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Abstract: Hereditary antithrombin deficiency (ATD) is a rare autosomal dominant condition (estimated prevalence 1:500–1:5000). Most 
ATD patients have AT activity levels 40–60% of normal. We present treatments for venous thromboembolism (VTE) in five cases of hereditary 
ATD. Four patients had a family history of ATD, and one had a de novo mutation. The majority of patients had a VTE while on prophylactic 
anticoagulation. AT concentrate augmentation was added in these cases to treat the VTE and for prophylaxis against further episodes. Two 
patients had significant bleeding events, one had permanent physical sequelae. Two of the patients were pregnant. VTE is a common cause of 
morbidity and mortality during pregnancy. Although low molecular weight heparins are the drugs of choice during pregnancy, this treatment 
was inadequate in one patient (developed VTE on therapy). These cases emphasize the need to screen for ATD in young patients (<55 years) 
presenting with VTE. AT augmentation therapy may be necessary in patients inadequately treated with conventional anticoagulants. Careful 
monitoring and individualized care are needed in ATD patients, especially those with demonstrated bleeding tendencies. 
Keywords: clotting disorders, venous thromboembolism, anticoagulation, bleeding tendencies

Introduction
Antithrombin (AT) is a serine protease inhibitor and natural anticoagulant that acts primarily through inactivation of the 
clotting factors thrombin and factor Xa and less effectively through factors IXa and XIa.1,2 In addition, the anticoagulant, 
heparin, depends on AT for its activity. Heparin binds to and induces a thousand-fold enhancement of the anticoagulant 
effect of AT.3 In addition, AT inhibits the tissue factor (TF)-factor VIIa (FVIIa) complex (as does TF pathway inhibitor: 
TFPI) preventing FVIIa activation of factor IX and X.4,5

Inherited AT deficiency is a rare autosomal dominant condition that was first described in 1965.6 AT deficiency makes 
affected individuals susceptible to the development of thrombosis. It has been estimated that 50% of individuals with 
congenital AT deficiency will have experienced a venous thromboembolism (VTE) by age 50.7–9

AT deficiency is classified as either a quantitative (Type I) or qualitative deficiency (Type II).10 Type I deficiency 
presents with reduced AT antigen and activity levels. Type II presents as normal AT antigen levels but reduced AT activity. 
Type I deficiency, commonly associated with heterozygous SERPINC1 gene variants (generally nonsense or frameshift 
mutations), is usually associated with a severe phenotype.11 Homozygous type I ATD has been found to be lethal in mice.12 

Type II ATD is usually due to missense mutations and is generally associated with milder protein dysfunction.13 Type II is 
subdivided based on the site of the mutation: reactive site, heparin-binding site or pleiotropic.14–16Treatment and prevention 
of VTEs in patients with hereditary AT deficiency can be difficult due to heparin resistance. Treatment can also include 
administration of exogenous concentrated AT (either plasma-derived or recombinant). In this case series, the treatment of 
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five cases of congenital AT deficiency with severe clotting tendencies will be described. A brief summary of patient and 
case characteristics is shown in Table 1.

Clinical Presentations
Case 1
A 32-year-old male had a known AT deficiency due to a de novo non-sense mutation 7522G>T, causing Q271X (GAG to 
TAG at codon 271 producing a stop codon) resulting in AT activity of 42–58% of normal and AT antigen of 18% of 
normal.17 The patient had his first thrombotic episode at age 12 years – a provoked DVT in a lower extremity that was 
treated with warfarin for three months (treatment goal prothrombin time two times baseline). At age 17 years, the patient 
had a recurrent lower extremity deep vein thrombosis (DVT) with a simultaneous retinal artery thrombosis. The latter 
resulted in a permanent reduction of the patient’s visual field.

Antithrombin deficiency was discovered at this second episode. Family history was negative for VTE and AT 
antigenic and functional tests were normal for both parents. Genetic studies, including linkage studies to confirm 
parentage, revealed a de novo nonsense mutation, and other markers of thrombophilia were unremarkable.17

The patient had a third DVT episode despite warfarin therapy with therapeutic prothrombin times. At that time, the 
patient received a permanent inferior vena cava filter and was started on AT therapy (Thrombate III, antithrombin III 
[human], Grifols, Research Triangle Park, NC). AT was administered daily initially (treatment goal = peak 120% of 
normal value based on the package insert formula for calculating dosage), then decreased to twice weekly with warfarin 
for VTE prophylaxis.

Table 1 Clinical Characteristics of Five Antithrombin Deficiency Cases

Case No. 1 2 3 4 5

Sex Male Female Male Male Female

Age (yrs) 32 21 49 27 22

Initial AT Activity 
Level (%)

42–45 58 42 30 57

Initial AT Antigen 
Level (%)

18 NA 40 51 56

AT Deficiency Type 1 1 1 1 1

Positive Family 
History of AT 
Deficiency

No Yes Yes Yes Yes

VTE on Prophylaxis Yes No Yes No Yes

AT Therapy Yes Yes Yes Yes Yes

Age at Diagnosis (yrs) 17 21 49? 23 22

Age at 1st VTE (yrs) 12 NA 43 23 23

Comments De novo mutation. No 

new VTE post 

treatment. Expired at 
age 37 years due to 

PH and CHF.

Pregnancy 

w normal delivery, 

AT & LMWH 
prophylaxis

GI varices and bleeding → 
cardiac arrest → anoxic brain 

injury. Recovery with residual 
deficits; No new VTE or 

bleeding events.

Necrotizing 

pancreatitis 

and septic 
shock. 

Recovered. No 

new VTE.

VTE during 

pregnancy, 

Treated → 
unremarkable 

delivery. No 

new VTE.

Abbreviations: ATD, antithrombin deficiency; VTE, venous thromboembolism; PH, pulmonary hypertension; CHF, congestive heart failure; AT, antithrombin; LMWH, low 
molecular weight heparin; GI, gastrointestinal; NA, not available.
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Approximately one year later, the patient voluntarily discontinued AT treatment and was lost to follow-up. The patient 
returned to the clinic at age 32 with a history of multiple VTE episodes including at least two pulmonary embolisms (PE) 
in the interim and an open-heart embolectomy at age 21. The patient also had a superior mesenteric vein thrombus treated 
by open laparotomy and small bowel resection at age 22 and pulmonary thromboendarterectomy at age 26 years. In the 
patient’s hiatus from the clinic, he continued to receive anticoagulant treatment with warfarin (target International 
Normalized Ratio (INR) = 2.3–3.5).

The sequelae of the multiple thromboembolic episodes included congestive heart failure, chronic pulmonary hyper-
tension, atrial fibrillation, tachycardia-induced cardiomyopathy, hepatic cirrhosis and chronic severe venous stasis and 
post-thrombotic syndrome.

Upon his return to the clinic, due to the perceived high risk of VTE, the patient was restarted on prophylactic 
treatment with AT (twice weekly with the dose calculated to achieve trough AT activity of >75% of normal value). 
Central venous access to administer AT was extremely difficult due to radiographic and ultrasound evidence of occlusive 
thrombi in virtually every deep vein along with extensive, tortuous collateral venous circulation.

Over the following five years, the patient received either warfarin or rivaroxaban (Xarelto, Janssen Pharmaceuticals, 
Titusville, NJ, USA, 20mg daily: INR goal 2.5–3.5 measured monthly) along with twice weekly AT concentrate (peak 
activity level goal 120%). No new thromboembolic events occurred during this period. However, despite aggressive 
treatment, the patient died at age 37 years from complications of congestive heart failure and pulmonary hypertension.

Case 2
A 21-year-old female was evaluated for AT deficiency during family screening due to a strong family history of VTE. 
Her baseline AT activity was 58% (range of normal values 73–125% of the mean). The patient’s great-grandfather died of 
a VTE and her grandmother, father and aunt have all experienced VTE. Several females in the family also experienced 
pregnancy complications. At diagnosis, the patient had no history of VTE and had not been on any hormonal therapy.

The patient was tested monthly for pregnancy (beta-human chorionic gonadotropin (HCG)). After two months, she 
was found to be pregnant (six weeks, 1 day gestation). At that time, the patient was started on AT replacement therapy 
(Thrombate III, Grifols) and a low molecular weight heparin, enoxaparin (40 mg subcutaneously daily). AT was 
administered as a 50 units/kg loading dose followed (after 24 hr) by a daily maintenance dose of 30 units/kg. AT levels 
were monitored and the daily dose of AT adjusted to maintain AT activity levels in the range of 76–128% of normal. 
After 2 weeks of daily AT therapy, every other day infusions were started. During her pregnancy, the patient had the 
following adverse events: contact dermatitis in response to adhesive dressings, leg cramps (VTE excluded by ultrasound), 
two vessel umbilical cord with normal ultrasound, fetal growth restriction (<10th percentile), and mild hypertension and 
proteinuria at 37 weeks, 1 day.

The patient delivered at 37 weeks and 2 days by Caesarean section after forceps delivery failed. Epidural anesthesia 
was administered more than 24 hours after the last enoxaparin dose. The newborn received a “moderately abnormal” 
APGAR score of 5 at one min and a “reassuring” score of 7 at 5 min.18 AT infusions were continued every other day for 
six weeks post-partum and enoxaparin (40 mg subcutaneously daily) was resumed post-partum.

Case 3
A 49-year-old male with AT activity of 42% of normal at diagnosis (AT antigen levels were similar to activity levels with 
a nadir of 40% (reference range for this laboratory was 82–136%)), and several low repeat levels thereafter (~40% on 
warfarin) had extensive thromboses including the hepatic portal system which resulted in portal hypertension and 
gastroesophageal varices. His first occurrence of a distal VTE was at age 43 and was treated with warfarin.

While on warfarin prophylaxis, the patient developed multiple recurrent DVTs in his femoral and popliteal veins as 
well as thromboses in his superior mesenteric, portal, and splenic veins. While the patient was on warfarin, his INR 
values fluctuated but was subtherapeutic (1.1) at this admission. The patient reported that one of his brothers and his 
mother died in their twenties and sixties, respectively, due to “abnormal blood clotting”, while another brother suffered 
from DVT in his youth.
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The portal vein thromboses resulted in gastroesophageal varices and predisposed the patient to gastrointestinal 
bleeding. The patient suffered a devastating variceal bleeding episode in 2013 resulting in severe hemorrhagic shock 
with cardiac arrest, anoxic brain injury and a spinal cord infarction. Records regarding warfarin compliance and actual 
INRs were unavailable. Anticoagulant therapy was discontinued, and an inferior vena cava (IVC) filter was placed.

Subsequently, the patient was transferred to a tertiary care facility for further treatment. AT replacement was initiated with 
plasma-derived AT (Thrombate III, Grifols). The patient developed thrombus extension to the IVC filter on standard AT 
replacement dosing. AT treatment was intensified by increasing the dose and frequency of administration from 2100 units three 
times a week to 2200 units every other day with the goal to maintain AT trough activity levels as close to 80% as possible.

Over the past eight years, the patient gradually recovered from his neurological deficits but will likely remain 
wheelchair-bound with residual mentation deficits. However, there have been no new thrombotic or bleeding events since 
the initiation of the intensified AT regimen. Lifelong AT concentrate therapy will likely be necessary to prevent VTEs and 
anticoagulation should be avoided due to the patient’s history of catastrophic bleeding episodes.

Case 4
A 27-year-old male presented to the hospital with necrotizing pancreatitis and abdominal compartment syndrome. 
Hematology was consulted due to the patient’s personal and family history of type 1 AT deficiency. The patient’s brother 
was reported to have type 1 AT deficiency, diagnosed at 28 years of age subsequent to a cerebral vascular accident with 
a baseline AT activity 55% and AT antigen 51%.

The patient was diagnosed with type 1 AT deficiency by his primary care physician four years prior when he suffered 
bilateral lower extremity DVTs with a subsequent PE developing a few months after the initial thrombotic event. 
A permanent IVC filter was placed approximately five months prior to the presenting episode when he was being treated 
for acute pancreatitis. The patient had an elective cholecystectomy one month prior to admission. Subsequent to this 
surgery, he developed necrotizing pancreatitis with abdominal compartment syndrome.

The patient developed a duodenal hemorrhage after esophagogastroduodenoscopy and was subsequently intubated 
with central line placement. The patient developed septic shock secondary to necrotizing pancreatitis which was treated 
with broad spectrum antibiotics. An exploratory laparotomy was performed with placement of a wound vacuum. 
Abdominal CT revealed that the necrotizing pancreatitis involved 50% of the parenchyma.

At the initial hematology consult, the patient’s AT activity was 30%. Exogenous AT concentrate (Thrombate III, 
Grifols) was administered (5000 units) with a post-infusion peak of 111%. AT activity was then monitored daily with 
a target range of 80–120%. Unfractionated heparin was also administered with a PTT target of 50–70 seconds 
(institutional therapeutic PTT range is 70–100 sec), due to recent hemorrhage and temporal proximity to surgery. 
While an outpatient, he had been treated with warfarin with an INR target of 2.0–3, and no other family history of 
thrombophilia or bleeding disorders was reported.

During the patient’s hospitalization, he developed a vancomycin-resistance enterococcal infection in his abdominal 
compartment. Treatment included seven surgeries to drain and clean abdominal abscesses. The patient was placed on 
a continuous AT infusion during hospitalization to maintain AT activity in the target range. Other complications during 
his hospital course included superficial cephalic venous thrombosis during the first month and right popliteal vein 
thrombosis in July 2015 during the second month. After peripheral placement of a central catheter and continued vacuum 
wound management, the anticoagulation was transitioned to warfarin (goal INR 2.5–3.5) and the patient was discharged 
with completion of intravenous antibiotic therapy as an outpatient.

The patient was readmitted for abdominal wall reconstruction five months after the initial admission. During the 
perioperative period, he was administered AT infusions (goal 80–120%). The patient was again transitioned back to 
warfarin (INR goal 2.5–3.5). The patient has had no additional thrombotic complications since that time.

Case 5
A 22-year-old patient with AT deficiency (baseline AT activity 57%; antigen level 56%) presented with an intrauterine 
pregnancy. Her family history was remarkable for type 1 AT deficiency in her father and sister. Her father had a history of 
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multiple thrombotic events beginning at the age of 23. At 31 years old, he died from refractory progressive VTE related 
to small cell carcinoma of the lung.

The patient’s first pregnancy was uncomplicated. She received enoxaparin (40 mg subcutaneously daily) during her 
pregnancy and post-partum. Prior to her scheduled induction of labor, the patient received AT concentrate (Thrombate III, 
Grifols) dosed to maintain AT activity at 80–120% of normal levels. After delivery, her AT activity was 63%, so she 
received an additional dose of AT. The patient was scheduled to receive prophylactic anticoagulation for 12 weeks post- 
partum, but she voluntarily discontinued therapy at six weeks. Despite her non-compliance, the patient did not experience 
any thrombotic events.

This patient became pregnant again less than one year later. During this second pregnancy, she was prescribed 
prophylactic enoxaparin (40 mg subcutaneously daily). Despite receiving enoxaparin, the patient developed a DVT in her 
right lower extremity at gestational week 13. The DVT extended from the common femoral vein to the popliteal vein. 
Her enoxaparin dose was increased to therapeutic levels (1 mg/kg, subcutaneously, every 12 hr) and she received AT 
concentrate, targeting a peak AT activity of 120%. Despite the increased dose of enoxaparin, she experienced progression 
of the DVT in her right lower extremity to involve the common femoral vein, popliteal vein, and calf veins. The patient 
underwent pharmaco-mechanical thrombolysis and was given ticagrelor, 180 mg × 1 day, 90 mg on the second day, then 
discontinued. Anticoagulation management was escalated by the addition of AT concentrate to therapeutic dosing of 
enoxaparin. AT was administered three times a week with a peak AT activity target of 120%. Trough AT activity was 
measured at least weekly and low-molecular weight heparin anti-factor Xa activity was monitored monthly. Enoxaparin 
was discontinued 24 hrs prior to delivery and resumed 12 hrs after delivery. There was no further progression of the 
DVT, and the baby’s vaginal delivery was unremarkable.

Discussion
Hereditary AT deficiency is a rare autosomal dominant disorder. The prevalence is estimated to be between 1 in 500 to 1 
in 5000.19,20 Normal plasma levels of AT range from 112 to 140 µg/mL. Due to variability between laboratories, AT 
activity levels are usually expressed as a percentage of the normal level for that laboratory with the usual normal range 
being 80–120%.21 Most patients with AT deficiency have AT activity levels in the range of 40–60%.22 The five patients 
included in this paper were mostly in this range: 30–58%.

The five case summaries presented here represent the more clinically complicated and severe phenotype of HATD and 
illustrate important commonalities that could influence the approach to diagnosis and management of AT deficiency. Four 
of the five patients presented had a positive family history for AT deficiency. This emphasizes the need for obtaining 
a thorough family history regarding the occurrence of DVTs or diagnosed AT deficiency. This is especially true of DVT 
patients younger than 55 years. In the general population, the vast majority of thromboembolic events (DVT or PE) occur 
in patients over 55.23–25

In addition, most of these patients experienced a DVT episode while on prophylactic therapy with anti-coagulants. 
This observation demonstrates the need for careful monitoring of AT deficiency patients to determine their thrombosis 
risk and assess their compliance with therapy. Due to the occurrence of DVTs in these patients while on prophylactic 
anticoagulation, AT supplementation therapy was added to help prevent these episodes.

One patient (Case 1) was treated with rivaroxaban, a direct oral anticoagulant (DOAC) in the course of his treatment 
for AT deficiency. Although studies directly evaluating the use of DOACs in AT deficiency are limited. Two recent 
review articles on the use of DOACs in inherited thrombophilic disorders (including AT deficiency) concluded that, 
although there was some evidence of efficacy, current data were insufficient to recommend the use of DOACs in 
inherited thrombophilic conditions.26,27

Two of the cases presented were in pregnant women. Pregnancy is a documented risk factor for development of DVT 
and PE. The risk of DVT in pregnant women has been estimated to be four times greater than non-pregnant women of the 
same age.28 In fact, thromboembolism is a leading cause of death in pregnant women in developed countries.29,30

Both of these patients were treated with a low molecular weight heparin (enoxaparin) and AT concentrate augmenta-
tion therapy. Low molecular weight heparins are the drugs of choice in pregnancy as they do not cross the placenta and 
are not excreted in breast milk.31 It is unknown whether pregnant women with AT deficiency have heparin resistance and 
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whether a low molecular weight heparin will be adequate for prophylaxis of thromboembolism. In one of the cases 
presented here, prophylaxis with a low molecular weight heparin was clearly inadequate as a thrombotic event occurred 
while on this therapy. Both pregnant women presented here received successful treatment or prophylaxis from 
a combination of AT and a low molecular weight heparin. These cases illustrate that ante- and/or post-partum prophylaxis 
as now recommended by guidelines of the American Society of Hematology32 may not always be sufficient to prevent 
pregnancy-related VTE in HATD.

One of the pregnant patients was treated with ticagrelor per her physician prior to hematology’s involvement in her 
care. Her obstetrician preferred ticagrelor over alternative therapy based on their teratogenic risk versus benefit.

In both cases, enoxaparin was discontinued 24 hrs prior to delivery and resumed post-partum. Despite an extensive 
DVT during pregnancy in one of the patients, both of the deliveries (one Cesarean and one vaginal) were uneventful and 
resulted in healthy babies.

A recent retrospective study analyzed 64 pregnancies in 28 women with AT deficiency.33 This study showed that risk 
of pregnancy-related VTE was similar between patients with type I and type II AT deficiency. However, risk of an 
adverse pregnancy outcome was related only to type II deficiency especially the homozygous AT Budapest 3 variant.

Another retrospective study investigated 219 pregnancies in 87 women with type 1 AT deficiency.34 This study 
showed a lower risk of VTE in the women treated with LMWH (3 events/43 pregnancies; 7.0%) compared to women not 
treated with LMWH (17 events/146 pregnancies: 11.6%), but the difference was not statistically significant (p = 0.57). 
However, the incidence of late complications was increased in the LMWH-treated group (24%) compared to the 
untreated group (6% p = 0.0006). This study also showed that the risk of pregnancy-related VTE was highest among 
women with a positive family history of VTE suggesting LMWH therapy should be considered in these patients.

A study of the clinical characteristics of AT deficiencies found that the type II heparin-binding site mutation, AT 
Padua I, was more frequently associated with pregnancy complications than type I or other type II mutations.35 Taken 
together, these studies indicate that genetic information on the mutation underlying AT deficiency, if available, can help 
guide the course of prophylaxis and treatment.

There are some distinct differences among the cases as well. One patient had a de novo mutation resulting in 
significant AT deficiency (42–45%),17 suggesting measurement of AT activity may be called for in patients with DVTs 
without a family history of AT deficiency especially patients younger than 55 years old. VTE is a relatively rare 
occurrence in people under 55 years old.23–25 For patients under 55 without known risk factors for VTE (eg, cancer, 
surgery, chronic obstructive pulmonary disease, some cardiovascular diseases), AT deficiency is certainly worth con-
sidering as the cause of their thrombotic event.

Two of these patients suffered significant bleeding events – one was catastrophic with significant clinical sequelae. 
These cases emphasize the need for careful monitoring of coagulation parameters especially in patients with a history of 
bleeding episodes. Both of these patients were initially managed with AT and without anticoagulants (warfarin or low 
molecular weight heparins). The patient with less severe bleeding was eventually transitioned to warfarin monotherapy. 
The patient with the severe bleeding episode has been maintained on AT therapy without the use of anticoagulants to 
avoid another potentially catastrophic bleeding event. Management of patients with AT deficiency and bleeding 
tendencies can be especially challenging.

Conclusion
These cases of AT deficiency demonstrate a wide range of manifestations, some commonalities, but also important 
differences necessitating an individualized approach to management. All of these patients received AT augmentation and, 
in most cases, after anticoagulant therapy proved inadequate. This emphasizes that in some instances AT replacement 
therapy, although costly, is a necessary component of successful treatment. Treatment of patients with AT deficiency in 
combination with bleeding tendencies can be particularly difficult.

Abbreviations
AT, antithrombin; ATD, antithrombin deficiency; DVT, deep vein thrombosis; HCG, human chorionic gonadotropin; 
INR, international normalized ratio; IVC, inferior vena cava; PE, pulmonary embolism; VTE, venous thromboembolism.
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