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A B S T R A C T   

Currently, there is no consensus on the optimal management to prevent postpartum hemorrhage (PPH) in he
mophilia carriers. We aimed to evaluate peripartum management strategies in relation to maternal and neonatal 
bleeding outcomes by performing an extensive database search up to August 2020. Seventeen case-reports/series 
and 11 cohort studies were identified of overall ‘poor’ quality describing 502 deliveries. The PPH incidence in the 
individual patient data was 63%; 44% for those women receiving prophylaxis to correct coagulation and 77% for 
those without (OR 0.23, CI 0.09–0.58) and in cohort data 20.3% (26.8% (11/41) vs. 19.4% (55/284) (OR: 1.53, 
95% CI: 0.72–3.24), respectively. Peripartum management strategies mostly consisted of clotting factor con
centrates, rarely of desmopressin or plasma. Tranexamic acid appears promising in preventing secondary PPH, 
but was not used consistently. Neonatal bleeding was described in 6 affected male neonates, mostly after 
instrumental delivery or emergency CS, but insufficient information was provided to reliably investigate 
neonatal outcome in relation to management. The high PPH risk seems apparent, at most mildly attenuated by 
prophylactic treatment. Prospective cohort studies are needed to determine the optimal perinatal management in 
hemophilia.   

1. Introduction 

Hemophilia is an X-linked congenital bleeding disorder with absent 
or decreased factor VIII (FVIII) in Hemophilia A (HA) and factor IX (FIX) 
in case of Hemophilia B (HB). The population prevalence of hemophilia 
is approximately 1:5000 males. [1] Women can be carriers of hemo
philia. Due to lyonization of the unaffected X chromosome early in 
embryonic life, carriers can have lowered clotting factor levels <40 IU/ 
dL and may need prophylactic treatment to prevent bleeding, including 
postpartum hemorrhage (PPH). [2–5] An increased risk of primary PPH 
with a prevalence of 20–51% has been reported, even with the current 

standard of care. [6–9] This prevalence of PPH vastly exceeds the PPH 
prevalence seen in the general population of approximately 19%, and 
although the secondary PPH incidence remains unclear in this popula
tion, it is thought to exceed the <1% incidence seen in the general 
population as well. [10,11] PPH remains worldwide, the main cause of 
severe maternal morbidity and mortality. However, guidelines for per
ipartum management for hemophilia carriers are mainly based on an 
expert opinion level of evidence. [12] 

In healthy pregnant women, a procoagulant state evolves to prepare 
for childbirth. This procoagulant state is the result of an increase in 
clotting factor levels and a decrease in anticoagulant factors. [13,14] In 
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most carriers of HA, the FVIII level may increase two to threefold as in 
healthy pregnant women, however the absolute level is still less than in 
normal pregnancy, which leaves them at an increased risk of bleeding 
complications, both during childbirth and the postpartum period. 
[15,16] A minimal FIX increase is seen during pregnancy in healthy 
women and carriers of HB. [17,18] Clotting factor levels decline on 
postpartum day 3 and approach baseline pre-pregnancy levels after one 
week in hemophilia carriers, which increases the risk of secondary PPH 
compared to healthy women. [5,13,19] 

Guidelines and expert papers concerning the management of de
livery in carriers of hemophilia recommend timely preparation of an 
individualized delivery plan. [12,20–22] In carriers with preexisting low 
clotting factor level, clotting factor levels have to be monitored during 
the third trimester of pregnancy or before delivery. Potential prophy
lactic measures to prevent PPH consist of clotting factor concentrates or 
desmopressin (DDAVP), aiming at increasing the maternal clotting fac
tor levels. In addition, the antifibrinolytic agent tranexamic acid can be 
administered to inhibit fibrinolysis. [16,23] Another key factor for a safe 
delivery depends on the (potentially) affected child. Neonates with se
vere hemophilia are at increased risk of intracranial hemorrhage (ICH), 
with an ICH incidence around 2.5%. [24–26] Delivery of a (potentially) 
affected neonate is a relative contraindication for invasive procedures 
such as fetal blood sampling and assisted vaginal deliveries, as vacuum 
extraction and forceps, since these interventions are associated with 
increased neonatal bleeding risk. [24] 

In view of the increased risk of PPH for hemophilia carriers and the 
absence of an overview of the available evidence, the aim of this sys
tematic review is to summarize all published obstetric and hematologic 
management strategies in hemophilia carriers and to investigate their 
relation to peripartum bleeding complications in both mother and child. 

2. Methods 

2.1. Protocol and registration 

This systematic review was registered at PROSPERO 
(CRD42018091987) [27] and conducted according to PRISMA guide
lines and Cochrane methodology. [28,29] This registration was com
bined with the systematic review on Von Willebrand Disease (VWD) 
[30] and follows the same methodology– yet during the data analysis 
phase, the decision was made to present the data in two separate papers 
due to size of the reported data and the difference in hemostatic defect. 
All observational (i.e. cohort, case-control, case series/reports) and 
intervention studies concerning peripartum management for obligate or 
proven carriers of hemophilia were eligible for inclusion. Only articles 
written in English, German, French or Dutch, containing original patient 
data published as full papers in peer reviewed journals, were included. 

The review questions were:  

1. Which third trimester and peripartum management strategies have 
been published?  

2. What is the relation of these management strategies towards 
maternal and neonatal bleeding complications? 

2.2. Search and study selection 

The electronic search was conducted on November 1st of 2020 in the 
following databases: Pubmed/MEDLINE, The Cochrane Library, 
EMBASE and CINAHL (Supplement S1: Full search string all databases). 
No time or other limits were used. Both electronic and hard-copies were 
searched. The articles were independently screened by two authors 
(MCP and MW) and thereafter full-text screening was performed by two 
authors independently (MCP and KG). In case of disagreement at any 
stage of the selection process, a third author (KG) was consulted. Cross- 
referencing of the bibliography of the included studies was conducted to 
find any additional studies. 

2.3. Data collection and risk of bias assessment 

Data extraction was conducted by two independent authors (MCP 
and MW) using a standardized data extraction sheet (Supplement S2: 
Data extraction sheet). Primary PPH was defined as blood loss of 500 mL 
or more within 24 h, and secondary PPH as excessive blood loss needing 
medical attention from 24 h until three months after childbirth. Pro
phylactic treatment included correction of clotting factor levels and/or 
prophylactic tranexamic acid prescription. Management strategy 
included both prophylactic and PPH treatment. Study design was 
defined as cohort study in case all eligible patients during a certain time 
period were included into the study, and as case series if patient selec
tion was not described. [31] Outcome measurements were noted as 
counts in case of individual data and as counts and percentages in cohort 
studies if available or possible to extract. The association between third 
trimester clotting factor levels and the incidence of PPH was evaluated 
by calculating the odds ratio (OR) with 95% confidence interval (CI) and 
by logistic regression analysis, and repeated with correction for pro
phylaxis. Each paragraph is divided into results from the individual 
patient data and results from cohort studies. The corresponding author 
was contacted in case of inaccessible full-texts or incomplete data. 

Risk of bias was assessed for each study using the Chambers scale 
(Supplement S3: Chambers scale for quality assessment) and conducted 
by two independent authors (MCP and MW). The overall Chambers 
quality rating of studies is divided into ‘good’, ‘satisfactory’ or ‘poor’. [32] 
Any disagreements were resolved by consulting a third author (KG). 

3. Results 

A total of 5971 articles were obtained after duplicate removal and 
inclusion of three additional papers found by cross-reference searching 
(Fig. 1). After title- and abstract screening, 423 articles were selected for 
full-text assessment. The final selection consisted of 17 case reports 
[33–49] and 11 cohort studies [17,18,50–58] describing a total of 502 
deliveries (Table 1). The exact number of included hemophilia carriers 
was unclear due to incomplete reporting in one cohort study. [53] In
dividual patient data on 106 deliveries could be extracted from 17 case 
reports/series and six cohort studies (details available on request). Data 
on pregnancy management and outcome derived from the cohort studies 
are summarized in Table 2. [17,18,50–58]. 

3.1. Risk of bias 

A summary of the quality assessment for all included studies ac
cording to sample size is provided in Table 3. Detailed quality assess
ment of each individual study is provided in Supplemental Table S4. The 
quality of the included studies was rated as ‘poor’ in 89% (25/28) of 
included papers, ‘satisfactory’ in two papers and ‘good’ in one paper. 

3.1.1. Prophylactic treatment strategies 
In the individual patient data, information on hematologic prophy

lactic treatment could be extracted for 88 deliveries. Prophylactic 
treatment consisted mostly of FVIII concentrates, DDAVP and tranexa
mic acid for hemophilia A, and FIX concentrates or blood products (e.g. 
fresh frozen plasma) for hemophilia B carriers (Fig. 2). In all three de
liveries where use of DDAVP was described, it was administered after 
cord clamping, without side effects. [42,53,59] One woman who was on 
continuous intravenous clotting factor correction with FVIII concen
trates aiming at a target level FVIII 150–200 IU/dL developed a brachial 
deep vein thrombosis on postpartum day 10, after which FVIII infusions 
were stopped (no tranexamic acid administration reported). [48] Ob
stetric prophylactic management strategies were not mentioned, other 
than the use of oxytocin. 

The cut off level for prophylactic treatment with clotting factor or 
DDAVP was mentioned in 43% (12/28) of the articles. This cut off level 
was set at 50 IU/dL of third trimester clotting factor levels in all 12 
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articles. [17,18,37–39,41–43,50,52,53,57] 
In the cohort studies, hematologic prophylactic treatment strategies 

mostly consisted of clotting factor concentrates (6 of the 8 studies where 
prophylactic treatment was specified) (Table 2). Other replacement 
strategies consisted of fresh frozen plasma (2/8 studies), cryoprecipitate 
(1/8), DDAVP (1/8) or tranexamic acid (3/8). Information on obstetric 
prophylactic treatment was provided in one cohort study, namely the 
preemptive use of uterotonics. [58] 

3.1.2. PPH in relation to prophylactic treatment 
In the individual patient data, information on postpartum blood loss 

was available in 83% (88/106) of deliveries. PPH occurred in 63% (55/ 
88) of these deliveries. In 87 deliveries, information on both peripartum 
blood loss and peripartum management was reported. In women who 
received prophylactic treatment to correct hemostasis, we found a lower 
PPH incidence compared to those who did not receive this (43.6% (17/ 
39) vs. 77.1% (37/48); OR: 0.23, 95% CI: 0.09–0.58, p = 0.002). 

Mode of delivery (cesarean section) and nulliparity were most 
frequently reported as obstetric risk factors in 69% (60/87) and 54% 
(47/87) of deliveries, respectively. Both factors did not differ between 
the cases with and without PPH (cesarean sections: 69% (22/32 PPH) vs. 
64% (18/28 no PPH) and nulliparity: 34% (10/29 PPH) vs. 39% (7/18 
no PPH). PPH occurred as often in those women with 3rd trimester levels 
<50 IU/dL compared to those >50 IU/dL, despite prophylaxis (72.4% 
(21/29) vs. 88.0% (22/25); OR: 0.36, 95% CI: 0.08–1.53, p = 0.17). 

Six cohort studies reported on PPH occurrence in relation to pro
phylactic management strategies (Table 2). [17,50,56–58,60] Overall, 
no lower primary PPH incidence was seen in deliveries covered by 
prophylaxis compared to the deliveries without prophylaxis (26.8% 
(11/41) vs. 19.4% (55/284) (OR: 1.53, 95% CI: 0.72–3.24). One cohort 
study investigated the effect of tranexamic acid use vs. no prophylaxis 
on secondary PPH. This prophylactic treatment management strategy 
significantly lowered the secondary PPH incidence across the cohort of 
several bleeding disorders (P < 0.049) without reported thrombotic 
complications. [52] 

Records iden�fied through database 
searching 
(n = 7160)

Addi�onal records iden�fied through cross-
reference searching 

(n = 4) 

Records a�er duplicates removed 
(n = 5971) 

Records screened 
(n = 5971) 

Records excluded based on Title 
and Abstract 

(n = 5448)

Full-text ar�cles assessed for 
eligibility 
(n = 423) Full-text ar�cles excluded, with 

reasons (n = 395) 
- 20 full text unavailable 
- 194 reviews  
- 96 not relevant for our domain 
- 85 Von Willebrand Disease 
- 1 duplicate data 

Studies included in quan�ta�ve synthesis 
(n = 28) 
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Fig. 1. Prisma Flowchart for identifying eligible studies on peripartum management of hemophilia carriers.  

Table 1 
Number of published deliveries of hemophilia carriers per study type.   

Individual case descriptions Cohort data Total  

N N  

Hemophilia 
Total 106 463 502c 

A 42 298 313b 

B 42 62 86 
Unknowna 22 103 103 

References: Cases hemophilia A [17,33,34,38,40–44,48,53,55,59], cohort he
mophilia A [17,51,52,54,56], cases hemophilia B 
[17,35–37,39,42,46,47,49,51,53], cohort hemophilia, cases and cohort un
known hemophilia subtype [18,50,53]. 

a Unknown = Unknown subtype. 
b The following women are mentioned as individual case descriptions and in 

cohort data: 22 hemophilia carriers [18,53], 18 hemophilia A carriers 
[17,53,55] and 18 hemophilia B carriers [17,51,53]. 

c Total deliveries: double entries omitted. 
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Table 2 
Summary of outcome data from cohort studies on hemophilia carriers.  

Author, year Number of 
included 
deliveries 

Incidence PPH (% 
(N PPH/N total 
deliveries) 

Management strategy 
(prophylactic, PPH 
treatment) 

Nau, 2020 
[50] 

HA (N = 98) 
HB (N = 19) 

HA 
- Primary PPH: 12% 
(12/98) 
- Secondary PPH: 
11% (10/98) 
HB 
- Primary PPH: 26% 
(5/19) 
- Secondary PPH: 
16% (3/19) 

Prophylactic 
management in 29% 
(5/17) deliveries with 
primary PPH vs. 19% 
(19/100) without PPH. 
Prophylactic 
management consisted 
of desmopressin (N =
3), antifibrinolytics (N 
= 11), factor 
concentrate (N = 3) or 
factor concentrates +
antifibrinolytics (N =
6).  

PPH treatment 
consisted of blood 
transfusion for 3 
carriers. No further 
information on PPH 
treatment strategies 
was provided. 

Stoof, 2015 
[17] 

HA (N = 95) 
HB (N = 19) 

HA 
- Prophylaxis: 50% 
(1/2) 
- No prophylaxis: 
24% (22/93) 
HB 
- Prophylaxis: 75% 
(3/4) 
- No prophylaxis: 
13% (2/15) 

Prophylactic 
management consisted 
of clotting factor 
concentrates.  

No information on PPH 
treatment strategies. 

Zwagemaker, 
2018 [56] 

HA (N = 53) 
HB (N = 8) 

HA 
- Prophylactic 
treatment: 100% 
(2/2) 
- No prophylactic 
treatment: 29% 
(15/51) 
HB 
- Prophylactic 
treatment: 0% (0/ 
1) 
- No prophylactic 
treatment: 57% (4/ 
7) 

Prophylactic 
management consisted 
of clotting factor 
concentrates.  

No information on PPH 
treatment strategies. 

Chi, 2008 [18] Hemophilia 
(N = 47) 

Obligate and 
unknown 
hemophilia 
carriers: 
- Primary PPH: 19% 
(9/47) 

Prophylactic 
management consisted 
of clotting factor 
concentrates.  

PPH treatment 
consisted of blood 
transfusions for two 
cases. Other 
management strategies 
included oxytocin, 
tranexamic acid, or 
carboprost & oxytocin. 

Kadir, 1997 
[53] 

Hemophilia 
(N = 46) 

Suspected (N = 6)- 
and obligate (N =
24) carriers: 
- Primary PPH: 22% 
(10/46) 
- Secondary PPH: 
11% (5/46) 

Prophylactic 
management consisted 
of fresh frozen plasma, 
clotting factor 
concentrates or both.  

PPH treatment 
consisted of blood 
transfusions, IV 
oxytocin, IV ergometrin 
or the oral 
contraceptive pill.  

Table 2 (continued ) 

Author, year Number of 
included 
deliveries 

Incidence PPH (% 
(N PPH/N total 
deliveries) 

Management strategy 
(prophylactic, PPH 
treatment) 

Greer, 1991 
[51] 

HA (N = 34) 
HB (N = 9) 

HA 
- Primary PPH: 0% 
(0/34) 
- Secondary PPH: 
9% (3/34) 
HB 
- Prophylaxis: 0% 
(0/8) 
- No prophylaxis: 
0% (0/1) 
- Secondary PPH: 
11% (1/9) 

Prophylactic 
management consisted 
of cryoprecipitate (HA) 
or fresh frozen plasma 
(HB).  

PPH treatment for the 3 
HA carriers consisted of 
uterine evacuation due 
to retained products of 
conception and blood 
transfusions (2 
deliveries) and one 
woman was treated 
with cryoprecipitate, 
antibiotics and 
tranexamic acid 
(thought to be related 
to endometritis). 

Lavin, 2020 
[58] 

Hemophilia 
(N = 25) 

Low baseline 
clotting factor 
levels: 
- Primary PPH: 14% 
(1/7) 
- Secondary PPH: 
14% (1/7) 
Normal baseline 
clotting factor 
levels: 
- Primary PPH: 0% 
(0/13) 
- Secondary PPH: 
0% (0/13) 

Primary PPH treatment 
consisted of red cell 
transfusion. Secondary 
PPH required clotting 
factor concentrates. 
These occurred in the 
same woman. 

Wolf, 2020 
[57] 

HA (N = 16) 
HB (N = 8) 

HA 
- Primary PPH: 63% 
(10/16) 
HB 
- Primary PPH: 25% 
(2/8) 

None of the included 
delivery was covered by 
prophylaxis due to the 
rise of clotting factor 
levels above 50 IU/dL. 

Chi, 2009 [54] HA (N = 10) 
HB (N = 5) 

Not available Prophylactic treatment 
was not provided for 
any of the HA and 
consisted of clotting 
factor concentrates for 
4 HB.  

One women 
(unspecified bleeding 
disorder) required a 
blood transfusion due 
to PPH. 

Hawke, 2016 
[52] 

HA (N = 11) Total cohort 
including VWD, 
factor X deficiency 
and platelet 
function defects: 
- Primary PPH: 18% 
(11/62) 
- Secondary PPH: 
29% (18/62) 

No hemophilia carrier 
received prophylactic 
treatment. Unknown 
number of carriers 
received tranexamic 
acid upon discharge.  

No PPH treatment 
strategy described, 
other than prolonged 
tranexamic acid use in 
one woman 
(unspecified bleeding 
disorder).  

Thirty-six patients 
(58%) across the 
complete bleeding 
disorder cohort were 
treated with the 
antifibrinolytic 
tranexamic acid, 
significantly reducing 

(continued on next page) 
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3.1.3. PPH in relation to mode of delivery 
In the individual patient data, the mode of delivery was described for 

85% (90/106) of deliveries and consisted of 44% (40/90) spontaneous 
vaginal deliveries, 11% (10/90) assisted vaginal deliveries and 44% 
(40/90) cesarean sections (16 planned, 14 emergency setting, others 
unknown). PPH occurred in 83% (25/30) of cesarean sections compared 
to 60% (26/43) of vaginal deliveries (OR: 0.31, 95% CI: 0.10–0.95, p =
0.04). 

One cohort study examined the relationship between PPH and mode 
of delivery. [50] Herein the PPH incidence was 6% (5/81) in vaginal 
deliveries, 22% (2/9) in assisted vaginal deliveries, 63% (5/8) in 

elective cesarean sections and 26% (5/19) in emergency cesarean 
sections. 

3.1.4. PPH management and outcome 
Information on treatment of PPH was available for 68 deliveries in 

the individual patient data and mostly consisted of clotting factor con
centrates and blood products (52% (12/23) and 44% (10/23) respec
tively, Supplementary Fig. S5). Two women required interventions due 
to excessive bleeding: one woman underwent uterine artery emboliza
tion [44] and another woman underwent a laparotomy twice and was 
admitted to the intensive care unit (ICU) [59]. No maternal deaths due 
to PPH were described. 

Six cohort studies described the PPH management strategies used 
(Table 2). [18,50,53,54,58,60] These most commonly included blood 
transfusions, IV oxytocin and less commonly clotting factor concen
trates, cryoprecipitate, carboprost (prostaglandins) and tranexamic 
acid. DDAVP is not mentioned as a PPH management strategy. In the 
cohorts, no data on surgical or radiological interventions, ICU admis
sions were provided. No maternal deaths due to PPH were described. 

3.2. Neuraxial techniques 

The use of neuraxial techniques was reported in 14% (3/22) of the 

Table 2 (continued ) 

Author, year Number of 
included 
deliveries 

Incidence PPH (% 
(N PPH/N total 
deliveries) 

Management strategy 
(prophylactic, PPH 
treatment) 

secondary PPH (P <
0.049). No thrombotic 
complications from 
tranexamic acid use. 

Altisent, 2011 
[55] 

HA (N = 3) Not available Not available 

HA = Hemophilia A, HB = Hemophilia B, PPH = Postpartum hemorrhage, VWD 
= Von Willebrand Disease. 

Table 3 
Quality assessment of included studies by Chambers scale according to the number of included patients.   

Percentage of studies in which criteria is fulfilled 

Study 
population 
size* 

Number of 
publications 

1 were 
selection/ 
eligibility 
criteria 
adequately 
reported? (% 
yes) 

2 was the selected 
population 
representative of 
that seen in 
normal practice? 
(% yes) 

3 was an 
appropriate 
measure of 
variability 
reported? (% 
yes) 

4 was loss to 
follow-up 
reported or 
explained? 
(% yes) 

5 were at 
least 90% of 
those 
included at 
baseline 
followed 
up? (% yes) 

6 were patients 
recruited 
prospectively? 
(% yes) 

7 were patients 
recruited 
consecutively? 
(% yes) 

8 did the 
study report 
relevant 
prognostic 
factors? (% 
yes) 

1–10 
patients 
included 

18 11.1 11.1 11.1 0.0 0.0 0.0 0.0 77.8 

11–50 
patients 
included 

4 100.0 75.0 100.0 0.0 0.0 25.0 0.0 75.0 

51–158 
patients 
included 

6 100.0 100.0 100.0 50.0 50.0 16.7 66.7 100.0 

Overall quality rating: ’good’ (if the answer is ‘yes’ to all of criteria), ’satisfactory’ (if the answer is ‘yes’ to criteria 2, 4–7; ’poor’, (if the answer is not ‘yes’ to one or more 
of the criteria listed for ‘satisfactory’). Here overall quality is ‘poor’, with two articles scoring ‘satisfactory’ and article as ’good’. *Patients included refers to entire study 
population. References: 18 Publications [18,33–35,37–44,46–49,55,59], 4 publications [36,53,54,57] and 6 publications [17,50–52,56,58]. 

Fig. 2. Prophylaxis administered for carriers of he
mophilia. 
Women who received multiple categories of prophy
lactic treatment are registered multiple times. This 
data is retrieved from individual case descriptions. 
The denominator reflects the number of carriers for 
who this information was provided in the original 
article. Blood products = fresh frozen plasma, red 
blood cell transfusions. (For interpretation of the 
references to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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individual patient data deliveries, which in all three cases consisted of 
epidural anesthesia without local bleeding complications. [38,40,48] 

Five cohort studies reported on obstetric analgesia and anesthesia (n 
= 138). [18,50,53,54,57] Of 50 anesthetic procedures, 48 were not 
covered by prophylaxis (due to a clotting factor levels >50 IU/dL), 3 
procedures were not covered by prophylaxis despite clotting factors 
<50 IU/dL and two procedures were covered by prophylaxis (clotting 
factor level was <50 IU/dL at term). Nau et al. described 88 anesthetic 
procedures with factor levels >50 IU/dL at term, of which an unknown 
percentage had received prophylaxis, and six deliveries with clotting 
factor levels <50 IU/dL who did not receive neuraxial anesthesia despite 
prophylactic treatment with increased levels >50 IU/dL. [50] No local 
bleeding complications were reported in any of the cohort studies. 

3.3. Neonatal outcome in relation to management 

Neonatal bleeding was described in 12% (3/25) deliveries of the 
individual patient data. These concerned in all three cases cepha
lohematomas of which one was associated with assisted vaginal de
livery, two occurred after emergency cesarean sections, whereas in none 
of the cases scalp electrodes were used. All three male neonates had 
hemophilia and in 1/3 this was known before delivery [18,53] No 
further data on other risk factors, such as preterm delivery, for the 
occurrence of these cephalohematomas were provided. For the 22 ne
onates without bleeding complications, gender and successive hemo
philia status was only specified in a few cases. 

In five cohort studies, information regarding the absence or presence 
of neonatal bleeding complications was available for 121 neonates. A 
total of 6 bleeding complications were reported: two cepha
lohematomas, one subgaleal hematoma and one subependymal hemor
rhage after an (emergency) cesarean section [18,50,53], one 
intracranial hemorrhage after normal vaginal delivery [50] and another 
one after an assisted vaginal delivery [18]. Of these 6 cases, 2 neonates 
were known to be affected prepartum. No other neonatal bleeding 
complications were mentioned. 

4. Discussion 

This systematic review provides an overview of all published data on 
peripartum management strategies for 502 deliveries in hemophilia 
carriers, reporting on maternal bleeding complications and in 121 de
liveries also on neonatal bleeding outcomes. The high risk of primary 
and secondary PPH for hemophilia carriers, including the ongoing high 
risk for women who receive prophylactic treatment, seems apparent. 

This review conducted an extensive search for studies in multiple 
electronic databases. All stated cut-off values for prophylactic treatment 
were < 50 IU/dL, enabling comparison between studies. By including 
articles published in several languages, we expanded our reach. Limi
tations are linked to the available type of evidence and the quality of 
reporting. Peripartum blood loss is potentially a subjective parameter 
and is a challenge to estimate. [61] Data mainly originate from case 
reports, case series and small retrospective cohorts. These study designs 
are prone to publication bias. Even though some larger studies were 
included, the incomplete reporting on management strategies hampered 
thorough analysis on their effectiveness to prevent PPH. 

Clotting factor concentrates were the most common method of 
clotting factor correction, as recommended by international guidelines 
(e.g. the WFH guidelines, Pavord et al.), but the optimal peripartum 
management strategy for preventing PPH remains undetermined. 
[62,63] Recommendations to prevent PPH in carriers are currently 
based on expert opinion. [12,21,22,64] Both the individual patient- and 
cohort data in this review provide a limited view of the specific peri
partum management strategies used. Mostly, hematologic preventive 
measures are reported, but information on obstetric prophylactic man
agement strategies is lacking. 

The included studies provide insight into the heterogeneity of the 

deliveries from hematologic and obstetrical point of view. Obstetrical 
diversity within the included population is evident since common risk 
factors for PPH, such as uterus atony, prolonged labor and retained 
placenta, were mentioned in several PPH cases. [11] Distinguishing 
between outcomes related to the underlying bleeding disorders or the 
obstetrical component is problematic. For example, the limited data on 
emergency versus planned cesarean sections hampers this assessment. 
Ideally, peripartum care combines careful hematologic preparation and 
close monitoring plus a fast obstetric as well as hemostatic responses 
when PPH is impending. [65] 

The cohort data show a trend towards an increased risk of primary 
PPH for those women receiving prophylaxis compared to the women 
without, whereas the pooled results from the case descriptions appear to 
find the opposite. The cohort data is more likely to be closer to the true 
PPH incidence considering the publication bias that case descriptions 
are prone for. It should be acknowledged however that the largest cohort 
study was conducted in France and two of the major included Dutch 
cohort studies originate from the same timeframe within the 
Netherlands, greatly influencing the PPH results, possibly hampering 
external validity. Furthermore, there was a large difference in primary 
PPH incidence in both the general population and the HCs between the 
Dutch cohort studies and the French cohort study. In the French study by 
Nau et al., measurement methods of peripartum blood are not described 
whereas this PPH assessment was based on visual estimates in the Dutch 
cohort studies, compromising reliability of the PPH data. Nevertheless, 
overall a higher PPH incidence than seen in general population is 
evident, regardless of study type, country and prophylactic clotting 
factor level correction. [10,11] This suggests that current clotting factor 
correction is not adequate to prevent PPH. Higher clotting factor levels 
and prolonged patient tailored administration might be options to pre
vent bleeding. In addition, the high PPH incidence in the non- 
prophylactic group of this review suggests that more hemophilia car
riers could benefit from preventive treatment. Options include 
increasing the cut-off level for prophylaxis or prolonging prophylaxis 
duration. In addition, hemophilia carriers are at increased risk to 
develop secondary PPH, which deserves greater attention and might be 
reduced by preemptive tranexamic acid use after delivery. [52] 

Neuraxial anesthesia appears to be safe when clotting factor levels 
are >50 IU/dL, since no local bleeding complications occurred. How
ever, it should be noted that the complication of an epidural haematoma 
is very rare, thus patient numbers are too low to ensure safety. 
[50,54,62,66–68] 

Although less data is present on neonatal outcomes in this review, 
the increased bleeding risk seems associated with assisted vaginal de
liveries and emergency cesarean sections. Previous larger studies, which 
focus on neonatal outcomes instead of hemophilia carriers, confirm the 
association with assisted vaginal delivery and offer more detailed insight 
in neonatal management and outcome. [24–26] No randomized studies 
have been executed to investigate whether an elective cesarean section 
or vaginal delivery is safer for an (potentially) affected son. [69] How
ever, intracranial hemorrhage has been seen in both vaginal deliveries 
and cesarean section, concordant with the results of this review. [24–26] 
Consequently, it remains preferable to avoid assisted vaginal delivery if 
possible and the pros and cons of an elective cesarean section should be 
discussed by healthcare providers with the hemophilia carrier to make a 
shared decision. [62] The high cesarean section rate (44% in individual 
data and 23% in the cohort study) in this review might be a reflection of 
this debate favoring a CS in many cases, but this is not without risks for 
the mother, especially regarding PPH and future pregnancies. [70] 

5. Conclusion 

Overall poor quality evidence is available on peripartum manage
ment of carriers of hemophilia and therefore optimal peripartum man
agement to prevent PPH remains to be elucidated by conducting larger 
prospective cohort studies. In 502 deliveries by hemophilia carriers 
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reported in literature, the high risk for PPH seems apparent in hemo
philia carriers. Prophylactic treatment to correct clotting factor levels 
and tranexamic acid use may attenuate this risk. 

6. Future considerations 

Since current prophylactic treatment schedules do not seem to pro
tect hemophilia carriers enough to prevent PPH, intensification of pro
phylactic management strategies during and after delivery seems 
prudent. Herein, there could be a role to aim for higher, more physio
logical, through and/or peak levels of FVIII and FIX during and after 
delivery, as in normal pregnancy. [71] The development of FVIII levels 
in the days/weeks after delivery are to be explored, as well as the 
optimal target FVIII levels during prophylaxis. Furthermore, aggressive 
obstetric management, such as obligatory use of uterotonic agents 
during the 3rd stage of labor is required. [62] Finally, mandatory use of 
tranexamic acid in carriers with a bleeding tendency and/or mild he
mophilia is likely to be helpful to prevent primary as well as secondary 
PPH. [52,72] We are currently conducting a prospective observational 
study on pregnancy outcomes in hemophilia carriers aiming at a FVIII 
and FIX peak level of 150 IU/dL at delivery and mandatory use of tra
nexamic acid postpartum in combination with standard use of utero
tonics. This will hopefully shed more light on these issues in the near 
future (PRIDES study, Dutch trial registry number NL6770). 

6.1. Research agenda  

- Larger prospective studies are needed to acquire more knowledge on 
the optimal preparation for deliveries in hemophilia carriers. 

- Both publication and selection bias needs to be minimized to thor
oughly investigate the associated risks, for example hyponatremia 
due to DDAVP use, thrombosis after intensified clotting factor 
concentrate prescription, and outcome of different management 
options.  

- National -and preferably international collaboration- is needed to 
collect sufficient data on available management strategies and 
outcome of pregnancy. Only then, guidelines can be updated ac
cording to evidence based medicine to lower both the peripartum 
maternal and neonatal bleeding risks. 

6.2. Practice points  

- In hemophilia carriers close obstetric monitoring is warranted due to 
the high risk for primary and secondary PPH.  

- Intensification of prophylactic treatment seems prudent to prevent 
PPH. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.blre.2021.100826. 
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