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Abstract

Aim We aimed to evaluate the efficacy of intravenous

administration of recombinant activated factor VIIa

(rFVIIa) for acute pulmonary hemorrhage treatment in

very-low-birth-weight (VLBW) premature infants.

Patients and Methods This study was carried out retro-

spectively in premature infants with pulmonary hemorrhage

that were B30 weeks gestational age or \1250 g birth

weight. The data of all VLBW premature infants with pul-

monary hemorrhage who were hospitalized in our neonatal

intensive care unit between 01 January 2013 and 31

December 2015 were evaluated. Group 1 (n = 21) received

rFVIIa support within the first 30 min of pulmonary hem-

orrhage plus conventional treatment, while Group 2

(n = 21) received conventional treatment only.

Results The number of patients whose pulmonary hemor-

rhage was stopped within the first 2 h was significantly

higher in Group 1 than Group 2 (n = 14 vs n = 4;

p = 0.002). After pulmonary hemorrhage, hemoglobin

values of Group 1 were higher than Group 2 (11.12 ± 1.06

vs 10.14 ± 1.59 g/dL; p = 0.024). Erythrocyte suspension

(1.43 ± 4.51 vs 5.71 ± 7.46 mL/kg; p = 0.030) and fresh

frozen plasma use (5.71 ± 8.10 vs 19.52 ± 12.44 mL/kg;

p\ 0.001) in Group 1 were lower than those of Group 2.

Prothrombin time, activated partial thromboplastin time,

and international normalized ratio values in Group 1 were

lower than those of Group 2 (p\ 0.05). No statistically

significant difference was identified in recurrence of pul-

monary hemorrhage after 72 h, overall mortality, mortality

from pulmonary hemorrhage, surfactant use, intubation

time, hospitalization duration, intraventricular hemorrhage

(IVH), severe IVH, patent ductus arteriosus rates, or short-

term complication rates.

Conclusion rFVIIa administration was observed to be

effective in stopping pulmonary hemorrhage, reducing

blood product requirement, and improving coagulation test

parameters. Prospective studies are needed to evaluate the

efficacy, reliability, and long-term results of rFVIIa in the

prevention and treatment of pulmonary hemorrhage in

premature infants.

Key Points

In this retrospective study, very-low-birth-weight

(VLBW) premature infants with pulmonary

hemorrhage were treated with recombinant activated

factor VIIa (rFVIIa).

rFVIIa administration was effective in stopping

pulmonary hemorrhage and reducing the need for

blood products, although it did not decrease

intraventricular hemorrhage rate and mortality.

rFVIIa could be used safely without increasing short-

term complications in VLBW premature infants with

pulmonary hemorrhage.

1 Introduction

Severe pulmonary hemorrhage is a life-threatening acute

event appearing in 10% of premature infants [1–3]. It is

characterized by acute deterioration in pulmonary function,

bleeding from the lungs as evidenced by suctioning or

aspiration of fresh blood, cardiovascular instability, and
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appearance of new pulmonary shadows on chest radio-

graphs [4, 5]. Injuries of the premature lung due to the

treatment of respiratory distress syndrome, mechanical

ventilation, or an impairment in pulmonary circulation can

cause pulmonary hemorrhage [2, 6, 7]. Mortality rates are

high in severe pulmonary hemorrhage and can be as high as

50% in premature infants [2, 3, 6]. Conventional treatment

of pulmonary hemorrhage includes high positive end-ex-

piration pressure with mechanical ventilation, transfusion

with blood products, and the administration of surfactant,

to restore impaired oxygenation [1, 2, 4].

Through its interaction with tissue factor, activated

factor VIIa acts locally in injured endothelial areas. The

complex causes thrombin formation and fibrin clotting by

activating platelets [8, 9]. Recombinant activated factor

VIIa (rFVIIa) (rFVIIa; NovoSeven� Novo Nordisk,

Princeton, NJ, USA) is approved for use in severe, life-

threatening hemorrhages and perioperative prevention in

patients wıth inherited or acquired hemophilia with inhi-

bitors to coagulation factors VIII and IX and inherited

factor VII deficiency [2, 10].

At birth, activities of the vitamin K-dependent clotting

factors (II, VII, IX, and X) and the concentrations of the

contact factors XI and XII are reduced to about 50% of

normal adult values [11]. rFVIIa is used off-label to stop

life-threatening bleeding unresponsive to conventional

treatment with cryoprecipitate and fresh frozen plasma

(FFP) in adults, children, and newborns [9].

Evidence for rFVIIa use in newborns, particularly in

premature infants, is limited to few case reports and uncon-

trolled prospective patient studies [2, 4, 9, 10, 12–21]. To get

a better understanding of the efficacy and safety of rFVIIa in

premature infants with pulmonary hemorrhage, we retro-

spectively analyzed patient data of very-low-birth-weight

(VLBW) infants with life-threatening acute pulmonary

hemorrhage that either were treated with rFVIIa in addition

to conventional treatment or received conventional treat-

ment alone.

2 Patients and Methods

This retrospective study was carried out in a level III

neonatal intensive care unit (NICU) (Izmir, Turkey) and

approved by the local Institutional Review Board. The

investigators complied with the ethical principles stated in

the Helsinki Declaration of the World Health Organization

in all stages of the study. This study was carried out ret-

rospectively in premature infants that were B30 weeks

gestational age or \1250 g birth weight (n = 56) with

pulmonary hemorrhage. The data of all VLBW premature

infants with pulmonary hemorrhage who were hospitalized

between 1 January 2013 and 31 December 2015 were

evaluated. In our NICU, conventional treatment of pul-

monary hemorrhage includes high positive end-expiration

pressure with mechanical ventilation, transfusion with

blood products, and the administration of surfactant, to

restore impaired oxygenation.

Life-threatening acute pulmonary hemorrhage was

diagnosed as the presence of the following criteria: (1)

acute deterioration in pulmonary function; (2) bleeding

from the lungs as evidenced by suctioning or aspiration of

fresh blood; (3) cardiovascular instability; (4) appearance

of new pulmonary shadows on chest radiographs [4, 5].

Inclusion criteria were gestational age B30 weeks or

\1250 g birth weight, the diagnosis of life-threatening

acute pulmonary hemorrhage, and for the group with

rFVIIa treatment administration, rFVIIa must have been

administered within the first 30 min of pulmonary hemor-

rhage. Exclusion criteria were gestational age[30 weeks

or C1250 g birth weight, gestational age \23 weeks or

\500 g birth weight, rFVIIa use after first 30 min of pul-

monary hemorrhage, those hospitalized after the first

postnatal 24 h, and newborns with major congenital

anomaly, metabolical disease, or congenital infection

related to the TORCH complex (toxoplasmosis, other,

rubella, cytomegalovirus, herpes simplex virus).

A total of 42 premature infants met the inclusion criteria

and were evaluated retrospectively. All premature infants

were diagnosed with life-threatening acute pulmonary

hemorrhage on the basis of radiologic and clinical findings.

Group 1 (n = 21) had received rFVIIa support within the

first 30 min of pulmonary hemorrhage plus conventional

treatment, while Group 2 (n = 21) had received conven-

tional treatment only. Importantly, these patients (Group 2)

were seen in the time before rFVIIa was available for our

hospital. In Group 1, a single dose of 50 lg/kg rFVIIa had

been administered intravenously within the first 30 min of

pulmonary hemorrhage and prior to FFP support. Gesta-

tional age and birth weight were matched in both groups.

Data such as gestational age, birth weight, gender, delivery

mode, use of antenatal corticosteroids, risk factor in

mother, transportation from external center, presence of

patent ductus arteriosus (PDA) requiring treatment, dura-

tion of intubation, duration of hospitalization, dose of

surfactant, and blood product use within the first 72 h were

noted. Chorioamnionitis, early membrane rupture, urinary

tract infection, preeclampsia and eclampsia were regarded

as risk factors in the mother.

Adverse events such as intraventricular hemorrhage

(IVH), retinopathy of prematurity (stage 2, defined as per

international classification [22], ROP), bronchopulmonary

dysplasia (oxygen dependency at 36 weeks postmenstrual

age, BPD), necrotizing enterocolitis (Bell’s staging criteria,

stage II or greater [23], NEC), sepsis, thrombosis, and

mortality were noted. Sepsis was defined by a positive
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blood culture. The grade of IVH was defined by using

Papile’s classification. Severe IVH included grade III and

IV IVH [24].

2.1 Statistical Analysis

SPSS version 16.0 was used for the statistical analysis of

data. Normality was tested for by 1-sample Kolmogorov–

Smirnov test. To compare independent groups, the non-

parametric Mann–Whitney U test was used. Categorical

variables were compared using the v2 test. Continuous data
are presented as mean ± SD. Statistical significance was

determined as p\ 0.05.

3 Results

A total of 42 premature infants who met the inclusion

criteria were evaluated. Birth weight (822.00 ± 173.87 vs

877.14 ± 180.25 g; p = 0.322), gestational age

(26.33 ± 1.39 vs 26.43 ± 1.50 weeks; p = 0.832), gen-

der, delivery method, maternal risk factors, antenatal ster-

oid treatment, multiple pregnancy, and transportation rate

from external centers were similar in both groups

(Table 1). The number of patients whose pulmonary

hemorrhage could be stopped within the first 2 h was

higher in Group 1 than Group 2 (n = 14 vs n = 4;

p = 0.002), and the number of patients whose pulmonary

hemorrhage had continued in the first 72 h (n = 7 vs

n = 17; p = 0.002) was significantly lower in Group 1.

The number of patients whose pulmonary hemorrhage had

recurred later than 72 h (n = 2 vs n = 6; p = 0.116),

however, was not statistically different between the two

groups. There were no statistical differences in overall

mortality (n = 9 vs n = 14; p = 0.121) and mortality from

pulmonary hemorrhage (n = 5 vs n = 10; p = 0.107)

(Table 2). Two patients died from NEC and two patients

from sepsis in Group 1; and one patient died from NEC,

two patients from sepsis, and one patient from ventilator-

associated pneumonia in Group 2.

No statistically significant differences were identified in

surfactant use, intubation time, hospitalization time, IVH,

severe IVH, and PDA rates. Moreover, short-term com-

plications including sepsis, NEC, BPD, and ROP rates

were similar in both groups (Table 2). Neither acute

adverse events nor thromboembolic complications were

observed.

While there were no differences in hemoglobin and

platelet values at the begining of hospitalization, hemo-

globin value was higher in Group 1 after the treatment of

pulmonary hemorrhage (11.12 ± 1.06 vs 10.14 ± 1.59 g/

dL; p = 0.024). Furthermore, erythrocyte suspension

(1.43 ± 4.51 vs 5.71 ± 7.46 mL/kg; p = 0.030) and FFP

(5.71 ± 8.10 vs 19.52 ± 12.44 mL/kg; p\ 0.001) use in

Group 1 was lower than in Group 2 (Table 3).

Vitamin K was administered to all patients in the

delivery rooms. There were no patients whose prothrombin

time (PT), activated partial thromboplastin time (aPTT),

and international normalized ratio (INR) values had been

studied prior to pulmonary hemorrhage. However, 12

patients in Group 1 and 16 in Group 2 had PT, aPTT, and

INR values measured following pulmonary hemorrhage.

After the treatment of pulmonary hemorrhage, PT

(17.51 ± 1.60 vs 19.28 ± 2.23; p = 0.047), aPTT

(56.93 ± 11.18 vs 66.36 ± 9.59; p = 0.029), and INR

(1.67 ± 0.14 vs 1.84 ± 0.20, p = 0.042) values in Group

1 were statistically lower compared with Group 2.

4 Discussion

In this paper, we present the first clinical study comparing

the outcomes in two groups of VLBW preterm infants with

life-threatening acute pulmonary hemorrhage that either

did or did not receive rFVIIa. Although there have been a

few studies presenting off-label use of rFVIIa in refractory

bleeding in premature infants, data concerning rFVIIa use

in pulmonary hemorrhage in premature infants are

restricted to a limited number of case reports

[2, 4, 9, 15, 16]. Poralla et al. [2] reported the successful

Table 1 Demographic features

of study population
Group 1 (n = 21) Group 2 (n = 21) p value

Gestational age (weeks)a 26.33 ± 1.39 26.43 ± 1.50 0.832

Birth weight (g)a 822.00 ± 173.87 877.14 ± 180.25 0.322

Sex (M/F) (n) 12/9 13/8 0.753

Delivery mode (normal/Cesarean) (n) 4/17 6/15 0.469

Transportation from external center (n) 15 10 0.116

Multiple pregnancy (n) 7 6 0.739

Antenatal steroid (n) 10 12 0.537

Risk factor in mother (n) 15 15 1.000

a Results are given as mean ± SD. For statistical significance p\ 0.05
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use of rFVIIa to treat pulmonary hemorrhage in three

premature infants with VLBW. Two other case reports

have described the successful use of rFVIIa, Cetin et al.

[15] reported on a single case and Olomu et al. [4] on two

infants, using doses of 50–120 lg/kg. In a series involving

18 infants with refractory bleeding, five of these being

premature infants with pulmonary hemorrhage (gestational

age range 24–32 weeks), rFVIIa was administered as 1–3

doses of 90 lg/kg/dose within the first 72 h, and bleeding

was successfully treated in 13 patients [9].

In our own study, pulmonary hemorrhage was effec-

tively treated within 2 h in 14 of 21 (66.6%) premature

infants who had been administered a single dose of 50 lg/
kg/dose rFVIIa, whereas in the group who had not been

administered rFVIIa, this was only the case for four (19%)

patients (p = 0.002). In previous studies of rFVIIa

administration to neonates with hemorrhage, it was repor-

ted that rFVIIa had mostly been administered to neonates

resistant to FFP treatment. In our present study, a single

dose of 50 lg/kg rFVIIa had been administered within the

first 30 min of pulmonary hemorrhage and prior to FFP

support. Gkiougki et al. [16] noted that 13 of 14 neonates

who survived intractable bleeding or severe coagulation

disturbances had received treatment with rFVIIa within

24 h of the beginning of bleeding (93%), whereas only 6 of

the 15 neonates who died had received treatment with

rFVIIa on the first day of hemorrhage (40%) (p = 0.009).

In two studies carried out in neonates with unresponsive

hemorrhage, it was stated that FFP replacement could be

reduced after rFVIIa treatment [9, 16]. In our study, less of

both FFP and erythrocyte suspension was used in the group

that had received rFVIIa. In addition, hemoglobin value

assessed after the treatment was higher in the group to

whom rFVIIa had been administered (p\ 0.05, Table 3).

We noticed that rFVIIa administration in VLBW premature

infants with pulmonary hemorrhage decreased the number

of patients whose pulmonary hemorrhage recurred in the

first 72 h of the condition (n = 7 vs n = 17; p = 0.002,

Table 2 Clinical features of

study population
Group 1 (n = 21) Group 2 (n = 21) p value

Stopped pulmonary hemorrhage, first 2 h (n) 14 4 0.002

Pulmonary hemorrhage recurrence, first 72 h (n) 7 17 0.002

Pulmonary hemorrhage recurrence, after 72 h (n) 2 6 0.116

Total mortality (n) 9 14 0.121

Mortality regarding pulmonary hemorrhage (n) 5 10 0.107

Surfactant (n)a 2.43 ± 0.81 2.76 ± 0.76 0.179

Intubation period (day)a 4.48 ± 3.88 6.90 ± 6.56 0.152

Hospitalization period (day)a 50.86 ± 37.37 31.67 ± 35.08 0.094

IVH (n) 7 10 0.346

IVH grade 3–4 (n) 3 6 0.259

PDA (n) 20 17 0.153

Sepsis (n) 3 2 0.634

ROP (n) 4 3 0.679

NEC (n) 5 4 0.707

BPD (n) 5 4 0.707

BPD bronchopulmonary dysplasia, IVH intraventricular hemorrhage, NEC necrotizing enterocolitis, PDA

patent ductus arteriosus, ROP retinopathy of prematurity
a Results were given as mean ± SD. For statistical significance p\ 0.05

Table 3 Laboratory results and

blood product transfusion of

study population

Group 1 (n = 21) Group 2 (n = 21) p value

Hospitalization Hba 14.74 ± 1.72 15.29 ± 1.52 0.285

Hb after hemorrhage (g/dL)a 11.12 ± 1.06 10.14 ± 1.59 0.024

Hospitalization PLTa 319.52 ± 128.39 298.81 ± 99.24 0.562

PLT after hemorrhagea 268.48 ± 111.23 246.38 ± 87.75 0.479

FFP volume (mL/kg)a 5.71 ± 8.10 19.52 ± 12.44 \0.001

Erythrocyte suspension volume (mL/kg)a 1.43 ± 4.51 5.71 ± 7.46 0.030

Hb hemoglobin, FFP fresh frozen plasma, PLT platelet
a Results were given as mean ± SD. For statistical significance p\ 0.05
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Table 2) and thereby the need for blood product use. The

use of rFVIIa in pulmonary hemorrhage can be an alter-

native for large volumes of plasma that may create volume

burden, especially in VLBW premature infants (Table 4).

Mortality following pulmonary hemorrhage is high.

Gkiougki et al. [16] reported that 8 (53.3%) of 15 prema-

ture infants with rFVIIa administration due to pulmonary

hemorrhage died. In our study, overall mortality was 54.7%

and this value is comparable with the rates in the critical

premature patient population with hemorrhage in the lit-

erature. Although the mortality rate was lower in the

patient group with rFVIIa administration (42.8%; n = 9)

compared with that of the patient group with no rFVIIa

administration (66.6%; n = 14), no statistical difference

was identified (p = 0.121). The mortality due to acute

pulmonary hemorrhage tended to be lower in the rFVIIa

treatment group (23.8%; n = 5) compared with the group

with no administration (47.6%; n = 10; p = 0.107).

Because only a single dose of rFVIIa was administered to

our patients, it could be speculated that multiple doses of

rFVIIa for patients whose pulmonary hemorrhage contin-

ued may improve survival rates.

No evident reduction in IVH and severe IVH (p[ 0.05)

was seen in patients who received rFVIIa (Table 2).

Veldman et al. reported the results of a study of rFVIIa for

the prophylaxis of IVH including ten extremely premature

infants who were administered 100 lg/kg rVIIa every 4 h,

for the first 72 h of life. Twenty percent of the premature

infants developed grade III or IV IVH [12]. In another

study involving three VLBW premature infants, it was

reported that rFVIIa treatment was unable to inhibit pre-

existing IVH progression [2]. There is insufficient data to

evaluate the efficacy of rFVIIa in preventing IVH forma-

tion and progression.

Moreover, no increase in short-term complications such

as sepsis, NEC, BPD, and ROP was seen with the use of

rFVIIa. rFVIIa was well tolerated by all preterm infants in

our study. In previous studies, rFVIIa was administered to

VLBW premature infants at 50–120 lg/kg/dose every

4–24 h [2, 4, 9, 10, 12, 14–16]. We administered a single

low dose (50 lg/kg) because of the risk of thromboem-

bolism in rFVIIa administration. We did not observe any

signs of thrombosis or embolism. We are of the opinion

that randomized controlled studies are needed in this

patient group to evaluate the optimal dosing of rFVIIa in

VLBW premature infants.

The most important restrictions of our study are its

retrospective design and small numbers. Another restric-

tion is the fact that the patients were not randomized to

the treatment but rather, once rFVIIa became available,

all patients were treated with it. However, our study

indicates successful hemostasis and a reduction in the

need for blood products with rFVIIa use in VLBW pre-

mature infants with acute pulmonary hemorrhage. Since

the number of patients whose PT, aPTT, INR, and fib-

rinogen values had been controlled, particularly before

pulmonary hemorrhage was limited, we could not assess

how these values changed with rFVIIa treatment and this

is another restriction of our study. Although the number

of patients whose coagulation parameters had been

examined after pulmonary hemorrhage was limited, we

found that PT, aPTT, and INR values were lower in the

group that had received rFVIIa when coagulation

parameters were compared between the two groups

(p\ 0.05). Gkiougki et al. [16] showed in their study that

there was an obvious reduction in PT, aPTT, and INR

values with rFVIIa treatment in 29 neonates with hem-

orrhage. In another study, it was demonstrated that rFVIIa

was more efficient than FFP in diminishing PT in ten

premature infants with prolonged PT [21].

5 Conclusion

Early after pulmonary hemorrhage in VLBW premature

infants, the administration of a single dose of 50 lg/kg
rFVIIa was effective in stopping pulmonary hemorrhage,

reducing the need for blood products and improving

coagulation test parameters. It was seen that rFVIIa

administration did not statistically decrease IVH rate or

mortality. However, it could be used safely without

increasing short-term complications in VLBW premature

infants. We are of the opinion that randomized controlled

studies are needed in this patient group to evaluate the

efficacy, reliability, and long-term results of rFVIIa in

preventing and treating severe pulmonary hemorrhage in

VLBW premature infants.

Compliance with Ethical Standards

Funding None.

Table 4 Hemorrhage profile results of study population after pul-

monary hemorrhage

Group 1 (n = 12) Group 2 (n = 16) p value

INRa 1.67 ± 0.14 1.84 ± 0.20 0.042

PTa 17.51 ± 1.60 19.28 ± 2.23 0.047

aPTTa 56.93 ± 11.18 66.36 ± 9.59 0.029

aPTT activated partial thromboplastin time, INR international nor-

malized ratio, PT prothrombin time
a Results were given as mean ± SD. For statistical significance

p\ 0.05
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