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Essentials

Abstract

Background: Despite the wide use of bleeding scores and the reliability of clotting
factor level measurement, bleeding risk stratification before surgery remains chal-
lenging in patients with rare inherited bleeding disorders.

Objectives: This multicenter observational prospective study assessed in patients with
rare coagulation factor deficiency, the perioperative hemostatic management choices
by hemostasis experts and the bleeding outcomes after surgery.

Methods: One hundred seventy-eight patients with low coagulation activity level
(factor [F] Il, FV, combined FV-FVIII, FVII, FX, or FXI <50%) underwent 207 surgical
procedures. The bleeding outcome, Tosetto’s bleeding score, and perioperative he-
mostatic protocols were collected.

Results: Among the 81 procedures performed in patients with severe factor deficiency
(level <10%), 27 were done without factor replacement (including 6 in patients at high
bleeding risk), without any bleeding event. Factor replacement therapy was used mainly
for orthopedic procedures. In patients with mild deficiency, 100/126 surgical proced-
ures were carried out without perioperative hemostatic treatment. In patients with
FVII or FXI deficiency, factor replacement therapy was in function of the procedure,
bleeding risk, and to a lesser extent previous bleeding history. Tranexamic acid was
used in almost half of the procedures, particularly in case of surgery in tissues with high
fibrinolytic activity (76.8%).

Conclusions: The current perioperative hemostatic management of patients with rare
bleeding disorders appears to be adapted. Among the 207 procedures, only 6 were
associated with excessive bleeding. Our findings suggest that rather than the bleeding
score, factor level and surgery type are the most relevant criteria for perioperative
factor replacement therapy.

KEYWORDS
bleeding score, hemorrhagic disorders, rare bleeding disorder, replacement therapy, surgery,
tranexamic acid

 Surgical bleeding risk management is challenging in rare bleeding disorders.

« This multicenter, prospective study evaluated patients with rare bleeding disorders undergoing surgery.

« There were very few bleeding events overall with tranexamic acid as the mainstay.

« Both surgery type and plasma coagulation factor level were key in perioperative decision-making.

1 | INTRODUCTION

ranges from 1/300 000 to 1/3 000 000 in function of the concerned
factor (F): FlI, FV, FVII, FX, FXI, FXIII, or combined FV and FVIII [1].

Rare bleeding disorders (RBDs) are inherited coagulation factor de- Due to RBD rarity, many registries have been set up to collect caus-

ficiencies, with the exception of hemophilia and von Willebrand dis- ative mutations, factor levels, and retrospective clinical data [2-4].

ease. The prevalence of homozygous or combined heterozygous forms These registries are well documented, but often focus on patients with
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severe deficiencies and very low coagulation factor levels. For patients
with severe deficiency (ie, factor level <10%), bleeding severity is
strongly correlated with the coagulation factor level, except for FVII
and FXI deficiencies, and the treatment guidelines are well codified.
Conversely, patients with mild deficiency (factor level >10%) display a
wide clinical heterogeneity, even among individuals with the same
deficiency, and there is no consensus on their management. Therefore,
the health care professionals’ expertise is crucial. As a result, pre-
scribing rules have often been arbitrarily defined according to hypo-
thetical hemostatic thresholds often derived from those used for
other more frequent inherited coagulation factor deficiencies, such as
hemophilia A and B. Patients with RBDs, often receive factor con-
centrates or recombinant products, when available, or fresh frozen
plasma [5]. However, these factor replacement therapies may be un-
necessary and might lead to additional costs or potential immunologic
or thrombotic risks. Therefore, treatment guidelines are still needed
for RBDs, particularly in the context of surgery.

In patients with RBDs, excessive bleeding during surgery, invasive
procedures or childbirth is a feared complication and presurgery
bleeding risk stratification is still difficult. Indeed, patients with RBDs
cannot be classified only on the basis of the coagulation factor level
because of the often-poor relationship between coagulation factor
level and bleeding severity, particularly for FVII or FXI deficiency [6].
Therefore, it is also important to collect the detailed bleeding history
and to use clinical bleeding scores, such as the International Society on
Thrombosis and Haemostasis bleeding assessment tool score devel-
oped for von Willebrand disease [7] or the more recent bleeding score
adapted to RBDs [8]. Due to RBD rarity, a controlled randomized
study would be difficult to conduct.

Here, we performed a multicenter, observational, prospective
study to assess the preventive and therapeutic hemostatic approaches
adopted before surgery or delivery, and their efficacy in patients with
inherited RBDs. The biological (factor levels), clinical (bleeding scores),
and surgical (bleeding risk levels) criteria collected were compared
with the hemostatic management choice (treatment or only moni-

toring), and the reported bleeding complications.

2 | MATERIALS AND METHODS

2.1 | Patients

This multicenter, prospective, observational study included 178 pa-
tients (61 men, 117 women, M/F sex ratio = 0.52) enrolled at 33
French hemophilia centers from May 2012 to February 2019
(Table 1). The inclusion criteria were: scheduled surgery in patients
with low coagulation activity level (<50% for FII, FV, FVII, FX, and FXI;
<20% for FXIII; <50% for combined FV and FVIII deficiency). Ac-
quired deficiencies were ruled out by personal and family medical
histories, clotting factor inhibitor assays, and in some cases genetic
analyses. The study protocol was approved by the National Institu-
tional Review Board comité de protection des personnes (opinion of
June 14, 2011 and December 21, 2012), Comité Consultatif sur le
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Traitement de I'Information en matiére de Recherche dans le domaine
de la Santé (dossier n. 11.116), and commission nationale de I'infor-
matique et des libertés (declaration n° 1514311).

2.2 | Data collection

Anamnestic and clinical data were collected before the scheduled
surgical procedure using a standardized questionnaire during a face-
to-face interview by a specialized hemostasis practitioner. The ques-
tionnaire focused on bleeding type and frequency to calculate the
Tosetto’s bleeding score [7]. The Tosetto’s bleeding score offers a
quantitative evaluation of bleeding symptoms with a “-1” grade for
each uneventful hemostatic challenge performed without any
replacement therapy and an additional “4” grade of bleeding severity
was for each bleeding symptom [7]. It could theoretically range from
“-3” (no spontaneous bleeding symptom and no bleeding after surgical
procedures) to “+45” (most severe bleed for all symptoms). In the
present study, the cut-off value for the bleeding score was chosen to
be >4, irrespective of gender, since all males and females of the
control group in the initial study conducted in 2006 by Tosetto et al.
[7]1 had a score strictly below 4. In addition, all previous surgical
procedures were carefully recorded, including bleeding outcomes and
the perioperative hemostatic protocol: no procoagulant treatment,
factor replacement therapy, and/or tranexamic acid, (TA). Throughout
the text, patients are divided in 2 groups: without and with periop-
erative factor replacement therapy (ie, infusion of recombinant or
plasma-derived concentrate of the deficient coagulation factor). Then,
data on the bleeding outcome were directly collected by the physician
who followed the patient or by contacting the surgery department.
Local investigators reported excessive postoperative bleeding as
bleeding in the early postoperative period that was greater than ex-
pected. However, some of these were reclassified by the authors upon
review of individual cases. Excessive postoperative bleeding was
defined as bleeding for the type of procedure performed and occur-
ring at the surgical site during the procedure and in the following days.
Severe deficiencies were defined by a factor level < ou = to 10%, and
all the others as mild deficiencies.

Each invasive procedure was classified as having high or moder-
ate/low intrinsic bleeding risk according to a recent classification [9],
except for gynecologic-obstetrical procedures that were categorized
by 2 independent physicians, blinded to the results. All surgeries
concerning the urinary tract and ear, nose, and throat (ENT) [10] were
considered as interventions at sites with high local fibrinolytic activity.

2.3 | Statistic analysis

The patients’ characteristics are presented using percentages for
categorical variables and median (minimum to maximum) for quanti-
tative variables due to their non-Gaussian distribution. Surgical pro-
cedures were considered as statistical events. Variables of interest

were compared between groups (with vs without perioperative factor
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TABLE 1

Baseline characteristics of the 178 patients included in the study. Due to ethical constraints, race/ethnicity of participants are not

available. However, all studied patients live in France and have similar sociocultural determinants.

Factor Age (y) median
deficiency Patients Sex (min-max)
FVII 100 M 33 43 (0-84)
F 67 28 (0-76)
EXI 56 M 21 35 (4-82)
F 35 31 (14-86)
Fll 1 M 1 NA
F 0 NA
FV 14 M 4 17 (1-31)
F 10 21 (15-37)
FV+FVIII 3 M 1 NA
F 2 52 (41-64)
FX 4 M 1 NA
F S 51 (34-69)
Total 178 M 61 32 (0-84)
F 117 31 (0-86)

replacement therapy) with the Student’s t or the Mann-Whiney U-
test for continuous variables, and with the Chi-squared or Fisher exact
test for categorical variables. An approximate 95% Cl was determined
for every statistical analysis, and a P value < .05 was considered
statistically significant. Statistical analyses were performed using SAS
9.1 (SAS Institute, Cary, North Carolina).

3 | RESULTS

3.1 | Baseline characteristics

In total, 207 surgical procedures were performed in 178 patients
(Table 2). Twelve patients underwent more than one surgical pro-
cedure (1-5 procedures). Patients with FVII and FXI deficiency were
the most represented: 118 (57.0% of 207) and 64 (30.9%) surgical
procedures, respectively (Table 2). Fourteen (6.8%) surgical proced-
ures were performed in patients with FV deficiency, and 11 in-
terventions in patients with FX, Fll and combined FV and FVIII

deficiency. No surgery concerned patients with FXIII deficiency.

3.2 | Patients with severe factor deficiency
3.2.1 | Characteristics of patients without
perioperative factor replacement therapy

Among the 81 surgical procedures performed in patients with severe
factor deficiency, 27 (33.3%) were performed without perioperative

factor replacement (Table 2), particularly tooth extractions (10/13,

Patients with Patients with factor

factor level <10% level >10% Surgeries
15 18 38
21 46 80
5 16 25
12 23 39
0 1 1
0 0 0
1 3 4
0 10 10
1 0 1
1 1 2
0 1 1
1 2 6
22 39 70
35 82 137

76.9%) and gynecologic procedures including delivery (7/19, 36.8%).
Conversely, all orthopedic procedures but one (14/15, 93.3%) were
performed with perioperative factor replacement therapy. TA was
used in most tooth extractions (11/13, 84.6%), in 6/15 (40%) ortho-
pedic surgery, and 5/19 (26.3%) gynecologic/obstetrical procedures
(Table 3).

Among the 27 procedures without perioperative factor replace-
ment, 6 were at high bleeding risk: 2 multiple tooth extractions, 1 knee
ligamentoplasty, 1 large ethmoidectomy/sphenoidotomy, 1 inguinal
hernia surgery, and 1 hysterectomy. Specifically, the multiple tooth
extractions, ethmoidectomy, and ligamentoplasty were performed with
TA, whereas the hysterectomy and hernia surgery were performed
without any perioperative hemostatic treatment. No surgery-related
bleeding was reported for these 6 patients among whom 3 with FVII
deficiency (FVII:C levels between 5% and 8%) and 3 with FXI deficiency
(FXI:C levels between 1% and 2%). The Tosetto’s bleeding score varied
from -2 up to 7 (in a patient with multiple tooth extraction).

Among the 6 patients with severe FV, FV and FVIII, or FX defi-
ciency (Table 2), 3 underwent interventions at high bleeding risk that
were all managed with factor replacement. The other 3 surgeries were
at low bleeding risk and were managed with (n = 1) and without (n = 2)
factor replacement therapy. None of these 6 procedures was

complicated by bleeding.

3.2.2 | Perioperative factor replacement therapy
Perioperative factor replacement therapy was recorded for 75 surgi-
cal procedures performed in patients with FVII deficiency (n = 51 in-

terventions) and FXI deficiency (n = 24 interventions).
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cases in which postoperative bleeding was excessive are listed.

Surgical interventions in patients with severe coagulation factor deficiency (factor level <10%).
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Surgical procedures and perioperative factor replacement therapy in patients with severe and mild rare bleeding disorders. Only

50f 12

Perioperative Factor level
factor median Age (y), median  Tosetto’s score, High Low  Surgeries with
Factor deficiency Total replacement N (%) (min-max) (min-max) median (min;max)  risk risk bleeding (%)
FViI 51 Yes 39 (76.5) 4 (0-10) 48 (0-84) 4 (-1;34) 24 15 1(2.5)
No 12 (23.5) 6.5 (2-10) 40 (0-84) 4(-1;7) 3 9 0
FXI 24 Yes 11 (45.8) 4.5 (0-10) 55 (17-86) 1(-2;15) 6 5 1(9.9)
No 13 (54.2) 1 (0-10) 31 (22-70) 1(-2;8) 3 10 0
FV 1 Yes 0 NA NA NA NA NA NA
No 1(1000 NA NA NA 0 1 0
FV+FVIII 2 Yes 2 (100) 9 (8-10) NA NA 2 0 0
No 0 NA NA NA NA NA NA
FX 3 Yes 2 (66.7) 2 (2-2) NA NA 1 1 0
No 1(333) NA NA NA 0 1 0
Total 81 Yes 54 (66.7) 4 (0-10) 55 (0-86) 4(-2;34) &L 21 2 (3.7)
No 27 (33.3) 2 (0-10) 35 (0-84) 4(-2;16) 6 21 0
Surgical interventions in patients with mild coagulation factor deficiency (factor level >10%)
Factor level
Factor Perioperative median Age (y), median  Tosetto’s score, High Low  Surgeries with
deficiency Total factor replacement N (%) (min-max) (min-max) median (min;max)  risk risk bleeding (%)
FViI 67 Yes 15 (22.4) 18 (12-39) 32 (6-78) 2(-3;12) 10 5 0
No 52 (77.6) 29 (11-46) 26 (0-78) 3(-3;10) 26 26 1(1.9)
FXI 40 Yes 8 (20) 29.5 (14-41) 35 (14-74) 2(0;10) 5 3 0
No 32 (80) 33.5(14-42) 31 (4-82) 0(-3;6) 17 15 0
Fll 1 Yes 0 NA NA NA NA NA NA
No 1 (100) NA NA NA 1 0 0
FV 13 Yes 0 NA NA NA NA NA NA
No 13 (100) 35 (24-47) 21 (1-37) 0(-1;5) 6 7 0
FV+FVIII 1 Yes 0 NA NA NA NA NA NA
No 1(100) NA NA NA 0 1 0
FX 4 Yes 3(75) 11 (11-33) NA NA 2 1 0
No 1(25) NA NA NA 0 1 0
Total 126 Yes 26 (20.6) 23 (11-41) 35 (6-78) -1(-3;12) 17 9 0
No 100 (79.4) 31(11-49) 27 (0-82) 0(-3;10) 50 50 1(1.0)

In patients with severe FVII deficiency, 39 of 51 (76.5%) surgeries
were managed with recombinant activated factor VII (rFVIla) (Table 2).
Doses ranged from 15 to 30 pg/kg, as recommended by the manufac-
turer for surgery. For 24 surgical procedures, the same dose was used
for all infusions; conversely, a first full-loading dose was followed by
half-dose infusions in 11 surgeries. This choice was not influenced by
the center or the surgery bleeding risk. Treatment duration varied from
1 to 18 days. The shortest treatment concerned gynecologic surgical

procedures by laparoscopy (n = 4), one tonsillectomy, and one liver
transplantation with one day treatment before clotting factor synthesis
recovery. Treatment for orthopedic surgeries (n = 5) lasted >6 days
(Supplementary Table S1A). TA was associated with factor replacement
in 9 of 39 (23.1%) surgical procedures, regardless of the surgery
bleeding risk (n = 5 with high bleeding risk and n = 4 with mild bleeding
risk) and the surgical site fibrinolytic activity (n = 6 with low fibrinolytic
activity and n = 3 with high activity) (Table 4).



TABLE 3

Severe deficiencies (coagulation factor level <10%)

Perioperative factor replacement therapy in function of the surgery type and the severity of factor deficiency.

Gynecology/ Tooth Digestive Maxillofacial Miscellaneous
Orthopedic surgery obstetrical surgery extraction surgery and ENT surgery surgery
N N Untreated (%) TA (%) N Untreated (%) TA (%) N Untreated (%) TA (%) N Untreated (%) N  Untreated (%) N Untreated (%)
All deficiencies 81 15  1(6.7) 6(400) 19 7(36.8) 5(263) 13 10(76.9) 11 (84.6) 10 3(30.0) 4 2(50.0) 20 4(20.0)
F Vil 51 9 O 1 11 1 0 7 5 7 8 2 3 2 13 2
F XI 24 5 1 5 8 6 5 4 3 3 1 1 0O O 6 2
FV 1 0O O 0 0 O 0 1 1 0 0 O 0 O 0 O
F V4Vl 2 0O o 0 0 O 0 0 O 0 0 O 1 0 1 0
F X g 1 0 0 0 O 0 1 1 1 1 0 0 O 0 O
Fll (0] 0O o 0 0 O 0 0 O 0 0 O 0 O 0 O
Mild deficiencies (coagulation factor level >10%)
Gynecology/ Tooth Digestive Maxillofacial Miscellaneous
Orthopedic surgery obstetrical surgery extraction surgery and ENT surgery surgery
N N Untreated (%) TA (%) N Untreated (%) TA (%) N Untreated (%) TA (%) N Untreated (%) N Untreated (%) N Untreated (%)

All deficiencies 126 20 13 (65) 4(20.0) 30 26(86.7) 11(36.7) 21 20(95.2) 16 (76.2) 15 11(73.3) 15 13 (86.7) 25 18 (72.0)
F Vi 67 8 4 1 16° 14 6 11 11 6 9 7 8 6 15 11
FXI 40 8 7 3 9 7 5 7 6 7 4 2 5 5 7 5
FV 13 1 1 0 4 4 0 2 2 2 2 2 2 2 2 2
F V4Vl 1 0 0 0 0 1 1 1 0 O (0] 0
F X 4 2 0 0 1 1 0 0 0 0 0 O 0 1 0
Fll 1 1 1 0 0 0 0 0 0 0 (0] 0

ENT, Ear Nose Throat; Untreated, no perioperative factor replacement (tranexamic acid may have been used)
2All FVII:C levels correspond to baseline levels measured at distance from pregnancy except for one. In this patient FVII:C level was 46%, but the patient was lost to follow-up and the baseline FVII:C level may

have been different.
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TABLE 4 Tranexamic acid (TA) use (alone or with FR therapy) in the 207 surgical procedures.

Severe deficiencies (coagulation factor level <10%)

High fibrinolytics

All procedures TA alone/ TA/ all sites (HFS) TA alone/
Factor TA/ all TA and FR/ treated procedures procedures TA and FR/ treated procedures at HFS
deficiency procedures (%) procedures (%) without FR (%) at HFS (%) procedures at HFS (%) without FR (%)
FVII 17/51 (33) 9/39 8/12 9/11 3/5 6/6
FXI 13/24 (54) 4/11 9/13 3/4 0/1 3/3
FV 1/1 (100) 0 1/1 0/1 0 0/1
FV+FVIII 2/2 (100) 2/2 0 1/1 1/1 0
FX 1/3 (33) 0/2 1/1 1/1 1/1 0
Fll 0 0 0 0 0 0
Total 34/81 (42) 15/54 (28) 18/27 (66) 14/18 (78) 5/8 (62) 9/10 (90)
Mild deficiencies (coagulation factor level >10%)

All procedures HFS
TA and FR/ TA alone/ TA/ all TA and FR/ TA alone/

Factor TA/ all treated procedures procedures treated procedures procedures
deficiency procedures (%) procedures (%) without FR (%) at HFS (%) at HFS (%) without FR (%)
FVII 24/67 (36) 3/15 21/52 13/21 2/2 11/19
FXI 25/40 (62) 4/8 21/32 12/12 1/1 11/11
FV 4/13 (30) 0 4/13 3/4 0/0 3/4
FV+FVIII 1/1 (100) 0 1/1 1/1 0/0 1/1
FX 0/4 (0) 0/3 0/1 0 0 0
Fll 0/1 (0) 0 0/1 0 0 0
Total 54/126 (43) 7/26 (27) 47/100 (47) 29/38 (76) 3/3 (100) 26/35 (74)

FR, factor replacement; HFS, high fibrinolytics sites; TA, Tranexamic acid.

In patients with severe FXI deficiency, plasma-derived FXI
concentrate (pd-FXI, Hemoleven) was used for 11 of 24 (45.8%) sur-
geries among which 6 were at high bleeding risk. The treatment
regimen was heterogeneous (single dose, repeated doses, or one
loading dose followed by lower doses) and treatment duration varied
from 1 day to >6 days (for 3 joint prostheses) (Supplementary
Table S1A). TA was associated in 4 surgical procedures at high
bleeding risk and low fibrinolytic activity.

For other severe deficiencies, perioperative factor replacement
therapy was implemented in 4 surgical interventions: 2 patients with
combined FV and VIII deficiency (n = 1 intervention/each), and one
patient with FX deficiency (n = 2 surgeries). TA was used in the 2 pa-
tients with combined FV and VIII deficiency who underwent surgical
interventions at high bleeding risk of which one with high fibrinolytic
activity (tonsillectomy). The tonsillectomy was performed using first
fresh frozen plasma (FFP) and TA. Then, following a bleeding episode at
day 7 postsurgery, a FVIII concentrate was added for 1 week.

3.2.3 | Bleeding outcomes

In patients with severe factor deficiency, excessive bleeding was re-

ported for 5 of 81 (6.1%) surgeries (including one iatrogenic

pseudoaneurysm of the radial artery and one spontaneous spleen
rupture, without any bleeding complication at the surgery site in both
patients). The spleen rupture occurred after left upper lobectomy for
lung cancer (Table 5). All 5 interventions were performed with factor
replacement therapy (FFP, rFVlla, or pd-FXI concentrate). Only 2
cases were reclassified as cases in which postoperative bleeding was
excessive, one related to the surgery requiring platelet and erythro-
cyte infusions and one corresponding to a bleed at day 7 after ton-
sillectomy. In all other cases, postoperative blood loss was considered
as expected.

3.3 | Patients with mild factor deficiency
3.3.1 | Characteristics of patients without
perioperative factor replacement therapy

Among the 126 surgical procedures in patients with mild factor defi-
ciency, 100 (79.4%) were performed without perioperative factor
replacement (Table 2). TA was used in 54 of these interventions (43%),
particularly for procedures at high fibrinolytic activity sites: tooth
extractions (20/21 procedures; 95.2%), and maxillofacial procedures
(13/14; 93.3%). This is different from what is observed for surgeries in
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Characteristics of the patients with excessive bleeding after surgery. All excessive postoperative bleeding events are listed, and the 3 cases in which postoperative bleeding was

excessive are highlighted in bold.

TABLE 5

Perioperative

Bleeding score
(Tosetto’s)

Patient

Comments

Bleeding

factor replacement

Procedure

Factor level

(age, y)
1 (65)

research & practice
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No bleeding complication at the lobectomy site

Spontaneous spleen rupture at

rFVlla

Left lung

FVII:C = 1%

day 4 postsurgery

lobectomy

Cataract surgery performed afterward without

Pseudoaneurysm of the radial

rFVlla

Nephrectomy

5%

FVII:C

2 (89)

factor replacement, no bleeding

artery following catheterization

ROUSSEAU ET AL.

No bleeding at the surgery site

rFVlla Bruises at the arms

Total knee

9%

FVII:C

3(79)

prosthesis

Platelet and red blood cell transfusions

Excessive bleeding immediately

pd-FXI (at higher doses

Total hip

10%

FXI:C

4 (81)

after surgery and between 24 and 72 h

than recommended*)

prosthesis

Treatment changed to FVIII concentrate and

Excessive bleeding at day 7 postsurgery

FFP and TA

Tonsillectomy

FV:C = 10%

5(13)

FFP from day 7 to day 16

FVIII:C = 10%

Previous uterine curettage without bleeding

Hemoperitoneum

No treatment

10

Ectopic

33%

FVII:C

6 (34)

and without factor replacement

pregnancy

FVII:C, factor VII activity level; FXI:C, factor Xl activity level; pd-FXI, plasma-derived factor XI concentrate; rFVIla, recombinant activated factor VII; FFP, fresh frozen plasma; TA, tranexamic acid.

patients with severe deficiency where TA was used regardless of the

surgery bleeding risk and surgical site fibrinolytic activity.

3.3.2 | Substitutive treatments

In patients with mild FVII or FXI deficiency, most surgeries were
performed without factor replacement therapy (52/67 in patients with
mild FVII and 32/40 in patients with mild FXI deficiency) (Table 2).
Among the 14 procedures in patients with mild FVII deficiency where
rFVlla was used, 9 were at high bleeding risk. As observed for patients
with severe FVII deficiency, 2 regimens were used: one preoperative
dose followed by few doses for 2 to 6 days for high bleeding risk
surgeries (1 heart and 2 orthopedic surgeries), and a single dose (15
ug/Kg) for 5 procedures classified at low bleeding risk (Supplementary
Table S1B). For patients with mild FXI deficiency, a single preoperative
dose of pd-FXI was used in 8 interventions, whatever the bleeding risk
classification (Supplementary Table S1B). Factor replacement therapy
was more frequently used for orthopedic surgical procedures (7/20,
35%) (Table 3).

3.3.3 | Bleeding outcomes

Only one bleeding (1/126, 0.8%) was reported as excessive for the
126 surgeries performed in patients with mild factor deficiency. This
concerned a woman with mild FVII deficiency (FVII:C = 33%) who
underwent surgery for ectopic pregnancy (bleeding score = 10) only
with TA. The patient had previously a uterine curettage also per-

formed only with TA without bleeding.

3.4 | Parameters influencing factor replacement
decision-making

Four parameters might influence the choice of perioperative factor
replacement therapy: (i) the coagulation factor activity level, (ii) the
coagulation factor type, (iii) the surgery type, and (iv) the personal
bleeding history or bleeding score.

For all deficiencies, peri-operative replacement therapy was more
frequently performed when the factor level was <10% (54/81, 66.7%)
compared with 11% to 25% (13/33, 39.4%) and 26% to 50% (13/93,
14.0%) (P < .0001). Moreover, perioperative replacement therapy was
more frequently performed for surgical procedures with high bleeding
risk (50/106; 47.2%) than with mild bleeding risk (30/101; 29.7%) (P =
.0099) (Table 2). Concerning the surgery type (Table 3), orthopedic
procedures were more frequently managed with replacement therapy
(20/34; 58%), particularly in patients with severe than with mild
coagulation factor deficiency (15/16, 93.7% vs 7/20, 35%). The
bleeding score also influenced the decision to offer replacement
therapy. Indeed, such therapy was more frequent in patients with
bleeding score >4 (33/56, 58.9%) than <4 (47/151, 31.1%) (P = .0004)
(Table 6). TA was frequently used (in 88/207, 42.5% of procedures),
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TABLE 6 Influence of the Tosetto’s bleeding score on perioper-
ative factor replacement decision-making.

Bleeding score <4 Bleeding score >4

Factor Factor
n replacement (%) n replacement (%) P
All factors 163 53 (32.5) 44 27 (61.4) <.001
FVII 92 36(39.1) 27 18 (66.7) 013
FXI 56 15 (26.8) 8 4(50) 218
FV 12 0 2 0 NA
FX 2 1 (50) 6 4 (66.7) NA
Other 1 1 (100) 1 1 (100) NA

NA, not applicable.

mainly for surgical procedures at high fibrinolytic sites, such as tooth
extractions and ENT procedures (43/56, 76.8%), compared with other
sites (45/151, 29.8%) (P < .0001). This difference remained significant
whatever the severity of the coagulation factor deficiency (Table 4).
Indeed, TA was used 2.4-fold and 2.7-fold more frequently for pro-
cedures at high fibrinolytic sites than at other sites in patients with
severe (14/18 [78%] vs 20/63 [31.7%], P = .0008) and also mild defi-
ciency (29/38 [76%] vs 25/88 [28.4%], P = .0001).

The coagulation factor type also influenced the decision of offering
replacement therapy as shown by the more frequent administration of
coagulation factor concentrates in patients with severe FVII deficiency
compared with FXI deficiency (39/51,76.5% vs 11/24,45.8%,P =.0168).
Specifically, FVII deficiency severity and the surgery bleeding risk level
were key factors in the replacement therapy decision-making (Figure).
A bleeding score >4 also was associated with a significantly higher rate
of replacement therapy (21/33, 63.6% vs 32/83, 38.6% respectively; P =
.0224). In FXI deficiencies, these 3 parameters also were important for
replacement therapy decision-making, but their association was not
significant as shown in Figure and the absence of significant difference
in the percentage of treated patients with bleeding score >4 (6/12, 50%)
vs <4 (13/52, 25%) (P = .1574).

4 | DISCUSSION

In this study, we report a prospective analysis of 207 minor and major
surgical procedures performed in 178 patients with a RBD. We
wanted to evaluate the perioperative hemostatic management (factor
replacement, TA) by experts at 33 French centers, and specifically the
criteria that might have driven their choice. The ultimate goal was to
contribute to future guidelines for perioperative factor replacement in
RBDs in function of the coagulation factor level and surgery type. As
bleeding events were very rare (6/207), even for surgical in-
terventions performed without perioperative factor replacement
therapy, we focused on the procedures performed without factor
replacement to better understand their hemostatic management (eg,

TA, only monitoring).
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Among the 6 postsurgery bleeding episodes, only 3 were
considered as excessive surgery-related bleeds: (i) a total hip pros-
thesis in a patient with FXI deficiency supplemented with high doses
of pd-FXI who required the transfusion of platelets and red blood
cells; (i) a tonsillectomy in a child with combined FV and VIII severe
deficiency, followed by bleeding at day 7 postsurgery and treated with
FFP and TA; and (iii) a woman with mild FVII deficiency and surgery
for an ectopic pregnancy without any factor replacement therapy
resulting in hemoperitoneum. The other 3 bleedings were not at the
surgery site but due to (i) spontaneous spleen rupture (i) bruises at
the injection point in the arm, and (iii) distal pseudoaneurysm due to
radial artery catheterization. Spleen rupture occurred in a 65-year-old
patient at day 4 after a left upper lobectomy. Atraumatic spleen
rupture in relation with lung surgeries are usually consecutive to
splenic metastasis [11], but there was no pathological evidence of this
in our patient. Moreover, during the 4 days between surgery and
spleen rupture, no blood-stained fluid in the drainage tube was
observed. Therefore, this bleeding event was not considered as an
excessive bleed linked to the surgery. In all other cases, postoperative
blood loss was as expected and no other adverse event was reported.
This very low number of hemorrhagic events could be explained by
the fact that each intervention was performed in close collaboration
with hemostasis specialists who followed the currently available
protocols. This underlines the importance of multidisciplinary con-
sultations involving surgeons, anesthetists, and hemostasis specialists.
Indeed, for the 80 procedures with perioperative factor replacement
therapy, the therapeutic regimens were fairly homogeneous and ac-
cording to guidelines [12-17]. Indeed, the therapeutic management of
the included patients was supervised by experts in centers specialized
in hemostasis disorders confirming the robustness of the published
guidelines [18]. Moreover, it emphasizes the point that whenever
possible, surgery in patients with RBDs should be performed at cen-
ters with specialized expertise, namely hemophilia treatment centers, or
at least in consultation with such centers.

It could be interesting to analyze the criteria that might have
driven the therapeutic choice to treat or not to treat. Three main
criteria were evaluated: surgery type, coagulation factor activity, and
bleeding history (ie, Tosetto’s bleeding score prospectively recorded).
All 3 criteria played a significant role (Figure, Table 5). The coagulation
factor level influenced the choice of perioperative factor replacement
in both patients with FVII and FXI deficiency undergoing high bleeding
risk surgeries, but only in patients with FVII deficiency for low
bleeding risk surgeries. The high proportion of procedures with peri-
operative factor replacement in patients with high FXI:C levels
(Figure) is in accordance with literature data showing a poor rela-
tionship between FXI level and bleeding risk after surgery [6,19].
However, factor level measurement was performed in each center and
this might have introduced some accuracy heterogeneity, especially
for low values, compared with results obtained in a centralized labo-
ratory. The accuracy of the FVII:C levels is another limitation of our
study for 2 reasons. First, the species-derived thromboplastin prepa-
ration used to measure the FVII:C levels could not be identified for

each patient. Therefore, some FVII variants could have led to FVII:.C
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FIGURE

Influence of the basal coagulation factor level, surgery bleeding risk, and bleeding score on perioperative factor replacement

decision-making in patients with FVII (A) and FXI deficiency (B). BR = bleeding risk. The total number of surgical procedures is indicated at the
bottom of each bar. The number of patients with a bleeding >4 is indicated on the side of each hatched bar. **P < .00001, ***.00001 < P <

.0001, **,0001 < P < .001, *.001 < P < .05.

value underestimation when measured with thromboplastin of rabbit
origin. Second, it is known that FVII:C levels vary throughout women'’s
life [20,21]. In their recent review, Abdul-Kadir et al. [22] reported the
possibility of a modest FVII:C level increase during pregnancy, but
only in women heterozygous for FVII causative variants, while women
homozygous for these variants generally do not show this increase.
However, in our study, only in one patient the FVII:C level measure-
ment of 46% overlapped with pregnancy, thus potentially leading to
FVII:C overestimation.

Concerning the surgery type, high bleeding risk procedures
frequently led to perioperative factor replacement therapy. However,
in patients with severe RBD, 27 surgical procedures were performed
without factor replacement among which 6 were at high bleeding risk
(Table 2), including one hysterectomy, one large ethmoidectomy/
sphenoidotomy, and one knee ligamentoplasty that are considered at
very high risk of bleeding. Analysis of the data on these 6 untreated
patients showed that 3 high bleeding risk surgical procedures were
performed in 3 patients with very low FXI:C level (<2%), in line with
the fact that FXI level alone is probably not sufficient for perioperative
factor replacement decision-making. In these 3 patients, the Tosetto’s
bleeding score (-2, 0, and 1, respectively) seemed to be the main cri-
terion driving the practitioner’s therapeutic decision. In patients with
FXI deficiency, orthopedic procedures and appendicectomy usually do
not require factor replacement [15,16]. The other 3 high-risk surgeries
performed without factor replacement concerned patients with se-
vere FVII deficiency (FVII:C level between 5% and 8%, but below the
previously published hemostatic thresholds of 8.5%, 15%, or 20%
[2,23,24]). In these 3 patients, the Tosetto’s bleeding score was be-
tween 5 and 7, much higher than the threshold of 4.

Similarly, 7 surgeries were performed without any perioperative
factor replacement therapy in 7 patients with mild FVII deficiency
(FVII:.C
(Supplementary Table S2). Among them, a patient with hemorrhage

level >20%) and Tosetto’s score between 5 and 10
after surgery for ectopic pregnancy had Tosetto’s score of 10 and a
FVII:C level of 33%. Literature data indicate that the hemorrhagic
clinical phenotype is the criterion best correlated with the bleeding
risk [25]. However, criticisms about the reliability of bleeding scores
have emerged because they were developed for more frequent
bleeding disorders and not for RBDs. In 2016, Palla et al. [8] developed
a bleeding score for RBDs that could not be evaluated in this study
which started before the Palla and coworkers’ publication.

Considering the other RBDs, all procedures performed in patients
with FX deficiencies were associated with factor replacement therapy
except 2: one tooth extraction performed only with TA and a delivery
in a woman with FX:C level of 40% but Tosetto’s score of 10. In pa-
tients with FV deficiency, the FV:C level was >20% and most surgeries
were performed without perioperative factor replacement. Only one
(tooth extraction) concerned a patient with severe FV deficiency
(FV:C level of 2%) and Tosetto’s score of 0. None of these patients
reported bleeding complications.

In summary, despite the poor relationship between coagulation
factor levels and bleeding symptoms, the factor level seems to be the
most important parameter influencing the perioperative factor
replacement decision-making in patients with FVII or FX deficiency,
whereas it is less important for patients with FXI deficiency for whom
the surgical site and the clinical phenotype seem to be the best criteria.

This study also provides information on alternative treatments,

such as TA. TA is commonly used for surgeries at mucosal sites and at
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high fibrinolytic activity tissues [10]. In our study, it was used in 42%
of all procedures and in 51.2% of procedures without factor
replacement. Importantly, TA was used in 59.4% of procedures in
patients with FXI deficiency, despite no clear guidelines about TA in
this population (Table 4). In patients with FXI deficiency, only expert
opinions suggest TA alone for minor surgery, and alone or in combi-
nation with a low dose of rFVIlla or FFP for major surgery [26,27]. This
high rate of TA prescriptions by French practitioners is probably
explained by the known physiological role of FXI in fibrinolysis down-
regulation [28]. Indeed, reduced fibrinolytic resistance was observed
in patients with FXI deficiency in whom the thrombin-activable fibri-
nolysis inhibitor pathway was impaired [29]. Furthermore, in our
cohort, TA was used in about one third of surgeries performed at
mucosal sites (eg, ears, nose, throat, uterus, and cervix) as proposed
for hereditary coagulopathies [30]. In our cohort, procedures per-
formed with TA alone or associated with coagulation factor concen-
trates were without bleeding or adverse events. Although these data
do not allow drawing conclusions on TA efficacy, they provide argu-
ments for the safe use of TA for procedures at mucosal sites in pa-
tients with inherited RBDs and coagulation factor levels below the
threshold for bleeding risk, especially FXI deficiency.

In conclusion, our findings indicate that in a multidisciplinary
approach that implicates surgeons, anesthetists, and hemostasis ex-
perts, the hemostatic management of a patient with RBD undergoing
surgery is based mainly on the coagulation factor level (less obvious
for FXI) and the surgery type/bleeding risk rather than on the patient’s
clinical history and bleeding score. The next major question concerns
the best time for factor replacement therapy if required: (i) preven-
tively for surgery in areas that are impossible or difficult to access for
hemostasis procedures, or (ii) “on demand” in case of bleeding. On the
other hand, this prospective study confirms that surgical procedures
can be safely performed without factor replacement therapy in many
patients with RBDs.
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