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régional universitaire de Lille, Lille, France
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Abstract

Background: Factor (F)XI deficiency is a rare bleeding disorder with a poor correlation

between bleeding tendency and FXI level. Management of pregnant women with FXI

deficiency is not clearly established, especially regarding neuraxial analgesia (NA).

Objectives: A retrospective multicenter observational study was conducted in French

hemostasis centers on pregnant women with FXI of <60 IU/dL.
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Methods: Data to report were (i) FXI levels before pregnancy and at time of delivery,

(ii) type of NA and delivery management modalities, and (iii) possible complications

related to NA and bleeding complications.

Results: Three hundred fourteen pregnancies in patients with FXI deficiency of <60 IU/

dL were reported (from 20 centers); among them, 199 NA procedures have been

completed (137 epidurals and 61 spinals, 1 had both). The period of childbirth was

mostly from 2014 to 2020 (281/314; 89.5%). Congenital FXI deficiency was established

with certainty by investigators in 32.8% patients (n = 103). Previous bleedings were

described in 20.4% of the patients (64/314; 45.3% cutaneous, 31.3% gynecologic, and

15.6% postsurgical). Thirteen deliveries had an NA procedure with FXI of <30 IU/dL, 42

with FXI of 30-40 IU/dL, and 118 with FXI of 40-60 IU/dL. Median FXI levels at delivery

in the epidural and spinal groups were not significantly different but were significantly

lower in the group without NA by medical staff contraindications. There were no

complications related to NA. A 17.5% postpartum hemorrhage or excessive postpartum

bleeding incidence was reported, which is consistent with previous data.

Conclusion: Our data support the use of a 30 IU/dL FXI threshold for NA, as suggested

by the French proposals published in August 2023.
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1 | INTRODUCTION

Constitutional factor (F)XI deficiency is a rare bleeding disorder

caused by mutations in the F11 gene [1] and was first described in the

medical literature in 1953 [2]. In the general population, the preva-

lence of biallelic forms (homozygous or compound heterozygous) is

estimated to be between 1 and 10 per 1 million. In these cases, FXI

level will be lower than 20 IU/dL. In heterozygous patients, FXI levels

are expected to be between 20 IU/dL and 60 IU/dL. The incidence of

FXI deficiency (heterozygous) is higher in individuals of Ashkenazi

Jewish descent, where it is estimated to affect 8% of the population

[3–5]. In most cases, the bleeding tendency in individuals with FXI

deficiency, even with very low factor levels, is mild. Affected in-

dividuals may experience mucocutaneous bleeding episodes (menor-

rhagia, especially in women) following trauma or surgery, including

dental procedures, tonsillectomies, or surgery involving the urinary or
genital tracts [3–5]. Most often, the bleeding severity of the disorder

does not correlate with FXI activity levels, so the management of

these patients remains a challenge between bleeding risk and the

potential risks of replacement therapy with FXI concentrate or fresh

frozen plasma (FFP).

During pregnancy, procoagulant factors and inhibitors of coagu-

lation vary in different ways. Some factors decrease, such as protein S,

while others increase, such as fibrinogen, FVII, FVIII and von Wille-

brand factor. Some factors remain stable, and the behavior of FXI is

unclear [6,7]. Normal FXI activity ranges between 60 and 150 IU/dL in

a healthy parturient in the third trimester. Management of FXI defi-

ciency in pregnant women is not established yet, especially regarding

neuraxial analgesia (NA). In 2018, the CoMETH group (Coordination

médicale pour l’étude et le traitement des maladies hémorragiques

constitutionnelles), which is a French working group on hemostasis

part of the French Society of Haematology, conducted a national
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survey among French physicians (32 centers) to evaluate the FXI

threshold used to allow NA. This survey showed highly heterogeneous

practices, with FXI levels ranging from 30 to 60 IU/dL and most

centers (16/36) using a threshold of 40 IU/dL [8].

We report, in this paper, a retrospective multicenter observational

study on a large French cohort of women with FXI deficiency (FXI ac-

tivity level below 60 IU/dL) who underwent childbirth with the aim to

assess FXI levels used to achieve NA in real-life practice and to expand

data on the safety of NA in women with FXI deficiency during labor,

possible complications related to NA, and bleeding complications.
2 | METHODS

2.1 | Study population and data collection

This was an anonymous retrospective chart review, which was

approved by the institutional medical ethics committee of the Centre

Hospitalier de Versailles in accordance with the Declaration of Helsinki

and the Institut National des Données de Santé. Each center evaluated

electronic medical records to include women with FXI activity levels

below 60 IU/dL before pregnancy and/or below 60 IU/dL at time of

delivery. Women were informed of their enrolment in the study and

were able to leave the study. The retrospective study extends from

2009 to 2020. Health-related data included laboratory data on hema-

tological parameters and clinical data. Laboratory data included FXI

activity levels and, if possible, activated partial prothrombin time (aPTT)

ratio before pregnancy and at time of delivery. As it was an anonymous

chart review, birth date was not reported, but the year of birth of the

women and the age at time of pregnancy were recorded. The notion of

congenital deficiency was evaluated by the investigators, and if this was
314 pregnanc

199 with NA

- 137 EA
- 61 SA

- 1 epidural and spinal analgesia

173 with biological data 
concerning FXI ac�vity levels

- 117 EA
- 55 SA

- 1 epidural and spinal analgesia

26 had missing 
data regarding 

FXI measurement 
at �me of 
deliveries

F I GUR E 1 Flow chart of the study. EA, epidural analgesia; FXI, factor
the case, the possibility of having had a molecular characterization of

the FXI deficiency and/or a family investigation was recorded.

Clinical data included mode of delivery (planned vaginal delivery,

planned cesarean section, unplanned vaginal delivery, triggered vaginal

delivery, or emergency cesarean section). Type of anesthesia (spinal or

epidural), bleeding complications of anesthesia or delivery, and, if

possible, estimated blood loss, administration of hemostatic treatments

(tranexamic acid, FFP, FXI concentrate [with a plasma-derived, purified,

and virally inactivated FXI concentrate used in France], and red blood

cell transfusion), as well as data on the personal and familial history of

bleeding were collected.

Postpartum hemorrhage (PPH) was an item indicated by in-

vestigators in each case (yes or no). Concerning evaluation of exces-

sive bleeding at time of delivery, if blood losses were clearly

mentioned (in mL), PPH could be evaluated. PPH was retained if

bleeding was >500 mL in accordance with the French Gynaecologists

guideline, which classifies PPHs into categories of minor (500-1000

mL blood loss) and major (>1000 mL blood loss) [9]. If PPH was re-

ported by the investigators with no blood loss, these cases were

classified as “excessive bleeding” but not as PPH.
2.2 | Statistical analysis

Categorical variables are presented as counts with percentages. FXI

levels reported as <1 IU/dL, <5 IU/dL, or <10 IU/dL by investigators

were assigned as 1 IU/mL, 5 IU/ mL, or 10 IU/mL, respectively, in

order to include this measurement in the calculations of means and

medians. Continuous variables are presented as means with SDs or

medians with ranges. Continuous variable values were compared us-

ing the paired t-test or Mann–Whitey U-test. Statistical analyses were
ies included

115 without NA

105 by 
contraindica�ons 

by the medical 
staff

(92 with  biological 
data concerning 

FXI ac�vity levels)

10 by choice of 
the pa�ent a�er 
discussion with 

the medical staff

(all with biological 
data concerning 

FXI ac�vity levels)

XI; NA, neuraxial analgesia; SA, spinal analgesia.
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performed using Statistique R software BiostaTGV website (INSERM

Medecine Sorbonne University).
3 | RESULTS

Overall, 314 pregnancies were reported in 20 hemostasis centers. The

flow chart of the study is presented in Figure 1. Concerning NA, 199

(63 %) have been completed (137 epidurals [42.3%] and 61 spinals

[18.8%]; 1 had combined spinal and epidural). One hundred fifteen

pregnancies did not have NA (37%), 10 by choice of the patient after

discussion with the medical staff and 105 by contraindications by the

medical staff. As indicated in Table 1, the period of delivery was

mostly 2014-2020 (89.5%) and age at delivery was between 20 and
T AB L E 1 Demographic data and clinical characteristics of
patients.

Clinical characteristics, N = 314 n (%)

Period of delivery

2009-2013 33 (10.5)

2014-2020 281 (89.49)

Age at term of delivery, (y)

<20 9 (2.87)

20-30 146 (46.5)

30-40 150 (47.77)

>40 9 (2.87)

Bleeding phenotype prior to this study

None 227 (72.3)

Yes 64 (20.4)

After surgery 10 (15.6)

Cutaneous and oral cavity bleeding 29 (45.3)

Gynecologic bleeding 20 (31.3)

Others 5 (7.8)

Missing information 23 (6.37)

Personal and familial history

Congenital phenotype 103 (32.8)

Molecular characterization 27 (8.33)

Noncongenital deficiency 16 (5.10)

Unknown congenital deficiency or missing information 195 (62.10)

Positive bleeding familial history 24 (7.42)

NA

None, by choice of the patient 10 (3.18)

None by contraindications 105 (33.44)

Spinal analgesia 61 (18.82)

Epidural analgesia 137 (42.28)

Spinal and epidural analgesia 1 (0.30)

NA, neuraxial analgesia.
30 years (46.5%) and 30 to 40 years (47.8%). Congenital FXI defi-

ciency was established with certainty by investigators in 32.8% pa-

tients (n = 103), and 27/103 were genotyped. Anti-FXI antibodies

were not reported by investigators. Overall, prior to this study, a

personal bleeding phenotype was reported by 20.4% patients (64/314;

cutaneous oropharyngeal cavity bleeding 45.3% [29/64], gynecologic

bleeding 31.3% [20/64], and postsurgery bleeding 15.6% [10/64]). In

addition, 24 pregnancies (7.42%) had a positive familial bleeding

history.

In the NA group, 173 of the 199 pregnancies (117, epidural

analgesia; 55, spinal analgesia; and 1 had both) completed the study

with all biological data concerning FXI activity levels. As indicated in

Table 2, median FXI activity levels at delivery in the epidural and

spinal groups were not significantly different (P = .204) nor the aPTT

ratio (data not shown). However, the FXI activity levels were

significantly lower in the group “pregnancies with contraindications

to NA by the medical staff” (median, 27.5; 1-54 IU/dL; P < .0005).

Contraindication of NA was reported in 105 deliveries in which 22

patients had FXI level of <30 IU/dL, among them 12 were below 5

IU/dL, and in 8 cases, FXI concentrates were administered for de-

livery management.

Among the 173 pregnancies with FXI levels reported at time of

delivery, 13 deliveries had an NA with FXI activity level below 30 IU/

dL ranging from 17 to 29 IU/dL. One of them had a severe FXI defi-

ciency (<1 IU/dL) and received a FXI infusion (20 IU/kg) for an

emergency cesarean section with a FXI level at time of delivery of 21

IU/dL. Forty-two deliveries had NA with FXI activity levels in 30 to 39

IU/dL range, and 63 deliveries had NA with FXI activity levels in 40 to

49 IU/dL range (45 epidurals, 17 spinals, and 1 epidural and spinal

analgesia). Fifty-five deliveries had FXI activity levels in 50 to 60 IU/dL

range. Overall, 118 NAs were realized below 50 IU/dL (range, 17-49

IU/dL). All data are presented in Figure 2. Missing FXI levels at time of

delivery were observed in 26 deliveries; among them, only 3 women

had severe congenital FXI deficiency with FXI levels of ≤2 IU/dL. Two

women with spinal anesthesia received FXI concentrate (26 IU/kg for

one, dose not reported for the second), suggesting that FXI levels

were probably above 20 IU/dL at time of NA. One woman had an

unknown congenital FXI deficiency at 2 IU/dL at time of delivery and

got spinal analgesia. In the other 23 women with unknown FXI levels

at time of delivery, FXI levels prior to pregnancy ranged from 30 to 59

IU/dL. Thus, we can speculate that no additional women had NA with

FXI level of <30 IU/dL at time of delivery. No substitutive treatment

with FFP or FXI concentrate was given prior to delivery among

women with FXI levels above 30 IU/dL. Overall, 11 women received

FXI infusion (3 in NA group and 8 in the group “contraindication of

NA”). It should be noted that 2 patients had tranexamic acid before

delivery. However, the delay in relation to the realization of the NA is

not known. There were no complications related to NA (during the

procedure or catheter removal).

Overall, 17.5% (55/314) of PPH or excessive bleeding were re-

ported by investigators. With the information mentioned by the in-

vestigators in 36 pregnancies, blood losses were clearly mentioned

as >500 mL and classified as PPH. In 19 deliveries, the blood loss



T AB L E 2 Factor XI activity level at delivery and mode of delivery in different groups of pregnant women.

Type of NA

Spinal

analgesia

(n = 62)

Epidural

analgesia

(n = 138)

Without NA

by medical

contraindications

(n = 105)

Without NA by

choice of the

woman (n = 10)

FXI activity level at delivery (IU/dL) (n = 56) (n = 118) (n = 92) (n = 10)

Mean ± SD 43.1 ± 11.2 44.7 ± 8.5 26.8 ± 13.9 38 ± 6.72

Median (range) 46 (17-65) 46.5 (22-60) 27.5 (1-54) 38.5 (27-47)

Mode of delivery (n):

Planned vaginal delivery (n = 30) n = 1 (1.6%) n = 22 (15.9%) n = 7 (6.6%) n = 0

Planned cesarean section (n = 47) n = 35 (56.4%) n = 3 (2.2%) n = 9 (8.5%) n = 0

Unplanned vaginal delivery (n = 177) n = 3 (4.8%) n = 85 (61.6%) n = 79 (75.2%) n = 10 (100%)

Triggered vaginal delivery (n = 6) n = 0 n = 5 (3.6%) n = 1 (0.9%) n = 0

Emergency cesarean section (n = 55) n = 23 (37%) n = 23 (16.7%) n = 10 (9.5%) n = 0

FXI, factor XI; NA, neuraxial analgesia.
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information was missing, but PPH was reported most of the time

because tranexamic acid, uterotonics injection, and/or manual

extraction of retained placenta were used; these cases were classi-

fied as excessive blood losses. Overall, PPH or excessive postpartum

bleeding could be attributed in 30/55 deliveries to various gyneco-

logic causes, mainly to uterine atony, but in 25/55 deliveries, the

cause was unknown or not mentioned by the investigators. Twenty-

one pregnancies were reported with a FXI at term of birth <20 IU/

dL, and 11/21 (52.3%) had a personal bleeding history prior to de-

livery. Only 1 PPH was reported (700 mL) in women with severe FXI

deficiency (<20 IU/dL) and in women with a FXI level below 5 IU/dL

at time of delivery, despite FXI infusion prior to vaginal delivery.
F I GUR E 2 Factor (F)XI level at time of deliveries in each group. NA,
Overall, acid tranexamic was reported as a treatment of PPH or

excessive bleeding at least 16 times by investigators, FFP 11 times,

and blood transfusion 10 times. In women who experienced cesar-

ean section (planned cesarean section [n = 47] or emergency ce-

sarean section [n = 55]), PPH was reported 29/102 (28.4%), 16 times

as a confirmed PPH with a mean blood loss of 1.5 L and 8 times

classified as excessive postpartum bleeding. In this observational

study, PPH was not the first endpoint, and some data could be

missing; tranexamic acid treatment in PPH is only reported in 8

cases and FFP in 3 cases in the management of PPH in addition to

gynecologic care and blood transfusion (n = 4) if needed. No

thrombosis has been reported by investigators.
neuraxial analgesia.
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4 | DISCUSSION

Seligsohn [10] reported that heterozygote patients may have a slightly

prolonged aPTT or values within the normal range. Moreover, during

pregnancies, the aPTT usually shortens due to the increase in FVIII, so

aPTT could be insufficient to assess hemostatic balance in FXI-

deficient women. FXI level is still the main parameter used by anes-

thesiologists in order to allow NA because global hemostasis tests

such as thrombin generation are not easy to perform in all labora-

tories and have a lack of standardization [11]. Nevertheless, man-

agement of women with FXI deficiency during labor is challenging,

especially concerning NA. In 2021, Peterson et al. [12] reviewed the

outcomes of 2047 neuraxial anesthetics in patients with hemorrhagic

disorders/tendencies and underlined the paucity of the literature.

Concerning FXI, they mentioned 11 studies relating to NA in patients

with FXI deficiency, including 4 case reports/case series and 4 retro-

spective cohort studies. Overall, they mentioned 66 neuraxial pro-

cedures performed, all in women for labor analgesia, with 4 combined

spinal epidurals and 1 spinal procedure. NA was placed at FXI levels

ranging from 5 to 74 IU/dL. No FXI values were reported at the time

of catheter removal. There were no epidural or spinal hematomas. A

recent retrospective case-control study with patients with FXI ranging

from 20 to 70 IU/dL reported 51 NAs with no observed complications.

In this study, only 3 patients received prophylaxis with FFP, one of

whom also received antifibrinolytic therapy [13]. A more recent

retrospective monocentric observational study reported 206 de-

liveries in women with FXI levels below 70 IU/dL; 168 of them had

NA, but only 97 had FXI levels under 50 IU/dL, and only 16 between

31 and 40 IU/dL [7]. No study reported any bleeding complications

related to NA. In 2018, the CoMETH group conducted a national

survey among French physicians (32 centers) showing heterogeneous

practices in France regarding the FXI threshold that physicians

answered to allow NA, ranging from 30 to 60 IU/dL. This real-life large

observational multicenter study confirmed this heterogeneity as 173

NAs were allowed with known FXI levels at time of delivery ranging

from 17 to 60 IU/dL with a mean FXI level at time of delivery of

44.2 ± 9.5 IU/dL and only 13 patients with FXI level under 30 IU/dL

This is in accordance with the results of the previous national survey

which showed that NA was avoided under this FXI level.

Among the 199 women who underwent NA, 3 received substi-

tutive treatment, thus representing only 1.5% of the cohort. Whereas

in the group with contraindication of NA, there were 22 patients with

FXI of <30 IU/dL, among them 12 were below 5 IU/dL, and in 8 cases,

FXI concentrates were administered for delivery management. Our

study is the largest, including 199 NAs during 314 deliveries in women

with FXI under 60 IU/dL. Thirteen deliveries had FXI activity levels

under 30 IU/dL in range of 17 to 29 IU/dL, 42 in 30 to 39 IU/dL range,

and 63 in 40 to 49 IU/dL range. It should be noted that of the 26 NAs

performed with an unknown FXI level at the time of delivery, 1 was

performed in a woman with severe congenital FXI deficiency (FXI level

of 2 IU/dL). Otherwise, regarding FXI levels reported before preg-

nancy, we can speculate that all other women who underwent NA had

FXI levels at least above 20 to 30 IU/dL at time of delivery. In total, no
bleeding complication related to NA was reported among these 199

cases.

There is no consensus on the safe level of FXI necessary for

neuraxial anesthesia in women with FXI deficiency. Two publications

proposed recommendations for delivery management and NA in FXI-

deficient women. These recommendations were formulated from

observational data [14,15] and expert opinion [15]. Concerning NA,

for Katz et al. [14], bleeding history was more important than factor

concentrations because factor concentrations do not predict

bleeding. In the guidelines of the Royal College of Obstetricians and

Gynaecologist, central NA should not be given to women with low

FXI levels with a known bleeding phenotype, where the phenotype is

not clear, or when there is a severe reduction in level [15]. In those

with a nonbleeding phenotype, discussion and counseling should be

given regarding the risks and benefits of allowing NA with or without

factor replacement [15]. Recently, the French proposal for man-

agement of rare bleeding disorders suggests a hemostatic FXI

level of 30 IU/dL to allow NA in women with no personal history

of bleeding complications [16]. Our results support the use of a

30 IU/dL threshold for NA (all types of NA in women with no

bleeding history: spinal and epidural) at time of procedure or for

catheter removal.

Concerning the PPH evaluation, there is a bias in our study as

blood loss evaluation was not systematically recorded. The definition

of PPH is not unique. In fact, PPH is mostly defined as blood loss of

>500 mL after vaginal delivery or of >1000 mL after cesarean de-

livery [17]. The American College of Obstetricians and Gynaecolo-

gists formerly used this definition but has updated their most recent

PPH Practice Bulletin to define PPH as either cumulative blood loss

of >1000 mL or blood loss accompanied by the signs and symptoms

of hypovolemia, regardless of delivery route [18]. The Royal College

of Obstetricians and Gynaecologists [19] and the French guidelines

[9] classify PPHs into categories of minor (500-1000 mL blood loss)

and major (>1000 mL blood loss). Thirty-six pregnancies (36/314;

11.5%) were evaluated as mentioned by guidelines and clearly

indicated by investigators (>500 mL or >1000 mL) over the 55

classified as PPH by investigators (55/314; 17.5%). PPH has been

reported in women with mild and severe FXI deficiency, leading to a

debate regarding the need for replacement therapy before delivery.

Despite bias described previously in our study, PPH or excessive

postpartum bleeding evaluated at 17.5% is clearly in accordance

with previous studies where PPH data were reported at 17% in 490

pregnancies (250 women), 11% in 206 pregnancies, and 18% in 372

pregnancies [6,7,20]. PPH is also reported in a specific group with a

more frequent PPH in women with FXI ranging from 20 to 70 IU/dL

during cesarean deliveries (odds ratio, 2.73; 95% CI, 1.02-7.26;

P =.04) [13]. Thus, early replacement therapy using FFP or FXI

concentrate is probably appropriate for women with severe FXI

defects in case of cesarean.

This large retrospective multicenter study showed that NA is safe

in women with no personal bleeding history and with FXI deficiency

ranging from 30 to 60 IU/dL; this has to be confirmed by large pro-

spective studies.
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