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Review Article

Role of antithrombin concentrate in treatment of hereditary

antithrombin deficiency
An update

George M. Rodgers
University of Utah Medical Center, Salt Lake City, Utah, USA

Summary

Antithrombin (AT) functions as a potent natural anticoagulant
and serine protease inhibitor that inactivates many enzymes in
the coagulation cascade. Antithrombin also possesses anti-
inflammatory properties, many of which are mediated by its ac-
tions as an anticoagulant. Hereditary AT deficiency is a rare,
underrecognised medical condition that is associated with inad-
equate endogenous anticoagulation thought to result from im-
paired inhibition of serine protease coagulation factors. In-
herited as an autosomal dominant trait, congenital AT deficien-
cy typically reduces functional AT levels to 40-60% of normal.As
a result, individuals with hereditary AT deficiency have a >50%
lifetime risk of venous thromboembolism (VTE). Specifically, AT
deficiency is associated with a three- to seven-fold higher risk of
VTE compared with other thrombophilias. Thus, maintaining ad-
equate levels of AT during high-risk periods is an important
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treatment goal. Long-term anticoagulant thromboprophylaxis is
not recommended in asymptomatic patients with AT deficiency
because of the increased risk of haemorrhage. However, treat-
ment guidelines recommend short-term thromboprophylaxis in
high-risk clinical settings, including surgery, trauma, and manage-
ment of pregnancy, labour,and delivery.The goal of treatment for
patients with hereditary AT deficiency is an initial increase in AT
activity to 2120% of normal levels followed by maintenance of
AT activity at 280% of normal levels. Plasma-derived AT, heparin,
fresh frozen plasma, and human recombinant AT are treatment
options for individuals with hereditary AT deficiency.The objec-
tive of this review is to discuss hereditary AT deficiency and the
role of AT replacement therapy in the treatment of patients with
this congenital disorder.
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Introduction

Antithrombin (AT, formerly AT-III) is a 58-kD glycoprotein that
functions as a potent natural anticoagulant and is estimated to
provide 80% of the inhibitory activity against thrombin (1). Syn-
thesised in the liver and circulated in the plasma, AT is a serine
protease inhibitor (serpin) that inactivates many enzymes in the
coagulation cascade, though thrombin and factor Xa are its pri-
mary targets (2—4). In plasma, there are two isoforms of AT:
alpha (90%-95%), a less potent inhibitor of coagulation, and beta
(5%-10%), a potent inhibitor enriched in blood vessel walls (4,
5). In contrast to some direct thrombin inhibitors, which revers-
ibly and transiently block thrombin activity, AT inhibition of
thrombin is irreversible (6). AT inhibits coagulation enzymes in

a slow, progressive manner in the absence of heparin and
heparin-like glycosaminoglycans (7). However, the presence of
heparin induces conformational changes in AT that result in at
least a 1,000-fold enhancement of AT activity (4, 6-8).

In addition to its potent anticoagulant activity, AT possesses
antiinflammatory properties, many of which are mediated by its
actions in the coagulation cascade (Table 1) (4, 9). Most impor-
tantly, thrombin inhibition by AT blocks activation of many in-
flammatory mediators. Besides blocking thrombin-induced in-
flammatory pathways, AT also inhibits other coagulation
enzymes that stimulate the production of several inflammatory
mediators, including interleukin (IL)-6, IL-8, E-selectin, and
other molecules involved in monocyte recruitment and adhesion
to endothelial cells (4, 9, 10). Antithrombin may also interfere in
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Table I: Antiinflammatory effects of AT
“4,9).

Physiologic effects

Thrombin inhibition

e Prevents activation of platelets and endothelial cells
o Suppresses factors that promote neutrophil-endothelial cell
interactions (e.g. IL-1, IL-6, IL-8, MCP-1, P-selectin)

Factor Xa inhibition

o Suppresses factors that promote neutrophil-endothelial cell
interactions (e.g. IL-6, IL-8, E-selectin)

Factor Vlla inhibition

o Prevents complex formation with tissue factor and subsequent
upregulation of cytokines (e.g. IL-6, IL-8)

Prostacyclin synthesis/
secretion

o Suppresses platelet activity (aggregation and attachment)
e Inhibits attachment of neutrophils to endothelial cells
o Decreases release of IL-6, IL-8, and TNF by endothelial cells

Leukocyte inactivation

o Prevents neutrophil rolling and adhesion and subsequent tissue damage

AT, antithrombin; IL, interleukin; MCP, monocyte chemotactic protein; TNF, tumor necrosis factor.

Table 2: Genetic mutations associated
with hereditary AT deficiency (21, 22).

Description Number of mu- Example
tations identified
Type | deficiency
Point mutations 80 Arg to stop in codon 129
Frameshift deletions/insertions 30 6-bp deletion in codons 106—108
Major gene deletions 12 2.8-kb deletion starting in intron 4
Type 2 deficiency
Reactive-site mutation 12 Arg to Cys, His, or Pro at P| position 393
Heparin binding-site mutation 12 Ile to Asn at position 7
Pleiotropic effect mutation I Pro to Leu at position 407
AT, antithrombin; Arg, arginine; Asn, asparagine; bp, base pair; Cys, cysteine; His, histidine; lle, isoleucine; kb, kilobase; Leu, leucine; Pro,
proline.

the formation of complexes between tissue factor and factor
Vlla, complexes that promote synthesis of inflammatory cyto-
kines and chemokines (9).

Hereditary AT deficiency is associated with inadequate en-
dogenous anticoagulation thought to result from the impaired in-
hibition of serine protease coagulation factors (1, 3, 11). Studies
in patients with AT deficiency indicate persistent elevated plas-
ma levels of the thrombin activation peptide, prothrombin frag-
ments 1 and 2. This is evidence of continuous activation of co-
agulation in the absence of AT (12). Inherited as an autosomal
dominant trait, congenital AT deficiency typically reduces func-
tional AT levels to 40-60% of normal. As a result, individuals
with hereditary AT deficiency have a 250% lifetime risk of ve-
nous thromboembolism (VTE) (1, 13). Although the true preva-
lence of congenital AT deficiency is unknown, estimates suggest
that one in 500 to one in 20,000 individuals are affected (13, 15).
Clinical studies suggest that low AT levels are associated with
the potential for adverse events (AEs) and poor patient outcomes
due to the increased risk of venous thrombosis associated with
surgical procedures, pregnancy, and trauma (3, 16, 17). Thus,
maintaining adequate levels of AT during high-risk states is an
important treatment goal. The objective of this review is to dis-
cuss hereditary AT deficiency and the role of AT replacement
therapy in the treatment of patients with this congenital disorder.

Overview of hereditary AT deficiency

The normal AT activity level in healthy adults is approximately
1 U/ml, with the specific range of 0.8 to 1.2 U/ml according to
most assays (1). Thus, measurements of AT activity are often ex-
pressed as a percentage of normal (i.e. 80% to 120%). Anti-
thrombin activity in healthy newborns is approximately 60% of
the normal adult level. Antithrombin levels in children are
slightly higher than adult levels (18, 19). Individuals with type 1
hereditary AT deficiency have low levels of circulating AT that
are associated with an estimated 50% reduction in plasma AT
antigen levels and activity. In contrast, type 2 hereditary AT defi-
ciency is characterised by normal AT antigen levels, but dysfunc-
tional protein, and is associated with a 50% reduction in plasma
AT activity. Subtypes of type 2 AT deficiency are classified
based on the site of genetic defect as type 2a (reactive-site de-
fect), type 2b (heparin binding site), or type 2¢ (pleiotropic effect
[i.e. reactive site and heparin binding site]) (20-22).

AT deficiency is inherited as an autosomal dominant trait,
and in the majority of cases, hereditary AT deficiency is hetero-
zygous (20-22). Homozygous deficiency is extremely rare and
is associated with neonatal thrombosis, which is often fatal.
The most common genetic mutations associated with type 1
hereditary AT deficiency are point mutations, followed by
frameshift deletions/insertions and major gene deletions (Table
2) (21, 22). Type 2 hereditary AT deficiency is associated with
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Table 3: Coinheritance of thrombophilic mutations increases
the risk of VTE (27).

Thrombophilia | Patients,n | Patients with thrombosis
n (%) Median age of first
episode (range), years
AT deficiency 30 15 (50) 26 (20-49)
FactorV Leiden 5 1 (20) 40 (NA)
Both defects 12 I1(92) 16 (0-19)

AT, antithrombin; NA, not applicable; VTE, venous thromboembolism.

mutations that result in substitutions of specific amino acids and
alter protein function (e.g. substitutions in the reactive site, hepa-
rin binding site, or both sites). More than 120 AT mutations have
been described (23).

Hereditary AT deficiency is a rare and underrecognised
medical condition (11, 15). In the general population, type 2 AT
deficiency is more prevalent than type 1 deficiency. One clinical
study identified 16 cases of hereditary AT deficiency among
9,669 healthy blood donors and reported that 14 patients (88%)
were classified as having type 2 AT deficiency, whereas only two
patients (13%) had type 1 AT deficiency (24). Alternatively, in
symptomatic patients and their families, type 1 hereditary AT
deficiency is more prevalent than type 2. A separate clinical
study identified 25 AT-deficient patients who had experienced
21 thrombotic episode and an additional 85 first- and second-
degree relatives with hereditary AT deficiency (25). Of these 110
individuals, 81 (74%) had type 1 AT deficiency and 28 (25%)
had type 2 AT deficiency (data not reported for 1 patient). Over-
all, type 1 hereditary AT deficiency is associated with a greater
risk of thrombosis than other thromobophilias (1, 25). Specifi-
cally, AT deficiency is associated with a three- to seven-fold
higher risk of VTE compared with other thrombophilias (e.g.
prothrombin gene mutation, factor V Leiden [heterozygous])

Risk of thrombosis, % per year

0-10

10-15 15-20 20-30 30-40 40-50 50-60

Age, years

Figure I: Risk of thrombosis (% per year, per age group) in indi-
viduals with hereditary antithrombin deficiency. Individuals with
hereditary antithrombin deficiency aged 20 to 30 years are at greatest
risk of thrombosis (4.0% per year) versus individuals <10 years of age
(0.5% per year) or individuals 50 to 60 years of age (0.7% per year) (I3).

(26). Patients with VTE are 20 times more likely to have an AT
deficiency versus the general population. Additionally, coinhe-
ritance of additional thrombophilic mutations substantially in-
creases the risk of VTE at an earlier age (Table 3) (27).

Hereditary AT deficiency often remains undiagnosed prior to
the first thrombotic episode. The onset of thrombotic events oc-
curs between the ages of 10 and 35 years (median age, 24 years)
in 67% of patients with hereditary AT deficiency (28). The
cumulative risk of thrombosis increases with age such that ~10%
of patients 10 to 15 years of age will have experienced >1 throm-
botic event, and 95% of individuals 50 to 60 years of age will
have experienced =1 thrombotic event (13). However, individu-
als with hereditary AT deficiency aged 20 to 30 years are at grea-
test risk of thrombosis (4.0% per year) versus individuals <10
years of age (0.5% per year) or individuals 50 to 60 years of age
(0.7% per year; Fig. 1) (13). The incidence of thrombosis is often
spontaneous (36%), but an increased risk for a thrombotic event
is associated with pregnancy (13%), delivery (15%), surgery
(13%), and trauma (3%) (28). Although lower-extremity throm-
boses are more common, VTE may develop in any location (e.g.
iliac, mesenteric, or pulmonary veins). Lower extremity throm-
boses, in turn, exacerbate the risk of other complications such as
pulmonary embolism (29). In patients with DVT, the risk of pul-
monary embolism was 240% higher in patients with inherited AT
deficiency.

Because diagnosis of hereditary AT deficiency is chall-
enging, recognition of clinical features is crucial to achieving
successful patient outcomes. Such clinical features include the
occurrence of a thrombotic episode at an early age, a family his-
tory of VTE, recurrent VTE, or thrombosis at unusual sites (e.g.
axillary vein or mesenteric vein) (13). Additional clinical signs
include thrombosis during pregnancy and thrombosis resistant to
heparin therapy. Laboratory screening assays have been imple-
mented as diagnostic tools for hereditary AT deficiency (21).
Functional AT assays employing amidolytic methods are often
used as initial tests for AT deficiency. These functional tests are
highly specific and sensitive and provide a positive predictive
value of 96%. However, most cannot distinguish type 2b defi-
ciency from other subtypes. Antigenic AT assays employing
radial immunodiffusion methodology are highly specific and
may be beneficial for distinguishing type 1 AT deficiency from
type 2. However, radial immunodiffusion tests are characterised
by low sensitivity. Radial immunodiffusion has largely been sup-
planted by ELISA, and more recently, the immunoturbidimetric
test. Both assays have greater sensitivity and are easy to perform.
Overall, the diagnosis and classification of hereditary AT defi-
ciency is a complex, multifactorial process that involves the inte-
gration of clinical features, findings from laboratory screening
assays, family history, and genetic testing (Fig. 2). Finally, al-
though genetic tests may be of scientific interest to further define
the mechanism of specific AT deficiency, these tests may not be
necessary for the management of patients.

Management of hereditary AT deficiency

Long-term anticoagulant thromboprophylaxis is not recom-
mended in asymptomatic patients with AT deficiency because of
the increased risk of haemorrhage (1). However, treatment
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Figure 2: The diagnosis of hereditary AT
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of American Pathologists.

guidelines recommend short-term thromboprophylaxis for indi-
viduals with hereditary AT deficiency in high-risk clinical set-
tings, including surgery, trauma, management of pregnancy,
labor, and delivery (21, 30). The goal of treatment for these pa-
tients is the initial increase in AT activity to 2120% of normal
levels followed by maintenance of AT activity at 280% of normal
levels.

Heparin and low-molecular-weight heparin

Heparin and low-molecular-weight heparin (LMWH) are the
most commonly administered anticoagulants in high-risk clini-
cal settings (20, 30). Heparin alone has no direct anticoagulant
effect but potentiates the activity of AT by enhancing AT-
mediated inhibition of coagulant enzymes more than 1,000-fold
as the result of a conformational change in AT (31). Adminis-
tration of heparin is limited in some instances. For example, an
inadequate response to heparin, known as heparin resistance, has
been reported in up to 22% of patients undergoing major surgery
(32-37). Including AT deficiency, several other mechanisms for
heparin resistance have been identified such as increased heparin
clearance, elevations in various heparin-binding proteins, and
elevations in factor VIII and fibrinogen levels (38). Medications
such as aprotinin and nitroglycerin can cause drug-induced he-
parin resistance. In practical experience, heparin resistance is
more commonly observed among patients receiving unfraction-
ated heparin as opposed to LMWH, which may be explained by
absorption of unfractionated heparin to various plasma proteins,
macrophages, and endothelial cells. Additionally, heparin ad-
ministration has been increasingly discontinued during labor and
delivery in patients with hereditary AT deficiency because of the
risk of bleeding following delivery or in relation to epidural an-
esthesia (1). Patients with AT deficiency would be expected to
exhibit heparin resistance in the absence of AT replacement.

Fresh frozen plasma

Fresh frozen plasma (FFP) is an additional treatment option for
individuals with hereditary AT deficiency; however, clinical evi-
dence demonstrating its efficacy is lacking. In addition, safety

issues are associated with the administration of human blood
products (39, 40). Transmission of viral infections, such as
human immunodeficiency virus (HIV), hepatitis B, and hepatitis
C is a small but not insignificant risk associated with transfusion
of homologous blood products such as FFP (39). Other viral
risks, including emerging viruses, may be related to transfusion
of blood products. The recent epidemic of West Nile virus
(WNYV) is notable, as the prevalence of WNV among blood do-
nors in the United States was reported to range from approxi-
mately 1 in 1,000 to 1 in 23,000 between 2002 and 2004 (40). In
addition to risks associated with viral transmission, there re-
mains a risk of clerical errors associated with collection, storage,
and administration of blood products. Furthermore, prions that
cause variant Creutzfeldt-Jacob disease are carried in plasma,
but the risk of transfusion-related transmission is uncertain.

AT concentrate

Plasma-derived AT concentrate (Thrombate®; Talecris Biothera-
peutics, Inc, Research Triangle Park, North Carolina, USA) is
the only product approved by the United States Food and Drug
Administration (FDA) for the treatment of hereditary AT defi-
ciency and is indicated for the treatment of patients with hered-
itary AT deficiency in connection with surgical or obstetrical
procedures or when these patients suffer from thromboembolism
(41). Antithrombin concentrate is derived from the pooled
human plasma of healthy donors. The rigorous heat treatment
and purification process implemented in manufacturing AT has
been shown to effectively achieve viral inactivation (42, 43). No
cases of viral transmission have been reported in patients who
have received AT and were not transfused with other blood prod-
ucts (11, 31, 44, 45). Two cases of hepatitis B seroconversion in
patients who received AT were considered to be related to
multiple transfusions with other blood products (44). Similarly,
no case of viral transmission related to AT administration has
been reported in patients who underwent cardiac surgery (45).
Thus, AT is potentially safe with respect to infectious disease
transmission.
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Table 4: Antithrombin concentrates that are available world-
wide.

Product Company Indications

Atenativ® Octapharma Congenital deficiency
(Lachen, Switzerland) Acquired AT deficiency

Atryn® GTC Biotherapeutics Hereditary AT deficiency
(Framingham, MA, USA)

Kybernin® CSL Behring Acquired AT deficiency
(King of Prussia, PA, USA)

Anthrobin P1500 | CSL Behring Congenital AT deficiency
(King of Prussia, PA, USA) | Disseminated intravas-

cular coagulation
AT, antithrombin.

Extrinsic pathway Intrinsic pathway

Y N\

Xlla Xl

Tissue factor
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Vil Vlla
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(Thrombin)
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Figure 3: Antithrombin functions as a potent natural anticoagu-
lant and serine protease inhibitor (serpin) that inactivates
many enzymes in the coagulation cascade. Thrombin and factor
Xa are the primary targets. From Maclean and Tait (1). With permission.

Although Thrombate is the only marketed plasma-derived
AT concentrate in the United States, there are several concen-
trates available worldwide (Table 4), and others are in devel-
opment. These agents are either derived from large plasma pools
or are developed using recombinant methods, and in some cases
they have been used successfully for many years. A recombinant
human AT (rhAT; Atryn® was approved by the US FDA on Feb-
ruary 6,2009), produced in the milk of transgenic goats, is avail-
able that is distinguished from plasma-derived AT by a different
glycosylation pattern that results in greater affinity for heparin
(46). The clinical efficacy of rhAT is being evaluated; however,
administration of rhAT replacement has been described in a
small case series including six procedures in five patients (47,
48). All individuals who received rhAT had a significant history
of thrombosis and underwent major surgical procedures without
experiencing VTE or a major bleeding episode.

Use of AT replacement therapy in patients with
hereditary AT deficiency

Recommendations for the use of AT replacement therapy are
based on several critical sources including evidence-based
guidelines (20, 30), drug labelling, and clinical experience. Al-
though practice guidelines are important to clinical decision
making, they often differ between each other and experts often
disagree. Indeed, clinical experience with AT concentrates in in-
herited AT deficiency is quite limited. In this context, there is sig-
nificant need for expert interpretation. In the present review, the
majority of the data presented are consistent with the FDA-
approved congenital AT deficiency indication for AT and are
consistent with how the agent is used in the author’s practice.

Hereditary AT deficiency is associated with inadequate
endogenous anticoagulation thought to result from the impaired
inhibition of serine protease coagulation factors (1, 3, 11, 12).
Antithrombin possesses potent natural anticoagulant properties
that promote neutralisation of coagulation enzymes (Fig. 3) (1).
In addition to inhibiting thrombin, AT inhibits factors 1Xa, Xa,
Xla, and Xlla. Plasma-derived AT is currently indicated for
thromboprophylaxis for patients with hereditary AT deficiency
with a medical history of thromboembolism or in high-risk clini-
cal settings including surgical or obstetrical procedures (1,41).

Inherited AT deficiency and other thrombophilic disorders
are linked to maternal thromboembolism and adverse pregnancy
outcomes (49-51). In the general population, the incidence of
pregnancy-associated VTE is approximately 1 in 1,000 de-
liveries, with a greater risk postpartum versus antepartum (20).
In contrast, the incidence of thrombotic complications during
pregnancy may be as high as 70% in women with hereditary AT
deficiency (52). Thromboprophylaxis with heparin or vitamin K
antagonist during pregnancy and for six weeks after delivery was
associated with a 15-fold reduction in fetal loss rate in a study of
women with hereditary thrombophilia, including women with
AT deficiency (53). Yamada et al. (54) reviewed 12 reports of 25
women with hereditary AT deficiency who received AT treat-
ment for managing pregnancy. Seven women (28%) who receiv-
ed thromboprophylaxis that included AT experienced antepar-
tum thrombosis and one woman (4%) experienced postpartum
thrombosis. However, most pregnancies ended in a favorable
outcome, with 15 vaginal deliveries (60%), four cesarean sec-
tions (16%), and six cases of unknown mode of delivery (24%).
Antithrombin treatment was not associated with reported fetal
AEs.

Treatment guidelines recommend prophylactic therapy dur-
ing pregnancy and the postpartum period for women with AT
deficiency, regardless of VTE history (55). Oral anticoagulants
cross the placenta and carry the risk of fetal haemorrhage and te-
ratogenic effects (11). Heparin does not cross the placenta and is
a common treatment choice; however, heparin may have a re-
duced efficacy in AT deficiency due to heparin resistance and
must be discontinued at the time of delivery (11, 20). Thus, treat-
ment with AT replacement therapy is recommended during de-
livery (55). Numerous case studies have reported safe and effec-
tive thromboprophylaxis with AT monotherapy or in com-
bination with heparin during pregnancy (11, 54, 56-60), labor
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and delivery (11,48, 54, 56—63), and postpartum (11, 44, 48, 54,
57,59, 60, 63).

Surgery and trauma activate the coagulation cascade, result-
ing in consumption of AT (17). Clinical studies have demon-
strated the association of low AT levels and adverse patient out-
comes, including development of sepsis, thromboembolic events,
need for infusion of blood products, organ failure, prolonged hos-
pital stay, and mortality (1). Successful thromboprophylaxis with
AT or thAT as monotherapy or in combination with other anti-
coagulants has been demonstrated in a variety of clinical settings
including cardiac or vascular surgeries, hysterectomy, gastroin-
testinal or urinary tract surgeries, and orthopaedic surgery (11,
44,47, 64-67). Treatment with AT in these studies was associated
with a favorable safety profile with no reported thrombotic com-
plications in >20) case reports. For example, in a clinical study of
452 evaluable AT infusions administered to patients with hered-
itary or acquired AT deficiency, 13 (3%) mild-to-moderate AEs
were reported (e.g. chest tightness, abdominal cramps, dizziness,
fever), no serious AEs were observed, and treatment with AT was
associated with favorable viral safety (e.g. no evidence of hepati-
tis or HIV seroconversion) (11).

Regarding dosing of plasma-derived AT, the goal of the initial
loading dose is to elevate the plasma AT level to 120%, based on
an expected 1.4% increase above baseline activity level per [U/
kg of AT administered (11). Because 1 IU of AT corresponds to
the activity of AT in 1 ml of normal human plasma, and 1 vial of
AT containing approximately 500 IU AT is reconstituted with
water to 10 ml of solution, administration of a minimal volume
of drug achieves a dramatic increase in AT concentration (3, 41).
Alternatively, the larger volume load associated with other ther-
apies (e.g. FFP) is a safety concern for at-risk patient populations
due to the risk for volume overload and haemodilution (67).

The expense associated with AT administration is an impor-
tant practical consideration. Though the 2006 Red Book price for
AT is $2.07 per IU (68), most institutions acquire plasma-derived
AT for approximately $1.68 per IU. Thus, a standard 500-ml dose
of AT is associated with a cost of approximately $840. Anti-
thrombin is a more expensive treatment to use compared with the

References

other therapies (FFP costs approximately $70 to $110 for 500
ml), but this does not include the additional costs of thawing and
transporting units to the operating room. Antithrombin can be re-
constituted and available for administration in a matter of min-
utes (69), increasing the speed with which patients may be
treated. The elimination of waiting time may decrease hospital
costs and improve patient outcomes.

Conclusions

AT is the predominant naturally occurring inhibitor of coagu-
lation and plays a central role in maintaining haemostasis during
hypercoagulable states. Additionally, AT is well positioned to
provide protection against inflammation because of its central
inhibitory role in many coagulation processes. Inherited AT defi-
ciency is associated with a 50% reduction in plasma AT activity,
which increases the risk of thromboembolic events and poor pa-
tient outcomes (21). Indeed, patients with hereditary AT defi-
ciency are at greater risk of thrombotic complications compared
with individuals with other hereditary thrombophilias (e.g. de-
fects in protein C or protein S) (26). Thus, treatment of patients
with hereditary AT deficiency is indicated in clinical settings of
high thrombotic risk. Antithrombin concentrate is an approved
treatment for hereditary AT deficiency and has been proven to be
a safe and effective agent for thromboprophylaxis when used ap-
propriately in approved patient populations since 1992 (11, 44,
47,48, 52,55-63, 65, 66). Additionally, administration of AT is
associated with a favorable safety profile with no reports of
thrombotic complications or serious AEs. In conclusion, AT re-
placement in patients with hereditary AT deficiency is associated
with a favorable benefit-to-risk ratio and may provide substan-
tially improved patient outcomes for individuals with this con-
genital disorder.

Acknowledgement

Support for preparation of this manuscript was provided by Talecris Bio-
therapeutics, Inc.

1. Maclean PS, Tait RC. Hereditary and acquired anti-
thrombin deficiency: epidemiology, pathogenesis and
treatment options. Drugs 2007; 67: 1429-1440.

2. Bauer KA. Selective inhibition of coagulation fac-
tors: advances in antithrombotic therapy. Semin
Thromb Hemost 2002; 28 (Suppl 2): 15-24.

3. Bucur SZ, Levy JH, Despotis GJ, et al. Uses of anti-
thrombin III concentrate in congenital and acquired
deficiency states. Transfusion 1998; 38: 481-498.

4. Roemisch J, Gray E, Hoffmann JN, et al. Anti-
thrombin: a new look at the actions of a serine protease
inhibitor. Blood Coagul Fibrinolysis 2002; 13:
657-670.

5. Romisch J, Donges R, Stauss H, et al. Quantifi-
cation of antithrombin isoform proportions in plasma
samples of healthy subjects, sepsis patients, and in anti-
thrombin concentrates. Pathophysiol Haemost Thromb
2002; 32: 143-150.

6. Tanaka KA, Levy JH. Regulation of thrombin ac-
tivity--pharmacologic and structural aspects. Hematol
Oncol Clin North Am 2007; 21: 33-50.

7. Blajchman MA. An overview of the mechanism of
action of antithrombin and its inherited deficiency
states. Blood Coagul Fibrinolysis 1994; 5 (Suppl 1):
S5-11; discussion S59-64.

8. Muiloz EM, Linhardt RJ. Heparin-binding domains
in vascular biology. Arterioscler Thromb Vasc Biol
2004; 24: 1549-1557.

9. Opal SM. Interactions between coagulation and in-
flammation. Scand J Infect Dis 2003; 35: 545-554.
10. Senden NH, Jeunhomme TM, Heemskerk JW, et al.
Factor Xa induces cytokine production and expression
of adhesion molecules by human umbilical vein en-
dothelial cells. J Immunol 1998; 161: 4318-4324.

11. Schwartz RS, Bauer KA, Rosenberg RD, et al. The
Antithrombin III Study Group. Clinical experience
with antithrombin III concentrate in treatment of con-
genital and acquired deficiency of antithrombin. Am J
Med 1989; 87(Suppl 3B): 53S-60S.

12. Bauer KA, Rosenberg RD. The pathophysiology of
the prethrombotic state in humans: insights gained
from studies using markers of hemostatic system acti-
vation. Blood 1987; 70: 343-350.

13. Hirsh J, Piovella F, Pini M. Congenital antithrombin
III deficiency. Incidence and clinical features. Am J
Med 1989; 87 (Suppl 3B): 34S-38S.

14. Franchini M, Veneri D, Salvagno GL, et al. In-
herited thrombophilia. Crit Rev Clin Lab Sci 2006; 43:
249-290.

15. Wells PS, Blajchman MA, Henderson P, et al.
Prevalence of antithrombin deficiency in healthy blood
donors: a cross-sectional study. Am J Hematol 1994;
45:321-324.

16. Buller HR, ten Cate JW. Acquired antithrombin 1T
deficiency: laboratory diagnosis, incidence, clinical
implications, and treatment with antithrombin III con-
centrate. Am J Med 1989; 87 (3B): 44S-48S.

17. Ranucci M, Frigiola A, Menicanti L, et al. Post-
operative antithrombin levels and outcome in cardiac
operations. Crit Care Med 2005; 33: 355-360.

18. Andrew M, Vegh P, Johnston M, et al. Maturation of
the hemostatic system during childhood. Blood 1992;
80: 1998-2005.

Downloaded from www.thrombosis-online.com on 2012-05-25 | IP: 38.107.179.231
For personal or educational use only. No other uses without permission. All rights reserved.



Rodgers: Antithrombin in hereditary antithrombin deficiency

19. Flanders MM, Phansalkar AR, Crist RA, et al. Pedi-
atric reference intervals for uncommon bleeding and
thrombotic disorders. J Pediatr 2006; 149: 275-277.
20. Haemostasis and Thrombosis Task Force of the
British Committee for Standards in Haematology. In-
vestigation and management of heritable thrombophi-
lia. Br J Haematol 2001; 114: 512-528.

21. Kottke-Marchant K, Duncan A. Antithrombin defi-
ciency: issues in laboratory diagnosis. Arch Pathol Lab
Med 2002; 126: 1326-1336.

22. Lane DA, Kunz G, Olds RJ, et al. Molecular gen-
etics of antithrombin deficiency. Blood Rev 1996; 10:
59-74.

23. Seligsohn U, Lubetsky A. Genetic susceptibility to
venous thrombosis. N Engl J Med 2001; 344:
1222-1231.

24. Tait RC, Walker ID, Perry DJ, et al. Prevalence of
antithrombin deficiency in the healthy population. Br J
Haematol 1994; 87: 106-112.

25. Martinelli I, Mannucci PM, De Stefano V, et al. Dif-
ferent risks of thrombosis in four coagulation defects
associated with inherited thrombophilia: a study of 150
families. Blood 1998; 92: 2353-2358.

26. Perry SL, Ortel TL. Clinical and laboratory evalu-
ation of thrombophilia. Clin Chest Med 2003; 24:
153-170.

27. van Boven HH, Reitsma PH, Rosendaal FR, et al.
Factor V Leiden (FV R506Q) in families with inherited
antithrombin deficiency. Thromb Haemost 1996; 75:
417-421.

28. Thaler E, Lechner K. Antithrombin III deficiency
and thromboembolism. Clin Haematol 1981; 10:
369-390.

29. Rossi E, Sz T, Ciminello A, et al. The risk of symp-
tomatic pulmonary embolism due to proximal deep ve-
nous thrombosis differs in patients with different types
of inherited thrombophila. Thromb Haemost. 2008; 99:
1030-1034.

30. Bates SM, Greer IA, Pabinger I, et al. Venous
thromboembolism, thrombophilia, antithrombotic
therapy, and pregnancy: American College of Chest
Physicians Evidence-Based Clinical Practice Guide-
lines (8th Edition). Chest 2008; 133 (6 Suppl):
844S-886S.

31. Bharadwaj J, Jayaraman C, Shrivastava R. Heparin
resistance. Lab Hematol 2003; 9: 125-131.

32. Avidan MS, Levy JH, Scholz J, et al. A phase III,
double-blind, placebo-controlled, multicenter study on
the efficacy of recombinant human antithrombin in he-
parin-resistant patients scheduled to undergo cardiac
surgery necessitating cardiopulmonary bypass. Anes-
thesiology 2005; 102: 276-284.

33. Avidan MS, Levy JH, van Aken H, et al. Recombi-
nant human antithrombin III restores heparin respon-
siveness and decreases activation of coagulation in he-
parin-resistant patients during cardiopulmonary by-
pass. J Thorac Cardiovasc Surg 2005; 130: 107-113.
34. Edmunds LH Jr, Colman RW. Thrombin during car-
diopulmonary bypass. Ann Thorac Surg 2006; 82:
2315-2322.

35. Ranucci M, Isgro G, Cazzaniga A, et al. Different
patterns of heparin resistance: therapeutic impli-
cations. Perfusion 2002; 17: 199-204.

36. Staples MH, Dunton RF, Karlson KJ, et al. Heparin
resistance after preoperative heparin therapy or in-
traaortic balloon pumping. Ann Thorac Surg 1994; 57:
1211-1216.

37. Williams MR, D'Ambra AB, Beck JR, et al. A ran-
domized trial of antithrombin concentrate for treatment
of heparin resistance. Ann Thorac Surg 2000; 70:
873-8717.

38. Hirsh J, Raschke R. Heparin and low-molecular-
weight heparin. Chest 2004; 126: 188S-203S.

39. MacLennan S, Barbara JA. Risks and side effects of
therapy with plasma and plasma fractions. Best Pract
Res Clin Haematol 2006; 19: 169—189.

40. Stramer SL, Fang CT, Foster GA, et al. West Nile
virus among blood donors in the United States, 2003
and 2004. N Engl ] Med 2005; 353: 451-459.

41. Thrombate I11® [package insert]. Research Triangle
Park, NC: Talecris Biotherapeutics, Inc; 2005.

42. Hoffman DL. Purification and large-scale prepara-
tion of antithrombin III. Am J Med 1989; 87 (3B):
23S-268.

43. Morrica A, Nardini C, Falbo A, et al. Manufactur-
ing process of anti-thrombin III concentrate: viral
safety validation studies and effect of column re-use on
viral clearance. Biologicals 2003; 31: 165-173.

44. Menache D, O'Malley JP, Schorr JB, et al. Cooper-
ative Study Group. Evaluation of the safety, recovery,
half-life, and clinical efficacy of antithrombin III
(human) in patients with hereditary antithrombin IIT
deficiency. Blood 1990; 75: 33-39.

45. Preiss DU, Abdullah D, Eberspacher B, et al. Safety
of virus inactivated antithrombin III concentrate anti-
thrombin III immuno (AT III). Thromb Res 1992; 65:
677-686.

46. Edmunds T, Van Patten SM, Pollock J, et al. Trans-
genically produced human antithrombin: structural and
functional comparison to human plasma-derived anti-
thrombin. Blood 1998; 91: 4561-4571.

47. Konkle BA, Bauer KA, Weinstein R, et al. Use of
recombinant human antithrombin in patients with con-
genital antithrombin deficiency undergoing surgical
procedures. Transfusion 2003; 43: 390-394.

48. Tiede A, Tait RC, Shaffer DW, et al. Antithrombin
alfa in hereditary antithrombin deficient patients: A
phase 3 study of prophylactic intravenous adminis-
tration in high risk situations. Thromb Haemost 2008;
99: 616-622.

49. Lockwood CJ. Inherited thrombophilias in preg-
nant patients: detection and treatment paradigm. Obstet
Gynecol 2002; 99: 333-341.

50. Rey E, Kahn SR, David M, et al. Thrombophilic
disorders and fetal loss: a meta-analysis. Lancet 2003;
361: 901-908.

51. Robertson L, Wu O, Langhorne P, et al. Throm-
bophilia in pregnancy: a systematic review. Br J Hae-
matol 2005; 132: 171-196.

52. Hellgren M, Tengborn L, Abildgaard U. Pregnancy
in women with congenital antithrombin III deficiency:
experience of treatment with heparin and antithrombin.
Gynecol Obstet Invest 1982; 14: 127-141.

53. Folkeringa N, Brouwer JL, Korteweg FJ, et al. Re-
duction of high fetal loss rate by anticoagulant treat-
ment during pregnancy in antithrombin, protein C or

protein S deficient women. Br J Haematol 2007; 136:
656-661.

54. Yamada T, Yamada H, Morikawa M, et al. Manage-
ment of pregnancy with congenital antithrombin III
deficiency: two case reports and a review of the litera-
ture. J Obstet Gynaecol Res 2001; 27: 189-197.

55. British Committee for Standards in Haematology.
Guidelines on the investigation and management of
thrombophilia. The British Committee for Standards in
Haematology. J Clin Pathol 1990; 43: 703-709.

56. Brenner B, Tavori S, Tatarsky I. Prophylaxis of
thromboembolism during pregnancy in hereditary AT-
III deficiency. Am J Hematol 1992; 39: 71-72.

57. Inomoto T, Takamoto M, Tamura R, et al. Effective
prophylaxis of thrombosis by antithrombin III concen-
trate in a pregnant woman with congenital antithrombin
1II deficiency: relations between plasma antithrombin
11T activity and the plasma levels of hemostatic molec-
ular markers. Haemostasis 1991; 21: 147-154.

58. Megha A, Finzi G, Poli T, et al. Pregnancy, anti-
thrombin III deficiency and venous thrombosis: report
of another case. Acta Haematol 1990; 83: 111.

59. Shiozaki A, Arai T, Izumi R, et al. Congenital anti-
thrombin III deficient neonate treated with antithrom-
bin IIT concentrates. Thromb Res 1993; 70: 211-216.
60. Tengborn L, Bengtsson T. Antithrombin III concen-
trate. Thromboprophylaxis during pregnancy in a pa-
tient with congenital antithrombin I1I deficiency. Acta
Obstet Gynecol Scand 1986; 65: 375-376.

61. De Stefano V, Leone G, De Carolis S, et al. Manage-
ment of pregnancy in women with antithrombin IIT
congenital defect: report of four cases. Thromb Hae-
most 1988; 59: 193—-196.

62. Michiels JJ, Stibbe J, Vellenga E, et al. Prophylaxis
of thrombosis in antithrombin I1I-deficient women dur-
ing pregnancy and delivery. Eur J Obstet Gynecol Re-
prod Biol 1984; 18: 149-153.

63. Samson D, Stirling Y, Woolf L, et al. Management
of planned pregnancy in a patient with congenital anti-
thrombin III deficiency. Br J Haematol 1984; 56:
243-249.

64. Blanco AN, Meschengieser S, Penalva LB, et al.
Prophylaxis during surgery in antithrombin III defi-
ciency with low dose of concentrates. Thromb Res
1989; 56: 497-499.

65. Jackson MR, Olsen SB, Gomez ER, et al. Use of
antithrombin III concentrates to correct antithrombin
III deficiency during vascular surgery. J Vasc Surg
1995; 22: 804-807.

66. Mannucci PM, Boyer C, Wolf M, et al. Treatment of
congenital antithrombin III deficiency with concen-
trates. Br J Haematol 1982; 50: 531-535.

67. Van Norman GA, Gernsheimer T, Chandler WL, et
al. Indicators of fibrinolysis during cardiopulmonary
bypass after exogenous antithrombin-III adminis-
tration for acquired antithrombin III deficiency. J Car-
diothorac Vasc Anesth 1997; 11: 760-763.

68. Red Book. 2006 ed. Montvale, NJ: Thomson PDR;
2006: 678.

69. Brown ME, Gallagher JM, Armitage JM. The use of
antithrombin III concentrate for treatment of heparin
resistance during cardiopulmonary bypass. J Extra-
Corporeal Tech 2000; 32: 75-78.

Downloaded from www.thrombosis-online.com on 2012-05-25 | IP: 38.107.179.231
For personal or educational use only. No other uses without permission. All rights reserved.



