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Abstract: Congenital antithrombin (AT) deficiency represents the form of thrombophilia with the highest thrombotic risk. It is
characterized by a heterogeneous clinical presentation, depending mostly on the family history of thrombosis and type of genetic
mutation. Inherited AT deficiency promotes idiopathic thrombosis at an early age (even in the pediatric population) and at atypical
sites. Therefore, a positive family background necessitates ruling out this high-risk thrombophilia at a young age. Studying first-degree
relatives, even if they are asymptomatic, is essential to establish thromboprophylaxis and a proper therapeutic approach in case of
thrombosis. Patients with congenital AT deficiency require indefinite anticoagulation owing to the high thrombotic recurrence rate.
Here, we present four unrelated cases reported in our institution who were diagnosed with hereditary AT deficiency, with a contrasting
clinical evolution.

Keywords: hereditary antithrombin deficiency, thrombosis, anticoagulation, heparin resistance, SERPINC!I gene mutation

Introduction

Antithrombin (AT) is a physiological natural anticoagulant that inhibits procoagulant serine proteases, such as activated
factor II, IX, X and XI.! In 1965, Egeberg reported the first family with AT deficiency and venous thrombosis (VT), with
a decrease in both AT and heparin cofactor activity to approximately half the normal level.> A low level of AT activity
disrupts the hemostatic balance and, therefore, promotes thrombosis.’

Hereditary AT deficiency is an autosomal dominant condition, with an estimated prevalence in the general population
between 0.02% and 0.2%. In patients who develop venous thromboembolic disease, either VT or pulmonary embolism
(PE), the prevalence varies between 1% and 5%.*° Nearly 60% of the thrombotic events are unprovoked, while the
remaining 40% are associated with a transient risk factor.® Hereditary AT deficiency is associated with the highest risk of
thrombosis.*

Quantitative (type I) and qualitative (type II) defects have been described. In type I, the level of AT antigen and its activity
are similarly reduced,” whereas in type II variants, the AT antigen level remains normal, but the AT activity is reduced as the
result of a dysfunctional protein.® Regarding the frequency of each type in people with inherited AT deficiency, although
type II is much more frequent in the general population (12% with type I vs 88% with type II), type I is more prevalent in
patients who develop thrombosis (60% with type I vs 40% with type II).” This is the reason why type II could be
underdiagnosed, especially if there is no family history of thrombosis (see Table 1).

The alteration of a single allele of SERPINC! is the most frequent genetic mutation found in AT deficiency (352
genetic variants have been described).® Most of the SERPINCI genetic variants are point mutations (226 of 352 genetic
variants). (See Table 1 for the most common mutations in the SERPINCI gene, depending on the type of AT deficiency.)
However, other mutations that affect the N-glycosylation pathway have been reported (up to 27%). These defects

(hypoglycosylation) reduce the levels and the anticoagulant activity of AT as a result of an increase in 3-N-glycan AT in
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plasma.
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Table | Inherited AT Deficiency: Types, Frequency of Each Type in the General Population and
SERPINCI Mutations

n People with Thrombosis, and

Types of AT Deficiency Frequency in the Frequency in SERPINCI Mutations
General Population | People with
Thrombosis

Type | 12% 60% Single base pair substitutions
— AT antigen and activity are similarly reduced Others: insertion—deletion
variants

Preferred regions: codons 244—

245, 81, 106-107
Type ll 88% 40% Most mutations: Missense gene
— AT antigen is normal variants
— AT activity is reduced due to a dysfunctional protein
Type lla or reactive site Most mutations occur:
— Reactive domain is affected, preventing the binding of AT — At residues Ala382 and
to its target protease Ala384 in the hinge region of AT

— Around the reactive domain
at residues 392, 393 and 394

Type IIb or heparin-binding site Most mutations involve residues

— The mutation, located in the heparin-binding domain, 41, 47, 99 and 129
disturbs the interaction with heparin or AT activation

Type llc or pleiotropic effect Most mutations involve residues
— The mutation affects both the reactivity and heparin 402, 404407 and 429
affinity

Abbreviation: AT, antithrombin.

Clinical presentation may vary, depending mainly on the family history of thrombosis and type of genetic mutation.
Type I AT-deficient patients usually develop thrombosis at an early age and have a tendency to recurrence. In contrast,
type I AT-deficient patients have a wide clinical thrombotic presentation, ranging from mild to very severe. Of note, type
IIb, or heparin-binding site mutation, carries a lower thrombotic risk.®

Homozygous AT deficiency type I is incompatible with life, while few cases of homozygous individuals with type IIb
or mild type Ilc have been described.®*” Most patients with inherited heterozygous AT deficiency have an AT activity
between 40% and 60%. Whether the risk of thrombosis correlates with the decrease in AT activity is still a matter of
debate.’

The association with other additional genetic variants, such as factor V Leiden or the prothrombin G20210A
mutation, increases the thrombotic risk, as does the presence of simultaneous acquired thrombotic risk factors, including
immobilization, oral contraceptive intake, surgery, pregnancy, cancer and obesity.®

De la Morena-Barrio et al described an association between inferior vena cava atresia (IVCA) and congenital AT
deficiency caused by the homozygous SERPINCI ¢.391C>T variant (p.Leul31Phe; antithrombin Budapest 3). They
included 61 patients with this mutation from a total of 1118 patients with congenital AT deficiency from Spain and
Hungary. More than 70% of patients with available computed tomography (CT) had an atresia of the inferior vena cava
(IVC) system. The authors suggested that thrombosis in the developing fetal vessels could be the reason for this
anomaly.''

Additional case reports have described combined IVCA and congenital AT deficiency. According to these publica-
tions, ultrasound screening in newborns with relatives with IVCA and congenital AT deficiency is suggested, and early
therapeutic intervention is necessary to prevent further thrombotic complications.'*"?

Age is an important risk factor for thrombosis development. Up to 60% of patients with inherited AT deficiency have
thrombosis before the age of 65.'* De la Morena-Barrio et al designed a multicenter study to determine the prevalence of
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thrombosis and presented clinical data in the pediatric population with inherited AT deficiency.'* The incidence of
thrombosis in this population was 4.32 cases/1000 patients per year (7.5%), much higher than the incidence described in
the general population (0.014%/year). They observed thrombosis at atypical sites such as the splanchnic vein, cerebral
venous sinus or IVC, mainly in neonates and young children (<6 years old). Adolescents usually developed VT in lower
limb and PE, and nearly half of them (47%) were provoked.'* An increased risk of first VT in AT-deficient subjects
compared to controls (OR 16.26, 95% CI 9.90-26.70; P<0.00001) has been reported.'®> An estimated annual risk of VT of
up to 2.3% (95% CI 0.2-6.5) has been described.'® In addition, the annual risk of recurrence without long-term
anticoagulant therapy was 8.8% (95% CI 4.6-14.1) for AT-deficient and 4.3% (95% CI 1.5-7.9) for non-AT-deficient
VT patients (but with other types of thrombophilia).'®

Patients with inherited AT deficiency who develop thrombosis require indefinite anticoagulation owing to the high
thrombotic recurrence rate.'® Anticoagulation with vitamin K antagonists (VKAs) is the treatment of choice. AT deficiency
induces heparin resistance. Therefore, reaching a therapeutic level of anti-Xa in patients anticoagulated with heparin can be
challenging, despite the administration of the appropriate heparin dose adjusted for body weight. Using AT concentrates is
a feasible option, together with heparin at therapeutic doses to treat acute thrombotic episodes and prevent new ones.>'”
Clinical evidence on the use of direct oral anticoagulants (DOACs) in AT-deficient patients is lacking. Case studies suggest
that DOACs do not seem to be less effective than VKAs. No recurrences have been reported.'®>°

Ten different families with hereditary AT deficiency are registered at our institution. Most of the family members
require indefinite anticoagulation owing to thrombosis development.

Here, we present four unrelated patients with inherited AT deficiency who have been diagnosed and are being
managed in our institution, as a reflection of the heterogeneous clinical presentation and individualized management.

Case | (CI)

Adult Woman with Venous Free-Floating Thrombus Despite Correct Anticoagulation
C1 is a 47-year-old woman diagnosed with AT deficiency type I (AT activity of 45% and AT antigen of 40%, confirmed
in two different samples) in her childhood due to the known genetic background (father, aunts and cousins with AT
deficiency and thrombosis). In all cases described in this manuscript, AT antigen was determined by immunoturbidimetry
(Liatest ATIII®; Stago, Paris, France), while AT activity was measured using a factor II (bovine thrombin)-based
chromogenic method (STA®-STACHROM® ATIII; Stago, Paris, France).

She had required indefinite anticoagulation since she developed a proximal deep VT in the left leg, confirmed by
compression ultrasound, in the 15th week of pregnancy despite thromboprophylaxis with low-molecular-weight heparin
(LMWH). She had no cardiovascular risk factors (CVRFs). The ultrasound performed at the 30th week of pregnancy
described resolution of the thrombosis. The dose of LMWH was then adjusted to a therapeutic dose (enoxaparin 1 mg/kg
every 12 hours) and anti-Xa activity was measured to ensure a therapeutic range (0.5-1.2 U/mL). The genetic analysis
(detected by nanopore sequencing) showed a heterozygous mutation in ¢.1366G>C (p.Gly456Arg) in the SERPINCI gene.

After delivery, she maintained a correct anticoagulation range with VKAs (international normalized ratio [INR] range
2.0-3.0). In October 2021, C1 was diagnosed with ovarian endometrial cancer stage I according to the International
Federation of Gynecology and Obstetrics (FIGO). She underwent a hysterectomy and right adnexectomy in January 2022
and required adjuvant chemotherapy with carboplatin, starting in February 2022. The follow-up CT scan revealed cancer
remission. She was anticoagulated with LMWH at therapeutic doses (enoxaparin 1 mg/kg every 12 hours) while she
received chemotherapy, and this was maintained until complete remission of the cancer. Anti-Xa activity was within the
therapeutic range at all times. Twenty-five days after stopping chemotherapy, C1 was admitted to the hospital with
moderate exercise-induced dyspnea and dry cough for 7 days. Low-load severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection was detected by polymerase chain reaction (PCR). The CT scan showed multiple filling defects
related to PE and pneumonia in the right superior lung. The ultrasound of both lower limbs revealed the presence of deep
proximal VT in the left leg. No IVC thrombus was shown. The INR at admission was 2.3. LMWH at therapeutic doses
(enoxaparin 1 mg/kg every 12 hours) and AT replacement to achieve an AT level between 80% and 120% were
administered, reaching a therapeutic anti-Xa activity range. C1 had a good clinical evolution of the pneumonia with
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supplemental oxygen. She was discharged from the hospital 5 days later; the PCR was then negative for SARS-CoV-2.
The INR range was adjusted to 2.5-3.5. Twenty days later, the follow-up ultrasound described the presence of a venous
free-floating thrombus in the IVC. No data on [IVCA were described. The INR at that moment was 2.8 and the patient
remained asymptomatic. The thrombophilia study did not reveal inherited or acquired thrombophilia, except for the
previously known AT deficiency. Similarly to the previous in-hospital admission, LMWH at therapeutic doses and AT
supplementation were given. Owing to the difficulties in preventing new thrombosis despite correct anticoagulation, an
IVC was placed. A new target INR of 3.0-4.0 was established. Three weeks later, the CT scan did not show the free-
floating thrombus and the ovarian endometrial cancer remained in radiological and analytical remission. The vena cava
filter was then removed. She remains currently asymptomatic and close INR monitoring is performed (INR self-

monitoring).

Comments on Case |

Our patient, in agreement with type I AT deficiency, has similar AT antigen and activity levels. The recurrent thrombotic
phenotype, both in the patient and in direct affected relatives, despite correct anticoagulation, also correlates with
type I AT deficiency.”®

Genetic study should be considered in the case of a positive family AT-deficient background at a young age, in all
first-degree relatives, even those who are asymptomatic.”® A ¢.1366G>C (p.Gly456Arg) heterozygous mutation in the
SERPINCI gene has been associated with type I AT deficiency.®

Further treatment/prophylactic management is necessary, considering the high thrombotic risk and recurrence rate of
inherited AT deficiency.'

Determination of AT activity remains the main diagnostic tool for hereditary AT deficiency. According to the
literature, an AT activity below 70% overall, in the context of a positive family thrombotic history, suggests congenital
AT deficiency.® Despite receiving antithrombotic prophylaxis with LMWH, C1 developed her first thrombotic episode
during pregnancy, which is a well-known prothrombotic setting.

It has been suggested that warfarin could increase AT levels. However, this is not consistent throughout the
literature.>'*> Close INR monitoring is essential to ensure a therapeutic range. However, as reported in CI, despite
a correct INR range, thrombosis can appear in the presence of other prothrombotic situations, such as cancer and SARS-
CoV-2 infection. Cancer induces a procoagulant state and increases both arterial and venous thrombotic incidence rates (2—
5% and 4-20%, respectively). In addition, chemotherapy may decrease anticoagulants and increase procoagulants, such as
tissue factor, and can induce platelet activation, all together promoting thrombosis.*® The thrombotic risk could vary
depending on the anticancer agent. In particular, C1 received platin-based agents, which are known to increase thrombosis
compared to non-platin combinations.** The mechanism by which platin increases thrombosis is still a matter of debate. In
these patients, elevated circulating von Willebrand factor, platelet activation, increased levels of thrombin—antithrombin
complexes and increased D-dimer have been described.”>*® Thrombosis and coagulopathy, together with pulmonary injury
and inflammation, are clinically associated with coronavirus disease 2019 (COVID-19) infection. The endothelial injury
associated with the cytokine storm promotes thrombosis. In addition, low ADAMTSI13 activity, probably related to the
excess release of von Willebrand factor, contributes to this prothrombotic COVID-19-related state.*®

An alternative way to prevent thrombotic recurrence in patients with INR in the therapeutic range could be to increase
the optimal INR range or the administration of LMWH with close monitoring of anti-Xa activity, considering, if
necessary, AT concentrates to control heparin resistance.?’

Our patient developed a new severe thrombotic event despite a proper anticoagulation INR range (INR of 2.8). In that
setting, to avoid further episodes, a vena cava filter was recommended. An IVC filter is indicated in patients with VT and
contraindication to anticoagulation, failure of anticoagulation or VT progression despite adequate anticoagulation.?®
Once the venous free-floating thrombus disappears, the vena cava filter can be removed, and a strict INR control to
ensure correct anticoagulation should be performed.
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Case 2 (C2)

Massive Cerebral Vein Thrombosis in Childhood
C2 is a 5-year-old girl admitted to a local hospital with sudden tetraparesis with light predominance in her right

hemibody and Broca aphasia. Her medical records included an AT deficiency type I (AT activity of 40% and AT antigen
of 35%, confirmed in two different samples). A cousin had suffered from cerebral venous thrombosis (CVT) 3 days after
birth, her father had developed a deep VT in childhood, and an asymptomatic aunt had been previously diagnosed with
inherited AT deficiency. The genetic analysis showed a heterozygous mutation in c.481C>T (p.Argl61Ter) in the
SERPINCI gene.

Hemodynamic stability was achieved during admission to the intensive care unit. An AT activity of 49% was
confirmed at admission. A generalized paresthesia, more noticeable in the right upper extremity, was observed. Initial
contrast brain CT revealed filling defects affecting the internal cerebral veins, Galeno vein, inferior longitudinal sinus and
left transverse sinus, with extension to the left internal jugular vein, suggesting deep CVT. AT replacement to maintain
AT levels of 100%, in addition to LMWH (enoxaparin 1 mg/kg twice per day), was immediately initiated. However, the
intracranial pressure increased, and clinical worsening was evident, with the presence of seizures and posterior loss of
consciousness, probably secondary to obstructive hydrocephalus. Orotracheal intubation was required. Mechanical
thrombectomy was then carried out and a partial recanalization was achieved. A 4 mg bolus of local alteplase was
injected in the straight sinus, followed by a continuous alteplase infusion at a dose of 1 mg per hour. AT replacement and
LMWH 1 mg/kg every 12 hours were administered, reaching AT levels of 100% and an anti-Xa activity in the
therapeutic range. The patient experienced a gradual neurological improvement, coinciding with a radiological reduction
and posterior resolution of the massive thrombosis and edema. She is currently on anticoagulation (INR target 2.5-3.5)

and asymptomatic.

Comments on Case 2

CVT is an uncommon but severe condition, more frequently affecting young children.” Although high-risk inherited
thrombophilia has been related to common sites of thrombosis such as deep veins in the legs, an association with rare
presentations has been described."*

More than half of the patients with AT deficiency develop a spontaneous thrombosis.>* CVRFs should be controlled
to minimize thrombotic risk, and antithrombotic prophylaxis with heparin should be considered in high-risk prothrom-
botic situations.® In our patient, there was no trigger associated with thrombosis. Of note, her younger cousin developed
a CVT 3 days after birth.

AT replacement may be adequate in an acute VT, especially in unusual severe thrombosis, despite adequate antic-
oagulation and heparin resistance.®'” Our patient was, consequently, the optimal candidate for both anticoagulation at
therapeutic doses and AT replacement, owing to the severity and atypical presentation.

In CVT, endovascular thrombolysis with or without mechanical thrombectomy may be beneficial in patients with
poor prognosis despite anticoagulant treatment with heparin, due mainly to the impossibility of dissolving the extensive
thrombus. However, this is based on case series and not on controlled randomized trials.?’ Siddiqui et al included
a systematic review of 185 patients undergoing mechanical thrombectomy, and a mean recanalization of 95% was
obtained. These data were obtained from small retrospective studies.>

The mutation described in C2 and her relatives is associated with hereditary quantitative AT deficiency (type I) and
carries a high thrombotic risk.*' In fact, all affected relatives except for one aunt developed thrombosis at a very young
age. A peak incidence of thrombosis, especially CVT during the neonatal period, has been described in hereditary AT-
deficient patients.*? The physiological AT deficiency at birth is exacerbated by the hereditary defect of AT, inducing
prothrombotic situations such as hypoxia and the release of tissue factor more easily, together with possible trauma and

manipulation during delivery.*
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Case 3 (C3)
Female Adult with Neither Familiar nor Personal Thrombosis and Congenital AT
Deficiency

C3 is a 47-year-old businesswoman, a habitual smoker of 10 cigarettes per day for 15 years, with no other additional
CVRFs. No family history of thrombosis was reported. In April 2001, in the setting of three miscarriages before the 10th
week of pregnancy, a thrombophilia study was performed. A type II AT deficiency was detected, confirmed in two
different samples (AT activity of 46%, AT antigen of 80%). Family screening was completed, and her father, uncle and
grandfather had similar AT levels (activity and antigen) to C3. The genetic analysis showed a heterozygous mutation in
¢.235C>T (p.Arg79Cys) in the SERPINCI gene. None of them had previously developed thrombosis. C3 is currently
taking hormonal replacement with transdermal estrogen owing to early menopause.

Comments on Case 3

Despite the high thrombotic risk associated with hereditary AT deficiency, there may be adult patients with known
underlying AT deficiency and no previous thrombotic events. This uncommon scenario could happen mainly in patients
with no CVRFs and a healthy lifestyle. Up to 40% of patients with hereditary AT deficiency had thrombosis associated
with a transient risk factor.® C3, except for smoking, has an active healthy lifestyle, as do her first-degree affected
relatives. They should be given prophylactic heparin during a prothrombotic situation, such as immobilization, pregnancy
or active cancer. Hormonal treatment containing a high estrogen dose is not recommended, as it could increase the
thrombotic risk. Low-dose estrogen pills, pills containing only progestagen or an intrauterine device are treatments of
choice in high-risk prothrombotic women who require hormonal treatment.*? In postmenopausal women, transdermal
estrogen does not increase thrombotic risk.*> The most suitable option should be carefully considered by the gynecol-
ogist, depending on the reason for hormonal treatment and the presence of other CVRFs.***

The genetic mutation could play a role in the severity of thrombosis. The heterozygous missense mutation, a cytosine
to thymine substitution at nucleotide position 235 in exon 2 of the SERPINCI gene (p.Arg79Cys), has been associated
with a low prevalence of thrombosis. This is a mutation in the heparin binding site, described in type IIb AT deficiency.
Subjects with this mutation, mainly heterozygous patients, rarely develop thrombosis.*> Alhenc-Gelas et al did not
describe an increase in the endogenous thrombin potential in type IIb heterozygous patients compared to a control group
without AT deficiency (2142 nMxmin vs 2299 nMxmin), being associated with a low risk of VT.>* Yoo et al reported the
first patient with this heterozygous mutation who had deep VT and a family history of thrombosis.>”

In case antithrombotic therapy with heparin is needed, patients with heparin binding site mutation may require AT

replacement, as heparin itself could not generate an appropriate antithrombotic effect.®'’

Case 4 (C4)

Adult Man with Recurrent Thrombosis Despite Correct Anticoagulation

C4 is a 64-year-old man who requires indefinite anticoagulation owing to recurrent PE. No family history of thrombophilia
was reported. The first PE and deep VT in his right leg occurred in 2000 spontaneously at the age of 46. He had, at that time,
several CVRFs, including hypertension, dyslipidemia and obesity (body mass index of 33 kg/m?), and he had been a smoker
of 15 cigarettes per day for 15 years. He was being followed by the general practitioner owing to hepatic steatosis.
Anticoagulation with VK As was then initiated, reaching the INR target of 2.5 easily. The CVRFs significantly improved as
aresult of a healthy lifestyle and proper medication for hypertension and dyslipidemia. An AT activity of 65% was detected,
without any other thrombophilia defects. This mild AT deficiency was not considered of relevance and was first reported in
the low range of normality (in our laboratory, the normal levels for AT activity range between 70% and 100%). However, in
further routine analytical controls, AT activity remained between 60% and 65% and the AT antigen was 53%, confirmed in
two different samples. Therefore, in the setting of an idiopathic thrombosis and the previous analytical abnormalities, AT
deficiency type I was confirmed. The patient had a heterozygous point mutation in the SERPINCI gene, c.1219-3C>A,
affecting intron 6, very close to the exon 6 donor sequence (IVS6-3C>A). Four years later, the patient was admitted to the
emergency department with idiopathic recurrent PE despite a correct INR (2.4). He had a favorable clinical evolution with
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LMWH at therapeutic doses (enoxaparin 1 mg/kg every 12 hours) and AT concentrates to reach an AT activity of 100%. At
hospital discharge, the INR range was adjusted to 2.5-3.5. No further thrombotic events have been reported.

Comments on Case 4
Similarly to C3, in a few families AT deficiency is not diagnosed at an early age because of the absence of personal or family
thrombotic history. C4 developed his first thrombotic event at the age of 46 in the setting of different CVRFs. The mild AT
activity deficiency was first considered to lie in the range of normality. This result correlated with the diagnosis of hepatic
steatosis included in his medical records. However, the rest of the proteins of hepatic origin included in the thrombophilia
study, such as protein S, protein C and plasminogen, were strictly normal, as was the hepatic function profile (transaminases
and bilirubin). Later, once AT type I deficiency had been confirmed, the genetic family study was performed. His older sister
did not carry the mutation and had a normal AT activity (90%), while his parents were not available for the genetic study. C4
has been on anticoagulation since this first episode owing to high recurrent thrombotic rate.'® Strict INR monitoring is
essential to prevent further thrombotic episodes, ensuring no INR below the target range. In addition, appropriate control of
CVRFs is necessary to reduce the thrombotic risk. C4 achieved a substantial improvement in his CVRFs with medication
for hypertension and dyslipidemia, and having lost weight. An appropriate level of anticoagulation was achieved, with no
INR fluctuations. However, he developed a new thrombosis that required INR target adjustment.

The mutation detected in the SERPINCI gene could affect the appropriate processing of exon/intron 6 during mRNA

formation, and it is associated with high thrombotic risk.>® This mutation has been described previously.>®’

Conclusions
¢ Inherited AT deficiency is the most severe type of thrombophilia, with a remarkable clinical heterogeneity that
requires indefinite anticoagulation.
e Genetic testing should be considered in all first-degree relatives at a young age, and appropriate treatment/
prophylactic management is necessary to minimize thrombotic risk.
e Type IIb confers a lower thrombotic risk and may be underdiagnosed.
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