety of heparin compared to pla-
cebo administered within 3 h from the stroke onset was
tested in a clinical study published by Camerlingo'. The
study showed that 38.9% of heparin treated patients had
an mRS score 0-2, what was significantly more (P=0.025)
than patients receiving placebo (28.6%). There were non-
significant differences in deaths in the groups (heparin
16.8% vs placebo 21.9%, P=0.189). Symptomatic intrace-
rebral hemorrhage occurred significantly more frequently
in the heparin group compared with the placebo group
(6.2% vs 1.4%, P=0.008) (ref.!*).

In our group of patients, we found a statistically sig-
nificant difference in self-independence mRS with a score
of 0-2 on the 90™ day between the heparin and the pla-
cebo groups (80% heparin vs. placebo 50%, P=0.0350).
During the period of the trial, we recorded two deaths
(one (3.7%) in the heparin and one death (3.8%) in the
placebo group). Patients died within the first 30 days.
No haemorrhagies (intracebral or systemic) were present.
The cause of death in both patients was cardiorespiratory
arrest.

Many studies with LMWH are also rather confusing.
Moreover, most of were designed as secondary preven-
tion studies not as an acute stroke treatment. Kay et
al. 1995 compared the therapeutic dose of nadroparin
with a placebo administered within 48 h in subjects with
the acute ischemic stroke. They found that in patients
with ischemic stroke treated within 48 h of the onset of
symptoms, nadroparin was not effective in improving out-
comes at three months (P=0.12), but demonstrated im-
provement in outcomes at six months (P=0.005) (ref.').
Hemorrhagic transformation occurred in 6.2% patients
treated with nadroparin in the therapeutic dose, 8.6% in
prophylactic nadroparin, and even 12% in the placebo
group'®. In the FISS-tris study, LMWH or aspirin were
administered within 48 h after the stroke onset. LMWH
was significantly associated with reduction of early neu-
rological deterioration within the first 10 days, compared
to aspirin (absolute risk reduction, 7.2%; odds ratio [OR],
0.44; 95% CI, 0.21-0.92) (ref.?®). In our study, there were

significant differences in self independence evaluated by
mRS on the 90™ day in the nadroparin group compared to
the placebo group (29 (85%) vs. 13 (50%), P=0.0031). In
our cohort, we found no systemic or cerebral hemorrhage
and no treatment-connected death occured.

Previous studies of the safety profile of heparin and
nadroparin reported increased occurrence of serious ad-
verse events such as bleeding complications and mortality
associated with treatment. In our study, we did not ob-
serve any manifestations of bleeding, either symptomatic
or asymptomatic despite the full therapeutic (anticoagu-
lant) dose. We assume that the absence of hemorrhagic
complications was due to the strict selection of patients
before the treatment based on well-selected inclusion and
exclusion criteria. We excluded those patients with signs
of large ischaemia on the initial CT scan (more than 1/3
of middle cerebral artery territory), or with complicated
severe neurological disability (NTHSS over 235, in fact the
highest score was 17). It is difficult to precisely compare
treatment efficacy among different clinical trials despite
the use of the same rating scales (NIHSS, mRS, BI) as
the studies use different variations of the scales, as well
as different score intervals.

This is a pilot study with a unique design, focusing
on high safety of the used method, which makes it rel-
evant, even though in comparison with other large stud-
ies (eg. IST, Camerlingo, FISS) our cohort is small*!5-%3,
Our study allows a direct comparison of the safety and
therapeutic effect of nadroparin, heparin and placebo
administered in therapeutic doses within 24 h from the
stroke onset.

CONCLUSIONS

The results of our pilot study show that both heparin
and nadroparin treatments in therapeutic doses are safe
in comparison to placebo and they are also effective in the
acute phase of ischemic stroke. However, it is necessary
to confirm our findings with multicentric clinical trials
with larger numbers of patients.
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