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higher hemorrhagic risks during their reproductive years, yet data on gynecologic and

Obijectives: We aimed to rate the prevalence of heavy menstrual bleeding and obstetric

Handling Editor: Dr Bethany Samuelson Methods: This study analyzed data from the Prospective Rare Bleeding Disorders
Bannow Database registry, including available fibrinogen activity and antigen levels, as well as
clinical phenotype and genotype (2013-2020).

Results: A total of 59 women (8 afibrinogenemic, 15 hypofibrinogenemic, and 36
dysfibrinogenemic cases) were investigated, of which 32 patients had 70 pregnancies.

The prevalence of heavy menstrual bleeding was comparable between
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hypofibrinogenemic (27%) and dysfibrinogenemic (36%) cases, with a higher frequency
in afibrinogenemic (75%) cases. The rates of postpartum hemorrhage at 36% and
miscarriage at 23% were notably higher than those observed in the general population
(1%-10% and 10%-20%, respectively). These complications were similarly distributed
among patients with dysfibrinogenemia (35% and 37%) and hypofibrinogenemia (36%
and 31%). There were only 2 (4%) bleeds during pregnancy, both occurring in dysfi-
brinogenemic cases. Miscarriage was also observed in 50% of the asymptomatic dys-
fibrinogenemic patients. No significant difference in miscarriage and postpartum
hemorrhage rates was found between dysfibrinogenemic individuals with and without
hotspot variants (P = .94).

Conclusion: The high rate of obstetric complications in women with CFDs highlights
the need for early diagnosis and the potential need for prophylaxis, as pregnancy may
also pose risks in asymptomatic cases. Hotspot variants do not appear to increase the
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*« Women and girls with CFD may face more adverse outcomes.

risk of obstetric complications.

bleeding, FGA, FGB, FGG, fibrinogen, genetic, gynecological, hypofibrinogenemia, miscarriage,
obstetrical, postpartum hemorrhage

e This study used data from the Prospective Rare Bleeding Disorders Database.
« In qualitative CFDs, live birth, PPH, and miscarriage rates were 64%, 23%, and 36%.

« Early diagnosis and prophylaxis before pregnancy may help prevent obstetric complications.

1 | BACKGROUND

Congenital fibrinogen deficiencies (CFDs) are inherited bleeding dis-
orders resulting from variants in the fibrinogen genes FGA, FGB, and
FGG [1]. The disorder is categorized into quantitative (afibrinogenemia
and hypofibrinogenemia) and qualitative (dysfibrinogenemia and
hypodysfibrinogenemia) defects based on plasma fibrinogen levels [2].
Afibrinogenemia is characterized by the near-complete absence of
fibrinogen in plasma, whereas hypofibrinogenemia involves a pro-
portional reduction in both fibrinogen coagulant activity and antigen
(fibrinogen activity/antigen >0.7). Dysfibrinogenemia, in contrast, is
defined by reduced fibrinogen activity despite normal antigen levels,
while hypodysfibrinogenemia is characterized by disproportionate
reductions in both fibrinogen activity and antigen (fibrinogen activity/
antigen <0.7) [2,3]. Depending on factor plasma levels or genetic
makeup, patients with CFDs exhibit a wide range of clinical symptoms,
ranging from severe bleeding to being entirely asymptomatic or even
experiencing thrombotic events [4,5].

Women and girls with CFDs may experience more adverse outcomes
given their physiological exposure to hemorrhagic risk during the repro-
ductive age. Heavy menstrual bleeding (HMB) is often the most common
symptom, and in some cases, the sole clinical manifestation of CFDs [6,7].

Pregnancy poses additional challenges for affected women because
fibrinogen is a critical protein required for maintaining the placenta, sup-
porting early trophoblast proliferation and spreading, thereby contributing
to successful pregnancies [8,9]. A previous study indicated that women
with afibrinogenemia and dysfibrinogenemia face a heightened risk of
placental pathologies, such as abruption [10]. In contrast, in the Fibrinogest
study, placental abruption (especially early in pregnancy) was more com-
mon in women with hypofibrinogenemia [11]. Additionally, the risk of
miscarriage and bleeding during pregnancy is well documented in those
with severe CFDs [12]. Due to the high rate of early miscarriage in women
with afibrinogenemia and severe hypofibrinogenemia, a fibrinogen
concentrate should be administered soon after pregnancy confirmation
and must be continued during pregnancy to maintain a fibrinogen plasma
level at > 100 mg/dL [13,14]. Women with severe or moderate hypofi-
brinogenemia or dysfibrinogenemia, particularly those carrying pro-
thrombotic variants, encounter a significantly increased risk of miscarriage
due to low or dysfunctional fibrinogen. The prevalence of miscarriage in
this population is reported to range from 20% to 50% [5,15,16], which is
notably higher than the worldwide risk of miscarriage, which is approxi-
mately 15.3% [17]. Women and girls with CFDs are at increased risk of
bleeding due to their physiological exposure to hemorrhagic challenges
during menstruation, pregnancy, childbirth and in the postpartum period.
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Despite these potential complications, data on gynecologic and obstetric
outcomes in individuals with CFDs remain scarce. Understanding the
impact of these disorders on pregnancy, miscarriage risk, and postpartum
hemorrhage (PPH) is crucial for improving clinical management and
developing preventive strategies.

Hence, in this study, we aimed to assess the rate of gynecologic
and obstetric complications in women and girls with CFDs using the
Prospective Rare Bleeding Disorders Database (PRO-RBDD). This
database compiled demographic and clinical data from birth to
enrollment, providing insights into the medical history of affected
individuals [7,18].

2 | MATERIAL AND METHODS

This study analyzed baseline data recorded in the PRO-RBDD [7],
encompassing 59 female participants of reproductive age (>12 years
old) with available fibrinogen activity and antigen levels, as well as
clinical manifestation and genotype information, collected between
2013 and 2020. We also included women above the typical fertile age
(eg, >50 years), as they may have experienced relevant gynecologic
complications prior to the age at inclusion. The historical diagnosis of
fibrinogen deficiency was based on coagulant activity levels below the
normal threshold (reference range: 160-450 mg/dL). Fibrinogen ac-
tivity levels were measured by the Clauss method and the antigen
levels by the turbidimetric latex immunoassay (HYPHEN BioMed,
LIAPHEN). For molecular analysis, samples were sent to the Angelo
Bianchi Bonomi Hemophilia and Thrombosis Center (Fondazione
IRCCS Ca’ Granda Ospedale Maggiore Policlinico) or the Department
of Genetic Medicine and Development in Geneva, and direct
sequencing of amplified fragments was performed by Sanger
sequencing. Genetic variants were classified according to the guide-
lines established by the American College of Medical Genetics and
Genomics [19]. Data were collected from centers across 8 countries,
primarily in Europe (Table). The severity of bleeding was evaluated
according to the criteria of the European Network of Rare Bleeding
Disorders [20]. HMB was defined as blood loss > 80 mL per cycle, with
variation possible depending on each center’s protocols [21]. PPH was
defined as an estimated blood loss > 500 mL after vaginal delivery or
> 1000 mL after cesarean delivery [22]. The project was approved by
the ethical review board of the Fondazione IRCCS Ca' Granda
Ospedale Maggiore Policlinico, Milan, Italy and written informed
consent was obtained from all enrolled patients or their parents.

2.1 | Statistical analysis

The chi-squared test was used to compare the rate of menorrhagia
and obstetric complications across different groups of CFDs. The
Mann-Whitney U-test was applied to compare baseline factor activity
levels between live birth and complicated pregnancies. Due to the
small sample size, we performed Fisher’s exact test to assess the

potential association between patients carrying hotspot variants and
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those without. The analyses were conducted using RStudio (2022.7.1
“Foundation” release) as the integrated development environment for

all R-based computations and Excel 2016 (Microsoft).

3 | RESULTS

3.1 | Population
In this study, we included 59 adult females (>12 years old) consisting
of 8 with afibrinogenemia, 15 with hypofibrinogenemia, and 36 with
dysfibrinogenemia. Among them, 33 women (56%) had a total of 71
pregnancies, including 1 pregnancy in afibrinogenemia, 16 pregnancies
in hypofibrinogenemia, and 54 in dysfibrinogenemia. The only recor-
ded pregnancy in an afibrinogenemic case resulted in miscarriage and
was not managed with prophylactic therapy. Given the relatively low
median age of the patients in this study (21 years, range: 12-47 years),
the number of pregnancies observed was limited. This small number of
pregnancies led to the exclusion of pregnancy outcomes in afi-
brinogenemia from further analysis. Therefore, we chose to describe
obstetric complications between hypofibrinogenemia and dysfi-
brinogenemia (women, n = 32, pregnancies, n = 70) (Figure 1A).
Fibrinogen activity levels were assayed at the time of inclusion
with fibrinogen activity levels < 10 mg/dL in afibrinogenemia, median
factor activity levels of 90 mg/dL (range: 33-130 mg/dL) in hypofi-
brinogenemia and 60 mg/dL (range: 30-150 mg/dL) in dysfi-
brinogenemia. The median fibrinogen antigen levels in
hypofibrinogenemia and dysfibrinogenemia were 118 mg/dL (range:
27-155 mg/dL) and 264 mg/dL (range: 184-438 mg/dL), respectively.
Considering women with >1 pregnancy, genetic data were available

for 15 dysfibrinogenemic and 5 hypofibrinogenemic cases.

3.2 | Heavy menstrual bleeding

Of the 59 analyzed women, 21 (36%) experienced HMB. Among the 8
afibrinogenemic cases, 4 (50%) were receiving prophylaxis. Of those
who did not receive prophylaxis, 3 (75%) experienced HMB. However,
there is no significant difference between the proportions of HMB in
hypofibrinogenemic (4/15, 27%) and dysfibrinogenemic (13/36, 36%)
cases (P = .78).

3.3 | Obstetric complications

Considering all cases with >1 pregnancy, a total of 23 dysfi-
brinogenemic cases with 54 pregnancies and 9 hypofibrinogenemic
cases with 16 pregnancies were analyzed (Figure 1A). Among the 70
pregnancies, 45 (64%) resulted in live births, of which 16 (36%) were
complicated by PPH, and none were receiving prophylaxis. Meanwhile,
25 (36%) pregnancies ended in miscarriage with recurrent pregnancy
loss observed in 6 (38%) cases, accounting for 60% of all miscarriages

(Table). Of note, among the available data on the timing of



TABLE

Case Disorder

o U N W

N

10
11
12
13

14
15

16

17
18

19
20
21
22
23

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia
Dysfibrinogenemia
Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia
Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia
Dysfibrinogenemia
Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia

Dysfibrinogenemia
Dysfibrinogenemia
Dysfibrinogenemia
Dysfibrinogenemia

Dysfibrinogenemia

Age at
inclusion

32
49

52
41
67
25

25
73
28

49
44
39
50

61
76

49

28
40

39
36
46
51
29

Pregnancy Miscarriage Miscarriage

(n)
1
2

(n)
1
1

o O o

N

o O o

trimester
NA®

NA

NA
NA
NA

After the first
trimester

NA
NA

Before the first
trimester

NA
NA
NA

Before the first
trimester

NA

After the first
trimester

Before the first
trimester

NA

Before the first
trimester

NA
NA
NA
NA

Before the first

Live
births

o O N N

Obstetric complications and characteristics of women who experienced pregnancy.

Fibrinogen
activity
(mg/dL)™®

152
35

66
71
124

106

61
74

91

52
77
139

42

43

45

48

37

60

50
86
51
72

60

cDNA
¢.1410dupT
¢.114G>C

c.901C>T
c.902G>A
¢.1410dupT
NA

NA
c.902G>A
NA

c.112A>G
c.112A>G
NA
c1151C>G

NA
c.901C>T

c.901C>T

NA
NA

NA
c.902G>A
c.901C>T
c.112A>G
NA

Protein
p.Gly471TrpfsTer3

p.Arg38Ser

p.Arg301Cys
p.Arg301His
p.Gly471TrpfsTer3

NA

NA
p.Arg301His

NA

p.Arg38Gly
p.Arg38Gly
NA

p.Ser384Cys

NA

p.Arg301Cys

p.Arg301Cys

NA

NA

NA
p.Arg301His
p.Arg301Cys
p.Arg38Gly
NA

Gene
FGA
FGA

FGG
FGG
FGA
NA

NA
FGG
NA

FGA
FGA
NA

FGG

NA
FGG

FGG

NA
NA

NA
FGG
FGG
FGA
NA

transcript
Frameshift

Missense

Missense
Missense
Frameshift

NA

NA
Missense

NA

Missense
Missense
NA

Missense

NA

Missense

Missense

NA

NA

NA

Missense
Missense
Missense

NA

Genotype©
Hetero

Hetero

Hetero
Hetero
Hetero

NA

NA
Hetero

NA

Hetero
Hetero
NA

Hetero

NA

Hetero

Hetero

NA
NA

NA

Hetero
Hetero
Hetero

NA

Exon/

intron ACMG¢ classification

5
2

NA

NA

NA

NA

NA

NA

NA

NA

NA

Likely pathogenic

Uncertain_
significance

Pathogenic
Pathogenic

Likely pathogenic
NA

NA
Pathogenic
NA

Pathogenic
Pathogenic
NA

Uncertain
significance

NA

Pathogenic

Pathogenic

NA
NA

NA
Pathogenic
Pathogenic
Pathogenic
NA

Country
Italy

Italy

Italy
Italy
Italy

us

us
Italy

us

Italy
Italy
Italy

Italy

UK

UK

Italy

UK

Switzerland

Switzerland
Italy

Italy

Italy

Serbia

(Continues)
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TABLE (Continued)
Fibrinogen
Age at  Pregnancy Miscarriage Miscarriage Live  activity Exon/
Case Disorder inclusion (n) (n) trimester births (mg/dL)*® cDNA Protein Gene transcript Genotype® intron ACMGY classification  Country
trimester
24 Hypofibrinogenemia 30 2 0 NA 2 33 c.1001G>A  p.Trp334Ter FGA Nonsense Homo 4 Likely pathogenic The
Netherlands
25 Hypofibrinogenemia 38 1 0 NA 1 90 c.490G>A p.Asp164Asn FGB Nonsense Hetero 3 Likely pathogenic The
Netherlands
26 Hypofibrinogenemia 26 2 0 NA 2 73 c.180+1G>C - FGA  Splice site Hetero Int2 Uncertain_ The
significance Netherlands
27 Hypofibrinogenemia 61 1 0 NA 1 107 c.1024G>A  p.Asp342Asn FGG Missense Hetero 8 Likely pathogenic Italy
28 Hypofibrinogenemia 37 1 0 NA 1 90 c.998A>G p.His333Arg FGG Missense Hetero 8 Likely pathogenic Greece
29 Hypofibrinogenemia 22 4 3 Before the first 1 75 NA NA NA NA NA NA NA Iran
trimester
30 Hypofibrinogenemia 38 2 1 Before the first 1 130 c.709T>C p.Tyr237His FGG Missense  Hetero 7 Likely pathogenic Switzerland
trimester
31 Hypofibrinogenemia 37 1 0 NA 1 51 NA NA NA NA NA NA NA Italy
32 Hypofibrinogenemia 36 2 1 Before the first 1 110 NA NA NA NA NA NA NA Italy

trimester

ACMG, American College of Medical Genetics and Genomics; cDNA, complementary DNA; Int, intron.
®Fibrinogen activity reference range: 160-450 mg/dL. Fibrinogen activity levels were recorded at the time of inclusion.

BFactor activity levels were measured using the Clauss method.
“Homo, homozygous; Hetero, heterozygous.

9The ACMG classification is a standardized framework for interpreting genetic variants, particularly with regard to their potential pathogenicity.
®NA, not available.
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A

Dysfibrinogenemia

N=54

Total cases
N=32
I
Total
pregnancies
N=70
B
Hypofibrinogenemia
N=16

T

\
Live births Miscarriages Live births Miscarriages
N=34 (63%) N=20 (37%) N=11 (69%) N=5 (31%)
Uncomplicated PPH Uncomplicated PPH
N=22 (65%) N=12 (35%) N=7 (64%) N=4 (36%)
B Available data
on prophylaxis
N=69
\
Dysfibrinogenemia Hypofibrinogenemia
N=53 N=16
l \
[ | \ \
Vi On prophylaxis Without On prophylaxis
prophylaxis N=7 prophylaxis N=3
N=46 N=13
! 1 l
[ \ [ \ \ | | \
Uncomplicated EEL] Miscarriage Tranexamic acid Anticoagulant™ Uncomplicated PPH Miscarriage :(::Z?;%::;
N=14 (30%) N=12 (26%) N=20 (43%) N=3 (43%) N=4 (57%) N=4 (31%) N=4 (31%) N=5 (38%) N=3 (100%)
l
Successful Successful

N=7 (100%)

N=3 (100%)

FIGURE 1 Flowchart of study population selection, including total pregnancies and prophylaxis status. (A) Flowchart of pregnancy
outcomes in patients with dysfibrinogenemia and hypofibrinogenemia. The outcomes are further divided into live births, PPH and miscarriages.
(B) Comparison of pregnancy outcomes between cases managed with prophylaxis and those without prophylaxis. *Four patients received
thromboprophylaxis (unfractionated and low molecular weight heparin) because of previous miscarriages. PPH, postpartum hemorrhage.

miscarriages, 8 of 10 patients (80%) experienced >1 miscarriage
during the first trimester of pregnancy.

Of the 54 pregnancies of individuals with dysfibrinogenemia, 34
(63%) resulted in live births, with 22 (65%) being uncomplicated and
12 (35%) complicated by PPH. Additionally, 20 (37%) pregnancies
ended in miscarriage.

Similarly, among the 16 pregnancies in individuals with hypofi-
brinogenemia, 11 (69%) resulted in live birth, with 7 (64%) being
uncomplicated and 4 (36%) complicated by PPH. Moreover, 5 preg-
nancies (31%) resulted in miscarriage. Similarly, among the 16 preg-
nancies in individuals with hypofibrinogenemia, 11 (69%) resulted in
live birth, with 7 (64%) being uncomplicated and 4 (36%) complicated
by PPH. Moreover, 5 pregnancies (31%) resulted in miscarriage. When
considering the severity of hypofibrinogenemia based on fibrinogen
activity levels—severe (< 50 mg/dL), moderate (50-100 mg/dL), and
mild (> 100 mg/dL up to the lower limit of the laboratory reference
range)—only 1 severe case was reported, in which both pregnancies
deliveries, possibly due to prophylactic

resulted in successful

fibrinogen replacement therapy. In moderate and mild cases, live birth
rates were 67% (n = 6) and 60% (n = 3), respectively, while miscarriage
occurred in 33% (n = 3) and 40% (n = 2) of cases. We found no sig-
nificant difference in the rates of PPH and miscarriage between cases
with dysfibrinogenemia and hypofibrinogenemia (P = .66).

Among the 23 dysfibrinogenemic cases, 5 of them with a total of
10 pregnancies were asymptomatic before pregnancy. Of these, 5
pregnancies (50%) resulted in uncomplicated live births (cases, n = 3),
while the remaining 5 (50%) resulted in miscarriage (cases, n = 3).
Notably, 1 individual experienced both successful live births and

complicated pregnancies.

3.4 | Genetic variants and pregnancy complications
Of the 32 women who experienced pregnancies, genetic data were
available for 22 (69%), covering a total of 41 pregnancies: 32 in dys-

fibrinogenemia and 9 in hypofibrinogenemia. In dysfibrinogenemic
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cases, 9 of 16 (56%) carried hotspot variants (p.Arg301Cys/His) in
FGG exon 8 (Table). Among their 19 pregnancies, 14 (74%) resulted in
live births; 6 (43%) of these pregnancies were uncomplicated while 8
(57%) were complicated with PPH. Notably, both hotspot variants are
classified as pathogenic according to American College of Medical
Genetics and Genomics guidelines. The remaining 5 (29%) pregnancies
resulted in miscarriage. Nevertheless, there was no statistically sig-
nificant difference in the rates of miscarriage and PPH between in-
dividuals with and without hotspot variants (P = .94).

3.5 | Fibrinogen replacement prophylaxis and
thromboprophylaxis

Among 31 cases with available prophylaxis data, 10 pregnancies
received prophylaxis, all resulting in successful outcomes (Figure 1B).
Among 7 treated pregnancies in dysfibrinogenemic cases, 3 received
tranexamic acid, while the remaining 4 were managed solely with
antithrombotic prophylaxis (unfractionated heparin and low molecular
weight heparin) after previous recurrent miscarriages. All pregnancies
proceeded without PPH. All 3 pregnancies in women with hypofi-
brinogenemia were treated with fibrinogen concentrate, likely due to
a history of bleeding diathesis, including hematoma, intermenstrual
vaginal bleeding, and bleeding after tooth extraction.

In contrast, of the 59 pregnancies (46 in dysfibrinogenemia and
13 in hypofibrinogenemia) not managed with prophylaxis, 34 (58%)
resulted in live births, of which 18 (53%) were without complications,
16 (47%) were complicated by PPH, and 25 (42%) of all pregnancies
ended in miscarriage, with 75% occurring in the first trimester
(Figure 2A, B).

Among 53 pregnancies in patients with dysfibrinogenemia, 46
were not managed with prophylaxis. Of 26 live birth deliveries, 14
(54%) had a successful outcome, 12 (46%) resulted in PPH, and 20
(43%) pregnancies ended in miscarriage (Figure 1B). Similarly, among
16 pregnancies in hypofibrinogenemic patients, 13 were not managed
with prophylaxis. Among 8 live births, 4 (50%) had a successful
outcome, 4 (50%) resulted in PPH, and 5 (38%) pregnancies ended in
miscarriage (Figure 2A, B).

4 | DISCUSSION

Women with inherited bleeding disorders are at an increased risk of
HMB and pregnancy-related bleeding; however, data on obstetric
complications in cases of CFDs remain limited. This study, as part of
the PRO-RBDD cohort, investigated HMB and obstetric complications
in individuals with CFDs, with a particular focus on dysfibrinogenemia
and hypofibrinogenemia. As afibrinogenemic cases are generally more
severe and typically diagnosed at an early age, the cases included in
this study also had a relatively low median age of 21 years, which may
have contributed to the limited number of pregnancies observed.
The rate of HMB did not differ significantly between dysfi-

brinogenemic and hypofibrinogenemic cases, with reported rates of
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36% and 27%, respectively. Similar to our previous study, HMB was
identified as the most prevalent symptom in CFD cases, with a prev-
alence of 33% [23]. However, the rate of HMB in afibrinogenemic
patients who did not receive prophylaxis was 75%. Similarly, in both
the RBiN (Rare Bleeding Disorders in the Netherlands) and QualyAfib
(Quality of Life in Patients With Congenital Afibrinogenemia) studies,
HMB was reported in over 50% and 73.7% of the CFD population,
respectively [24,25]. This suggests that the occurrence of HMB in
individuals with afibrinogenemia, particularly those are not on pro-
phylactic treatment, may be a common and significant clinical feature
across different patient cohorts.

The percentages of live birth and PPH in our study were 64% and
23%, respectively, which are almost comparable to the findings of a
previous study by Hugon-Rodin et al. [11] (74% and 20%) and notably
higher than the PPH rate in the general population (1%-10%) [26].
Consistent with findings from this study, the prevalence of live births
in cases of dysfibrinogenemia (63%) and hypofibrinogenemia (69%)
was comparable (76.2% vs 71.1%) [11]. However, live births were
slightly more frequent in cases of hypofibrinogenemia.

Among the total deliveries in dysfibrinogenemia, 22% resulted in
PPH, with none of these cases receiving treatment. This rate is similar
to that observed in 2 previous studies, which reported PPH rates of
21% and 20.7% [5,11]. In the Fibrinogest study, the rate of PPH in
women with hypofibrinogenemia was reported at 18.2%, which was
lower than the rate observed in our study [11]. However, considering
live births, the comparable rates of PPH for dysfibrinogenemia (35%)
and hypofibrinogenemia (36%) highlight that both conditions pose
substantial risks during pregnancy, emphasizing the need for vigilant
monitoring and timely intervention. Notably, bleeding during preg-
nancy occurred exclusively in dysfibrinogenemic cases, albeit with a
low frequency (n = 2, 4%), and none of these cases were on
thromboprophylaxis.

In this study, the rate of miscarriage (36%) was higher than those
observed in both the European and North American general pop-
ulations (10%-20%) and the Fibrinogest study (13%) [11,27,28].
However, it was lower than that reported by Haverkate et al. [15]
(47%), likely due to the inclusion of patients with thrombotic-related
fibrinogen variants in their cohort. In a previous study by Casini
et al. [5], the miscarriage rate in dysfibrinogenemia was 19.8% based
on 111 pregnancies. Our study observed a higher rate of 37%,
possibly due to the inclusion of more severe cases with greater ob-
stetric complications. According to a few documented case reports,
hypofibrinogenemia has been associated with recurrent miscarriages,
although at a lower rate than other CFDs [29]. Nevertheless, the
higher rate observed in this study (31%) underscores the critical need
for careful management of pregnancies in affected women.

Interestingly, pregnancies in asymptomatic cases with dysfi-
brinogenemia were associated with miscarriage (50%). This suggests
that pregnancy can lead to complications even in asymptomatic in-
dividuals with dysfibrinogenemia. Therefore, asymptomatic cases with
dysfibrinogenemia should also be considered for routine follow-up and
may benefit from prophylactic fibrinogen replacement therapy during

pregnancy.
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Baseline factor activity levels showed no significant difference
between women with CFD with live births and those with mis-
carriages, nor between those who experienced PPH and those who
did not (P = .98 and P = .69, respectively). Due to the limited sample
size, these findings were not included in the results. Therefore, further
studies focused specifically on a large number of patients with hypo-
fibrinogenemia could provide valuable insights into the role of factor
activity in predisposing individuals to obstetric complications.

The hotspot variants p.Arg301His/Cys in FGG were identified in
56% of dysfibrinogenemic cases. Although these cases experienced
obstetric complications, with 57% experiencing PPH and 29% of
pregnancies resulting in miscarriage, no significant difference was
found between cases with and without hotspot variants (P = .94).
Similarly, in a cohort of 101 dysfibrinogenemia cases, hotspot variants
were not found to be associated with pregnancy complications [5].

The findings from this study showed the critical importance of
prophylactic measures in improving pregnancy outcomes for women

with CFDs. Since only 39% of those who were not on prophylaxis

FIGURE 2 Comparison of pregnancy
outcomes between dysfibrinogenemic and
hypofibrinogenemic cases without
prophylaxis. (A) The chart shows the
percentage of live births and miscarriages
for each condition. The severity of
hypofibrinogenemia is based on the
fibrinogen activity level (severe: < 50 mg/dL;
moderate: 50-100 mg/dL; mild: > 100 mg/dL
to the lower limit of laboratory reference
range). (B) Considering live births in patients
who were not receiving prophylaxis, the
percentages of uncomplicated deliveries and
those complicated by PPH were compared
between dysfibrinogenemia and
hypofibrinogenemia. There was 1 case of
severe hypofibrinogenemia with 2
successful deliveries, both of which occurred
under prophylaxis. hypo,
hypofibrinogenemia; PPH, postpartum
hemorrhage.

Dysfibrinogenemia

54%

'

Dysfibrinogenemia

achieved successful outcomes, this demonstrates the considerable
risks associated with inadequate management of CFDs during preg-
nancy. The high rates of miscarriage (42%) and PPH (27%) in the
nonprophylaxis group further emphasize the vulnerability of these
patients. Interestingly, the absence of a significant difference in out-
comes between hypofibrinogenemic and dysfibrinogenemic cases
without prophylaxis suggests that both conditions present comparable
risks when left untreated. Therefore, although the rate of live births in
individuals with CFDs was high (64%), these pregnancies were still
associated with complications. This highlights the potential benefit of
prophylactic measures in preventing severe outcomes, taking into
account both the family and the patient’s history of bleeding or
thrombotic events.

The management of dysfibrinogenemia during pregnancy poses
unique challenges due to the risk of both bleeding and thrombosis
[30]. Our dysfibrinogenemic patient, who had successful deliveries
with thromboprophylaxis, suggests that careful selection and consid-

eration of anticoagulant therapy can contribute to positive pregnancy
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outcomes in women with dysfibrinogenemia, particularly those with a
history of recurrent miscarriages. However, due to the rarity and
variability of this condition, a tailored approach should be based on a
thorough multidisciplinary evaluation, with family history playing a
key role in guiding treatment decisions.

This study had several limitations, including incomplete data on
prophylaxis, the timing of miscarriages, lack of information on the type
of delivery, and the absence of genetic results for some cases. Addi-
tionally, the low sample size limited our ability to assess the associa-
tion between fibrinogen concentration and the risk of obstetric
complications. This also hindered our ability to determine threshold
levels required to prevent bleeding and miscarriages. Nevertheless,
maintaining fibrinogen activity levels > 100 mg/dL during pregnancy
and > 150 mg/dL during labor is recommended [13]. In addition, there
may be a potential bias due to the inclusion of a higher proportion of
symptomatic women, although 22% of the cases were diagnosed
incidentally, either before surgery or through familial analysis.

5 | CONCLUSION

This study examined HMB and obstetric complications in women with
CFDs, analyzing data from 70 pregnancies as part of the PRO-RBDD
study. The HMB occurrence did not differ between patients with
hypofibrinogenemia and those with dysfibrinogenemia. The rate of
miscarriage and PPH in women with CFDs was substantially higher
than that observed in the European and North American populations.
Although live birth rates are high in women with hypofibrinogenemia
and dysfibrinogenemia, pregnancies can still be complicated by ob-
stetric challenges, even in asymptomatic cases. In this study, no sig-
nificant difference in obstetric complications was found between
afibrinogenemia and hypofibrinogenemia. Early CFD diagnosis before
pregnancy, combined with the appropriate prescription of procoagu-
lant and/or anticoagulant prophylaxis, may serve as an effective pre-

ventive strategy.

ACKNOWLEDGMENTS

The authors acknowledge P. M. Mannucci for his insightful guidance in
preparing this manuscript. We also thank Paolo Lanzi for constructing
the database, and we are deeply appreciative of the contributions
made by all physicians and individuals involved in the Prospective

Rare Bleeding Disorders Database project.

FUNDING

This study was part of the European Haemophilia Network (EUHA-
NET) project, supported by the European Commission via its Execu-
tive Agency for Health and Consumers (EAHC). This research was
partially supported by the Italian Ministry of Health (Bando Ricerca
Corrente). The Hemostasis & Thrombosis Unit of the Fondazione
Istituto di Ricovero e Cura a Carattere Scientifico Ca’ Granda Ospe-
dale Maggiore Policlinico is a member of the European Reference

Network on Rare Haematological Diseases EuroBloodNet (Project ID

rpﬂ.‘ 9 of 10

esearch & practice
in thrombosis & haemostasis

No. 101157011). EuroBloodNet (European Reference Network) is
partly cofunded by the European Union within the framework of the
Fourth European Union Health Programme. The Department of
Pathophysiology and Transplantation, University of Milan, is funded
by the Italian Ministry of Education and Research (MUR): Dipartimenti
di Eccellenza Program 2023 to 2027.

AUTHOR CONTRIBUTIONS

S.M. and F.P. designed the study. F.P., R.P., and M.Menegatti designed
and constructed the database in collaboration with P.L. (Paolo Lanzi,
Taomix srl). S.M extracted and analyzed the data and wrote the
manuscript. S.M. performed statistical analysis. F.P.,, R.P., and
M.Menegatti critically revised the manuscript. All authors are mem-
bers of the Prospective Rare Bleeding Disorders Database group and

have reviewed and approved the final manuscript.

RELATIONSHIP DISCLOSURE

F.P. reports participation at educational meetings/symposia of
Takeda/Spark and the advisory boards of Sanofi, Sobi, CSL Behring,
Roche, and BioMarin. A. Casini reports grant and fees paid to his
institution from Roche, Sobi, LFB, and Novo Nordisk and has partici-
pated in advisory boards for Sobi. H.P. reports participation in the
advisory boards of Sobi, NovoNordisk, Roche, and Pfizer. The other

authors state that they have no conflicts of interest.

ORCID

Flora Peyvandi "= https://orcid.org/0000-0001-7423-9864

X

Samin Mohsenian X @Samin_Mohsenian
Roberta Palla X @ciukolotta

Michael Makris X @ProfMakris

Flora Peyvandi X @flora_peyvandi

REFERENCES

[1] Paraboschi EM, Duga S, Asselta R. Fibrinogen as a pleiotropic protein
causing human diseases: the mutational burden of Aa, Bp, and y
chains. Int J Mol Sci. 2017;18:2711.

[2] Casini A, Undas A, Palla R, Thachil J, de Moerloose P, Subcommittee
on Factor Xl and Fibrinogen. Diagnosis and classification of
congenital fibrinogen disorders: communication from the SSC of the
ISTH. J Thromb Haemost. 2018;16:1887-90.

[3] Neerman-Arbez M, de Moerloose P, Casini A. Laboratory and ge-
netic investigation of mutations accounting for congenital fibrinogen
disorders. Semin Thromb Hemost. 2016;42:356-65.

[4] Casini A, de Moerloose P, Neerman-Arbez M. Clinical features and
management of congenital fibrinogen deficiencies. Semin Thromb
Hemost. 2016;42:366-74.

[5] Casini A, Blondon M, Lebreton A, Koegel J, Tintillier V, de Maistre E,
et al. Natural history of patients with congenital dysfibrinogenemia.
Blood. 2015;125:553-61.

[6] Lak M, Keihani M, Elahi F, Peyvandi F, Mannucci PM. Bleeding and
thrombosis in 55 patients with inherited afibrinogenaemia. Br J
Haematol. 1999;107:204-6.

[71 Mohsenian S, Palla R, Menegatti M, Cairo A, Lecchi A, Casini A, et al.
Congenital fibrinogen disorders: a retrospective clinical and genetic


https://orcid.org/0000-0001-7423-9864
https://orcid.org/0000-0001-7423-9864
https://orcid.org/0000-0001-7423-9864
https://x.com/Samin_Mohsenian
https://x.com/Samin_Mohsenian
https://x.com/ciukolotta
https://x.com/ciukolotta
https://x.com/ProfMakris
https://x.com/ProfMakris
https://x.com/flora_peyvandi
https://x.com/flora_peyvandi
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref1
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref1
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref1
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref1
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref1
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref2
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref2
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref2
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref2
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref3
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref3
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref3
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref4
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref4
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref4
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref5
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref5
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref5
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref6
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref6
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref6
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref7
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref7

10 of 10 rpm

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

MOHSENIAN ET AL

research & practice §
in thrombosis & haemostasis

analysis of the Prospective Rare Bleeding Disorders Database. Blood
Adv. 2024;8:1392-404.

lwaki T, Sandoval-Cooper MJ, Paiva M, Kobayashi T, Ploplis VA,
Castellino FJ. Fibrinogen stabilizes placental-maternal attachment
during embryonic development in the mouse. Am J Pathol.
2002;160:1021-34.

Peyvandi F, Bidlingmaier C, Garagiola |. Management of pregnancy
and delivery in women with inherited bleeding disorders. Semin Fetal
Neonatal Med. 2011;16:311-7.

Bannow BS, Konkle BA. Inherited bleeding disorders in the obstetric
patient. Transfus Med Rev. 2018;32:237-43.

Hugon-Rodin J, Carriére C, Claeyssens S, Trillot N, Drillaud N, Biron-
Andreani C, et al. Obstetrical complications in hereditary fibrinogen
disorders: the Fibrinogest study. J Thromb Haemost. 2023;21:2126-36.
Kadir RA, Davies J, Winikoff R, Pollard D, Peyvandi F, Garagiola |,
et al. Pregnancy complications and obstetric care in women with
inherited bleeding disorders. Haemophilia. 2013;19(suppl 4):1-10.
Mohsenian S, Mannucci PM, Menegatti M, Peyvandi F. Rare
inherited coagulation disorders: no longer orphan and neglected. Res
Pract Thromb Haemost. 2024;8:102460. https://doi.org/10.1016/j.
rpth.2024.102460

Casini A, Abdul Kadir R, Abdelwahab M, Manco-Johnson MJ, Raut S,
Ross C, et al. Management of pregnancy and delivery in congenital
fibrinogen disorders: communication from the ISTH SSC Subcommittee
on Factor XlII and Fibrinogen. J Thromb Haemost. 2024;22:1516-21.
Haverkate F, Samama M. Familial dysfibrinogenemia and thrombo-
philia. Report on a study of the SSC Subcommittee on Fibrinogen.
Thromb Haemost. 1995;73:151-61.

Valiton V, Hugon-Rodin J, Fontana P, Neerman-Arbez M, Casini A.
Obstetrical and postpartum complications in women with hereditary
fibrinogen disorders: a systematic literature review. Haemophilia.
2019;25:747-54.

Quenby S, Gallos ID, Dhillon-Smith RK, Podesek M, Stephenson MD,
Fisher J, et al. Miscarriage matters: the epidemiological, physical,
psychological, and economic costs of early pregnancy loss. Lancet.
2021;397:1658-67.

Menegatti M, Palla R, Boscarino M, Bucciarelli P, Muszbek L,
Katona E, et al. Minimal factor XIII activity level to prevent major
spontaneous bleeds. J Thromb Haemost. 2017;15:1728-36.
Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al.
Standards and guidelines for the interpretation of sequence variants:

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

a joint consensus recommendation of the American College of
Medical Genetics and Genomics and the Association for Molecular
Pathology. Genet Med. 2015;17:405-24.

Peyvandi F, Di Michele D, Bolton-Maggs PH, Lee CA, Tripodi A,
Srivastava A, et al. Classification of rare bleeding disorders (RBDs)
based on the association between coagulant factor activity and
clinical bleeding severity. J Thromb Haemost. 2012;10:1938-43.
Higham JM, O’Brien PM, Shaw RW. Assessment of menstrual blood
loss using a pictorial chart. Br J Obstet Gynaecol. 1990;97:734-9.
World Health Organization. WHO recommendations on the
assessment of postpartum blood loss and treatment bundles for
postpartum haemorrhage. https://iris.who.int/handle/10665/375
231. [accessed December 13. 2023].

Mohsenian S, Seidizadeh O, Palla R, Jazebi M, Azarkeivan A,
Moazezi S, et al. Diagnostic utility of bleeding assessment tools in
congenital fibrinogen deficiencies. Haemophilia. 2023;29:827-35.
Saes JL, Verhagen MJA, Meijer K, Cnossen MH, Schutgens REG,
Peters M, et al. Bleeding severity in patients with rare bleeding
disorders: real-life data from the RBiIN study. Blood Adv.
2020;4:5025-34.

Casini A, von Mackensen S, Santoro C, Djambas Khayat C,
Belhani M, Ross C, et al. Clinical phenotype, fibrinogen supplemen-
tation, and health-related quality of life in patients with afi-
brinogenemia. Blood. 2021;137:3127-36.

Blaha J, Bartosova T. Epidemiology and definition of PPH worldwide.
Best Pract Res Clin Anaesthesiol. 2022;36:325-39.

Linnakaari R, Helle N, Mentula M, Bloigu A, Gissler M,
Heikinheimo O, et al. Trends in the incidence, rate and treatment of
miscarriage-nationwide register-study in Finland, 1998-2016. Hum
Reprod. 2019;34:2120-8.

Rossen LM, Ahrens KA, Branum AM. Trends in risk of pregnancy loss
among US women, 1990-2011. Paediatr Perinat Epidemiol.
2018;32:19-29.

Sucker C, Geisen C, Schmitt U, Zawislak B. Hypofibrinogenemia and
miscarriage: report of a first successful pregnancy under fibrinogen
substitution and short review of the literature. Arch Clin Cases.
2022;9:100-3.

Langer M, Manire M, Clarkson M, Samhouri Y, Shah D,
Bhagavatula R. Management of congenital dysfibrinogenemia in
pregnancy: a challenging patient case. Res Pract Thromb Haemost.
2021;5:€12619. https://doi.org/10.1002/rth2.12619


http://refhub.elsevier.com/S2475-0379(25)00284-5/sref7
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref7
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref8
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref8
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref8
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref8
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref9
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref9
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref9
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref10
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref10
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref11
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref11
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref11
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref11
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref12
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref12
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref12
https://doi.org/10.1016/j.rpth.2024.102460
https://doi.org/10.1016/j.rpth.2024.102460
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref14
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref14
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref14
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref14
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref15
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref15
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref15
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref16
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref16
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref16
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref16
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref17
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref17
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref17
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref17
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref18
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref18
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref18
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref19
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref19
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref19
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref19
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref19
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref20
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref20
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref20
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref20
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref21
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref21
https://iris.who.int/handle/10665/375231
https://iris.who.int/handle/10665/375231
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref23
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref23
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref23
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref24
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref24
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref24
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref24
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref25
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref25
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref25
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref25
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref26
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref26
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref26
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref26
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref26
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref27
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref27
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref27
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref27
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref28
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref28
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref28
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref29
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref29
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref29
http://refhub.elsevier.com/S2475-0379(25)00284-5/sref29
https://doi.org/10.1002/rth2.12619

	Gynecologic and obstetric complications in women with congenital fibrinogen disorders: insights from the Prospective Rare B ...
	1. Background
	2. Material and Methods
	2.1. Statistical analysis

	3. Results
	3.1. Population
	3.2. Heavy menstrual bleeding
	3.3. Obstetric complications
	3.4. Genetic variants and pregnancy complications
	3.5. Fibrinogen replacement prophylaxis and thromboprophylaxis

	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Relationship Disclosure
	References


