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15Laboratoire d’hématologie, CH Annecy Genevois, France

16HTC, University Hospital, Rouen, France

17Service de Rhumatologie, CHU Nice, France
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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] II, 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.

K E YWORD S

bleeding score, hemorrhagic disorders, rare bleeding disorder, replacement therapy, surgery,

tranexamic acid
allenging in rare bleeding disorders.

uated patients with rare bleeding disorders undergoing surgery.

verall with tranexamic acid as the mainstay.

on factor level were key in perioperative decision-making.
1 | INTRODUCTION

Rare bleeding disorders (RBDs) are inherited coagulation factor de-

ficiencies, with the exception of hemophilia and von Willebrand dis-

ease. The prevalence of homozygous or combined heterozygous forms
ranges from 1/300 000 to 1/3 000 000 in function of the concerned

factor (F): FII, FV, FVII, FX, FXI, FXIII, or combined FV and FVIII [1].

Due to RBD rarity, many registries have been set up to collect caus-

ative mutations, factor levels, and retrospective clinical data [2–4].

These registries are well documented, but often focus on patients with

mailto:m-giansily@chu-montpellier.fr
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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
Traitement de l’Information en matière de Recherche dans le domaine

de la Santé (dossier n. 11.116), and commission nationale de l’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] 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



T AB L E 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

deficiency Patients Sex

Age (y) median

(min-max)

Patients with

factor level ≤10%

Patients with factor

level >10% Surgeries

FVII 100 M 33 43 (0-84) 15 18 38

F 67 28 (0-76) 21 46 80

FXI 56 M 21 35 (4-82) 5 16 25

F 35 31 (14-86) 12 23 39

FII 1 M 1 NA 0 1 1

F 0 NA 0 0 0

FV 14 M 4 17 (1-31) 1 3 4

F 10 21 (15-37) 0 10 10

FV+FVIII 3 M 1 NA 1 0 1

F 2 52 (41-64) 1 1 2

FX 4 M 1 NA 0 1 1

F 3 51 (34-69) 1 2 6

Total 178 M 61 32 (0-84) 22 39 70

F 117 31 (0-86) 35 82 137
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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% CI 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, FII 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,
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 performedwith

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).



T AB L E 2 Surgical procedures and perioperative factor replacement therapy in patients with severe and mild rare bleeding disorders. Only
cases in which postoperative bleeding was excessive are listed.

Surgical interventions in patients with severe coagulation factor deficiency (factor level ≤10%).

Factor deficiency Total

Perioperative

factor

replacement N (%)

Factor level

median

(min-max)

Age (y), median

(min-max)

Tosetto’s score,

median (min;max)

High

risk

Low

risk

Surgeries with

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 (100) 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 (33.3) NA NA NA 0 1 0

Total 81 Yes 54 (66.7) 4 (0-10) 55 (0-86) 4(-2;34) 33 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

deficiency Total

Perioperative

factor replacement N (%)

Factor level

median

(min-max)

Age (y), median

(min-max)

Tosetto’s score,

median (min;max)

High

risk

Low

risk

Surgeries with

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

FII 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)
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In patients with severe FVII deficiency, 39 of 51 (76.5%) surgeries

were managed with recombinant activated factor VII (rFVIIa) (Table 2).

Doses ranged from 15 to 30 μg/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

transplantationwith one day treatment before clotting factor synthesis

recovery. Treatment for orthopedic surgeries (n = 5) lasted ≥6 days

(Supplementary Table S1A). TAwas associatedwith 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).



T AB L E 3 Perioperative factor replacement therapy in function of the surgery type and the severity of factor deficiency.

Severe deficiencies (coagulation factor level ≤10%)

N

Orthopedic surgery

TA (%)

Gynecology/

obstetrical surgery

TA (%)

Tooth

extraction

TA (%)

Digestive

surgery

Maxillofacial

and ENT surgery

Miscellaneous

surgery

N Untreated (%) N Untreated (%) N Untreated (%) N Untreated (%) N Untreated (%) N Untreated (%)

All deficiencies 81 15 1 (6.7) 6 (40.0) 19 7 (36.8) 5 (26.3) 13 10 (76.9) 11 (84.6) 10 3 (30.0) 4 2 (50.0) 20 4 (20.0)

F VII 51 9 0 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 0 0 6 2

F V 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

F V+VIII 2 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

F X 3 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0

F II 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mild deficiencies (coagulation factor level >10%)

N

Orthopedic surgery

TA (%)

Gynecology/

obstetrical surgery

TA (%)

Tooth

extraction

TA (%)

Digestive

surgery

Maxillofacial

and ENT surgery

Miscellaneous

surgery

N Untreated (%) N Untreated (%) N Untreated (%) 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 VII 67 8 4 1 16a 14 6 11 11 6 9 7 8 6 15 11

F XI 40 8 7 3 9 7 5 7 6 7 4 2 5 5 7 5

F V 13 1 1 0 4 4 0 2 2 2 2 2 2 2 2 2

F V+VIII 1 0 0 0 0 1 1 1 0 0 0 0

F X 4 2 0 0 1 1 0 0 0 0 0 0 0 1 0

F II 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)
aAll 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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T AB L E 4 Tranexamic acid (TA) use (alone or with FR therapy) in the 207 surgical procedures.

Severe deficiencies (coagulation factor level ≤10%)

Factor

deficiency

TA/ all

procedures (%)

All procedures TA alone/

procedures

without FR (%)

TA/ all

procedures

at HFS (%)

High fibrinolytics

sites (HFS) TA alone/

procedures at HFS

without FR (%)

TA and FR/ treated

procedures (%)

TA and FR/ treated

procedures at HFS (%)

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

FII 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%)

Factor

deficiency

TA/ all

procedures (%)

All procedures

TA alone/

procedures

without FR (%)

TA/ all

procedures

at HFS (%)

HFS

TA alone/

procedures

without FR (%)

TA and FR/

treated

procedures (%)

TA and FR/

treated procedures

at HFS (%)

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

FII 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.
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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, rFVIIa, 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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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

rFVIIa 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

μg/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),



T AB L E 6 Influence of the Tosetto’s bleeding score on perioper-
ative factor replacement decision-making.

Bleeding score ≤4 Bleeding score >4

Pn

Factor

replacement (%) n

Factor

replacement (%)

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.
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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

comparedwithFXIdeficiency (39/51, 76.5%vs11/24, 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 thepercentageof treatedpatientswithbleeding 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).
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; (ii) 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 (ii) 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



F I GUR E 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.
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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 level >20%) and Tosetto’s score between 5 and 10

(Supplementary Table S2). Among them, a patient with hemorrhage

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 rFVIIa 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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Hezard, S. Clayssens, E. Boissier, F. Blanc-Jouvan, P. Chamouni, N.

Tieulie, L. Rugeri, A. Borel-Derlon, E. de Raucourt, I. Martin-Toutain, S.
Castet, A. Lebreton, S. Girault, D. Helley-Russick, R D’Oiron included

patients in the study. All the authors approved the manuscript

submission.

RELATIONSHIP DISCLOSURE

Dr Guillet has been a consultant for Baxter/Baxalta/Shire/Takeda,

CSL Behring, LFB Biotechnologie, Novo Nordisk, Octapharma, Roche-

Chugaï and Sobi. Dr Chambost has been a consultant for CSL

Behring, Novo Nordisk, Pfizer, Roche Chugaï and Sobi. Dr Biron-

Andreani has been a consultant for Takeda, CSL Behring, Sobi, LFB

Biotechnologie. Dr Rugeri has been a consultant for Octapharma

France, LFB Biotechnologie, CSL Behring, Takeda. Dr Giansily-Blaizot

is a consultant for Novo Nordisk. Other authors whose names are

not specifically mentioned in this section declare no conflict of

interest.
REFERENCES

[1] Menegatti M, Peyvandi F. Treatment of rare factor deficiencies other

than hemophilia. Blood. 2019;133:415–24.

[2] Peyvandi F, Palla R, Menegatti M, Siboni SM, Halimeh S, Faeser B,

et al. Coagulation factor activity and clinical bleeding severity in rare

bleeding disorders: results from the European Network of Rare

Bleeding Disorders. J Thromb Haemost. 2012;10:615–21.

[3] Acharya SS, Coughlin A, Dimichele DM. North American Rare

Bleeding Disorder Study Group. Rare Bleeding Disorder Registry:

deficiencies of factors II, V, VII, X, XIII, fibrinogen and dysfi-

brinogenemias. J Thromb Haemost. 2004;2:248–56.

[4] Giansily-Blaizot M, Rallapalli PM, Perkins SJ, Kemball-Cook G,

Hampshire DJ, Gomez K, et al. The EAHAD blood coagulation factor

VII variant database. Hum Mutat. 2020;41:1209–19.

[5] Ambaglio C, Zane F, Russo MC, Preti PS, Scudeller L, Klersy C, et al.

Preoperative bleeding risk assessment with ISTH-BAT and labora-

tory tests in patients undergoing elective surgery: a prospective

cohort study. Haemophilia. 2021;27:717–23.

[6] Santoro C, Di Mauro R, Baldacci E, De Angelis F, Abbruzzese R,

Barone F, et al. Bleeding phenotype and correlation with factor XI

(FXI) activity in congenital FXI deficiency: results of a retrospective

study from a single centre. Haemophilia. 2015;21:496–501.

[7] Tosetto A, Rodeghiero F, Castaman G, Goodeve A, Federici AB,

Batlle J, et al. A quantitative analysis of bleeding symptoms in type 1

von Willebrand disease: results from a multicenter European study

(MCMDM-1 VWD). J Thromb Haemost. 2006;4:766–73.

[8] Palla R, Siboni SM, Menegatti M, Musallam KM, Peyvandi F. Euro-

pean Network of Rare Bleeding Disorders (EN-RBD) group. Estab-

lishment of a bleeding score as a diagnostic tool for patients with

rare bleeding disorders. Thromb Res. 2016;148:128–34.

[9] Douketis JD, Spyropoulos AC, Duncan J, Carrier M, Le Gal G,

Tafur AJ, et al. Perioperative management of patients with atrial

fibrillation receiving a direct oral anticoagulant. JAMA Intern Med.

2019;179:1469–78.

[10] Asakai R, Chung DW, Davie EW, Seligsohn U. Factor XI deficiency in

Ashkenazi Jews in Israel. N Engl J Med. 1991;325:153–8.

[11] Colak E, Ciftci AB. Characteristics and surgical outcomes of patients

with atraumatic splenic rupture. J Int Med Res. 2022;50.

[12] Napolitano M, Siragusa S, Mariani G. Factor VII deficiency: clinical

phenotype, genotype and therapy. J Clin Med. 2017;6:E38.

[13] Mariani G, Dolce A, Batorova A, Auerswald G, Schved JF, Siragusa S,

et al. Recombinant, activated factor VII for surgery in factor VII

deficiency: a prospective evaluation - the surgical STER. Br J Hae-

matol. 2011;152:340–6.

http://refhub.elsevier.com/S2475-0379(23)00456-9/sref1
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref1
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref2
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref2
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref2
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref2
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref3
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref3
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref3
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref3
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref4
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref4
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref4
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref5
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref5
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref5
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref5
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref6
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref6
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref6
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref6
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref7
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref7
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref7
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref7
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref8
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref8
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref8
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref8
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref9
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref9
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref9
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref9
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref10
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref10
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref11
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref11
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref12
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref12
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref13
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref13
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref13
http://refhub.elsevier.com/S2475-0379(23)00456-9/sref13


12 of 12 - ROUSSEAU ET AL.
[14] Mariani G, Dolce A, Napolitano M, Ingerslev J, Giansily-Blaizot M, Di

Minno MD, et al. Invasive procedures and minor surgery in factor VII

deficiency. Haemophilia. 2012;18:e63–5.

[15] Salomon O, Steinberg DM, Tamarin I, Zivelin A, Seligsohn U. Plasma

replacement therapy during labor is not mandatory for women with

severe factor XI deficiency. Blood Coagul Fibrinolysis Int J Haemost

Thromb. 2005;16:37–41.

[16] Salomon O, Steinberg DM, Seligshon U. Variable bleeding manifes-

tations characterize different types of surgery in patients with se-

vere factor XI deficiency enabling parsimonious use of replacement

therapy. Haemophilia. 2006;12:490–3.

[17] BauduerF, deRaucourt E, Boyer-NeumannC, TrossaertM,Beurrier P,

Faradji A, et al. FactorXI replacement for inherited factorXI deficiency

in routine clinical practice: results of the HEMOLEVEN prospective 3-

year postmarketing study. Haemophilia. 2015;21:481–9.

[18] Trossaert M, Chamouard V, Biron-Andreani C, Casini A, De

Mazancourt P, De Raucourt E, et al. Management of rare inherited

bleeding disorders: proposals of the French Reference Centre on

Haemophilia and Rare Coagulation Disorders. Eur J Haematol.

2023;110:584–601.

[19] Gomez K, Bolton-Maggs P. Factor XI deficiency. Haemophilia.

2008;14:1183–9.

[20] de Moerloose P, Amiral J, Vissac AM, Reber G. Longitudinal study on

activated factors XII and VII levels during normal pregnancy. Br J

Haematol. 1998;100:40–4.

[21] Kapiotis S, Jilma B, Pernerstorfer T, Stohlawetz P, Eichler HG,

Speiser W. Plasma levels of activated factor VII decrease during the

menstrual cycle. Thromb Haemost. 1998;80:588–91.

[22] Abdul-Kadir R, Gomez K. Reproductive health and hemostatic issues

in women and girls with congenital factor VII deficiency: a system-

atic review. J Thromb Haemost. 2002;20:2758–72.
[23] Benlakhal F, Mura T, Schved JF, Giansily-Blaizot M, French Study

Group of Factor VII Deficiency. A retrospective analysis of 157

surgical procedures performed without replacement therapy in 83

unrelated factor VII-deficient patients. J Thromb Haemost.

2011;9:1149–56.

[24] Mannucci PM, Duga S, Peyvandi F. Recessively inherited coagulation

disorders. Blood. 2004;104:1243–52.

[25] Giansily-Blaizot M, Schved JF. Potential predictors of bleeding risk in

inherited factorVII deficiency. Clinical, biological and molecular

criteria. Thromb Haemost. 2005;94:901–6.

[26] James P, Salomon O, Mikovic D, Peyvandi F. Rare bleeding disorders

- bleeding assessment tools, laboratory aspects and phenotype and

therapy of FXI deficiency. Hemophilia. 2014;20:71–5.

[27] Lewandowska MD, Connors JM. Factor XI deficiency. Hematol Oncol

Clin North Am. 2021;35:1157–69.

[28] Bouma BN, Meijers JC. Role of blood coagulation factor

XI in downregulation of fibrinolysis. Curr Opin Hematol. 2000;7:

266–72.

[29] Colucci M, Incampo F, Cannavò A, Menegatti M, Siboni SM,
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