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Introduction

Factor X (FX) is a vitamin K-dependent clotting factor synthe-
sized in the liver and found in plasma at a concentration of
�1mg/dL. It plays an important role in thecoagulation cascade
system.1

FX deficiency (also known as Stuart–Prower factor defi-
ciency) is an autosomal recessive extremely rare hereditary
hematologic disorder, affecting around 1:1,000,000 of the
general population. Affected individuals commonly present
with bleeding disorders that varies from easy bruising, bleed-

ing from mucous membranes up to spontaneous internal or
external bleeding (hemarthrosis or hemorrhagic strokes) in
patients with marked deficiency.1

As with all bleeding disorders, FX deficiency may present
significant difficulties in managing and maintaining hemosta-
sis in surgery. Previous guidelines have described the use of
different plasmaproducts including fresh-frozen plasma (FFP),
prothrombin complex concentrates (PCCs), and factor IX-X
concentrate as a treatment andprophylaxis to control bleeding
complicationperioperatively. Recently, humanplasma-derived
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Abstract Background Factor X deficiency (also known as Stuart–Prower factor deficiency) is an
autosomal recessive extremely rare hereditary hematologic disorder, affecting around
1:1,000,000 of the general population.
Case Presentation This case report describes a patient with hypoplastic left heart
syndrome and severe factor X deficiency, who underwent staged surgical palliation.
From stage 1 Norwood palliation, through superior cavopulmonary anastomosis and
ending with total cavopulmonary connection with satisfactory hemostasis and no
significant perioperative bleeding complication.
Conclusion The need to maintain hemostasis while aiming to prevent intracardiac
thrombosis requires multidisciplinary team approach including hematologist, cardiac
surgeon, pediatric cardiac intensivist, and anesthesiologist along with meticulous
hemostasis during surgery and careful monitoring of coagulation profile in the post-
operative period.
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FX concentrate has been approved for treatment of periopera-
tive bleeding in affected patients.

This case report describes a patient with hypoplastic left
heart syndrome (HLHS) and severe FX deficiency, who
underwent staged surgical palliation, from stage 1 Norwood
palliation, through superior cavopulmonary anastomosis
and ending with total cavopulmonary connection (TCPC)
with satisfactory hemostasis and no significant periopera-
tive bleeding complication.

Case Report

A 6-year-old female with a history of HLHS diagnosed by
echo at day 1 after birth that showed mitral atresia, rudi-
mentary left ventricle, hypoplastic aortic arch, patent ductus
arteriosus (PDA), and atrial septal defect (ASD). After initial
diagnosis at birth, patient was started on prostaglandin and
dobutamine and transferred to our center for further
management.

During the routine preoperative workup, she was found to
have prolonged prothrombin time (PT) and activated partial
thromboplastin time (aPTT) (►Figs. 1 and2).Mixing studywas
performed by addition of normal pooled plasma to patient’s

plasma, and it showed normalization of both the prolonged PT
and aPTT; which indicated clotting factor deficiency (factors
II, V, orX) that was correctedbyaddition of normal plasma. The
respective clotting factors assays were performed, factor II
and factor V were found within normal range for age (0.78
and 0.9 IU/mL, respectively). On the other hand, FX, was found
to have severe deficiency with plasma FX level < 0.01 IU/mL,
and FX functional activity (FX:C) was > 1%.

A structured plan was discussed with the hematologist for
FX replacement therapy (one dose of FX concentrate [50 IU/kg]
the day before the surgery and 1 hour prior to any future
surgical intervention to reachan internationalnormalizedratio
[INR] level of < 1.5).1 If the target preoperative INR was not
achieved, an extra dose of FX concentrate is given. This is
followed by daily 30 IU/kg of FX concentrate after surgery
together with 10mg/kg tranexamic acid four times a day for a
period of 5 to 7 days to eliminate the risk of perioperative
bleeding. She successfully underwent Norwood I procedure
(Damus–Kaye–Stansel (DKS), modified Blallock–Taussig shunt
(mBTS), aorticarchaugmentation,andatrial septectomy)at the
age of 7 weeks and was discharged home in stable condition.

At the age of 14 months, she was admitted for right
superior cavopulmonary anastomosis (Glenn procedure).

Fig. 1 A graph of the timeline for international normalized ratio [INR] measurements showing derangement, with returning near normal values
after treatment at the time of surgeries.

Fig. 2 A graph of the timeline for prothrombin time (PT) measurements showing derangement, with returning near normal values after
treatment at the time of surgeries.
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She received two doses of 50 IU/kg FX (Factor X P Behring)
(one dose of FX concentrate [50 IU/kg] the day before the
surgery and another dose was given 1 hour prior to surgery).
This was followed by daily 30 IU/kg for 5 days after the
surgery. Our patient had an uneventful hospital course and
was discharged in stable condition.

At the age of 3 years, shehad an episode of seizure that was
described as partial loss of consciousness with generalized
stiffening of the body and trembling of the jaw. This episode
happened intermittently over a period of 20 minutes. A
computed tomography (CT) scan and magnetic resonance
imaging (MRI)of thebrainshowedno intracranial hemorrhage
or infarction, but electroencephalogram (EEG) showed mild
and intermittent backgroundgeneralized slowing. The patient
was started on antiepileptic medication (levetiracetam).

She maintained her usual state of health with no signs of
bleeding and continued to follow up with pediatric cardiol-
ogy. However, she experienced a recent episode of hemop-
tysis following upper respiratory tract infection (URTI) at the
age of 5 years. The patient was admitted in another facility
and treated with plasma transfusions.

Follow-up echocardiography showed patent right superior
cavopulmonary anastomosis and DKS anastomosis, patent
aortic arch, and large nonrestrictive ASD. Patient was planned
for elective TCPC.

Dental clearance was done after undergoing multiple
teeth extraction, restoration, and fillings. All were done in
one session under general anesthesia after following the
same FX preoperative replacement protocol. We did not
give daily postoperative doses, as the patient underwent
stage 3 palliation during the same admission.

Finally, at the age of 6 years, the patient underwent extra
cardiac nonfenestrated TCPC, again following the same FX
replacement protocol. However, due to the limited supply of
FX concentrate, we accepted a preoperative INR value of 1.8.

The patient tolerated the procedure well with minimal
intraoperative bleeding and she was maintained on FX
concentrates daily and 150 mg tranexamic acid four times
a day for 1 week postoperatively.

Postoperative echo showed patent TCPC circuit, confluent
branchpulmonaryarteriesandpatentDKSanastomosis, patent
aortic arch with good overall ventricular systolic function, and
no pericardial effusion. Patient had smooth uneventful post-
operative course and was discharged in a stable condition.

In all of her surgical procedures, there was no noticeable
perioperative bleeding or thromboembolic event related to
coagulopathy or treatment administration.

Discussion

FX is a vitamin K-dependent enzyme that has an essential
and unique position in the coagulation cascade. It is the first
enzyme in the common pathway of thrombus formation.2

In case of derangement and prolongation of both PT and
aPTT, mixing study (mixing 1:1 with normal plasma) is per-
formed. Clotting factors deficiencies are suspected if mixing
study shows normalization unless an inhibitor is present.
NormalizedprolongedaPTTbymixing studies indicates factors

VIII, XII, IX, or XI deficiency, while PT normalization indicates
factor VII deficiency. When both prolonged aPTT and PT are
normalized by mixing study, factors II, V, or X deficiencies are
suspected. FX functional activity (FX:C) is quantified by per-
forming serial dilutions with FX-deficient plasma.

The diagnosis of clotting factors deficiencies is confirmed by
performing the respective clotting factors assays. FX level is low
at birth and gradually increases to reach normal level by
6 months of age. For that reason, age-related ranges for FX are
essential if a deficiency is suspected. It is also important to
exclude vitamin K deficiency or other acquired causes of a
clottingdisorderbeforethediagnosisofFXdeficiency ismade.2,3

In contrast to other coagulation factor deficiencies, the
most frequent bleeding symptoms are mucocutaneous: easy
bruising, epistaxis, and gingival bleeding. Affected indivi-
duals may present with bleeding disorders at any age, and
the timing and the presentation of FX deficiency is related to
the level of FX. FX activitymeasurement < 10% (< 1 IU/mL) is
described as severe deficiency. It can present early in neo-
nates as bleeding of umbilical stump in 28% of patients
(usually when the stump falls off at 7–14 days). Recurrent
hemarthrosis was found in 69% of patients with the devel-
opment of hemophiliac arthropathy. Intracranial hemor-
rhage was also reported in 9 to 26% of patients.

On the other hand, moderately affected patients with FX
activitymeasurementof10 to40% (1–5 IU/mL)mayexperience
bleeding only after trauma or surgery, and patients with mild
formofFXdeficiency (FX:activity > 40–60%[6–10IU/mL])can
remain asymptomatic and get diagnosed incidentally on rou-
tine screening or because of a positive family history.3,4

Although our patient has severe FX deficiency, she was
discovered to have the disease on routine perioperative
coagulation profile, and the only bleeding episode she
experienced was hemoptysis after URTI at the age of 5 years.

These findings were in accordance with Thompson et al,5

who reviewed 60 patients with isolated acquired FX defi-
ciency (� 50%), who underwent a total of 112 invasive
procedures over 30 years. They found infrequent complica-
tions with mild or moderate FX deficiency undergoing non-
vascular procedures; however, baseline FX level was not
predictive of bleeding risk. They concluded that there is no
consensus on the correlation of bleeding risk with degree of
FX deficiency.

FX deficiency is an extremely rare condition with limited
information on the outcomeandperioperativemanagement in
severe deficiency. There was a lack of reliable and evidence-
basedguidelines for itsmanagement, until theUnitedKingdom
HemophiliaCentreDoctors’Organization (UKHCDO)published
guidelines for management of FX deficiency beside other rare
coagulation disorders relying on available literature and exten-
sive clinical experience.3

Maintaining adequate hemostasis during surgery is chal-
lenging for rare hereditary bleeding disorders, particularly,
when multicoagulation-factor concentrates are the only
available therapeutic option.

Although FX is a vitamin K-dependent factor, vitamin K
has no therapeutic effect on FX in patients with a congenital
deficiency.
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Current therapeutic options to manage patients with FX
deficiency include fibrinolytic inhibitors, plasma, and inter-
mediate-purity factor IX concentrates (PCCs). Similarly,
recombinant human coagulation factor VIIa has been used
successfully. Tranexamic acid also has been suggested parti-
cularly for mucosal bleeding and menorrhagia in a dose of
15 mg/kg, 8 hourly (in practice 1 g, 6–8 hourly).2,6

Replacement therapy has been reserved for particular
hemorrhagic episode or anticipated ones. FX levels of 10 to
20 IU/mL were proposed to be generally sufficient for
hemostasis during surgery and in the immediate postopera-
tive period. Since the biological half-life of FX is 20 to
40 hours, an adequate level can be achieved with repeated
infusions.3,6

It hasbeendescribed that TCPCprocedurehas anassociated
risk of postoperative hypercoagulability that may predispose
to intracardiac thrombus formation and subsequently contri-
bute to mortality and morbidity after TCPC procedure.

There is no clear consensus in regard to prophylactic
anticoagulation or antiplatelet therapy after TCPC. Although
the majority of retrospective studies have advocated the use
of lifelong anticoagulation and antiplatelet in all patients
after TCPC, the efficacy of this recommendation is yet to be
determined, since there is a lack of prospective data showing
long-term follow-up.

In our case, blood coagulation has been optimized prior to
TCPC surgery and continuously assessed in the postoperative
period. Once surgical drains were removed and an echocar-
diography ruled out pericardial collection, we stopped fol-
lowing blood coagulation. Unlike our routine for patient
post-TCPC, neither antiplatelet nor anticoagulation therapy
was needed.

To the best of our knowledge, this is the first report to
document stagedsurgicalpalliation inapatientwithHLHSand
severe FX deficiency. This child successfully underwent three
major cardiac procedures with cardiopulmonary bypass and

one dental procedure with multiple teeth extraction, restora-
tion, and fillings.

Conclusion

Stagedsurgical palliation forHLHSpatients,whohavebleeding
disorders can be challenging during the perioperative period.
TCPC operation is associatedwith postoperative risk of throm-
bosis that requires anticoagulation prophylaxis. The need to
maintain hemostasis while aiming to prevent intracardiac
thrombosis requires multidisciplinary team approach includ-
ing hematologist, cardiac surgeon, pediatric cardiac intensi-
vist, and anesthesiologist along with meticulous hemostasis
during surgeryand carefulmonitoringofcoagulationprofile in
the postoperative period.
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