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Summary. Background: Case reports on recombinant

human factor VIIa (rhuFVIIa) use in women with severe

postpartum hemorrhage (PPH) showed encouraging

results, but no randomized controlled trial (RCT) is

available. Patients and methods: Eighty-four women with

severe PPH unresponsive to uterotonics were randomized

to receive one early single rhuFVIIa infusion (n = 42) or

standard care (no rhuFVIIa; n = 42). The primary effi-

cacy outcome measure was the reduction of the need for

specific second-line therapies, such as interventional he-

mostatic procedures, for blood loss and transfusions.

The primary safety outcome measure was the number of

deaths and thrombotic events during the 5 days follow-

ing rhuFVIIa infusion. Results: rhuFVIIa was associated

with a reduction in the number of patients who needed

second-line therapies compared with controls (standard

care). Specifically, 39/42 (93%) patients in the standard

care arm received second-line therapies and 22/42 (52%)

patients in the rhuFVIIa arm (absolute difference, 41%;

range, 18–63%; relative risk RR, 0.56 [0.42–0.76]). The

delivery mode (vaginal or Cesarean section) did not

affect the primary outcome. No death occurred. Two

venous thrombotic events were recorded in the rhuFVIIa

arm: one ovarian vein thrombosis and one deep vein

thrombosis with a non-severe pulmonary embolism. Con-

clusion: This open RCT in women with severe PPH

refractory to uterotonics shows that rhuFVIIa reduces

the need for specific second-line therapies in about one

in three patients, with the occurrence of non-fatal

venous thrombotic events in one in 20 patients.

Keywords: FVIIa activated; hysterectomy; postpartum

hemorrhage; treatment efficacy; treatment outcome.

Introduction

Obstetric hemorrhages, mainly postpartum hemorrhages

(PPH), are the most common cause of maternal mortal-

ity worldwide. They remain a problem even in developed

countries. Indeed, in France, hemorrhages are still

responsible for about 2.5 maternal deaths per 100 000

births per year [1–4]. The incidence of severe maternal

morbidity due to PPH has been estimated to be 4.5–6.7
per 1000 deliveries in the United Kingdom [5]. The clini-

cal consequences comprise severe anemia, hemorrhagic
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shock, organ failures including acquired coagulation dis-

orders, venous thromboembolic disease (VTE) and peri-

partum hysterectomy [6,7].

Primary PPH is defined as blood loss from the genital

tract in excess of 500 mL following vaginal delivery or in

excess of 1000 mL following Cesarean birth, within the

first 24 h of delivery. Reports in developed countries sug-

gest that about 1% of deliveries are associated with severe

PPH [8–11]. This type of hemorrhage is responsible for

one out of four [3] deaths among the estimated number

of 500 000 women who die as a consequence of preg-

nancy each year [12]. Approximately 70% of primary

PPH are due to uterine atony [13].

International agencies recommend the early administra-

tion of uterotonic agents (i.e. sulprostone) as first-line

therapy, associated with fluid supply, controlled cord

traction and uterine massage after placenta delivery,

empty bladder catheterization and bimanual uterine com-

pression [14–16]. Thereafter, specific second-line therapies

include uterine compression sutures (B-Lynch surgical

techniques or its various modifications), ligation of the

uterine or internal iliac arteries, uterine artery emboliza-

tion and peripartum hysterectomy.

Recombinant human activated factor VII (rhuFVIIa;

Novoseven�, Novonordisk A/S, Baagsvaerd, Denmark)

activates coagulation to generate a thrombin burst and

stabilize blood clots. Off-label use of rhuFVIIa for mas-

sive PPH has been prompted by clinical case series

describing the efficacy of high-dose rhuFVIIa in this

setting [17]. After the formal beginning of this random-

ized controlled trial (RCT), Welsh et al. and Phillips

et al. published, based on their experience and on the

published cases series, guidelines and an algorithm for

the use of rhuFVIIa at 90 lg kg�1 in patients with

PPH after surgical intervention (arterial embolization,

arterial ligatures and peripartum hysterectomy) [18,19].

A recent systematic review of 272 patients suggested

that rhuFVIIa might be useful for the management of

severe refractory PPH compared with standard treat-

ment [20,21].

The aim of this RCT was to assess the efficacy and

safety of a single rhuFVIIa infusion given to women with

severe PPH after sulprostone failure.

Methods

This multicenter, randomized, open, controlled trial

involving two parallel arms with an allocation ratio of

1 : 1 was conducted between February 2007 and Novem-

ber 2010 at eight University hospitals in two countries.

Written informed consent was obtained from each patient

or the legally acceptable surrogate when the patient was

unable to give consent. The consent procedure was in

accordance with national laws on clinical research: Article

L.1121-5; Article L.1121-8; Article L.1122-1-2, (http://

www.legifrance.gouv.fr).

The trial was registered at http://clinicaltrials.gov/

NCT00370877. This RCT is reported in accordance with

the CONSORT statement 2010 [22,23].

Patients

The inclusion criteria were: patients aged 18 years or

older who delivered their babies after the end of the

27th week of amenorrhea and who developed severe pri-

mary PPH after vaginal delivery or Cesarean section that

persisted after sulprostone treatment.

The non-inclusion criteria were: age < 18 years, per-

sonal history of thrombotic events and not-approved

written informed consent.

Severe primary PPH was defined as the loss of more

than 1500 mL of blood within 24 h after birth. The con-

tribution of any fluid used for washing was taken into

account to prevent blood loss overestimation.

According to French practice guidelines [14] first-line

therapies for PPH included: fluid resuscitation, bladder

catheterization, manual removal of retained placenta,

genital tract examination, uterine exploration, oxytocin

(20–30 IU every 10–30 min) and finally one sulprostone

infusion (500 lg within 1 h).

Treatment evaluation

The enrolment criterion was sulprostone failure 1 h after

the infusion onset (or before the end of this period). At

each site, enrolled patients were then randomly assigned

to two groups: one group received one early single intra-

venous dose of 60 lg kg�1 rhuFVIIa (intervention arm)

and the other group did not (standard care arm) (Fig. 1).

This rhuFVIIa dose was, according to literature data, the

lowest dose with clinical effect in the setting of severe

PPH and was chosen to reduce, as far as possible, the

thrombotic risk associated with this drug.

Block randomization stratified by center was used with

balanced blocks of six patients with a 1 : 1 allocation

ratio that was implemented at each center. The randomi-

zation list was computer generated (using the SAS soft-

ware 9.3, SAS Institute Inc, Cary, NJ, USA) centrally by

PFP, who was not involved in the patients’ management.

To facilitate the emergency treatment with complete

Novoseven� packaging units (1.2, 2.4 and 4.8 mg vials),

the theoretical rhuFVIIa dose was tabulated and adapted

as described in Table 1. ‘Under-treated’ and ‘over-treated’

patients were women who received a total rhuFVIIa dose

above or below, respectively, the recommended dose.

At each center, the management of patients in both

arms complied with the local care guidelines for severe

PPH.

For compassionate reasons, patients assigned to the

standard care arm and with very severe PPH received late

rhuFVIIa treatment at similar doses in an attempt to

avoid emergency peripartum hysterectomy.
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Replacement therapy

Packed red blood cells (PRBCs) were indicated if the

patient’s hemoglobin concentration was lower than

8 g dL�1. Platelet concentrates (PC) were administered when

the platelet count was lower than 50 9 109 L�1 (http://

www.has.sante.fr/hemorragies-du-post-partum-immediat).

Fibrinogen concentrates were administered if the plasma

fibrinogen concentration was lower than 1 g L�1. Hemostat-

ic drugs are not recommended and not routinely used as

first-line intervention in PPH: therefore, they were not rec-

ommended in our RCT. The use of tranexamic acid (TXA)

(0.5–1 g intravenously) was left to the attending physician’s

discretion.

Vascular volume expansion was achieved using 500 mL

of crystalloid and 500 mL of colloid expander for the first

liter of blood loss, and thereafter an infusion, mostly of gel-

atin, was administered to compensate for the subsequent

blood loss (vol/vol). Fresh frozen plasma (FFP) was

infused by the attending anesthetist, if clinically indicated.

Efficacy assessment

Treatment success was defined as the absence of need for

specific second-line therapies. Classically, interventional

hemostatic procedures include uterine compression

sutures (B-Lynch surgical technique or its various

modifications), ligation of the uterine or iliac arteries,

uterine artery embolization and peripartum hysterectomy

[14] and the Bakri Balloon, which was used once in this

study. During the study period (2007–2010), uterine com-

pression sutures alone (without vascular ligation) were

also used (n = 3). Although this procedure was not speci-

TO. Randomization

T30’

IC (22-60 min)

T30’

Compassionate
rhuFVIIa treatment,
60 µg kg–1 IV

Usual pratice according
to clinical presentationIC (15-80 min)

Treatment
success*

Treatment
failure**

Treatment
success*

Treatment
failure***

Treatment
success*

Treatment
failure**

early single IV dose of rhuFVIIa 60 µg.kg–1

Severe PPH first-line treatment;
oxytocin failure;

sulprostone failure (500 µg in 60 min)
(1 h. after infusion onset)

Programmation of second-lines
Invasive procedures

Intervention arm: 42 patients Standard arm: 42 patients
Clinical surveillance without treatment

Fig. 1. Trial design. *No need for specific second-line therapy (primary outcome). **Need for specific second-line therapies (compression sutures

and/or uterine artery embolization and/or vascular ligations and/or hysterectomy) depending on availability (primary outcome). ***Hysterectomy.

Table 1 Recommended rhuVIIa dosage in the RCT

Body weight (kg)* Recommended dosage (mg) (~60 lg kg�1)

40–45 2.4

46–68 3.6

69–94 4.8

95–110 6

> 110 6

*The theoretical rhuFVIIa dose was 60 lg kg�1 (based on the

patient’s weight at term minus 5 or 7 kg in the case of twin preg-

nancy, as an approximation of the fetal-placental weight).
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fied in the initial study protocol, we included it in the pri-

mary composite outcome to avoid any overestimation of

the treatment effect.

Blood loss had to be measured using a plastic collector

bag. Any transfusions of packed red blood cells (PRBCs),

platelet concentrates (PC) and fresh frozen plasma units

(FFP) were analyzed.

Bleeding was considered to have stopped (i.e., treat-

ment success) if the estimated blood flow decreased to less

than 50 mL per 10 min within the 30 min following ran-

domization.

At any time and in both arms, invasive second-line

treatments were considered if bleeding was uncontrolled

(blood flow higher than 50 mL per 10 min) or intractable

(defined as PPH > 2500 mL, or blood flow > 500 mL per

30 min, or hemorrhagic shock refractory to standard

care).

Safety assessments

We recorded the relevant adverse events (AE) and serious

adverse events (SAE) that occurred within 5 days after

the PPH end. AE included symptomatic thrombotic man-

ifestations (myocardial infarction, ischemic stroke, deep-

vein thrombosis [DVT] and pulmonary embolism [PE])

and death. SAE were defined as any AE that contributed

to the occurrence of death, or that could have jeopardized

the immediate prognosis, or that caused incapacity or

prolonged hospitalization. Thromboprophylaxis was at

the attending physician’s discretion. The primary safety

outcome was the occurrence of any objectively proven

symptomatic thrombotic manifestation or death.

Data collection

Each participating center collected data up to 5 days after

the PPH ended. The patient-related data collected

included: age and weight at term, anesthesia and delivery

mode (spontaneous vaginal or elective or non-elective

Cesarean delivery). PPH risk factors were also collected

(Table 2). The hemodynamic status (systolic blood pres-

sure [mm/Hg], diastolic blood pressure [mm/Hg] and

heart rate [bpm]) was also recorded.

The primary outcome measures were: interventional

second-line treatments, defined as radiological interven-

tional procedures (uterine or internal iliac artery emboli-

zation), surgical ligation of the uterine or internal iliac

arteries and any uterine devascularization technique, con-

servative surgical approaches (B-lynch sutures, Bakri Bal-

loon and variants with hemostatic intention) or

peripartum hysterectomy.

The secondary outcome measures were: number (per-

centage) of patients in each arm who received PRBCs,

FFP units or PC; all replacement treatments (infusion of

colloids/crystalloids, transfusions of blood components

such as PRBCs, FFP and PC, and additional procoagu-

lant treatments such as TXA, fibrinogen concentrates and

aprotinin) were recorded.

Biological measures were collected before delivery and

within the first 12 h after PPH (Table S1).

The initial observation period was 5 days due to the

limited Novoseven� biological half-life (4–6 h). To iden-

tify symptomatic venous thromboembolism events up to

6 weeks after PPH, data from the initial medical records

were extracted and patients had to fill in a simple ques-

tionnaire concerning the first 6 weeks postpartum.

Statistical analysis

Calculation of the sample size required To detect an

absolute reduction of 30% in the need for specific sec-

ond-line therapies (uterine compression sutures, uterine

artery embolization, vascular ligation or peripartum hys-

terectomy), from 70% in the standard care arm (standard

of care recommendations from the French Haute Autorit�e

de Sant�e: http://www.has-sante.fr/portail/jcms/c_272417/

hemorragies-du-post-partum-immediat) to 40% in the

intervention arm with a two-sided test and a type one

error of 5% and a power of 80%, 42 patients were

required in each group. We chose to focus on an absolute

reduction of only 30% based on our limited inclusion

capacities.

Analysis Quantitative data are reported as medians with

lower quartile (Q25%) and upper quartile (Q75%) values.

Qualitative variables are reported as numbers and per-

centages. All analyses were performed based on the inten-

tion-to-treat (ITT) principle.

We compared the primary and secondary outcomes

between arms by estimating the relative risk (RR) using

the Mantel-Haenszel method, with a 95% confidence

interval (95% CI), providing a P-value from the associ-

ated Mantel-Haenszel chi-square test. The existence of

treatment by center interactions for the primary outcome

was assessed using the Breslow-Day test, first applied to

the eight centers and then only to the five centers that

enrolled at least five patients. Among all the presented

analyses, only the treatment by center interaction and the

effect of the delivery mode on the primary outcome were

‘post hoc’ analyses. All tests were two sided and assessed

at the 5% significance level.

Results

Baseline characteristics

A total of 84 parturient women with severe PPH were

enrolled (Fig. 2). Sixty patients were included 1 h after

sulprostone infusion. Among the 24 remaining patients,

the median randomization time (lower quartile–upper
quartile) was 40 min (30–45 min) for the intervention arm

and 30 min (30–30 min) for the standard care arm

© 2015 International Society on Thrombosis and Haemostasis
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(P = 0.93). The patients’ baseline characteristics are pre-

sented in Table 2.

Primary outcomes

The primary efficacy outcomes are detailed in Table 3.

Interventional hemostatic procedures (i.e. the composite

primary efficacy outcome) were required for 93% (n = 39/

42) of patients in the standard care arm and for 52%

(n = 22/42) of patients in the intervention arm

(P < 0.0001; RR = 0.56; 95% CI, 0.42–0.76). The mean

number of patients who needed to be treated with rhu-

FVIIa (number needed to treat, NNT) to avoid one com-

posite outcome was 2.6. Only the number of arterial

embolization procedures was significantly lower in the

intervention arm than in the standard care arm. The per-

centage of peripartum hysterectomies was 7% (n = 3) in

the intervention arm and 19% (n = 8) in the standard

care arm (RR = 0.375 (0.107–1.32); P = 0.11).

No effect of treatment by center interaction on the

primary efficacy outcome was detected. Indeed, the RR

value adjusted for the eight centers was 0.7 with 95%

CI 0.55–0.9 (Breslow-Day test, P = 0.06). The result did

not change even when only the five centers that

enrolled at least five patients were included in the

analysis (RR = 0.71; 95% CI, 0.55–0.91; Breslow-Day

test, P = 0.3).

The time to initiation of a second-line treatment was

not different between groups: the median delay was

30 min (95% CI, 15–80 min) for the 39 patients in the

standard care arm and also 30 min (95% CI, 22 min:

60 min; P = 0.93) for the 22 patients in the intervention

arm who did not respond to rhuFVIIa.

In deviation from the trial protocol, blood loss-

failed to be measured. The use of a plastic collector

bag to quantify postpartum blood loss was encouraged;

the devices were provided to the different healthcare

teams, but were only marginally used, thus rendering

the systematic measurement of blood loss volumes

impossible.

To determine the proportion of patients in the two arms

who required blood products, the transfusion needs were

assessed before and after randomization. Before randomi-

zation, the absolute numbers of transfused PRBCs and

Table 2 Baseline characteristics of the study population

Total

N = 84

Standard care arm

n = 42

Intervention arm

n = 42

Demographic characteristics

Maternal age (years),

median [Q25–Q75%]

31 [28–37] 30 [28–35] 32 [27–37]

Pre-delivery weight (without the weight of the baby),

median [Q25–Q75%], kg

69 [61–78] 70 [60–79] 68 [62–76]

Pregnancy data

Gravidity, median [Q25–Q75%] 3 [2–4] 3 [2–4] 3 [2–3]
Parity, median [Q25–Q75%] 2 [1–3] 2 [2–3] 2 [1–3]
Nulliparous, n [%] 23 [27] 8 [19] 15 [36]

Twin pregnancy, n [%] 14 [17] 7 [17] 7 [17]

Mode of delivery, n [%]

Cesarean section delivery 43 [51] 20 [48] 23 [55]

Vaginal delivery 41 [49] 22 [52] 19 [45]

Mode of anesthesia, n [%]

Neuraxial anesthesia 69 [82] 34 [81] 35 [83]

General anesthesia 15 [18] 8 [19] 7 [17]

Cause of primary postpartum hemorrhage, n [%]

Uterine atony 75 [89] 36 [85] 39 [93]

Placenta retention 5 [6] 1 [2] 4 [10]

Genital tract injury 4 [5] 1 [2] 3 [7]

Abnormal placental insertion 14 [17] 8 [19] 6 [14]

Other 5 [6] 1 [2] 4 [10]

One cause 70 [83] 38 [91] 32 [76]

Multiple causes 14 [17] 4 [10] 10 [24]

Main hemostasis-related biological indicators at inclusion (T0)

Fibrinogen plasma level (g L�1),

median [Q25–Q75%]

N = 73

2.9 [2.3–3.6]
N = 38

3.2 [2.3–3.6]
N = 35

2.4 [2–3.8]

Platelet count (g L�1),

median [Q25–Q75%]

N = 80

140 [110–205]
N = 41

145 [115–208]
N = 39

136 [103–197]

Hemoglobin (g dL�1),

median [Q25–Q75%]

N = 80

9.3 [7.8–10.4]
N = 41

9.5 [8.6–10.4]
N = 39

8.5 [6.5–10.2]
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FFP were (median value [Q25–Q75%] values): 0 [0–1] vs.
0 [0–2] in the standard care arm and 0 [0–0] vs. 0 [0–0] in
the intervention group. The percentages of patients who

required PRBCs, FFP and PC were 26% vs. 38%

(P = 0.24), 14% vs. 14% and 4.8% vs. 2.4% in the stan-

dard care and in the intervention arm, respectively. After

randomization, the absolute numbers of transfused PRBCs

and FFPs were (median value [Q25–Q75%] values): 2 [0–4]
vs. 2 [0–3] and 0 [0–4] vs. 0 [0–3] in the standard care and

intervention arm, respectively. The percentages of women

requiring PRBCs, FFP and PC were 67% vs. 60%, 48% vs.

45% and 31% vs. 26%, respectively. No between-group

difference was thus observed in the absolute numbers of

administered blood products.

Safety outcomes Two venous thrombotic events were

reported, both in the intervention arm (2/42, 5%; 95% CI

upper limit, 11% vs. 0/42; P-value, 0.25). One woman preg-

nant with twins had severe PPH following delivery by

Cesarean section (‘appropriately treated’ patient; total rhu-

FVIIa dose, 54.6 lg kg�1). Two days after the rhuFVIIa

infusion, she had a short segmental thrombosis of the right

ovarian vein, discovered on a CT scan prescribed for intes-

tinal occlusion in a non-infectious context. Recovery was

uneventful after anticoagulant treatment with enoxaparin.

The second patient developed DVT of the lower limb asso-

ciated with moderate PE 5 days after delivery by Cesarean

section due to placental abruption and intrauterine fetal

death (‘under-treated’ patient; total rhuFVIIa dose,

Enrolment
n = 84

Randomized

Analysed (n = 42) Analysed (n = 42)

Allocated to intervention
RhuFVII (n = 42)

Non compliance with protocol
(n = 10)

Non compliance with protocol
(n = 1)

Received allocated intervention
(n = 41) 1 patient received rFVIIa
 as first-line treatment 

Vascular ligation as first-line treatment
(n = 1)

Sulprostone was effective

Underdosing (n = 3)
Overdosing (n = 1)

Allocated to intervention
Control (n = 42)

Fig. 2. Flow chart of inclusions.

Table 3 Efficacy outcomes

Outcomes

Standard

arm (N = 42)

n (%)

Intervention

arm (N = 42)

n (%)

Absolute difference

[95% CI]

Relative risk

[95% CI]

Mean

NNT P

Primary efficacy outcome 39 (93) 22 (52) 41% [18; 63] 0.56 [0.42; 0.76] 2.6 < 0.0001

Arterial embolization 24 (57) 12 (29) 28% [�4; 61] 0.5 [0.29; 0.86] 3.5 0.0082

Arterial ligation 12 (29) 9 (21) 8% [�30; 44] 0.75 [0.35; 1.59] 14 0.45

Peripartum hysterectomy 8 (19) 3 (7) 12% [�28; 52] 0.38 [0.11; 1.32] 8.4 0.11

Others*

B-lynch sutures, Bakri

Balloon and variants

with hemostatic intention

6 (14) 4 (10) 4% [�36; 44] 0.67 [0.20; 2.19] 25 0.50
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31.6 lg kg�1). PPH was due to uterine atony and required

blood transfusion. Late thrombotic complications

occurred, despite the thromboprophylaxis initiated 6 h

after the end of PPH (4000 IU enoxaparin, once a day).

Recovery was uneventful after adapted treatment. No

maternal death occurred during the trial. No additional

thrombotic event and no serious adverse event were

reported during the first 6 weeks postpartum.

Secondary outcomes

Analysis of the replacement treatments used in the two

arms showed that at T0, 33% (6/18) of the evaluable

women in the standard care arm and 42% (10/24) of

those in the intervention arm had received fibrinogen con-

centrates; the percentages were identical for TXA. Aproti-

nin was administered to one patient in each arm. After

T0, 67% (10/24) of the evaluable patients in the standard

care arm and 48% (10/21) of those in the intervention

arm received fibrinogen concentrates; 47% (7/15) of

women in the standard care arm and 44% (8/18) in the

intervention arm received TXA. Aprotinin was adminis-

tered to 14% (2/14) of women in the standard care arm

and to 6% (1/16) of patients in the intervention arm.

The fall in hemoglobin concentration between T0 and

T30 was significantly different between groups

(P = 0.0377), with a median decrease of �0.2 g dL�1

(IQ = [�1, 1.8]) in the intervention arm and of

�0.9 g dL�1 (IQ = [�2.3, 0.1]) in the standard care arm.

The hemoglobin concentration fall was thereafter catego-

rized as higher than 2 g dL�1 vs. all the other values. The

highest hemoglobin falls (> 2 g dL�1) were detected in

15% (5/33) of patients in the intervention group and in

30% (8/27) in the standard care arm (P = 0.18).

The primary efficacy outcome measures were not

affected by the delivery mode (Table 4A,B) (absolute risk

difference = 44% for vaginal delivery and 39% for Cesar-

ean section). The significantly lower frequency of interven-

tional hemostatic procedures in the intervention arm was

confirmed also when these patients were classified based on

the delivery mode (vaginal delivery, RR = 0.52, 95% CI,

0.32–0.81; Cesarean section, RR = 0.6, 95% CI, 0.41–0.86).

Relationship between rhuFVIIa dose and efficacy

The median rhuFVIIa dose infused into patients was

57.6 lg kg�1 (inter-quartile range, 52.9–60.8; range, 31.6–
72.7 lg kg�1).

The infused rhuFVIIa dose was based on the conversion

of the theoretical weight-adjusted dose into discrete total

doses corresponding to the use of a number of complete

product vials (Table 1). Eight patients were categorized as

‘under-treated’ and one as ‘over-treated’. The primary effi-

cacy outcomes were not different between ‘over-treated or

appropriately treated’ women (n = 34) and ‘under-treated’

women (n = 8) (P = 0.45, Fisher’s exact test). The median

value of the difference between theoretical rhuFVIIa dose

and infused rhuFVIIa dose was �1.64 lg kg�1 for women

who required some form of second-line intervention, and

�3.2 lg kg�1 for successfully treated women who recov-

ered without any second-line intervention (P = 0.55).

Compassionate treatment

In the standard care arm, salvage peripartum hysterec-

tomy was considered after vascular embolization or liga-

tion failure. Therefore, eight of the 42 patients received

late rhuFVIIa as a compassionate treatment in an

attempt to avoid surgery. Peripartum hysterectomy was

avoided in two cases.

Discussion

This first multicenter RCT on the off-label use of rhu-

FVII in women with PHH shows that early infusion of

one single rhuFVIIa dose after sulprostone failure can

reduce the need for specific second-line interventions from

93% (in the standard care arm) to 52% (absolute differ-

ence of 41%). The NNT to avoid at least one second-line

therapy was 2.6. This positive effect was independent

from the delivery mode. The results also indicate that the

intervention was not successful in over half the women.

Table 4 Effect of the delivery mode on the efficacy outcomes.

(A) Vaginal delivery. (B) Delivery by Cesarean section

Principal endpoint

Standard

arm

(N = 42)

n (%)

Intervention

arm (N = 42)

n (%)

Absolute

difference

(%)

Vaginal delivery,

N = 41 N = 22 N = 19

A

Primary efficacy outcome 20 (91) 9 (47) 44

Arterial embolization 16 (73) 7 (37) 36

Arterial ligation 2 (9) 2 (11) �2

Peripartum hysterectomy 3 (14) 1 (5) 9

Others* 2 (9) 0 9

Arterial embolization

alone

15 (68) 7 (37) 31

Arterial ligation alone 0 (0) 1 (5) �5

Cesarean section delivery, N = 43 N = 20 N = 23

B

Primary efficacy outcome 19 (95) 13 (57) 38

Arterial embolization 8 (40) 5 (22) 18

Arterial ligation 10 (50) 7 (30) 20

Peripartum hysterectomy 5 (25) 2 (9) 16

Others* 4 (20) 4 (17) 3

Arterial embolization

alone

7 (35) 5 (22) 13

Arterial ligation alone 3 (15) 3 (13) 2

*B-lynch sutures, Bakri Balloon and variants with hemostatic inten-

tion.
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In their review, Franchini et al. [18] recommended the

administration of 90 lg kg�1 rhuFVIIa and in the case of

PPH treatment failure to give a similar dose 20 min later.

In a more recent Japanese multicenter case series of 25

women [21], the median number of rhuFVIIa infusions

was one (range, one to five), the median dose per admin-

istration was 84.0 lg kg�1 (range, 21–105 lg kg�1) and

the median total dose was 97.9 lg kg�1 (range, 55.0–
359 lg kg�1). After the final administration, bleeding was

‘stopped’ in 16 patients (64%), ‘decreased’ in eight

patients (32%) and ‘unchanged’ in one patient (4%). Peri-

partum hysterectomy was required in two patients

(15.4%) after rhuFVIIa administration. In a recent larger

case series of 110 women included in the Australian and

New Zealand registry, 78% of patients received a single

rhuFVIIa infusion (median dose, 92 lg kg�1) [19], the

clinically estimated positive response rate was 76%, and

64% of women responded to the first dose. As severe

PPH is considered to be a thrombogenic event and rhu-

FVIIa is associated with thromboembolic complications

in this clinical setting, we decided for safety reasons to

use a single infusion at lower doses (between 60 and

90 lg kg�1) than previously reported [24]. During the 5-

day follow-up after delivery, one ovarian vein thrombosis

and one DVT with PE were reported, but no arterial

thromboembolic events.

In this RCT, 19% of women in the standard care arm

underwent peripartum hysterectomy. A national cohort

study in the United Kingdom between 2007 and 2009

evaluated specific second-line therapies for severe PPH

and reported a similar peripartum hysterectomy rate

(26%) [25]. Our trial was underpowered to reach statisti-

cal significance in the rate of salvage hysterectomies

between treatment arms.

When this study was designed, no systematic thrombo-

prophylaxis was recommended in women with severe

PPH and no specific guidelines were available. Currently,

clinical attitudes vary from the prescription of low-molec-

ular-weight heparin, as soon as the residual hemorrhagic

risk seems reasonably low enough (for instance, 24 h after

cessation of PPH or later, depending on the individual

situation), to no drug-based prophylaxis [26–28]. This

issue will have to be carefully addressed in the design of

future RCTs because the present study was not powered

to assess this safety outcome (7% vs. 19%; P = 0.11).

Two of the women (5%) in the intervention arm devel-

oped a venous thrombotic complication. In both cases,

this event was associated with typical risk factors (pla-

centa abruption, emergency Cesarean section and blood

transfusion) and occurred despite thromboprophylaxis.

The 5% global rate of thrombotic complications is higher

than the 2.5% reported in the review by Franchini et al.

[17]. We think that in patients with severe PPH treated

with rhuFVIIa, thromboprophylaxis, which was left to

the attending physician’s discretion in our trial, is a major

issue. Trials on the off-label use of rhuFVIIa for other

indications, including spontaneous intracerebral hemor-

rhage, have often assessed higher doses than we did and

included older patients: the frequency of venous thrombo-

embolic events in these trials ranged between 2% and

4%, consistent with our finding [29–31].
Primary outcome assessments were based on unambigu-

ous technical and clinical endpoints that were easy to

check. Due to our limited recruiting capacities, it would

have been difficult to design an RCT to demonstrate a

significant rhuFVIIa-associated reduction in the number

of peripartum hysterectomies, the most important and

only clinical endpoint with definitive consequences. There-

fore, this first RCT focused on the reduction of second-

line interventional therapies.

Our trial has some significant limitations. It was an

open RCT and not a placebo-controlled, double-blind

trial because neither patients nor investigators were

blinded to treatment. The major risk of bias was that

inclusion in the standard care arm during PPH could

have led investigators to perform earlier second-line inter-

ventional therapies. However, no difference in the time to

second-line treatment was detected between arms.

The results and limitations of this first RCT assessing

the use of rhFVIIa in severe PPH may be useful in

designing a double-blind trial [26,32], which is now

needed before strong recommendations can be made.
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