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Abstract

Introduction: Factor XI (FXI) deficiency is associated with highly variable bleeding, including
excessive gynecologic and obstetrical bleeding. Since approximately 20% of FXI-deficient women
will experience pregnancy-related bleeding, careful planning and knowledge of appropriate
hemostatic management is pivotal for their care.

Areas covered: In this manuscript, authors present our current understanding of the role of FXI
in hemostasis, the nature of the bleeding phenotype caused by its deficiency, and the impact of
deficiency on obstetrical care. The authors searched PubMed with the terms, “factor X1’, “factor XI
deficiency’, ‘women’, ‘pregnancy’, and ‘obstetrics’ to identify literature on these topics.
Expectations of pregnancy-related complications in women with FXI deficiency, including
antepartum, abortion-related, and postpartum bleeding, as well as bleeding associated with
regional anesthesia are discussed. Recommendations for the care of these women are considered,
including guidance for management of prophylactic care and acute bleeding.

Expert commentary: FXI deficiency results in a bleeding diathesis in some, but not all,
patients, making treatment decisions and clinical management challenging. Currently available
laboratory assays are not particularly useful for distinguishing patients with FXI deficiency who
are prone to bleeding from those who are not. There is a need for alternative testing strategies to
address this limitation.

Keywords
Factor XI; factor X1 deficiency; hemostasis; bleeding; pregnancy

CONTACT Allison P. Wheeler allison.p.wheeler@vumc.org Vanderbilt University Medical Center, Nashville, TN 37232, USA.

Declaration of interest

D Gailani has served as a consultant for Bioproducts Laboratory and wishes to acknowledge grant support from the National Heart,
Lung and Blood Institute. The authors have no other relevant affiliations or financial involvement with any organization or entity with
a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wheeler et al. Page 2

1. Introduction

Congenital deficiency of the plasma protein Factor XI (FXI) is associated with a variable
propensity to bleed excessively after trauma, particularly when injury involves tissues rich in
fibrinolytic activity such as the urinary tract, the nasopharynx, and the mouth [1,2]. While
rare in the general population, the disorder is prevalent in certain ethnic groups, particularly
Ashkenazi Jews [2,3] and French Basques [4]. FXI deficiency presents several therapeutic
dilemmas. While post-traumatic hemorrhage can be significant, many patients with the
severe form of the disorder (typically defined as a plasma FXI activity <15% of normal) do
not experience abnormal bleeding [1,3-5]. Furthermore, FXI replacement therapy is
frequently associated with the formation of neutralizing anti-FXI alloantibodies, arguing
against wide-spread use of replacement therapy [6]. Approximately 20% of pregnant women
with severe FXI deficiency experience excessive bleeding at the time of delivery in the
absence of treatment [7]. Here, we discuss our current understanding of the role of FXI in
hemostasis, review literature on FXI-deficiency in pregnancy, and make recommendations
for management of FXI-deficiency during pregnancy and childbirth.

1.1. Search methodology

The authors initially queried PubMed with the following search terms: factor XI, factor XI
deficiency, pregnancy, obstetrics, and women. When used in various combinations, these
terms yielded approximately 500 results with significant overlap. The authors reviewed titles
and abstracts for relevancy. Clinical trials were reviewed for inclusion and exclusion criteria,
and validity of conclusions.

1.2. Factor Xl in hemostasis

As a component of the classic intrinsic pathway of coagulation (Figure 1A), FXI is a driver
of clot formation in the activated partial thromboplastin time (aPTT) assay [1,8]. In the
aPTT, FXI is converted to its active form factor Xla (FXla) by factor Xlla (FXIla). FXla in
turn converts factor 1X to factor 1Xa, leading to thrombin generation and clotting (Figure
1A). Specific measurements of FXI activity, given as a percentage of the activity in normal
plasma, are based on the aPTT. Nearly all patients with severe FXI deficiency have
significantly prolonged aPTTs. However, aPTT and FXI activity values correlate poorly with
bleeding propensity in FXI-deficient patients [1,2,5,6]. Indeed, some patients completely
lacking FXI (FXI activity <1% of normal, aPTT >100 seconds) have no history of abnormal
bleeding despite experiencing significant hemostatic challenges including childbirth and
major surgery. Bleeding in FXI-deficient patients is generally milder than in patients with
factor IX or factor VIII deficiency (hemophilia B and A, respectively) [1-3], an observation
that seems counterintuitive given that the aPTT is usually prolonged to a greater degree in
severe FXI deficiency than in severe hemophilia A or B. Furthermore, deficiency of factor
XI1I (FXII), the precursor of FXIla, is not associated with a bleeding abnormality, despite
having a profound effect on the aPTT [9]. These clinical observations indicate that the
coagulation model that serves as the basis for the aPTT does not accurately reflect processes
involved in hemostasis /n vivo.
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Current coagulation models are more consistent with clinical phenotypes of individuals with
congenital clotting factor deficiencies [8,10,11]. In the model shown in Figure 1B, thrombin
generation is initiated at an injury site by a complex formed between the plasma protease
factor Vlla and tissue factor, a protein expressed within blood vessel walls and on
extravascular tissues. The complex promotes thrombin generation by activating factors X
and IX. The reactions indicated by white arrows in Figure 1B are the major reactions
required to stem bleeding with most types of injury. In some individuals, FXIla activation of
factor 1X is required with certain types of trauma to supplement factor 1Xa generated by
factor Vlla/tissue factor [1,8]. The absence of a bleeding disorder in patients lacking FXII
indicates an enzyme other than FXlla activates FXI during hemostasis. In the model in
Figure 1B, thrombin is the major FXI activator, although other enzymes may be involved.
While this model is consistent with FXI1’s ancillary role in hemostasis, assays based on it
have not entered clinical practice. The aPTT, and measurements of FXI activity based on the
aPTT, remain the standard in evaluating FXI-deficient patients. The discordance between
results from these assays and bleeding symptoms presents a major challenge for clinicians
tasked with caring for these patients.

2. Factor Xl deficiency during pregnancy

2.1. Assessing bleeding risk

Among the congenital coagulation factor deficiencies, the correlation between plasma factor
activity and bleeding tendency is weakest for FXI. While some analyses indicate persons
with severe deficiency (FXI <15% of normal) due bleed more than persons with partial
deficiency (FXI 15-45% of normal) with high-risk procedures such as surgery on the urinary
tract, oral cavity or nasopharynx [1,3,5], this is not universal [5]. Indeed, some investigators
have concluded that it is difficult to distinguish severe and partial deficiency on clinical
grounds [12]. The clinical variability undoubtedly impacts estimations of the frequency of
the disorder, with many asymptomatic FXI-deficient individuals probably not coming to
medical attention. Genetic studies in the Ashkenazi Jewish population indicate a carrier
(heterozygous) frequency as high as one in eight, with a homozygous frequency
(representing severe deficiency) of one in 450 [13,14]. In the general population, the
homozygous frequency has been estimated to be closer to 1 in 1,000,000 (heterozygous
frequency 1 in 1000), but supporting data are weak, and this may be an underestimation.

Focusing on reproductive tract bleeding, heavy menstrual bleeding is common in women
with FXI deficiency [15-17]; however, it is difficult to predict the severity of menstrual
bleeding for an individual prior to menarche based on their past history. The presence of
heavy menstrual bleeding in this population is not unexpected given the significant
hemostatic challenge associated with menstruation. While tissues with high intrinsic
fibrinolytic activity appear to be most prone to injury-induced hemorrhage in FXI-deficient
patients [13], menstrual and obstetrical bleeding can be significant in FXI-deficient women.

Absence of prior bleeding symptoms in a patient with FXI deficiency does not guarantee
normal hemostasis with future hemostatic challenges; however, some investigators feel that a
personal evaluation of bleeding phenotype can identify patients who require increased
attention. Bolton-Maggs and colleagues classified persons with FXI deficiency (severe or
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partial) as bleeders or non-bleeders based on responses to a series of questions [15]. A
person was considered a bleeder if they experienced at least four specific symptoms: easy
bruising, mucous membrane bleeding (e.g. epistaxis, gastrointestinal bleeding, hematuria),
heavy menstrual bleeding requiring treatment, post-operative bleeding, post-dental
extraction bleeding or bleeding related to childbirth. A scoring system based on these
questions was subsequently used in several studies of women with FXI deficiency. There are
other bleeding assessment tools, such as the Tosetto bleeding assessment score, that can be
useful in identifying persons with a clinically significant bleeding abnormality [18-20]. In
addition, heavy menstrual bleeding can be semi-quantitatively assessed using pictorial
bleeding assessment charts [21]. While these alternatives have not been rigorously tested in
FXI-deficient women, they can be considered when attempting to identify persons with
bleeding propensities. As we consider treatment and prevention obstetrical bleeding in FXI-
deficient patients, distinguishing between bleeders and non-bleeders will be important.

2.2. Laboratory studies of factor Xl during pregnancy

Unlike plasma levels of factor VIII and von Willebrand factor [22,23], FXI levels do not rise
significantly during pregnancy. Indeed, FXI activity has been reported to remain stable [24]
or decrease [25] during pregnancy in healthy women without FXI deficiency. Data for
women with partial or severe FXI deficiency are conflicting. Several studies indicate that
FXI activity does not change significantly over the course of pregnancy [26-28], while
others reported modest increases or decreases [29,30]. Regardless, the magnitude of changes
in FXI levels during pregnancy is unlikely to have an appreciable impact on hemostasis.
Furthermore, as discussed, obstetrical bleeding in women with FXI deficiency does not
correlate well with plasma factor activity [7,15,16,31,32]. Two groups have commented on
obstetrical bleeding and the molecular genotype responsible for FXI deficiency. Salomon et
al. did not find a correlation between specific mutations and bleeding tendency in a group of
pregnant FXI-deficient women, primarily of Jewish background, in Israel. Specifically,
patients homozygous for the type Il mutation who have no circulating FXI did not appear to
have more severe bleeding than patients with other genotypes [7]. Myers et al. identified
four patients from one family with a rare whole gene deletion (obligate). All had bleeding
histories and developed pregnancy-associated complications, but other contributors to
bleeding were not ruled out [28]. As most FXI-deficient patients have reductions in FXI
protein in their plasmas (cross-reactive material negative deficiency), genetic assessment
probably does not provide much information on which to base management beyond that
provided by the plasma FXI level.

Rotational thromboelastometry (ROTEM) has been evaluated as a monitoring strategy in
women with FXI deficiency. Testing in non-pregnant adults demonstrated that ROTEM, like
the aPTT, is sensitive to variation in plasma FXI activity, but results do not correlate well
with clinical symptoms [33]. In pregnancy, several abnormalities have been reported in FXI-
deficient women, including prolonged time to clot formation (analogous to the aPTT) and
reduced clot strength. As has been reported for other types of surgical procedures in the
general population, algorithms based on thromboelastometry can be used to decrease the
overall use of blood products during labor and delivery, and for regional anesthesia [34].
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However, at this point, it has not been established that thromboelastometry provides
information that can be used to adjust therapy in patients with FXI deficiency.

2.3. Antepartum bleeding and abortions

The general impression is that antepartum bleeding, defined as any bleeding prior to
delivery, is similar in women with FXI deficiency and in women without bleeding disorders.
Several studies reported rare antepartum bleeding in FXI-deficient women, with clinically
significant bleeding occurring only in the presence of additional complications such as
preeclampsia or placental abruption (Table 1) [26,30,35]. Other studies focusing on FXI-
deficient women simply reported uncomplicated pregnancies in the majority of subjects
[28,36]. In one study, antepartum bleeding occurred in 14% of pregnancies in FXI-deficient
individuals [29], which is comparable to reported rates for first trimester bleeding in the
general population (7-27%) [37], but lower than the incidence in women with von
Willebrand disease (33%) [29].

Spontaneous abortion rates in FXI-deficient women (3-24%) [15,26,28-30,35,36] are
comparable to those observed in the general population (10-30%) [38,39]. Bolton-Maggs et
al. [15] and Myers et al. [28] reported abnormal bleeding after spontaneous abortions in
three women with FXI deficiency, all of whom were classified as bleeders. There appears to
be an increased risk of excessive bleeding following elective abortion. In a review of
obstetrical bleeding in FXI-deficient women, 36% of individuals experienced excessive
bleeding following elective abortions, the majority of whom were classified as bleeders
based on prior symptoms (Table 1) [40].

2.4. Anesthetic management

Several studies focusing on delivery in woman with partial or severe FXI deficiency have
discussed the safety of regional (neuraxial) anesthesia, including epidural anesthesia, spinal
anesthesia, and combined spinal/epidural anesthesia, with or without hemostatic
prophylaxis. We identified seven studies that described regional anesthesia in 84 women,
only 36 of whom received hemostatic prophylaxis (plasma transfusion, FXI concentrate, or
antifibrinolytic therapy) [26-30,32,35]. Use of prophylaxis ranged from 0% to 100% across
the studies. When reports addressed the issue, it appears that prophylaxis was withheld only
in patients without a prior bleeding history. There were no bleeding complications reported
(Table 2).

2.5. Postpartum hemorrhage

The incidence of postpartum hemorrhage in the general population is approximately 2%
[41]. Primary and secondary postpartum hemorrhage appears to be significantly increased in
women with partial and severe FXI deficiency [42]. Kadir et al. reported that primary
postpartum hemorrhage, defined as hemorrhage occurring within the first 24 hours after
delivery, occurred in 4 of 25 pregnancies (16%), 2 of which involved plasma transfusion for
prophylaxis [29]. Secondary postpartum hemorrhage, defined as bleeding occurring between
24 hours after delivery and 6-12 weeks postpartum, occurred in 24% (6 of 25) of FXI-
deficient women, five of whom did not receive prophylactic treatment [29]. This report did
not distinguish between women who were classified clinically as bleeders or non-bleeders.
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In studies that focused on distinguishing bleeders from non-bleeders involving 432
pregnancies in 198 women, postpartum bleeding occurred in 13-31% of FXI-deficient
women, with the majority of bleeding occurring in individuals classified as bleeders (Table
1) [7,26,28,30,35]. Two studies specifically stated the reasons for postpartum hemorrhage
were obstetrically related in 66% [35] and 100% [30] of patients, meaning it was felt that
hemostatic defect in patients did not contribute appreciably to bleeding. Hemostatic
prophylaxis was not consistently used across, or within these studies, likely contributing to
variability in outcomes.

Three studies, one prospective trial and two large retrospective registry trials, collected data
on pregnancy-related bleeding in FXI-deficient woman. Chi et al. examined 61 pregnancies
in 30 women, and observed that seven (2 with severe deficiency, 5 with partial deficiency)
experienced postpartum hemorrhage after 10 pregnancies (five primary and five secondary
postpartum hemorrhages) [26]. Four women were classified as bleeders, three of whom
received intrapartum prophylaxis with either FXI concentrate or tranexamic acid [26].
Salomon et al. studied 164 pregnancies in 62 women and observed no significant bleeding in
women without a bleeding history. There were 36 bleeding episodes, most occurring in
women with a history of previous bleeding who did not receive prophylactic therapy [7]. In
this study, prophylactic plasma replacement in patients with severe FXI deficiency (five non-
bleeders and one bleeder) undergoing cesarean delivery prevented postpartum hemorrhage.
Of 12 patients undergoing cesarean delivery who did not receive prophylaxis (8 non-
bleeders, 4 bleeders), 2 (16.7%) experienced postpartum hemorrhage [7]. Myers et al.
studied 105 pregnancies in 33 women and observed nine episodes of postpartum hemorrhage
(8 primary and 1 secondary postpartum hemorrhages), all occurring in women with partial
deficiency, eight of whom had a history of abnormal bleeding. This group subsequently
calculated the relative risk of obstetrical bleeding associated with FXI deficiency and a prior
history of bleeding to be 7.2 (CI 1.99-25.9) [28]. A systematic review by Wiewel-
Verschueren et al. identified a postpartum hemorrhage incidence of 19% in FXI-deficient
women who did not receive, and 9% in those who did receive, prophylaxis [40].

Variability in bleeding and responses to therapy are substantial in these studies, making it
difficult to draw firm conclusions about the incidence of postpartum hemorrhage in FXI-
deficient women, risk factors that contribute to bleeding, or the effectiveness of specific
types of prophylaxis. From the data available it seems reasonable to conclude that women
with a prior bleeding history, particularly obstetrical bleeding, are at higher risk for
subsequent bleeding than are patients without such a history. Furthermore, the higher FXI
levels in patients with partial deficiency did not reliably provide protection from bleeding
compared to patients with severe deficiency.

3. Recommendations

3.1. General recommendations for preparing patients for delivery

Care for pregnant FXI-deficient patients should involve a multidisciplinary approach to
obtain input from the obstetrics, hematology, and anesthesia teams. The authors recommend
consultation with a hematologist and high-risk maternal-fetal medicine specialist, ideally
prior to conception, but at least early in pregnancy to facilitate education of the expectant
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mother, and to plan for pregnancy-related complications and delivery. The patient may
ultimately be referred to a tertiary care center where more specialized resources and
expertise are available.

A careful history should be taken that includes a general bleeding history; and a complete
review of prior deliveries, surgeries, and invasive procedures, including dental procedures;
and responses to prior hemostatic treatment. Providers should consider the use of a validated
bleeding assessment tool such as the one described by Bolton-Maggs et al. or a modification
of the ISTH bleeding assessment tool [15,18-20]. They appear to provide a useful indicator
for hemorrhage risk with delivery in the absence of prophylaxis. In addition, it is important
to identify a personal or family history of thrombosis, as use of FXI concentrate has been
associated with thrombotic events in some settings [43,44]. The plasma FXI activity should
be determined by the third trimester to assist in making hemostatic management decisions in
the context of the patient’s bleeding history and responses to prior treatment. Women with
FXI-deficiency, particularly those with severe deficiency, who have prior exposure to blood
products should be tested for the presence of FXI alloantibody inhibitors that may interfere
with factor replacement therapy. The obstetric care plan should be formulated, documented,
and communicated early in the third trimester to reduce the likelihood of an unanticipated
early admission without a management plan in place. Based on the patient’s past history and
FXI activity, a hematologist, in consultation with the obstetrician and anesthesiologist,
should determine whether it is appropriate to administer prophylactic treatment, or to
withhold treatment unless bleeding occurs.

3.2. Hemostatic management - therapeutic options

Antifibrinolytic therapy is frequently used in persons with and without bleeding disorders to
enhance hemostasis. The lysinemimetics tranexamic acid and e-amino caproic acid interfere
with plasminogen binding to fibrin and formation of plasmin, the enzyme primarily
responsible for enzymatic degradation of clots. Dosing varies based on the clinical
circumstance and administration route. Tranexamic acid is a Category B medication (animal
studies fail to demonstrate fetal risk), and is effective for routine treatment of postpartum
hemorrhage in patients without bleeding disorders. In the WOMAN trial, an international
randomized controlled study, the risks of hemorrhage-related death and laparotomy were
reduced when tranexamic acid was given shortly (<3 hours) after postpartum hemorrhage
[45]. There was no increase in thrombotic events. A 2015 meta-analysis concluded that
tranexamic acid given prophylactically with vaginal or cesarean delivery reduces the risk of
postpartum hemorrhage and blood transfusion [46]. Obstetric [47], trauma [48], and
orthopedic [49] studies have demonstrated a low risk of thrombosis with tranexamic acid
use.

Factor replacement (plasma or an FXI concentrate) is also a mainstay of pre-operative
prophylaxis in FXI-deficient patients. Availability of FXI concentrate varies based on
location. Hemoleven (LFB Biotechnologies, Les Ulis, France) and Factor X1 Concentrate
(Bioproducts Laboratory, Elstree, UK) are products containing FXI derived from human
plasma [44,50]. In the United States, these products have not been approved by the FDA and
are difficult to obtain. Both have been associated with thrombotic events in adults with
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partial or severe FXI deficiency. This has led to recommendations to reduce the doses
administered, as much as possible, and to avoid using the product unless essential [43]. If
FXI concentrates are used, concomitant use of an antifibrinolytic should be avoided because
of the potential for thrombotic complications [50]. Dosing of FXI concentrate depends on
the patient’s baseline FXI activity and the desired target activity, with a 2% increase in
plasma FXI level expected for each U/kg of concentrate administered. To reduce thrombotic
risk, it is currently recommended that total doses not exceed 30 U/kg [43,50]. In most
women a plasma FXI activity of 40% should be adequate for hemostasis during delivery.
Initial dosing of FXI concentrate at 15 U/kg is often recommended to minimize the
thrombotic risk despite the expectation that this may not achieve a level of 40% in some
severely deficient patients. A similar target FXI activity applies to replacement with plasma,
although fluid volume considerations may put limits on this therapy in some individuals.
Given the relatively long half-life of FXI (45-52 hours), administering plasma at 15 mL/kg
every 1-2 days is usually adequate for hemostatic support [51].

3.3. Prophylactic hemostatic management - implementation

Martin-Salces et al. advocated adoption of the UK Haemophilia Centre Doctors’
Organization recommendations that patients with severe FXI deficiency (FXI <15%) receive
prophylactic FXI replacement at induction of labor or preoperatively unless there is clear
documentation of bleeding challenges without abnormal bleeding. Treatment should be
continued for 3-4 days after vaginal delivery and 6-7 days after cesarean delivery [52,53].
Shander et al. also recommended prophylaxis based on FXI activity and a history of
bleeding. Specifically, FXI replacement therapy should be administered to those with severe
deficiency (FXI <15%) with a history of excessive bleeding or if there is no history of prior
hemostatic challenge. For patients with FXI levels in the 15-70% range, they recommend
prophylactic tranexamic acid for those with a bleeding history or no prior hemostatic
challenge [54]. Generally, for vaginal or cesarean delivery in FXI-deficient patients who
have not bled previously with hemostatic challenge, regardless of the severity of the
deficiency, recommendations support clinical monitoring without factor replacement, as long
as antifibrinolytic therapy such as tranexamic acid is available [52-54].

Women with less severe deficiency (FXI 15-45%) who have negative bleeding histories and
who have not bled with prior vaginal or cesarean deliveries in the absence of prophylaxis
might be expected to have the lowest risk for bleeding with subsequent deliveries. However,
even this specific population’s risk of hemorrhage appears to be greater than that of the
general population. Given the relatively high estimated incidence of postpartum hemorrhage
among patients with FXI deficiency (19% compared to 2% in the general population), and
data indicating the safety of anti-fibrinolytic therapy in the obstetric population, the authors
feel it is reasonable to recommend administering a single prophylactic dose of tranexamic
acid (1 g IV) at the time of vaginal or cesarean delivery for any FXI-deficient patient, in
addition to the routine prophylactic oxytocin administration recommended for all obstetric
patients. Continuation of tranexamic acid (1 g IV g8 hours x 72 hours) can be considered for
patients at higher risk for primary and/or secondary postpartum hemorrhage. Considering
that four in five women with FXI deficiency will deliver without bleeding complications, it
is also reasonable to consider routine administration of oxytocin prophylaxis, while only
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administration of tranexamic acid if bleeding occurs. For this option, tranexamic acid should
be prepared and available for rapid administration after bleeding is identified. As tranexamic
acid is relatively inexpensive, it can be ordered ahead of time so that it is available at the
bedside if needed. In this patient population, partial FXI deficiency and reassuring bleeding
history, we advocate avoiding FXI or plasma replacement unless there is significant
bleeding.

A drawback to routine prophylactic administration of tranexamic acid is that some patients
will subsequently require FXI replacement for severe, life-threatening, or refractory
postpartum hemorrhage. As discussed, the combination of FXI concentrate and tranexamic
acid may increase the risk for thrombotic complications. Therefore, for patients at high risk
of hemorrhage, such as those with severe FXI deficiency (FXI <15%) and a history of
bleeding or postpartum hemorrhage, it may be better to treat prophylactically with FXI
concentrate (15 U/kg for severe deficiency patients) or plasma (15 mL/kg) in addition to
routine oxytocin. Alternatively, one can avoid using FXI concentrate or plasma by using
recombinant-activated factor Vlla (rFVIla) to provide hemostatic management in high-risk
patients. rFVI1la in low doses (15-30 pg/kg) has been used to facilitate surgical delivery and
regional anesthesia in women with severe or partial FXI deficiency [55,56]. While
thrombosis can occur with use of rFVIla and concurrent use of tranexamic acid, the risk
should be relatively low at the doses of rVVl1la recommend for FXI-deficient patients.

3.4. Management of postpartum hemorrhage

Although many postpartum bleeds in low-risk populations are unanticipated, there are
identifiable risk factors that increase risk for hemorrhage during delivery including
multiparity, prolonged oxytocin use, multiple gestation, polyhydramnios, macrosomia,
uterine fibroids, intrapartum infection, placental abnormalities, and general anesthesia [57].
The American College of Obstetrics and Gynecology (ACOG) recommends patients in labor
or undergoing cesarean section be evaluated on an ongoing basis using risk stratification
tools that can identify the majority of patients at-risk for postpartum bleeding [57]. Patients
with FXI deficiency would automatically be placed in the highest risk category, but it is
important to consider additional risk factors that may evolve over the course of labor or the
preoperative period. The obstetrician should, in consultation with the hematologist, consider
whether additional risks necessitate alteration of the predetermined treatment plan.

Bleeding should be managed with FXI replacement (FXI concentrate), rFVIla, and/or
antifibrinolytic therapy as previously discussed, taking into account the safety concerns
regarding thrombosis in the setting of combination therapy. Identifying the need for
transfusion early is essential for these patients to initiate replacement in a timely fashion. In
the event of severe postpartum hemorrhage requiring red blood cell blood transfusion, it is
critical to replace other blood components with platelet concentrates, plasma, and
cryoprecipitate. In the setting of major obstetric hemorrhage requiring transfusion, many
hospitals and institutions have established massive transfusion protocols (MTP). Data from
trauma and battlefield medicine have informed obstetric practices, although there are little
data to support improved outcomes specifically in the obstetric population. There appears to
be a benefit to having a hospital-wide MTP that includes fixed ratios of blood products, most
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commonly 1:1 packed red cells to plasma [58,59]. Approximately 50% of obstetric-specific
MTPs also incorporate cryoprecipitate administration [60]. While specific MTPs have not
been compared rigorously, ACOG stresses the importance of having an institutional multi-
component MTP in place [57]. In patients with FXI deficiency, in addition to MTP protocols
and factor replacement, the obstetrician also needs to incorporate standard practice measures
to achieve hemostasis, including additional uterotonics, bimanual massage, bladder
catheterization, laceration repair, balloon tamponade, or operative interventions such as
compression sutures, vascular occlusion sutures, or hysterectomy. The multidisciplinary
obstetrics care team on duty should engage in team-based communication with all care team
members to anticipate potential medication, equipment, and personnel needs.

3.5. Anesthesia care

General anesthesia carries higher maternal risk of failed intubation, aspiration, and
postpartum hemorrhage in addition to the impact on maternal birth experience and bonding,
making regional anesthesia the method of choice among the population at low risk of
bleeding. Regional anesthesia has been historically contraindicated in patients with FXI
deficiency; however, there are data to support its safe use in this patient population. While
spinal hematomas may produce severe sequelae, the risk for this complication appears to be
low. Intravenous analgesia early in labor and inhalational nitrous oxide, where available, can
be excellent low-risk options. Because there is no general consensus on the risk of regional
anesthesia for patients with FXI deficiency, and no established parameters for decision-
making, anesthesiologists should weigh the risks and benefits for each individual, engaging
in shared decision-making with an adequately counseled patient. Tranexamic acid can be
considered for prophylaxis at the time of regional anesthesia placement, reserving FXI
concentrate for more severe deficiency or patients with known bleeding history.

3.6. Neonatal management

Risk of intracranial hemorrhage in infants with severe and partial FXI deficiency is likely
similar to that of infants without a bleeding disorder. However, the FXI status of the neonate
will in most cases be unknown at the time of delivery and conservative management should
be considered. Based on recommendations for delivery of neonates at risk of having severe
hemophilia (factor VIII or IX deficiencies), certain traumatic procedures should be avoided
in the intrapartum period and until the neonate’s factor activity is known. Operative vaginal
delivery with forceps or vacuum assistance should be avoided, as well as invasive monitors
such as fetal scalp electrodes. Vitamin K and Hepatitis B immunization can be administered
by intramuscular injection; however, pressure should be held for 15 minutes after injection
to reduce the chances of bleeding. Additional intramuscular injections, heel sticks, and
invasive procedures, including circumcision for male neonates, should be delayed until FXI
activity is known to allow for increased monitoring or hemostatic support if needed. Of note,
normal FXI activity in neonates is substantially lower than in adults [61,62], and formal
diagnosis of FXI deficiency may need to be delayed until the infant is 6 months old
(corrected for gestational age).
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4. Expert opinion

Women with FXI deficiency are at increased risk of bleeding with child-birth. In this review,
we suggest a relatively conservative approach that favors careful multidisciplinary planning
combined with standard-of-care treatment in the setting of a negative bleeding history, with
more aggressive management reserved for patients who have bled in the past or who have
not experienced a hemostatic challenge sufficient to determine if they are prone to bleeding
(Figure 2 and Table 3). We feel that our current understanding of the pathophysiology of
FXI deficiency justifies this flexible approach, although there is room for improvement.

Treating FXI-deficient patients presents some unique challenges for clinicians. The
deficiency state clearly compromises hemostasis sufficiently in some individuals to render
surgery and childbirth dangerous without intervention. At the same time, many patients do
not appear to require protein. The laboratory tests we routinely use to assess hemostasis in
disorders such as hemophilia A and B are less reliable in FXI deficiency. This is probably
partly due to the poor correlation between FXI plasma levels and bleeding propensity, and
partly because FXI is activated in the aPTT by a mechanism that has little relevance for
hemostasis. These points of uncertainty could be rendered moot if we had a readily
available, easily administered, safe source of FXI for replacement that could be administered
to all FXI-deficient patients. At this point, such therapy is not available.

Replacement therapy with factor concentrate has not been adopted as widely for treating
FXI-deficient patients as it has for treating hemophilia A or B. FXI concentrates, while
effective, are used cautiously because of early experience with thrombosis after relatively
high doses, particularly in patients with other thrombotic risk factors [50,63,64]. This is
obviously a concern when managing peripartum patients. The culprit was likely FXla
contamination, and current FXI concentrates contain heparin and one or more inhibitors
(antithrombin and/or C1-inhibitor) to neutralize the protease. FXla, indeed, appears to be
pro-thrombotic at relatively low concentrations. Clusters of thrombotic episodes were linked
to intravenous infusion of certain preparations of human immunoglobulin contaminated with
FXla [65-67]. As a consequence of the rarity of the disorder and, to some extent, remaining
concern over thrombosis, FXI concentrates are not widely available, leaving plasma infusion
as the main source of replacement in many parts of the world.

Another concern with replacement therapy (concentrate or plasma) is formation of
neutralizing antibodies. A significant number of patients with severe FXI-deficiency,
particularly Jewish patients homozygous for the type 1l nonsense mutation, completely lack
FXI. These individuals are at high risk (30%) for developing alloantibodies after as little as a
single exposure to FXI [68,69]. In these patients, it makes sense to limit exposure to FXI as
much as possible, reserving replacement therapy for situations where alternatives are likely
to be ineffective.

Recombinant factor VIla has been used been successfully in FXI-deficient patients with
FXI-neutralizing alloantibodies as prophylaxis during invasive procedures, including surgery
on vulnerable tissues such as the urinary tract and oropharynx, and major surgeries where
risk of bleeding is high such as abdominal aortic aneurysm repair [55,56,70,71]. The
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efficacy of factor Vlla in these patients makes sense considering the role of FXI depicted in
Figure 1B. Here FXla activates factor 1X to supplement the factor IX activated by the factor
Vlla/tissue factor complex. Administration of factor VIla would enhance thrombin
generation through factor Vlla/tissue factor, reducing or obviating the need for FXla. Given
the issues with FXI replacement, some practitioners now opt to use factor Vlla as front-line
therapy for prophylaxis in FXI-deficient patients who do not have alloantibodies [72]. While
the potential for factor Vlla-induced thrombosis is a concern in pregnant women, the doses
of drug used in FXI-deficient patients are low, and would probably not enhance thrombotic
risk appreciably [73].

Additional considerations for future treatment may also include non-factor replacement
therapies. Inhibitory and factor mimic proteins have recently exploded in the context of
therapy for persons with hemophilia [74]. These new mechanisms for creating hemostasis
have targeted improved hemostasis without reliance on traditional replacement of factor
proteins. These options may be able to provide a means of safely enhancing hemostasis
without dependence on FXI and its prothrombotic side effects.

Ultimately, it would be advantageous to have a laboratory test that can distinguish FXI-
deficient patients who are prone to bleeding from those who are not. So-called global
hemostatic assays, such as thromboelastometry, have not clarified the clinical picture. While
these assays demonstrate abnormalities in this patient population, there has not been clear
evidence that they provide the clinical insight that is needed for treatment decisions [33,34].
Research-based laboratory assays, however, have demonstrated some promise in this area.
Thrombin generation assays have been studied in this population and have the potential to
differentiate bleeding from non-bleeding persons [33,75]; however, additional research into
this testing modality and its clinical utility is still needed at this time. In addition, clinical
implementation of thrombin generation assays has significant challenges to overcome [76].
Zucker and colleagues noted that the fibrin structure and sensitivity to fibrinolysis of plasma
clots from FXI-deficient patients differed depending on their bleeding history [77]. The
methods used in this study would be difficult to introduce into most hospital clinical
laboratories; however, some progress has been made in this direction. Gidley et al. studied
clot formation and sensitivity to fibrinolysis in plasmas from FXI-deficient patients using
microtiter plate assays [78]. They proposed a model that combined results from the aPTT
assay with rates of clot formation and dissolution to distinguish bleeders from non-bleeders.
This type of assay, once validated, could be a valuable tool for tailoring therapy in FXI-
deficient patients. Novel methods of assessing plasma coagulation will be developed that
better reflect the role of FXI in hemostasis. Until these assays are available clinically, the
care of patients with FXI deficiency will continue to be centered on presumptions based on
personal bleeding history and the types of hemostatic challenges anticipated.
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Article highlights
Factor XI deficiency causes a variable bleeding phenotype.

During pregnancy, women with factor X1 deficiency demonstrate significant
variability in their propensity to bleed, and their responses to prophylactic and
therapeutic treatment.

Identification of factor XI-deficient patients at increased risk of bleeding
during obstetrical events is challenging; however, a personal history of
bleeding is likely a relevant factor.

Therapeutic management of pregnant women with factor XI deficiency should
be multidisciplinary and anticipatory.

There is a need for tests that are better predictors of bleeding in factor XI-
deficient patients to replace the tests currently available.
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Figure 1.
(a) Classic cascade/waterfall model of thrombin generation. Coagulation is initiated either

through the intrinsic pathway (indicated by black arrows) or the extrinsic pathway (indicated
by the light gray circle enclosing factor Vlla and tissue factor [TF]). Coagulation proteases
and their precursors are indicated in black type, with a lower case ‘a’ indicating the active
form. Cofactors are indicated in white type within dark gray ovals. The intrinsic pathway
initates coagulation in the activated partial thromboplastin time (aPTT) assay, while the
extrinsic pathway initiates coagulation in the prothrombin time (PT) assay. (b) A model of
thrombin generation based on initiation through the factor Vlla/tissue factor (TF) complex.
Major reactions involved in thrombin generation and hemostasis in most situations are
indicated by white arrows. A feedback loop involving thrombin activation of factor XI to
factor Xla, with subsequent activation of factor 1X (black arrows) is required for hemostasis
in some individuals, particularly when trauma involves tissues with high intrinsic fibrinolytic
activity such as those of the urogenital tract.
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Figure 2.

Treatment recommendations for delivery in women with FXI deficiency based on bleeding
history, delivery type, and presence or absence of regional anesthesia. (a) Patients with
severe deficiency and (b) patients with partial deficiency.
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Frequency of pregnancy-related bleeding in women with factor X1 deficiency as documented in observational

trials.

Reference

Patients (#SD)/Pregnancies

Antenatal bleeding

Abortion-related bleeding

Postpartum bleeding

Kadir et al. [29]
Myers et al. [28]
Chi et al. [26]
Singh et al. [32]
Verghese et al. [30]
Gerber et al. [35]

11 (4 SD)/28
33 (3 SD)/105
30 (2 SD)/61
13 (4 SD)/13
25 (4 SD)/67
28 (8 SD)/64

4
n/a
3
n/a
2
3

1lof3
20f29
4 0f 14
n/a
0of 16
20f11

4
9

10 (5 primary)
2

11 (10 primary)

9 (5 PD/4 SD)

SD, severe deficiency.
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Table 2.

Use of regional anesthesia and hemostatic prophylaxis in women with factor XI deficiency.

Number of patients

Number of with hemostatic

Reference anesthesia events prophylaxis Factor XI comments

Kadir et al. [29] 2 0 Documented as mild/moderate factor XI deficiency.

Myers et al. [28] 14 0 Unclear. 14 women received regional anesthesia prior to their diagnosis
of FXI deficiency, but specific factor activity was not noted.

Chi et al. [26] 14 7 Both SD patients in this manuscript received prophylaxis (rFV1la & FXlc
then TA, respectively); however, it is not clear what for of anesthesia they
received. All others PD.

Chietal. [27] 5 5 Both SD and PD patients.

Singh et al. [32] 9 5 1 SD patient, all others PD

Verghese et al. [30] 16 16 All PD (FXI = 20%)

Gerber et al. [35] 24 3 SD patients received prophylaxis. No PD patients received prophylaxis.

SD, severe deficiency; PD, partial deficiency.
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Table 3.

Summary of recommendations for obstetrical care of women with factor X1 deficiency.

Multidisciplinary
Care Team

Laboratory Data

Intrapartum and
Delivery Care

Anesthesia Care

Neonatal Care

Preconception or early pregnancy consultation with hematology

Preconception or early pregnancy consultation with maternal-fetal medicine/perinatology
Consideration for preconception or early pregnancy consultation with genetic counseling
Routine prenatal care with obstetrician and/or midwife

Third trimester consultation (28-32 weeks’ gestation) with anesthesiology

Multidisciplinary care plan formulated, documented, and communicated in patient’s chart by 32 weeks’
gestation

Preconception or early pregnancy FXI level

Third trimester (28-32 weeks’ gestation) FXI level

Consider delivery at a tertiary care center with specialized care (hematology consult, transfusion
capabilities)

Consider consultation with hematology and maternal-fetal medicine/perinatology on admission to Labor
and Delivery Unit (LDU)

Team-based communication to ensure needs for medication, equipment, and personnel are anticipated
and met

Ongoing assessment of evolving hemorrhage risk and reevaluation of plan with hematology as needed
Avoid operative vaginal delivery (forceps or vacuum) and scalp electrode placement

Active type and screen in the blood bank

Patients with a negative bleeding history (low-to- moderate risk):

- Prophylactic tranexamic acid administration at the time of delivery (1 g V) or standard of
care treatment

- Prophylactic oxytocin administration per local standard of care
- Anticipatory planning with blood bank and/or pharmacy
Patients with a positive or unknown bleeding history (high risk):

- Prophylactic tranexamic acid administration at time of delivery (1 g V) at time of delivery for
all patients if FXI not a consideration

- Consider prophylactic administration of FXI concentrate (15 U/kg), plasma (15-20 mL/kg) or
rFVIla (15-30 pg/kg)

If not given prophylactically, ensure that FXI concentrate, plasma, or rFVIla is immediately available, if
needed.

Consider low-risk pain-control options such as IV medications or inhaled nitrous oxide

Consider prophylaxis for regional anesthesia placement with tranexamic acid, plasma, FXI concentrate,
or rFV1la based on patient’s risk

Notify pediatric care team of maternal FXI deficiency

Hold pressure for 15 min after intramuscular injections

Avoid invasive procedures until hematology evaluation
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