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Postoperative hemorrhage is a
recognized complication of
pediatric open-heart surgery
and remains a major source

of postoperative morbidity and mortal-
ity (1, 2). Its causation is multifactorial.
The procedure itself creates significant
tissue injury, leading to consumption of
platelets and clotting factors and initi-
ating a systemic inflammatory re-
sponse, thus, increasing the possibility
of developing a coagulopathy. This is
compounded by cardiopulmonary by-

pass (CPB), an essential component of
pediatric open-heart surgery, in two
ways. First, despite administration of
heparin, simultaneous activation of
the hemostatic and fibrinolytic systems
occurs (3). Second, the CPB circuit re-
quires priming with a mixture of allo-
genic blood and/or crystalloid solu-
tions, e.g., normal saline, which causes
a significant hemodilution of clotting
factors and platelets. A resulting vari-
able dysfunction of hemostasis is seen
in all pediatric patients (4, 5).

The Pediatric Coagulation
System

Bleeding in pediatric cardiac surgery
patients is exacerbated by an underdevel-
oped coagulation system, particularly, in
neonates and young infants. Vitamin
K–dependent clotting factor levels are all
�70% of mean adult values, not increas-
ing to 80% to 90% until 6 mos of age (4,
6). Although platelet levels are similar,
platelets are less reactive until 2 wks of
age (7, 8). Levels of certain natural coag-
ulation inhibitors are elevated, e.g., hep-
arin cofactor II, but others are signifi-
cantly lower, e.g., antithrombin III,
which does not reach adult levels until
3–6 mos (6, 9, 10), impairing the ability
of heparin to provide adequate anticoag-
ulation (11). Because both clotting factor
and natural inhibitor levels are altered,
standard tests of coagulation, such as
prothrombin time and activated partial
thromboplastin time, are not as reliable
as in adults, and the ability of infant
plasma to generate fibrin as measured by
fibrin/fibrinogen degradation products
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and D-dimers may be a better measure of
the coagulant potential of infant blood
(12–15). Taken as a whole, the inherent
ability of the neonate or young infant pa-
tient to clot is reduced when compared
with their older counterparts (16).

Hemodilution

CPB-associated hemodilution is more
pronounced in pediatric patients because
of the significant discrepancy between
the volume required to prime the CPB
circuit and a child’s circulating volume.
Unsurprisingly, this is more pronounced
in smaller, younger children. Some stud-
ies have suggested that age is the most
important risk factor for subsequent
bleeding (17, 18), whereas others have
suggested low weight to be a predictor of
coagulopathy, independent of the effect
of age (19). Keeping aside the relative
importance of these two interdependent
variables, it is clear that neonates bleed
more and are exposed to more transfu-
sion than any other group undergoing
cardiac surgery (20).

Other Factors

Cyanosis is a common problem in
children undergoing surgery to correct
congenital heart disease and further im-
pairs their hemostatic performance. Poly-
cythaemia and the ensuing hyperviscosity
are major causative factors (21), but pa-
tients with cyanotic congenital heart dis-
ease also produce less coagulation fac-
tors, particularly, fibrinogen, and natural
thrombin inhibitors (e.g., heparin cofac-
tor II) because of impaired intestinal ab-
sorption of Vitamin K and delayed hepatic
maturation secondary to impaired oxygen
perfusion (22). Several other patient-
specific factors, such as reoperation, du-
ration of CPB, and complexity of the pro-
cedure, will increase the chance of
postoperative hemorrhage.

Recombinant Factor VIIa

Recombinant factor VIIa (rFVIIa)
(NovoSeven; NovoNordisk, Bagsvaerd,
Denmark) was first licensed for the treat-
ment of hemorrhage in patients with he-
mophilia A or B with neutralizing auto-
antibodies (coagulation inhibitors) to
factor VIII or IX (23–26). In 2005, the
U.S. Food and Drug Administration in-
creased the license of rFVIIa to include
surgical procedures in the same patient
group and patients with congenital factor

VII deficiency (27). There are an increas-
ing number of reports, within both pedi-
atric and surgical practice, of the off-
license administration of rFVIIa to treat
hemorrhage refractory to standard allo-
genic transfusion therapy (28–31). The
mechanism of action of rFVIIa has been
described extensively previously (32–34),
and we will not repeat a description here.

Aims of Review

We have previously investigated the
role of rFVIIa in cardiac surgery (33).
However, this review focused predomi-
nantly on adults. The literature pertain-
ing to rFVIIa in pediatric cardiac surgery
are relatively small and heterogeneous,
predominantly based on case reports, but
has increased considerably in the past 2
yrs, allowing more in-depth pooled data
analysis to be performed. In this article,
we describe a systematic review of the
available evidence on the efficacy, dosage,
safety, and cost implications of rFVIIa use
in pediatric cardiac surgery and formu-
late proposals for future research.

MATERIALS AND METHODS

Literature Search. A literature search was
performed using PubMed, Ovid, Embase,
Google Scholar, and Cochrane databases. The
following MeSH headings were used when
searching PubMed: “Cardiac Surgical Proce-
dures,” “Pediatrics,” “Cardiopulmonary By-
pass,” “Hemorrhage,” and “Treatment Out-
come,” along with the substance heading
“recombinant FVIIa.” The “related articles”
function was used to broaden the search, and
all abstracts, studies, and citations were
scanned and reviewed. Studies in all languages
were sought. No date restrictions were placed
on articles. The last date for this search was
January 1, 2008.

Peer-reviewed cardiac surgery, pediatric,
and anesthetic journals’ databases were
searched, including published conference pro-
ceedings. Searches were also made of previous
reviews, including cross-references. Ongoing
trials were searched for via the Website (www.
controlled-trials.com). References of the ac-
quired articles were all searched manually to
identify any further studies for inclusion.

Inclusion and Exclusion Criteria. To be
considered for inclusion in this systematic re-
view, articles had to report on the administra-
tion of rFVIIa to patients undergoing pediatric
open-heart surgery. After deliberation, we de-
fined “pediatric” as �18 yrs of age for the
purpose of this review. This was to allow the
inclusion of two articles reporting on a signif-
icant number of pediatric cases, ranging from
neonate to adolescent, that had defined the
pediatric cohort (35, 36). Thus, articles that

studied the effect of rFVIIa on a mixed cohort
of patients, e.g., those in pediatric intensive
care units or reported results obtained from
databases were studied, and data pertaining to
pediatric open-heart surgery patients were ex-
tracted. Patients were excluded if they were
placed on extracorporeal circulatory support
for noncardiac surgery conditions. Animal
studies were excluded. Articles were classified as
case reports, case series, retrospective database
(or chart) reviews, and comparative studies.

Selection of Trials for Inclusion. On the
basis of the inclusion and exclusion criteria
outlined earlier, two reviewers (O.W. and P.R.)
independently selected studies for further ex-
amination by reading titles and abstracts of all
identified citations. All potentially eligible
studies were retrieved in full for further as-
sessment. Any disagreement was resolved by
discussion with the senior author (T.A.).

Data Extraction. Two reviewers (O.W. and
P.R.) independently extracted the following
data from each article: first author, year of
publication, study type, number of subjects,
study population demographics, pathology,
and procedure type (including the use of arti-
ficial circulatory support). Data were retrieved
wherever possible on the following outcomes
of interest: dosage (initial and cumulative),
preintervention and postintervention transfu-
sion requirements and blood loss, adverse
events (thromboembolic and nonthromboem-
bolic), and mortality. Data extraction was per-
formed independently by the same reviewers,
using a standardized excel spreadsheet.

Data Analysis. The presence of only one
single prospective randomized controlled trial
in the literature prevented a formal meta-
analysis being performed. However, where ar-
ticles reported individual patient-specific data
regarding outcomes, such as clotting param-
eters, blood product transfusion require-
ments, blood loss, and pre-rFVIIa and post-
rFVIIa administration, this was extracted and
a pooled analysis performed where possible.
Data are expressed either as raw count and
percentages, ranges, mean value � SD or as
median and interquartile range. Kolmogorov–
Smirnov test was performed to test the nor-
mality of distributions on all extracted data
sets. Where data were non-normally distrib-
uted, Wilcoxon’s signed-rank test was per-
formed; and where normally distributed, a
paired samples t test was performed. All sta-
tistical analysis was performed using SPSS
14.0 (SPSS, Chicago, IL).

RESULTS

Study Identification. The results of
the systematic search strategy are shown
in Figure 1. Thirty-one studies fulfilled
our inclusion criteria. However, one pa-
tient was replicated in two articles by the
same group (37, 38), therefore, the older
article was excluded because it contained
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less data (37), and one article reporting a
mixed case registry was excluded because
no specific pediatric data were presented
(39). Therefore, 29 publications were in-
cluded in our final analysis (30, 35, 36,
38, 40–64), four on mixed pediatric pop-
ulations containing some cardiac surgery
patients (35, 36, 41, 61).

Study Type and Literature Heteroge-
neity. The included articles report on 235
patients, of whom 66 are controls and are
excluded from further analysis. To facili-
tate data synthesis, reporting of key out-
comes, and statistical analysis, we divided
the remaining 169 patients treated with
rFVIIa into two groups. The first group is
made up of six articles (35, 36, 61–64)
reporting on the administration of rFVIIa
to 122 patients, where all data were re-
ported as average values pertaining to the
group being investigated, thus, prevent-
ing the extraction of individual patient-
specific data. This group includes three
comparative studies that focus solely on
pediatric cardiac surgery (62– 64); the
first is a small case series of nine patients,
compared with a historical matched con-
trol group of eight patients (62); the sec-
ond is a retrospective matched case-
control study published recently by
Agarwal et al (63), which includes 24
treated patients; the third, by Ekert et al
(64), is the only randomized controlled
trial identified, which, unlike the other
two, investigates the prophylactic role of
rFVIIa and is the only article in the liter-
ature to do so in a general pediatric study

(i.e., in patients without hemophilia A,
factor VII deficiency, etc.).

The second group comprised the other
23 articles (30, 38, 40–60), a mixture of
case reports or series, where extraction of
individual and patient-specific data was
possible. This effectively allowed us to
create a new “cohort” of 47 patients and
allowed, on occasions, pooled statistical
analysis to be performed. Three case se-
ries each reported on more than five pa-
tients, thus, contributing 21 (45%) of the
patients in this group (30, 49, 56).

Patient Demographics and Case Mix.
The patient demographics, surgical pro-
cedures (including the use of extracorpo-
real membrane oxygenation [ECMO]),
and dosing regimens used in articles re-
porting pooled data are described in Table
1, and where extraction of individual pa-
tient-specific data was possible, the same
information is presented for each individ-
ual patient in Table 2. A broad range
of pediatric patients, in terms of age,
weight, and pathology, is described in
both Tables 1 and 2. The cohort described
in Table 2 has a mean age of 37.2 � 55.9
mos and mean weight of 15.0 � 6.8 kg.
The smallest patient in the review weighs
only 2.4 kg (63). Unsurprisingly, the pre-
dominant procedures are surgical correc-
tions of major congenital abnormalities.
However, the literature also includes the
use of rFVIIa in three patients following
cardiac transplant (44, 47, 51) and in one
patient who underwent resection of a left
ventricular tumor (49).

The Impact of ECMO. Of the 169 in-
cluded patients, 35 were on ECMO at the
time of rFVIIa administration, 19 of those
are reported as individual cases in Table
2. Veldman et al (56) and Wittenstein et
al (59) have both reported case series in
which all treated patients were on ECMO
following surgery for congenital heart
disease. In the series by Veldman et al,
three of the seven patients died, but only
one of these could be considered second-
ary to thrombotic pathology (a myocar-
dial infarction). In another two cases,
thrombus was seen inside the circuitry
after successful weaning from ECMO, and
one patient required an oxygenator
change because of occlusion. Velik-
Salchner et al (57) reported thrombotic
occlusion of the truncus brachiocephali-
cus and both subclavian arteries in a ne-
onate supported by ECMO. In both these
articles, rFVIIa was given in combination
with other procoagulant factor concen-
trates, including factor XIII, antithrom-
bin III concentrates, and fibrinogen. Both
groups conclude that administration of
rFVIIa simultaneously with other proco-
agulants must be avoided because of risk
of life-threatening ECMO occlusion. Fifty
percent of the study group in Agarwal et
al was placed on ECMO, and when ana-
lyzed as a subgroup they experienced
more chest tube bleeding and required
more blood products than those without.
Of the 24 patients receiving rFVIIa, two
patients suffered major thrombosis, both
from the ECMO subgroup, one with a
resulting major morbidity. All the four
patients on ECMO in the study by
Wittenstein et al (59) survived with no
thromboembolic events. Other complica-
tion-free reports of rFVIIa use in patients
on ECMO can be found elsewhere in the
literature (42, 44, 58). Of the entire co-
hort, 7 (20%) are reported to have suf-
fered symptomatic thrombotic phenom-
ena following rFVIIa.

Dosing. Where possible, we extracted
the initial dose, the number of doses
given, and the interval between them.
Patient-specific data were extracted for all
47 patients detailed in Table 2. The first
dose administered in this population
ranges from 17 to 200 �g/kg, with a
mean dose of 93.2 � 50.3 �g/kg. The
total dose ranged from 17 to 4650 �g/kg,
with a median total dose of 210 (256)
�g/kg (the data were not normally dis-
tributed due to the effect of one case
where rFVIIa was given for every 2 hrs, at
a dose of 90 �g/kg, over 7 days to treat a
factor VII–deficient patient undergoing

452 publications identified by computerized
search: last search date 1st January 2008

78 articles investigated in full on the basis of 
titles and abstracts

374 excluded by title and abstract review

51 excluded due to failure to meet inclusion criteria 

29 reports included in final systematic review

[30, 35, 36, 38, 40-64] 

4 articles retrieved from examination of references

26 case reports, series or chart reviews 
[30, 35, 36, 38, 40-61] 

3 comparative studies [62-64]

2 further articles excluded, one for duplication of data 
[37], one as no pediatric data presented [39] 

Figure 1. The results of the systematic search strategy.
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heart transplantation [51]). The mode in-
terval that different groups have waited
before administering further doses is 2
hrs. The smallest dose reported is 17
�g/kg and had no reported impact on
bleeding. It is not explained why such a
small dose was given (56). Where patient-
specific data were not reported (Table 1),
a significant range of dosing is still
present, on occasions even within the
same study. Agarwal et al (63), for exam-
ple, gave patients anything from one to
four doses, starting with a first dose of
46.9 � 29.3 �g/kg, based on clinician
discretion and subjective response to first
dose.

Preoperative Coagulopathy. Table 3
shows the frequency of preoperative co-
agulopathy in all 169 patients. Only one
of the six articles described in Table 1 did
not state whether or not patients with
preoperative hemostatic disturbance
were included in their article (36), but in
all others, patients with coagulopathy
were excluded. Of the patients detailed in
Table 2, 11 had a preexisting coagulopa-
thy, of which four were congenital defects
in hemostasis and seven were acquired
preoperatively (due to conditions, such as
multiorgan failure, thrombocytopenia,
and hypoxic-ischemic liver injury). The
congenital clotting disorders in which
rFVIIa has been used to facilitate cardiac

surgery include factor XI deficiency (40)
and hemophilia A with high titers of in-
hibitors to factor VIII (51), both with suc-
cessful outcomes. Tokunaga et al (55)
reported the only case of rFVIIa being
used to allow surgery in a neonate with
factor VII deficiency. They used four 30
�g/kg doses preoperatively, intraopera-
tively, and postoperatively with good ef-
fect, the patient maintaining 15% to 20%
levels of normal FVII activity for the first
3 days postoperatively and surviving to
discharge.

Effect on Blood Loss and Transfusion
Requirements. Most articles report some
reduction in blood loss, as witnessed by
the surgeon during operation (64), a re-
duction in chest tube drainage (38, 42),
or a decrease in subsequent requirement
for blood products (44, 50).

Although most articles present some
data regarding chest tube blood loss, this
is measured in different ways and at dif-
ferent points. We extracted patient-
specific data pertaining to blood loss, pre-
rFVIIa and post-rFVIIa administration
from 11 articles and were able to analyze
data on 14 patients from eight of these
(Table 4). A statistically and clinically sig-
nificant reduction in chest tube drainage
following rFVIIa administration was dem-
onstrated (p � .001). To ensure that the
findings were not related to the articles

studied, regression analysis was per-
formed, taking into account the article
from which the data were extracted. A
group effect (using rFVIIa � yes as an
independent group variable and blood
loss as dependent variable) was detected.

Despite being a better indicator of the
impact of rFVIIa on hemorrhage, fewer
studies report blood product transfusion
rates, and this, along with significant het-
erogeneity, meant it was not possible to
synthesize these data to allow any mean-
ingful statistical analysis. Agarwal et al
(63) reported a reduction in packed red
cells, fresh frozen plasma, platelet, and
cryoprecipitate transfusions (p � .001) in
patients treated with rFVIIa when com-
pared with matched controls. Razon et al
(50) reported a significant difference in
transfusion requirements pre-rFVIIa and
post-rFVIIa in three patients, two of
whom required no further blood products
once they had received rFVIIa, and
Dominguez et al (44) reported two cases
of children on ECMO after surgery,
whose requirements for blood products
reduced dramatically following rFVIIa ad-
ministration.

Finally, Ekert et al (64) investigated a
possible prophylactic role for relatively
low-dose rFVIIa in neonates undergoing
surgery for congenital heart disease, but

Table 1. Patient demographics, surgical procedures, and dosing regimens from articles reporting pooled data

Reference

Type
of

Article

No. Patients

Lesion and Procedure ECMO Agea

Weight
(kg)

Dose
(�g/kg) No. Doses

Interval Between
Successive Doses (hr)Total

Cardiac
rFVIIa Controls

61 1 46 11 — Cardiac surgery — 4.6 � 5.7 yrsb 21.7 � 26b 160 � 225b 1.6b 16.8 (1–48)c

35 1 10 1 — Bleeding post-CPB — 3–18c 3.7–49c 50–100c 2.2b —
36 1 111 37 — Bleeding post-CPB

�/or ECMO
4 �1 mo to 18

yrsc

— 2,789 �g/
patient

— —

62 2 17 9 8 CHD, including ToF,
VSD, ASD, and
mitral valve repair

— 9 � 4 yrsb 29 � 12b 90 1 —

9.5 d 3.5 46.9 � 29.3b 1 (n � 15) 3.9 � 1.7b

63 3 46 24 22 CHD, including HLHS,
TGA, aortic stenosis,
and bidirectional
Glenn Shunt

12 (4–3285)d (2.4–51)c 46.8 � 16.3b 2 (n � 7) 3.3 � 2.9b

31.6b 3 (n � 1) 2

24.3 � 6.9b 4 (n � 1) 2

64 4 76 40 36 CHD, including TGA,
ToF, and AVSD

— 4 mosb 5.2b 40 1 (n � 40) Prophylactic dose given
during CPB to all
patients

63b 2 (n � 22) Second dose given after
20 mins if “excessive
bleeding”

ASD, atrial septal defect; CHD, congenital heart disease; CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygenation; HLHS,
hypoplastic left heart syndrome; rFVIIa, recombinant factor VIIa; TGA, transposition of the great arteries; ToF, tetralogy of Fallot; VSD, ventricular septal
defect.

aYears unless otherwise stated; bmean, or mean � SD; crange, or median � range; ddays. Type of article: 1, Centre Registry based on chart reviews; 2,
case series with case-matched control group; 3, case control study; 4, randomised controlled trial.
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Table 2. Patient demographics, surgical procedures, and dosing regimens from articles reporting individual patient-specific data

Patient Reference
Type of
Article Lesion and Procedure ECMO Age

Weight
(kg) Gender Coagulation Disorder

Dose (�g/kg)

Interval Between
Successive Doses

Per
Administration Total

1 38 1 TGA arterial switch �

closure ASD �

pulmonary artery
construction

No 2.5 yrs 10 M — 30 30 —

2 40 1 Mitral valvuloplasty No 4.5 yrs 9 M FXI deficiency 5% of
normal

90 810 2–4 hrs

3 41 2 VSD repair No 4 mos 3.7 F — 90 90 —
4 41 2 TGA repair No 4 wks 4.8 M — 90 90 —
5 42 1 Intra-aortic balloon pump �

ECMO for cardiac
failure

Yes 17 yrs — M — 120 (dose1), 103
(dose 2)

223 1 hrs

6 43 1 Supravalvular aortic
stenosis requiring
resection � aortic
reconstruction

Yes 3.5 yrs 16 M — 200 (dose 1),
500 (dose 2)

700 15 mins

7 44 1 Heart transplant Yes 11 yrs 29 M Previous DIC
following LVAD

90 270 4 hrs

8 30 2 Repair of VSD �

pulmonary atresia
No 5 yrs 17 — — 180 360 2 hrs

9 30 2 Ebstein’s anomaly, redo
systemic-pulmonary
shunt

No 8 yrs 19 — — 180 360 2 hrs

10 30 2 Repair of VSD �

pulmonary atresia
No 4 yrs 16 — — 180 360 2 hrs

11 30 2 TGA arterial switch No 2 wks 3 — — 180 360 2 hrs
12 30 2 TGA arterial switch No 2 wks 3 — — 180 360 2 hrs
13 30 2 VSD repair and TGA

arterial switch
No 15 mos 10 — — 180 180 —

14 45 2 Hypoplastic left heart
syndrome

No 40 wks 3.8 Hypoxic-ischemic liver
failure post low
cardiac output

130 520 —

15 46 1 Repair AVD No 10 wks 3 F — 100 400 2, 5, 9 hrs
16 47 1 Cardiac transplant Yes 4 yrs — F — 180 360 5 hrs
17 48 1 Repair of pulmonary

atresia and VSD
Yes 10 yrs — F — 35 70 2 hrs

18 49 2 Norwood procedure for left
heart hypoplasia

No 5 d — M — 32 32 —

19 49 2 Norwood procedure for left
heart hypoplasia

No 15 d — F — 34 102 0.5, 1.5 hrs

20 49 2 Norwood procedure for left
heart hypoplasia

No 4 wks — F — 33 66 0.5 hrs

21 49 2 Norwood procedure for left
heart hypoplasia

No 11 d — F Nonspecific
preoperation
coagulopathy �

MOF

60 240 10 mins,
110 mins,
10 mins

22 49 2 Resection LV tumor No 2 mos — M Nonspecific
preoperation
coagulopathy �

MOF

60 120 10 mins

23 49 2 Closure ASD � VSD �

LV outflow
enlargement

No 3 wks — M Nonspecific
preoperation
coagulopathy �

MOF

57 114 1 hrs

24 49 2 Rastelli procedure for TGA,
pulmonary trunk
stenosis � ASD

Yes 8 yrs — M — 30 60 30 mins

25 49 2 Rastelli procedure for TGA,
pulmonary trunk
stenosis � VSD

No 4 yrs — M Nonspecific
preoperation
coagulopathy �

MOF

60 60 —
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Table 2. —Continued

Patient Reference
Type of
Article Lesion and Procedure ECMO Age

Weight
(kg) Gender Coagulation Disorder

Dose (�g/kg)

Interval Between
Successive Doses

Per
Administration Total

26 50 2 B–T shunt for TGA �

DILV � mitral �

pulmonary atresia

No 3 d 2.8 M — 78 78 —

27 50 2 Pulmonary homograft for
Noonan syndrome �

pulmonary stenosis

No 14 yrs 25 F Thrombocytopathy
and extended
bleeding time

96 96 —

28 50 2 Tetralogy of Fallot repair No 3.5 mos 10.7 F — 84 84 —
29 51 1 Cardiac transplant

(initiated day 6
postoperation)

No 14 yrs — M Haemophilia A with
high FVIII inhibitor
titer

90 �g/kg (for 7 d)
95 �g/kg
(for 1 d)

4650 2–4 hrs

30 52 1 “Complex congenital
heart surgery”

No 15 yrs — M — 30 60 2 hrs

31 53 1 Repair ASD (second dose
for pulmonary artery
catheter removal)

No 4 mos 3.7 F — 70 140 7 d

32 54 1 ASD repair in patient with
Noonan syndrome

No 10 mos 6 M — 90 270 7, 4 hrs

33 55 1 Repair of right ventricular
outflow tract and right
modified B–T shunt

No 60 d 3.64 M FVII deficiency 30 120 2 hrs preoperation,
induction, end
of operation, 1 hr
postoperation

34 56 2 HLHS, combined Norwood
I � II procedure

Yes 4 mos 5.1 F — 90, 62, 78 230 —

35 56 2 TGA arterial switch and
closure of VSD

Yes 10 d 3.61 M — 83 332 —

36 56 2 HLHS, combined
Norwood I � II procedure

Yes 6 mos 4.6 F — 130 260 —

37 56 2 HLHS-total cavopulmonary
connection

Yes 31 mos 11.6 F — 17 17 —

38 56 2 HLHS, Norwood I
procedure

Yes 2 wks 2.75 F — 110 330 —

39 56 2 TGA arterial switch Yes 10 d 2.9 M — 103 206 —
40 56 2 HLHS, heart transplant Yes 23 mos 10 M — 48, 48, 48, 60 204 —
41 57 1 Replacement of partially

occluded pulmonalis
graft day 7 post-Ross
procedure

Yes 15 d 3 F — 90 90 —

42 58 1 TGA arterial switch Yes 12 d 3.2 M — 30 30 —
43 59 2 TGA arterial switch � VSD

closure
Yes 27 d 3.7 — — 90–120 180–240 4 hrs

44 59 2 TGA arterial switch � VSD
closure � patch repair of
coarctation of the
aorta

Yes 6 d 3.2 — — 90–120 180–240 4 hrs

45 59 2 DORV arterial switch �

patch repair of
coarctation of the
aorta

Yes 7 d 2.7 — — 90–120 180–240 4 hrs

46 59 2 Aortic arch patch and
enlargement for
supravalvular stenosis �

coronary sinus
augmentation

Yes 33 mos 12.5 — — 90–120 180–240 4 hrs

47 60 1 VSD and valvular
pulmonary stenosis

No 8 yrs — M Glanzmann’s
thromboaesthenia

90 360 2 hrs

ASD, atrial septal defect; B–T shunt, Blalock–Taussig shunt; CHD, congenital heart disease; CPB, cardiopulmonary bypass; DIC, disseminated
intravascular coagulopathy; DILV, double inlet left ventricle; DORV, double outlet right ventricle; ECMO, extracorporeal membrane oxygenation; HLHS,
hypoplastic left heart syndrome; LVAD, left ventricular assist device; TGA, transposition of the great arteries; ToF, tetralogy of Fallot; VSD, ventricular septal
defect.

Type of article: 1, case report; 2, case series.
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found no impact on blood loss or trans-
fusions when compared with controls.

Effect on Coagulation Studies. Where
possible, results of hematology laboratory
studies were extracted for all patients in
Table 2. Only a small number of studies
reported prothrombin time, preventing
us from using this as an outcome mea-
sure. Twenty-one patients had an inter-
national normalized ratio (used as a sur-
rogate measure for prothrombin time)
reported just before rFVIIa administra-
tion, results ranging from 0.42 to 15 (me-
dian � 2.69), but only 16 had post-rFVIIa
measurements also available. Sixteen pa-
tients had activated partial thromboplas-
tin time results reported pre-rFVIIa and
post-rFVIIa administration. Results are
displayed in Table 4, and for both, there
was a statistically significant improve-
ment following rFVIIa administration
(p � .002 and p � .001, respectively).

Morbidity and Mortality. Morbidity
and mortality data for the 169 patients
identified in the literature are presented
in Table 5. Mortality data were available
for all but 11 patients, who were reported
as part of a larger series in which mor-
tality rates were reported for the entire
cohort (61). Seven patients are reported
as having died following rFVIIa adminis-
tration; four from cardiac failure and/or

an inability to wean from extracorporeal
circulatory support (50, 56, 58); one from
brain death after severe hemodynamic
compromise during surgery (47); and two
from potential thrombosis, both of whom
were on ECMO and have been discussed
previously in this report. The mortality
rate for the entire cohort, therefore, is
4.4%. Eleven other patients suffered ma-
jor morbidity, including cardiac arrest
and re-exploration for tamponade, atrial
thrombi, and clot evacuation. One patient
in the study by Agarwal et al (63) suffered
a below-knee amputation because of a
femoral artery thrombus, which occurred
after multiple unsuccessful attempts to
place a percutaneous femoral arterial line
after surgery.

DISCUSSION

We have used a systematic approach to
synthesize the available literature on the
administration of rFVIIa to pediatric car-
diac surgery patients. rFVIIa has been
used in this population in three distinct
ways (1): to allow patients with congeni-
tal coagulopathies to undergo major sur-
gery that otherwise would be fatal; (2) to
arrest hemorrhage that has otherwise
proven refractory to all other interven-
tions; and (3) prophylactically, in an at-

tempt to reduce bleeding and transfusion
requirements.

There seems little contention about
the first of these indications; as men-
tioned previously, the license of rFVIIa
has been extended to cover these patients
during surgery (27), and we have high-
lighted a number of cases where rFVIIa
has been used successfully to this end.
The third of these indications has only
been investigated by one group, and with
no benefit to patients (64). Although a
prophylactic role has been investigated in
other settings (65–67), including adult
cardiac surgery (68), the lack of evidence
to support this role in pediatric cardiac
surgery, plus the significant and valid
concerns expressed by many commenta-
tors regarding safety, lead us to recom-
mend that rFVIIa is not to be used pro-
phylactically in patients without
congenital coagulation disorders. Fur-
thermore, research into any potential
prophylactic role should only occur once
a stronger evidence base is in existence
regarding the second indication, that of
arresting hemorrhage refractory to other
interventions, and it is this role that we
shall focus on for the rest of this discus-
sion.

Efficacy. The published literature sug-
gests that rFVIIa is an effective hemo-

Table 3. Frequency of preoperative coagulopathy in patients

Data Source
Total No.
Patients

Data Not
Available

Data
Available No

Yes

Total Congenital Acquired

Articles with combined data sets 122 37 85 85 0 0 0
Articles with individual patient-specific data 47 0 47 36 11 4 7

Total 169 37 132 121 11 4 7

Table 4. Outcome measures pre-rFVIIa and post-rFVIIa administration in selected patients

Outcome Measure
No.

Patients
References From Which Data Was

Derived Pre-rfVIIa Post-rfVIIa

Blood loss (mL�kg�1�hr�1), median (IQR) 14 30, 38, 43, 44, 48, 50, 53, and 58 21 (17.1) 3 (2.4)
INR, mean � SD 16 30, 45, 47, 48, 52, 53, 55, and 58 2.42 � 1.67 1.16 � 0.29
APTT, mean � SD 16 30, 40, 43, 46, 48, 50, 52, 53, and 58 88.04 � 43.46 52.15 � 23

rFVIIa, recombinant factor VIIa; APTT, activated partial thromboplastin time; INR, international normalized ratio; IQR, interquartile range.

Table 5. Morbidity and mortality data for all patients

Total
Patients

Data Not
Available

Data
Available

Mortality (Where
Data Available)

Major Morbidity
But Survived

Survived Limited
or No Morbidity

Table 1—articles with combined data sets 122 11 111 0 7 104
Table 2—articles with individual patient-specific

data
47 0 47 7 4 36

Total 169 11 158 7 11 140
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static agent, particularly, when other in-
terventions seem to have failed. By
combining individual patient-specific
data, previously reported in isolation, we
have demonstrated a statistically signifi-
cant reduction in blood loss following
rFVIIa administration, a result that sup-
ports the findings of the two comparative
studies assessing this role for rFVIIa (62,
63). One reason why assessing the ability
of rFVIIa to control hemorrhage is so
difficult is the absence of a validated lab-
oratory test to monitor its biological ef-
fect. Some authors have advocated a po-
tential role for thromboelastography and
this deserves more investigation (43, 69).
We have demonstrated statistically signif-
icant changes in both the activated par-
tial thromboplastin time and the interna-
tional normalized ratio on rFVIIa
administration, a finding replicated else-
where (70). However, the relevance of
these findings is disputable; almost in-
variably rFVIIa is administered alongside
or just after many other blood products,
clotting factors, and antifibrinolytics. Fi-
nally, whether rFVIIa is more efficacious
than other procoagulant interventions,
such as activated prothrombin com-
plexes, is yet to be established.

The optimal dosing regimen for pedi-
atric patients is unclear. We have demon-
strated that a large range of doses have
been used, with positive results at lower
doses (38, 49). When rFVIIa was origi-
nally licensed for hemophilia patients,
the standard recommended dose was 90–
120 �g/kg every 2–3 hrs until bleeding
stopped (71), and indeed, most of the
studies in our review reporting on pa-
tients with congenital coagulopathies
have used that regimen (40, 44, 51, 60).
However, it does not automatically ex-
trapolate that this is the correct treat-
ment for nonhemophiliac children who
are post-surgery and “in extremis” with
the resulting physiologic disturbance this
brings. Furthermore, the 2–3-hr interval,
which again we have demonstrated in our
review, is the most frequent chosen in
this setting, is based on the half-life of
rFVIIa in adults, but there is evidence
that the half-life in children is about 50%
that of adults (1.32 vs. 2.72 hrs), and that
children have a much more rapid rate of
clearance of rFVIIa, indicating that chil-
dren may need relatively higher doses than
adults to achieve the same plasma concen-
tration (72, 73). Finally, it is likely that the
required dose is affected by the adequacy of
clotting factor replacement (in the form of

blood product transfusion) that has oc-
curred predose.

Safety. The patients we identified
within the literature have an estimated
mortality rate of 4.4%, in keeping with
other aggregated mortality data reported
elsewhere (33, 74). A review of thrombo-
embolic complications in patients treated
with rFVIIa reported to the Food and
Drug Administration database from 1999
to 2004 suggested an increased rate in
those treated for unlabeled conditions,
and we have previously emphasized that
the potential side effects of rFVIIa must
not be overlooked (75). rFVIIa can have
impressive results, but can also lead to
significant morbidity and possibly mor-
tality (57, 63). There are certain scenarios
in which most clinicians would not pre-
scribe rFVIIa, such as disseminated intra-
vascular coagulopathy, in which activated
monocytes and platelets express tissue
factor, increasing the risk of spontaneous
thrombosis away from the site of tissue
injury. There is evidence that extracorpo-
real circulatory support increases the lev-
els of tissue factor, and two recent case
reports have reported fatal thrombosis in
patients (one adult, one infant) receiving
rFVIIa during ECMO (76, 77). Twenty
percent of the patients we identified in
the literature as receiving rFVIIa while on
ECMO suffered some form of thrombosis,
either in vivo or within the circuit. This is
not an insignificant figure, but is the
same figure found in a cohort of 30 neo-
nates and young children not treated
with rFVIIa, who underwent Doppler sur-
veillance for venous thrombosis during
and after ECMO (78). Although this sug-
gests that rFVIIa is unlikely to be the sole
causative factor of thrombosis in the
ECMO subgroup, we would still recom-
mend extreme caution when considering
rFVIIa in this setting.

Cost. RFVIIa costs US $972 per 1.2-mg
vial, with many non-neonatal patients re-
quiring more than one vial (30). Using
the median total dose reported earlier in
the results section, this translates to a
total cost per patient of $170/kg. Al-
though this cost may be offset against the
costs of multiple transfusions, length of
hospital stay, or even death, it is clear
that rFVIIa is an expensive option, and
the one that currently many units may be
unable to afford, particularly, in the non-
developed world.

Limitations of this Study. There are a
number of limitations to this study. The
cases are highly heterogeneous and are
likely to be affected by publication bias,

i.e., reports including failures of treat-
ment or serious adverse events are less
likely to be published. Although the lit-
erature is rapidly expanding (�50% of
the included articles have been published
in the past 3 yrs), it remains small and
almost entirely based on retrospective
and noncomparative reports, preventing
any meta-analysis and resulting in there
being almost no control patients available
with whom new results can be compared.
Although significant maturation of the
coagulation system occurs within the
first 6 mos of life, significant differences
remain throughout childhood and into
early teens (6, 9). Our cohort includes
neonates to teenagers, but analyzing pa-
tients as subgroups, so as to assess any
age-related difference in response to rF-
VIIa was not possible because of the small
number of patients in the literature.
However, the primary value of our article
is to formulate recommendations for fu-
ture research and to guide clinicians car-
ing for pediatric cardiac surgery patients.

Recommendations for Future Re-
search. We believe our findings justify
further research being performed and to
this end we have formulated recommen-
dations using the “EPICOT” guidelines
(79). There is only one randomized con-
trolled trial within the literature, and its
focus is on the prophylactic role of rFVIIa
in patients without congenital coagulopa-
thies, a role that is not currently sup-
ported by the available evidence. We feel
that well-designed, randomized con-
trolled trials would be the best way to
definitively answer questions regarding
the appropriate dosing regimen, the rel-
ative indications for administering rF-
VIIa, and how best to monitor any effect.
Patient safety must be central to any such
investigation, although risk-free adminis-
tration of rFVIIa to these patients is an
impossible goal, we must focus on bring-
ing clarity when rFVIIa administration
may be considered to be in patients’ in-
terest based on known risks and benefits,
and when it should be considered rela-
tively contraindicated. Outcomes must
focus on morbidity (particularly, throm-
boembolic adverse events) and mortality
(particularly, in the first 30 days) rather
than on surrogate markers of hemor-
rhage, such as chest tube drainage.

Which patients should be studied?
Many of the articles we have identified
report on the administration of rFVIIa to
widely differing age groups within the
same series or study (50, 61). Although
this is likely a reflection of clinical prac-
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tice, the pathophysiology of neonates dif-
fers considerably compared with older
children, and, thus, so may the response
to rFVIIa. As such, future work should
focus more closely on specific age groups
or weight ranges. We have highlighted
concerns regarding spontaneous throm-
bosis, either intra-arterial or within
ECMO circuits, and, thus, trials must ini-
tially focus on patients “in extremis,” in
whom all other efforts to staunch hem-
orrhage have been exhausted. Interesting
ethical dilemmas arise from these recom-
mendations that may prohibit such work
being undertaken. Could any clinician
judge with equipoise the use of a placebo
in the face of life-threatening hemor-
rhage if it meant withholding a poten-
tially effective but unregulated therapy?
One such answer may lie in the paradox
that patients with active bleeding are
more at risk of thrombotic complications
after rFVIIa (27), suggesting that rescue
therapy may be too late and too risky
(80). If true, perhaps, a placebo-con-
trolled trial becomes justified? And if not,
perhaps, a crossover trial, allowing deliv-
ery of the other treatment (placebo or
rFVIIa) if the first fails to have an impact?
This would allow for a prospective ran-
domized study to be conducted, as might
a “head-to head” trial of rFVIIa against
other licensed treatments used in this
setting, such as activated prothrombin
complex concentrates or factor VIII in-
hibitor bypassing activity.

Recommendations for Clinical Prac-
tice. Recommendations regarding the use
of rFVIIa in cardiac surgery have been
made previously; however, in every case,
pediatric patients were either excluded
from the recommendations at the outset
(81) or no special consideration was given
to their differing circumstances (32, 33,
82). Currently, there is no good evidence
for a specific dosing regimen for pediatric
patients, which leaves those who make
decisions about these patients relatively
short of guidance. We would currently
recommend that clinicians consider a rel-
atively low starting dose of around 40–60
�g/kg, because positive effects have been
seen at this level. In light of the possibly
shorter half-life, and lower starting dose,
clinicians could then consider giving a
second dose within 2 hrs if no clinical
improvement is seen. It is not clear what
the indications are for rFVIIa administra-
tion, but we wish to emphasize that a
detailed risk-benefit analysis must be
made, in particular, for patients on
ECMO. When clinicians are faced with a

situation in which bleeding is so severe as
to be imminently life threatening, despite
adequate blood product replacement or
surgical cause, then we believe rFVIIa
should be considered.

CONCLUSIONS

In conclusion, rFVIIa has an increas-
ingly accepted role in pediatric patients
with congenital coagulopathies undergo-
ing major cardiac surgery. The literature
suggests that there is a role for rFVIIa in
the setting of life-threatening hemor-
rhage refractory to other interventions,
but that dosing should be relatively low,
and only repeated based on clinical need.
Any decision to treat must be made on
the basis of a full risk-benefit analysis and
particular care should be taken in pa-
tients on ECMO. There is currently no
evidence to suggest a general prophylac-
tic role. Any future work should focus not
only on clarifying treatment protocols
but also on patient safety, particularly,
risk of morbid thromboembolic compli-
cations.
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