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【 CASE REPORT 】

Hereditary Antithrombin Deficiency Presenting with Deep
Venous Thrombosis During the Second Pregnancy
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Abstract:
A 37-year-old woman developed deep venous thrombosis (DVT) of the left lower extremity at 8 weeks of

gestation during her second pregnancy. There was no personal or family history of thrombosis. She received

intravenous heparin, but heparin resistance was noted. The plasma antithrombin activity decreased to 45% in

the acute phase, and it remained low postpartum. Her mother also had low plasma antithrombin activity

(46%), and genetic testing revealed a heterozygous SERPINC1 mutation. Even without a family history of

thrombosis, we should suspect hereditary antithrombin deficiency in patients with initial DVT and perform

thorough investigation.
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Introduction

Antithrombin (AT) is a natural anticoagulant that inacti-

vates thrombin by covalently binding to the active serines of

thrombin and activated factor X (1). AT has a binding site

for heparin and shows weak inhibition of thrombin in the

absence of heparin, while its inhibitory activity is induced

by at least 1,000-fold in the presence of heparin (2). Heredi-

tary AT deficiency is a rare disease associated with venous

thromboembolism (VTE) that has a reported prevalence

ranging between 1 in 500 (3) and 1 in 5,000 (4). Pregnancy

is associated with an increased risk of thrombosis, which

may be partly due to obstruction of venous return by the en-

larged uterus along with the physiological hypercoagulable

state that develops in pregnant women (5, 6). Accordingly, a

woman with hereditary AT deficiency who becomes preg-

nant has a markedly increased risk of developing VTE.

When hereditary AT deficiency leads to deep venous throm-

bosis (DVT) during pregnancy, there is usually a family his-

tory of thrombosis, and DVT typically occurs with the first

pregnancy (7).

We herein report a patient with hereditary AT deficiency

who had no personal or family history of thrombosis and

developed initial DVT during her second pregnancy, which

is a rare presentation of this condition. The present case

highlights the importance of suspecting hereditary AT defi-

ciency in patients with VTE, even if there is no family his-

tory of thrombosis.

Case Report

A 37-year-old woman developed pain and swelling of the

left leg at 8 weeks of gestation in her second pregnancy and

was referred to our hospital with suspected DVT. She had

no relevant medical history and was not on regular medica-

tions. She had undergone laparoscopy for a right ovarian

cyst three years earlier, and her first child had been born by

normal vaginal delivery without problems two years earlier.

There was no personal or family history of thrombosis.

On admission, her blood pressure was 115/74 mmHg,

pulse rate was 90/min, temperature was 37.5°C, respiratory

rate was 12/min, and oxygen saturation while breathing

room air was 100% by pulse oximetry. On an examination,
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Figure　1.　A: Thrombosis of the left external iliac vein. B: Thrombosis of the left superficial femoral 
vein. C: Thrombosis of the left popliteal vein.
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there were no abnormalities of the thorax or abdomen, but

her left leg was swollen and tender. Laboratory tests showed

a normal renal and liver function, but the C-reactive protein

level was elevated to 6.7 mg/dL. Coagulation tests revealed

a prothrombin time (PT) of 13.9 seconds and an activated

partial thromboplastin time (aPTT) of 38.2 seconds, which

were both almost in the normal range. However, D-dimer

was elevated to 28.1 μg/mL.

Ultrasonography of the lower limb and intra-abdominal

veins detected thrombosis in the left external iliac vein

which had spread from a DVT in the completely occluded

popliteal vein (Fig. 1). She had no dyspnea. An electrocar-

diogram showed no abnormalities, including ST-T changes

and Q waves, and echocardiography did not demonstrate

any evidence of right heart overload, such as right ventricu-

lar dilatation or tricuspid regurgitation. Accordingly, we con-

cluded that the patient did not have any critical pulmonary

embolism.

To treat her DVT, we initiated continuous infusion of un-

fractionated heparin at 10,000 IU daily. However, her aPTT

remained at 30 seconds, which was a suboptimal response,

and we were unable to achieve a therapeutic aPTT level de-

spite increasing the dose of unfractionated heparin to 20,000

IU daily. Therefore, we investigated coagulation factor ab-

normalities that could cause thrombophilia. Her plasma AT

activity had decreased to 45% (normal range: 80-130%), her

protein C activity was 76% (normal range: 70-150%), and

her free protein S level was 59% (normal range: 60-150%)

during the administration of unfractionated heparin. An-

tiphospholipid antibody syndrome was excluded because an-

ticardiolipin antibody and lupus anticoagulant were both

negative. Because she had a reduced AT activity and heparin

resistance, we consulted a hematologist with regard to the

administration of AT concentrate, but we did not proceed

due to the risk of infection and hypersensitivity reactions.

Although a therapeutic aPTT could not be achieved, her leg

swelling and symptoms improved over time, and the D-

dimer level decreased to 8.1 μg/mL (Fig. 2). She was dis-

charged after 15 days and continued to receive 20,000 IU/

day of unfractionated heparin (10,000 IU twice daily subcu-

taneously) for DVT prophylaxis as an outpatient until child-

birth.

While aPTT was never in the appropriate range, her D-

dimer level stabilized at 1 to 2 μg/mL and DVT symptoms

did not recur. At 36 weeks of gestation, organized mural

thrombosis was detected in the left popliteal vein by ultra-

sonography, but the left femoral vein and external iliac vein

were both patent. She was admitted for delivery at 38 weeks

of gestation, and unfractionated heparin was discontinued on

the day before admission. An epidural catheter was inserted

on the day of admission, and infusion of oxytocin was initi-

ated the next day. She safely delivered a baby girl after 4

hours of oxytocin infusion. The D-dimer level was 1.6 μg/

mL before the discontinuation of heparin but rose rapidly to

29.6 μg/mL on the day after delivery. Although the patient

was asymptomatic, we immediately restarted 20,000 IU/day

of unfractionated heparin and added 2 mg/day of warfarin to

prevent recurrence of DVT. The D-dimer level decreased

rapidly to 3.6 μg/mL.

The patient was switched from heparin to warfarin after

achieving the target PT-INR, and she continued warfarin

therapy for six weeks with postpartum outpatient review. Af-

ter the discontinuation of warfarin for two weeks, we re-

measured coagulation factors related to thrombophilia. The

free protein S level and protein C activity were both normal,

but the AT activity remained low (49%) despite the normali-

zation of the D-dimer level. The AT antigen level was also

low at 11.9 mg/dL (normal range: 23.6-33.5 mg/dL), so we

suspected hereditary AT deficiency even without a family

history of thrombosis. Therefore, we investigated the AT III

activity in her parents. While her father showed normal AT

III activity (114%), her mother had low AT III activity

(46%), and her AT antigen level was also low at 11.6 mg/dL

(Fig. 3). Her mother’s reproductive history showed two pari-

ties, including the present patient, without a history of

thrombosis.

To confirm the diagnosis, we performed genetic testing of

the patient and her mother. A direct sequence analysis of the

serpin family C member 1 (SERPINC1) gene revealed het-

erozygous duplication of thymine at nucleotide position 767

in exon 5, which caused a frameshift mutation of leucine in

codon 256 that resulted in a stop codon after 9 amino acids

(Fig. 4). Based on these findings, we made a diagnosis of

type I hereditary AT deficiency.

Discussion

Hereditary AT deficiency is strongly associated with VTE.



Intern Med 59: 235-239, 2020 DOI: 10.2169/internalmedicine.3268-19

237

Figure　2.　Clinical course.

Figure　3.　Pedigree of the patient’s family with antithrombin 
III deficiency (square=male; circles=female; black symbols=AT 
III deficiency).

AT III  (ac vity) 49%
AT III  (an gen) 11.9mg/dL

AT III (ac vity) 114%     
AT III (an gen) 27.6mg/dL

AT III (ac vity) 46%     
AT III (an gen) 11.6mg/dL

A meta-analysis of case-control studies and cohort studies

showed that the odds ratio for VTE was 16.3 (95% confi-

dence interval: 9.9-26.7) in individuals with AT deficiency

compared to controls (8). Pregnancy is also associated with

an increased risk of thrombosis, and the risk of thromboem-

bolism is four- to five-fold higher in pregnant women than

in non-pregnant women (9, 10). Accordingly, a woman with

hereditary AT deficiency who becomes pregnant has a corre-

spondingly increased risk of VTE, although there is wide

variation in the reported rates (18% to 70%) (11-13).

Our experience with the present case suggests several im-

portant points with regard to hereditary AT deficiency. The

first point is that we did not strongly suspect hereditary AT

deficiency when she first presented with DVT because there

was no family history of thrombosis and no problems with

delivery in the first pregnancy. James et al. reported that

most patients with hereditary AT deficiency who developed

DVT during pregnancy had a family history of thrombosis

and were affected in their first pregnancy (7). Thus, the in-

itial onset of DVT during the second pregnancy in our pa-

tient was different from previous reports and seems to be a

rare manifestation in cases of hereditary AT deficiency. Why

DVT did not develop in her first pregnancy is unclear. In

addition, her mother, who was diagnosed with hereditary AT

deficiency at the same time as her daughter, did not have a

history of DVT despite having delivered two children, in-

cluding the present patient. We suspect that the disease ac-

tivity concerning the development of DVT may differ

among patients with hereditary AT deficiency depending on

the type of SERPINC1 mutation and the plasma AT activity

levels, and there is wide variation in the rate of DVT devel-

opment, as mentioned above.

In the acute phase of DVT, the AT III activity was ex-

tremely low (45%) and heparin resistance was noted in the

present patient, which we retrospectively considered to be

findings consistent with hereditary AT deficiency. Demon-

stration of low postpartum AT III activity was a strong clue

supporting the diagnosis of hereditary AT deficiency in our

patient. Therefore, hereditary AT deficiency should be sus-
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Figure　4.　Detection of SERPINC1 gene mutation. DNA mutation numbering is based on cDNA se-
quence (NM_000488.3). We used the protein numbering system in according to the HSVG guidelines 
(the +1 aminoacid is the Met coded by ATG initiation codon).

c. 767dupT p. Trp257Valfs*8

pected when very low AT III activity and heparin resistance

are noted in the acute phase of DVT, even if there is no per-

sonal or family history of thrombosis. We also need to retest

the AT III activity in the chronic phase in order to avoid

overlooking hereditary AT deficiency.

The second point to note concerning hereditary AT defi-

ciency in the present patient is that abrupt elevation of the

D-dimer level occurred postpartum, although heparin was

only discontinued for a short period because she was multi-

parous and the delivery time was only four hours. We re-

started anticoagulant therapy promptly, and thromboem-

bolism did not occur, but she might have developed severe

thromboembolism if the delivery time and discontinuation of

heparin had been longer. Although we considered an inferior

vena cava filter for prophylaxis of thromboembolism during

discontinuation of heparin, it was not inserted because the

findings on pre-delivery ultrasonography were satisfactory.

We also considered administering AT concentrate in order to

increase her AT III activity, but this was not done either due

to the risk of infection and hypersensitivity. James et al. re-

ported that AT concentrate was well tolerated by pregnant

patients with hereditary AT deficiency, causing minimal ad-

verse reactions and an extremely low risk of transmission of

infectious agents (7). A study on the risk of VTE in 78

women with inherited AT deficiency, protein S deficiency, or

protein C deficiency found DVT in 18% of the women dur-

ing pregnancy and in 33% during the postpartum pe-

riod (14), showing that patients with inherited thrombophilia

have a high risk of thromboembolism around the time of de-

livery. Considering these reports, it may be better to admin-

ister AT concentrate for prophylaxis of fatal thromboem-

bolism during discontinuation of anticoagulant therapy de-

spite the potential side effects. In patients with very low AT

III levels and critical thrombosis, we should consider the ad-

ministration of AT concentrate even if hereditary AT defi-

ciency has not been confirmed.

Finally, although there was no family history of thrombo-

sis, the patient’s mother showed a low AT III activity of

only 46% when we assessed the levels of coagulation fac-

tors in the patient’s family members. Subsequent genetic

testing of the patient and her mother demonstrated the same

SERPINC1 mutation in both, and we diagnosed them with

type I hereditary AT deficiency. The SERPINC1 mutation

detected in this family has been reported in Japanese pa-

tients before (15, 16). Furthermore, sources indicate that

there are no reports of this SERPINC1 mutation except for

in Japanese patients, suggesting that this SERPINC1 muta-

tion may have a geographical component. Our patient did

not remain on anticoagulant therapy after the puerperium,

but the D-dimer levels stayed in the normal range, and DVT

did not occur.

Regarding future management, we plan to perform tempo-

rary anticoagulant therapy when there is an increased risk of

thrombophilia, e.g., during acute illness or surgery. Heredi-

tary AT deficiency is an autosomal dominant condition, so

the patient’s children have an approximately 50% possibility

of inheriting it and should be screened for AT III deficiency

before puberty, when an increased frequency of thromboem-

bolic events has been reported (17). While hereditary AT de-

ficiency is associated with thromboembolic events and

sometimes requires anticoagulant therapy, it is not associated

with a higher mortality rate than that of the general popula-

tion (18, 19).

In conclusion, it is important to make a proper diagnosis

of hereditary AT deficiency and provide appropriate manage-

ment.
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