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Abstract

Untreated individuals with antithrombin (AT) deficiency are at higher risk of thrombosis and

adverse pregnancy outcomes. The present recommendations are mostly empirical for treating

patients with AT deficiency during pregnancy because of the absence of guidelines. We report a

rare case of heparin resistance due to AT deficiency in a pregnant 32-year-old Chinese woman.

We also reviewed the English medical literature for AT deficiency and its association with throm-

boembolism and treatment. This patient suffered two early miscarriages because of thrombosis

due to AT deficiency. The patient was administered the combination of adequate low molecular

weight heparin with fresh frozen plasma and warfarin because of her heparin resistance. She

delivered a healthy female newborn without any adverse effects of the anticoagulation therapy.

Our findings suggest that the combination of adequate low molecular weight heparin with fresh

frozen plasma and warfarin is effective for preventing thrombus during pregnancy.
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Introduction

Antithrombin (AT) is regarded as a natural
anticoagulant that inhibits factor Xa,
thrombin (factor IIa), and other serine pro-
teases.1 Inherited AT deficiency is closely
related to the occurrence of venous throm-
boembolism.2 Egeberg first reported a case
of AT deficiency associated with venous
thromboembolism in 1965.3 During preg-
nancy or delivery, untreated individuals
with AT deficiency are at a higher risk of
thrombosis.4 These women also have a high
risk of adverse pregnancy outcomes, such
as spontaneous miscarriage, intrauterine
growth restriction, early-onset severe pre-
eclampsia, and placental abruption owing
to a physiological hypercoagulable state
that is aggravated with pregnancy.5

Congenital AT deficiency is a rare auto-
somal dominant disease due to mutation of
the serpin family C member 1 (SERPINC1)
gene. To date, more than 330 various muta-
tions have been reported.5 AT deficiency is
classified as two types as follows. Type I
(quantitative) deficiency is described as a
low amount and activity of AT, which is
related to a 20-fold increased risk of
venous thrombosis.6 Type II is a functional
defect, which has three subtypes according
to the site of the key mutations. The type II
reactive site is due to a flaw in the AT reac-
tive site. The type II heparin-binding site
(HBS) is a mutation of HBS and pleiotropic
mutations that lead to a type II pleiotropic
effect.7

There are currently no guidelines for
managing AT deficiency in patients during
pregnancy. However, LMWH has been
widely used as a prophylactic therapy by
the recommendation of the Royal College
of Obstetricians and Gynecologists and the
American Congress of Obstetricians and
Gynecologists.8,9 The Royal College of
Obstetricians and Gynecologists recom-
mends 50% to 100% low molecular
weight heparin (LMWH) throughout

pregnancy.9 Heparin cannot exert its anti-
coagulant effect alone.10 Therefore, because
of heparin resistance (HR) present in many
AT-deficient patients, the therapeutic effect
of LMWH is not uniformly accepted.
Furthermore, little data are available on
the ideal dosage of LMWH and the appro-
priate use of substitution therapy.
Therefore, focusing on this rare, but
severe coagulopathy, is challenging. We
report here a pregnant woman with AT
deficiency who had a successful pregnancy
outcome after therapeutic treatment with
an adequate dose of LMVH or warfarin
with fresh frozen plasma (FFP)
supplementation.

Case report

We report the case of a 32-year-old Chinese
patient who had a history of two
pregnancy-related thromboembolic events.
These events were cerebral vein-venous
sinus thrombosis at 5 gestational weeks
(GW) when she was 27 years old and left
lower thrombosis following a miscarriage in
her second pregnancy in the first trimester
at 29 years old. At that point, she was then
treated with warfarin.

After routine assessments were per-
formed in the patient at 32 years old, no
inherited or acquired risk factors for throm-
bosis or related family history were discov-
ered, except for AT activity. Her AT
activity was only 37% (normal range:
75%–125%) (Berichrom Antithrombin III;
Siemens, Erlangen, Germany) while the AT
antigen (BN ProSpec system AT-III;
Siemens) was 93% (normal range: 80%–
120%). The D-dimer concentration was
0.2 mg/mL D-dimer units (normal range:
0–0.5 mg/mL D-dimer units), platelet aggre-
gation in response to arachidonic acid was
82% (normal range: 60%–80%), the pro-
thrombin time was 13.5 s (normal range:
10.3–16.6 s), and the activated partial
thromboplastin time was 32 s (normal
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range: 25.1–36.5 s). Her fibrinogen concen-
tration was 1.13 mg/mL (normal range: 0–
5 mg/mL), protein C activity was 98.8%
(normal range: 70%–140%), protein S
activity was 93.8% (normal range: 63.5%–
149%), and homocysteine concentration
was 9.8mmol/L (normal range: 3–17mmol/L).
Antiphospholipid antibodies, including
lupus anticoagulant, anticardiolipin, and
beta-2 glycoprotein I-dependent anticardio-
lipin antibodies, were negative.

The SERPINC1 gene in this patient was
then analyzed by the gold standard Sanger
fluorescent sequencing method in which all
exons, exon-intron boundaries, and the
promoter region were examined (ABI
PRISM 3130; Applied Biosystems, Foster
City, CA, USA). Molecular analysis
showed a heterozygous mutation, which
led to a tyrosine to cysteine change at
amino acid position 95, compatible with a
type II HBS defect (Figure 1). On the basis
of the findings of a low AT activity level,
normal AT antigen level, and genetic result,
we made the diagnosis of type II hereditary
AT deficiency. Unfortunately, her parents

were not available for laboratory assess-
ment for AT activity and genetic testing.

When the patient was 31 years old, she
consulted her doctor because she wanted to
become pregnant again. At the start of her
pregnancy, thromboprophylaxis with self-
injection of LMWH at 4100 units every
12 hours with FFP 1 unit weekly was pre-
scribed to replace warfarin because of its
adverse effects on the fetus. She had arachi-
donic acid and D-dimer concentrations
measured fortnightly, while her AT activity
and anti-Xa measurements were checked
monthly throughout pregnancy (Figure 2).
Her serum AT activity level remained at
30% to 40%, but no thrombosis occurred
during pregnancy. Her plasma D-dimer con-
centrations ranged from 0.2 to 1.5mg/mL D-
dimer units, which were within the expected
range for pregnant women. Nevertheless,
peak anti-Xa activity levels ranged from 0
to 0.29 IU/mL in the second trimester. This
activity was not consistent with the required
dose ranging from 0.5 to 1U/mL 2 to
4 hours following the injection. This finding
indicated the phenomenon of HR.

Figure 1. Gene sequence of the patient.
SERPINC1, serpin family C member 1; AT, antithrombin.
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After 14GW, she used LMWH as a

bridge to warfarin, then she continued war-

farin therapy before delivery. The interna-

tional normalized ratio was monitored

weekly to achieve a level between 2.0 and

3.0. She resumed LMWH and FFP from

37GW. A cesarean section was scheduled

at 37þ4 GW. The patient delivered a

healthy, 3165-g girl with Apgar scores of

10 at both 1 and 5 minutes. There were no

adverse effects of the anticoagulation ther-

apies. The patient and her newborn were

discharged without morbidity 7 days later.

She continued the same doses of LMWH

with FFP, which was replaced with oral

anticoagulant therapy from 6 weeks after

delivery. The patient and her infant were

healthy with no sequelae or adverse events

at a follow-up visit 6 weeks after delivery.

The reporting of this study conforms to

the CARE guidelines.11

Discussion

Hereditary AT deficiency is related to

mutation of the SERPINC1 gene at the

position 1q23-q25.5 Many studies have

shown that the variety of clinical manifes-

tations and severity of this disease depend

on the type of SERPINC1gene mutation.

Deep venous thrombosis and pulmonary

embolism are the most common occur-

rences in AT-deficient patients.12

Heterozygous type II HBS is usually

thought to have a low thrombotic risk,7

while the homozygous form leads to early

onset of venous and arterial thrombosis.13

We report a case of a 32-year-old Chinese

Figure 2. AT and D-dimer concentrations during and after pregnancy.
AT, antithrombin; LMWH, low molecular weight heparin.
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woman who was diagnosed with heterozy-
gous type II hereditary AT deficiency.14 and
suffered from pregnancy-related thrombo-
sis twice. Data on women with the severe
form of heterozygous type II hereditary AT
deficiency are scarce.7 The findings in our
case suggest a variety of type II AT defi-
ciency, which may affect the prevention
and treatment of pregnant women with
AT deficiency.

LMWH is widely regarded as a safe and
effective substitute for oral anticoagulant
therapy, such as warfarin, during the early
and late stages of pregnancy.15 Unlike
unfractionated heparin, LMWH has greater
activity against factor Xa than thrombin.
Therefore, LMWH has a reduced risk of
bleeding, heparin-induced thrombocytope-
nia, and osteoporosis.16 In addition to the
anticoagulant properties of LMWH, it has
other beneficial effects on the placenta, such
as enhanced angiogenesis in endothelial
cells, inhibition of the tissue factor path-
way, and decreased platelet aggregation,
trophoblast apoptosis, and complement
activation.17

In AT deficiency, less antithrombin–hep-
arin complexes are in the circulation.
Therefore, women with HR need to take
more heparin to prevent thrombosis.18 HR
might be regarded as a state of response to
a variable dose of heparin. Therefore, a
combination of supplementary LMWH,
FFP, or AT concentrate is usually recom-
mended.19 However, few well-designed clin-
ical studies have investigated the
appropriate dosage of heparin and substitu-
tion treatment in patients with AT deficien-
cy during pregnancy.13

Sabbagh et al. was the first to treat
patients with HR who underwent cardio-
pulmonary bypass with FFP.20 Barnette
et al. showed that FFP contained some
other coagulation factors, such as heparin
cofactor 2, and it was an optional source of
AT to neutralize HR that resulted in an
increased heparin effect.21 A low dosage

of LWMH is better for managing the anti-
coagulation status during pregnancy. In
this case, based on the patient’s history,
clinical manifestations, laboratory tests,
and the cost–benefit ratio, we treated her
with the combination of prophylactic
LWMH with FFP weekly at the early and
late stages of pregnancy as a substitute for
warfarin. This patient successfully delivered
a healthy newborn without any adverse
effects of the anticoagulation therapy.

Although AT concentrate is regarded as
an efficient supplement that decreases
volume administration, there is a risk of
transfusion-related acute lung injury and
transfusion-related infections,19 and AT
concentrate costs much more than FFP.
There is also a large amount of uncertainty
regarding the amount of AT concentrate
and when to administer this concentrate.
Furthermore, AT concentrate is not avail-
able in our area. On the basis of these rea-
sons, we do not routinely treat AT-deficient
patients with AT concentrate in our
hospital.

Our study has some limitations that
should be discussed. Because of technical
limitations, we were not able to perform
polymerase chain reaction analysis for the
prothrombotic mutations factor V Leiden
and FII G20210A in this patient.
Additionally, data supporting a potential
type II HBS deficiency (e.g., crossed immu-
noelectrophoresis, heparin cofactor, and
progressive activity) were not available.
However, because of the rarity of AT defi-
ciency during pregnancy, we consider that
reporting its management and course
during pregnancy is important because it
might lead to a better understanding of
this rare disease.

Conclusions

We report a pregnant woman with AT defi-
ciency who had a successful pregnancy out-
come after therapeutic treatment with an
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adequate dose of LMVH or warfarin with
FFP supplementation. Our findings might
be helpful for preventing maternal compli-
cations and complications in the fetus in
patients with congenital AT deficiency.
Further investigations are necessary regard-
ing this issue, but this will be challenging
because of the rarity of this disorder.
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