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Background. Data from the Australian and New Zea-
and Haemostasis Registry (ANZHR) were used to report
n the efficacy, mortality, and outcomes of a cohort of
ardiac surgical cases receiving recombinant activated
actor VII (rFVIIa).

Methods. The ANZHR collects retrospective and con-
emporaneous data on the use of rFVIIa in patients with
ritical bleeding from hospitals throughout Australia and
ew Zealand. Participating centers commit to the collec-

ion of data on all patients without hemophilia treated
ith rFVIIa, which limits bias and prevents the reporting

f only positive or anecdotal experiences.
Results. At September 2006, the cardiac surgical cohort

omprised 304 patients (43%) of a total of 695 cases reported
o the ANZHR from 46 hospitals. The 304 cases date from
anuary 2001. The median patient age was 66 years (inter-
uartile range [IQR], 53 to 75 years), and 73% were men.
fter administration of rFVIIa, all blood product usage was

ignificantly reduced. Patients received a median dose of 93
g/kg (IQR, 82 to 102), and 85% of patients received a single
ose. The documented response rate to a single dose of
FVIIa was 84%, of which 23% reported cessation of bleed-
ng and 61% reported a reduction in bleeding. Patients
eceived a median volume of 6 U of red blood cells before

FVIIa treatment. The median reduction in red blood cells

nd Preventive Medicine, Haemostasis Registry, Alfred Hospital, Mel-
ourne, Victoria 3004, Australia; e-mail: louise.phillips@med.monash.edu.au.

2008 by The Society of Thoracic Surgeons
ublished by Elsevier Inc
fter the rFVIIa dose compared with before was 4 U.
esponse was reduced in patients with a lower baseline
emoglobin, coagulopathy (determined by international
ormalized ratio, fibrinogen, and platelets), the number of
ed blood cell units transfused before rFVIIa, advanced age,

ore complex operations, hypothermia, and acidosis. Re-
ponders had a significantly reduced mortality (p < 0.001).
he percentage of patients alive at 28 days was 95% if
leeding ceased after rFVIIa, 86% if bleeding reduced, and
0% for nonresponders. A 7% adverse event rate attributed
s “probably” or “possibly” associated with rFVIIa was
eported with a 4% reported thromboembolic event rate.

Conclusions. Recombinant FVIIa is a potential rescue
herapy in severe uncontrollable critical bleeding after
ardiac operations. The observed response rate was high,
nd response was associated with improved mortality.
here was an observed reduction in blood product usage
fter rFVIIa. The adverse event rate reported was similar to
ocumented adverse event rates in complex cardiac surgical
atients. In the absence of randomized controlled trials, this
egistry provides a basis for understanding current clinical
ractice with rFVIIa in cardiac surgical procedures.

(Ann Thorac Surg 2008;85:836–44)
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ecombinant activated factor VII (rFVIIa; NovoSeven,
Novo Nordisk, Bagsvaerd, Denmark) is effective for
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oagulation inhibitors [1–3]. In Australia and New Zea-
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and, rFVIIa is licensed for this indication and congenital
actor VII deficiency. It has been extensively used
mongst patients with hemophilia [2, 3]. Its mechanism
f action is complex, but the supraphysiologic levels of
VIIa can act in a tissue factor (TF)–dependent manner,
orming TF:rFVIIa complexes at the site of injury, activat-
ng coagulation factors and platelets, and ultimately, the
eneration of a “burst” of thrombin and fibrin deposi-
ion, or to a lesser extent in a TF independent manner, by
irectly binding platelets and generating thrombin by
irect activation of factor X [4, 5].
In recent years, an increasing number of case reports

6–8] and case series [9–15] have reported on the use of
FVIIa in salvage situations associated with persistent
leeding in cardiac operations. In many cases, control of
ritical bleeding is possible with surgical hemostasis and
he replacement of blood products to support the under-
ying coagulopathy. In a small number of cases (� 3.5%)
16], this is not possible despite appropriate surgical
ntervention.

Patients with uncontrolled critical bleeding and co-
gulopathy have significant mortality, despite stan-
ard replacement of coagulation factors and surgical

ntervention [17, 18]. The transfusion of blood and
lood products has been correlated with increased
orbidity, including multiorgan failure, acute respira-

ory distress syndrome (ARDS), transfusion-related
cute lung injury (TRALI), immune modulation, and
nfection [19, 20], as well as death [21]. This cohort of
atients is often associated with increased costs to the
ealth care system in the form of excessive blood and
lood products and extended stays in the intensive
are unit (ICU) and hospital [22, 23].

To date, reports of use of rFVIIa in cardiac surgical
rocedures are mostly case reports or series or retrospec-

ive chart reviews [24]. Only two randomized controlled
tudies have been published in cardiac surgery. The first
as a pilot study that explored prophylactic use in adults
ndergoing complex cardiac operations [25], and the
econd examined prophylactic use in neonates [26]. Novo
ordisk is currently conducting a phase 2 randomized

ontrolled study in adults, and an investigator-led study
nvestigating salvage use of rFVIIa in complex cardiac
perations is also ongoing.
Groups from both the United States [27] and Europe

28] have published recommendations on the use of
FVIIa in perioperative coagulopathic bleeding in car-
iothoracic surgical procedures. Although some indi-
idual centers in Australia have described guidelines
hat are specific for cardiac surgery [14], consensus
uidelines in Australia focus on the surgical manage-
ent of persistent hemorrhage, the medical manage-
ent of coagulopathy, and the salvage use of rFVIIa in

eneral and are not specific for cardiac operations [29,
0]. Inadequate hemostasis in cardiac operations is
nherently different (eg, due to cardiopulmonary by-
ass and the ability to directly observe the bleeding
ource) from other areas of critical bleeding, such as
rom trauma or obstetric bleeding, and thus requires a

ifferent approach [14].
The Australian and New Zealand Haemostasis Reg-
stry (ANZHR) was established by the Department of
pidemiology and Preventive Medicine at Monash
niversity, Melbourne, Australia to collect information
n patients without hemophilia treated with rFVIIa
hroughout Australia and New Zealand. The develop-

ent of the ANZHR has enabled the systematic collec-
ion of data from a large cohort of patients undergoing
ardiac operations complicated by critical bleeding and
reated with rFVIIa. This article describes the safety,
ndications, dosing, reported efficacy, mortality and
utcomes from cardiac surgical cases included in the
aemostasis Registry in the period January 2001 to
eptember 2006 from institutions across Australia and
ew Zealand.

aterial and Methods

he Haemostasis Registry
he Haemostasis Registry collects data from patients
ithout hemophilia treated with rFVIIa at participating
ospitals throughout Australia and New Zealand. The
aemostasis Registry has been established by Monash
niversity, Melbourne, Australia with financial support

n the form of an unrestricted educational grant from
ovo Nordisk Pharmaceuticals Pty Ltd. The Haemostasis
egistry has obtained ethics approval from the Human
esearch Ethics Committees of Monash University and
ll participating hospitals to collect information without
atient consent, which is then forwarded to the ANZHR

n a deidentified form.

atients
he Haemostasis Registry began receiving data in May 2005
ut includes cases dating back to January 2001. Forty-six
ospitals from all states and territories of Australia and

rom New Zealand are currently contributing data to the
egistry, of which there are 21 cardiac surgery centers.
articipating hospitals undertake to provide information to

he registry on all patients without hemophilia treated with
FVIIa at that hospital, and compliance is audited to ensure
hat complete data sets are received. Local investigators
dentify eligible patients after treatment with rFVIIa
hrough pharmacy or blood bank records, depending on
he protocol at each hospital. Patients were included in this
tudy if the primary cause of bleeding was associated with
ardiac operations as reported by the local investigator. In
his registry, “cardiac surgery” includes all surgical proce-
ures on the heart or on major thoracic vessels requiring
ardiopulmonary bypass.

ata
tandardized data forms were completed by trained
NZHR coordinators at each center. The following data
ere obtained for the Haemostasis Registry:

● patient demographics—age, sex, country, state;
● type of cardiac operation;
● blood test results before and after each rFVIIa
dose—prothrombin time (PT), international nor-
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malized ratio (INR), activated partial thrombo-
plastin time (APTT), hemoglobin, hematocrit, fi-
brinogen, and platelet count;

● blood products use in the 24 hours before and 24
hours after the rFVIIa dose—red blood cells
(RBCs), fresh frozen plasma (FFP), platelets, and
cryoprecipitate;

● dose event—actual dosage, time elapsed since
onset of bleeding, and place of administration; for
example, operating theater or ICU;

● pH, and temperature;
● concomitant use of procoagulant (eg, aprotinin) or

anticoagulant medication (eg, aspirin); and
● 28-day mortality.

In addition, prescribing clinicians were asked to assess
atient response by indicating whether bleeding had
topped or decreased (responders), or was unchanged or
ad increased (nonresponders) after the use of rFVIIa.
linicians were also asked to report all adverse events
ithin 28 days of treatment with rFVIIa and to give an

ssessment of the probability that these events were
inked to the administration of rFVIIa by assigning one of
he following relationships: not linked, unlikely to be
inked, possibly linked, probably linked, or definitely
inked. The ANZHR data collection forms and the Data
ictionary containing definitions are available at the
aemostatis Registry Web site (www.med.monash.

du.au/epidemiology/traumaepi/haemostasis.html).

tatistical Analysis
ecause almost none of the variables measured con-

ormed to normal distributions, nonparametric statistics
ere used throughout for consistency of reporting and

nalysis. Coagulation indicators and blood product usage
efore and after rFVIIa dose were compared in individ-
als by using Wilcoxon matched-pairs signed ranks tests.
nivariate and multivariate analyses were performed to

ssess the relationship between the outcomes of interest
response and mortality, or both) and age, sex, patient
eight, size of dose, temperature, pH, hemoglobin, he-
atocrit, platelet and fibrinogen levels, PT/INR, APTT,

ype of operation; number of RBCs, FFP, cryoprecipitate,
nd platelet units before dose; time to dose from bleed-
ng onset, and place of administration. Where necessary,
ontinuous variables were categorized according to clin-
cal indicators. Analysis by �2 was used to identify asso-
iations between categoric baseline variables and the
utcomes. Multivariate analysis was used to identify
ignificant associations with each outcome. A binary
ogistic regression procedure was used. Variables dem-
nstrating a univariate association of p � 0.10 with either
utcome were included in the multivariate models. For
ach model, the odds ratio and 95% confidence interval
CI) are provided.

esults

s of September 2006, the Haemostasis Registry database

ncluded 695 cases, of which 302 patients (43%) were s
ecorded where the primary cause of bleeding was asso-
iated with the cardiac operation. The rest of the registry
onsists of patients with critical bleeding as a result of (in
escending frequency) other operations (including liver

ransplantation), trauma, medical bleeding (including
oagulopathy), oncology, obstetric, and intracranial hem-
rrhage. The cardiac surgical cases were from 21 hospi-
als, including 16 of 26 (61%) major cardiac centers in
ustralia. For 41 patients (13%), the data collection was
ithin 30 days of treatment. Data for the remaining
atients were collected retrospectively.

emographics
ost patients were male (73%). The median age of

atients was 66 years (range, 0 to 89). Nine patients were
ounger than 17 years old and for this study were
xcluded from all subsequent analyses. The mean (SD)
ge of the remaining patients was 63 (15) years. Most
atients were treated at hospitals in the states of New
outh Wales (47%) or Victoria (45%).

ype of Operation
description of the types of cardiac operations involved

n registry cases is summarized in Table 1. A total of 48
15%) patients had redo operations.

The rFVIIa was administered in the operating theater
n 57% of patients or the ICU in 34%. All patients treated
n the operating theater received rFVIIa after removal
rom cardiopulmonary bypass, with the exception of 1
atient who had isolated coronary artery bypass grafting

CABG) that was done off-pump. This patient received
he rFVIIa dose during a return to the operating theater.

ose
he 293 patients received 343 doses of rFVIIa: 6 patients
eceived three consecutive doses, 38 patients received
wo doses, and the remaining patients (85%) receiving a

able 1. Overview of Cardiac Surgery Types in Patients
ncluded in the Haemostasis Registry

ypes of Surgery Patients, No. (%)

atients, No.a 293 (100)
ABG only 42 (14)
alve only 56 (19)
Aortic valve only 29 (10)
Mitral valve only 8 (3)
Multiple valves 19 (6)

ABG and valve 35 (12)
orta and valve 107 (37)
Aortic valve � ascending aorta only 65 (22)
Aortic valve, ascending aorta, aortic arch 25 (9)
Including other valves or aortic areas 17 (6)
ther 53 (18)
Cardiac transplant 13 (4)

Nine pediatric cases have been excluded from the analyses.

ABG � coronary artery bypass grafting.
ingle dose. The median dose was 92.3 �g/kg (interquar-

http://www.med.monash.edu.au/epidemiology/traumaepi/haemostasis.html
http://www.med.monash.edu.au/epidemiology/traumaepi/haemostasis.html
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ile range [IQR], 82 to 103 �g/kg; range, 9 to 141 �g/kg).
he median time from onset of bleeding to dose admin-

stration was 4 hours (IQR, 1 to 8 hours; range, 0 to 66
ours). Before treatment with rFVIIa, 35% of patients
ere returned to the operating theater in an attempt to

ontrol blood loss, including 12 patients who were re-
urned more than once before treatment with rFVIIa.
fter treatment with an initial dose of rFVIIa, 35 patients
ere returned to the operating theater for bleeding

ontrol.

lood Products
ransfusion of all blood products was significantly re-
uced (Table 2). A comparison of units of RBCs received
efore and after the initial dose of rFVIIa in each indi-
idual showed a significant reduction (p � 0.001). Similar
ignificant reductions were seen in individuals in the
mount of FFP (p � 0.001), platelets (p � 0.001), cryopre-
ipitate (p � 0.001), and total blood products (p � 0.001).
fter the administration of rFVIIa, most patients (88%)

eceived less than 6 U of RBCs. The median reduction in
BC transfusion was 4 U (IQR, 0 to 8 U; range, –21 to 40).
Before the administration of rFVIIa, 142 (49%) received
U or fewer of packed RBCs, 246 (83%) received 10 U or

ewer, and 17 (6%) received 0 U. Two of these patients
eceived no blood products because of religious beliefs.
he remaining patients had received other blood prod-
cts (FFP, platelets, or cryoprecipitate, or a combination)
efore rFVIIa was used. There was no statistical differ-
nce between this group and the remainder of the
ohort with regards to type of operation, efficacy, or
ortality. No patients were identified as receiving rFVIIa

rophylactically.

emperature and pH
emperature was not recorded for 83 patients at the time
f the initial rFVIIa dose. Of the remaining 210 cases, 36
17%) were hypothermic (temperature � 35.0°C). The pH
as not documented for 84 patients at the time of the

able 2. Blood Product Usage in the 24 Hours Before and Aft
actor VII

lood Product
Time Relative to

Initial rFVIIa Dose

BC Before
After

FP Before
After

latelets Before
After

ryoprecipitate Before
After

otal blood products Before
After

Values for p relate to Wilcoxon matched-pairs signed ranks tests of ind

FP � fresh frozen plazma; IQR � interquartile range; RBC � re
nitial rFVIIa dose. Of the remaining 209 patients, 109 s
52%) were acidotic (pH � 7.35) at the time of the initial
FVIIa dose, including 18 patients (10%) who were mod-
rately acidotic (pH, 7.2 to 7.05) and 2 patients who were
everely acidotic (pH � 7.05).

aboratory Indicators
etails of coagulation indicators before and after the

nitial dose of rFVIIa are provided in Table 3. Pro-
hrombin time was prolonged (�15.5 seconds) in 156 of
14 patients (73%) before administration of rFVIIa.
imilarly, INR was prolonged (�1.5) in 118 of 235
atients (50%) before administration of rFVIIa.
Most coagulation indicators exhibited statistically sig-

ificant changes in individuals after the initial dose of
FVIIa compared with before the administration of rFVIIa
Table 3). Fibrinogen (p � 0.002) levels were significantly
igher after the initial dose of rFVIIa. Reductions were
ignificant in PT (p � 0.001), INR (p � 0.001), and APTT (p

0.001) after the initial dose of rFVIIa. Platelet levels did
ot exhibit a statistically significant change (p � 0.113).
he hemoglobin level (p � 0.011) and hematocrit (p �
.024) increased significantly after rFVIIa.

esponse and Outcome
ecombinant FVIIa was considered to have decreased
r stopped bleeding in 245 of 297 (82%) of uses where
fficacy was reported. Of the 256 first doses of rFVIIa
here efficacy was reported, 215 doses (84%) resulted

n the reduction or cessation of bleeding. The reported
esponse rate for the second rFVIIa dose was 25 of 35
oses (71%) and for the third dose, 5 of 6 patients (83%)
esponded to treatment. In the 41 patients reported as
ot responding to the initial dose of rFVIIa, 6 later had
urgical bleeding identified in a return to the operating
oom.

Patients whose bleeding was considered to have
topped or decreased were less likely to die than those
hose bleeding was unchanged (�2

2 � 22.3; p � 0.001,
ee Figure 1). Patients undergoing re-do operations

ministration of the Initial Dose of Activated Recombinant

Number of Units
Median (IQR) Range p Valuea

6 (3–9) 0–44 �0.001
2 (0–4) 0–23
6 (4–10) 0–43 �0.001
0 (0–4) 0–40
5 (2–10) 0–32 �0.001
0 (0–3) 0–30
8 (1–10) 0–46 �0.001
0 (0–1) 0–30

25 (17–39) 0–115 �0.001
4 (1–13) 0–99

al values before and after initial dose of rFVIIa.

d cells; rFVIIa � activated recombinant factor VII.
er Ad

ividu
howed no significant difference in the rate of response
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o rFVIIa, but were more likely to die (OR, 2.1; 95% CI,
.0 to 4.4).
The observed mortality for all patients at 28 days was

9 of 293 (17%). The percentage of patients alive at 28
ays was 97% if bleeding ceased after rFVIIa, 87% if
leeding reduced, and 63% for nonresponders. Thir-

een deaths occurred within 24 hours of rFVIIa admin-
stration all as a direct result of an underlying condi-
ion or the operation, and 33 deaths occurred after 24
ours. Causes were cardiac in 13 patients, ischemic
rain/spine injury (subsequent to procedure) in 7,

nfectious complications in 8, and multiorgan failure in
. The difference in the cause of death of patients who
esponded to rFVIIa vs those who did not respond was
ot significant.

dverse Events
etails of adverse events are given in Table 4. A total of

61 adverse events were reported in 130 (44%) patients
ithin 28 days of receiving rFVIIa. Of these 161, 127 (79%)
ere considered to be unlikely to be linked (n � 53) or
ot linked (n � 74) to the administration of rFVIIa. A total
f 22 (7%) were considered to be either probably or
ossibly linked to the administration of rFVIIa, of which
3 were thromboembolic in nature. No patients were
onsidered to have died of adverse events related to the
se of rFVIIa.

nivariate Analyses
f the variables considered, advancing age (p � 0.056),
igher number of units of RBCs transfused before the
ose (p � 0.002), abnormal PT/INR (p � 0.037), place of
dministration (operating theater vs ICU; p � 0.085), low
emoglobin (p � 0.076), or hematocrit (p � 0.003), were

able 3. Coagulation Indicators Before and After Administrat

ndicator
Time Relative to

Initial rFVIIa Dose Patien

T, sec Before 2
After 2

NR Before 2
After 2

PTT, sec Before 2
After 2

emoglobin, g/L Before 2
After 2

ematocrit, % Before 2
After 2

ibrinogen, g/L Before 1
After 1

latelet count, �109/L Before 2
After 2

Patients with missing values have been excluded from these analyses. The
or p relate to Wilcoxon matched-pairs signed-ranks tests of individual val
efore and after are included in this analysis.

PTT � activated partial thromboplastin time; INR � internation
ecombinant factor VII; PT � prothrombin time.
ssociated with a lower response rate. Sex, size of dose, d
atient weight, temperature, pH, platelet level, fibrino-
en level, type of operation, APTT, and time to dose were
ot associated with response.
Mortality demonstrated an association with female sex

p � 0.020), low pH (p � 0.001), type of cardiac operation
other type vs CABG or valve, or both; p � 0.011), place of
dministration (operating theater vs ICU; p � 0.096), and
igh APTT (� 80 seconds; p � 0.004).

ultivariate Analyses
ariables showing a univariate association (p � 0.1)
ith either of the outcome variables were entered into

he multivariate analyses, the results of which are
rovided in Table 5. Hematocrit level was not included
ecause it showed a strong colinearity with hemoglo-
in level (Spearman correlation p � 0.981). Sex, age,
emoglobin level, category of cardiac operation, and
H were all found to be associated with death when

aking into account place of administration, PT/INR,
PTT, and number of RBC units. Women were more

ikely to die (OR, 3.23; 95% CI, 1.05 to 9.90) than men.

ig 1. Effect of activated recombinant factor VII on bleeding versus
utcome (deceased, vertical pattern; living, diagonal pattern) at 28

f the Initial Dose of Activated Recombinant Factor VII

o.a Median (IQR) Range p Valueb

18.5 (15.0–21.5) 8.5–100.0 �0.001
12.3 (10.8–14.5) 5.0–40.4
1.6 (1.3–1.8) 0.8–5.4 �0.001
1.0 (0.9–1.2) 0.6–10.0

51.0 (40.9–70.0) 25–300 �0.001
46.0 (38.0–60.0) 22–215
85.0 (73.0–99.0) 7–196 0.011
91.5 (81.0–101.0) 9–144

25 (22–29) 14–60 0.024
27 (24–30) 10–88

2.1 (1.7–2.8) 0.6–8.8 0.002
2.2 (1.7–2.9) 0.2–5.1

118.0 (92.0–157.8) 7–500 0.113
114.0 (91.0–146.0) 25–320

t of these cases may influence the significance of the findings. b Values
fore and after initial dose of rFVIIa. Only individuals with values for both

rmalized ratio; IQR � interquartile range; rFVIIa � activated
ion o

ts, N

14
04
35
27
62
57
71
58
50
40
59
53
72
55

impac
ues be
ays (�2
2 � 22.3; p � 0.001).
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atients aged 75 years or older were more likely to die
han those younger than 35 years (OR, 35.4, 95% CI,
.49 to 503.74). Patients with a pH � 7.20 were signifi-
antly more likely to die (OR, 7.33, 95% CI, 1.61 to
3.55) than those with higher pH. Patients undergoing
perations in the “other” category were more likely to
ie than those undergoing isolated CABG (OR, 7.03,
5% CI, 1.04 to 47.41).
Number of units of RBCs received was associated
ith patient response when all the other variables
ere taken into account. Patients receiving more than

0 U of RBCs before treatment were significantly less
ikely to respond than patients receiving no RBCs (OR,
.15; 95% CI, 0.03 to 0.68).

omment

his report of a large case series provides a unique
nsight into the real-world experience with rFVIIa in
erioperative cardiac bleeding across Australia and New
ealand. An important aspect in this series is that sub-
itting hospitals are required to commit to supplying

omplete data sets. This commitment, which is audited
y Monash University Department of Epidemiology and
reventive Medicine, limits bias and prevents the report-

ng of only positive or anecdotal experiences. The sub-
ective reporting of response rate is a potential area of

eakness but is unavoidable, and indeed, a similar

able 4. Details of Adverse Events Within 28 Days of
dministration of Activated Recombinant Factor VII

dverse Events
Adverse

Events, No.

Patients
Living at 28
Days, No.

Link With
rFVIIa, No.a

hromboembolic
CVA 20 15 6
TIA 1 1 1
DVT 4 2 2
PE 2 1 1
AMI 5 1 0
Arterial 4 4 0
Other 5 4 3
IC 5 3 1
OF 29 9 0
RDS 8 5 0

nfectionb 15 14 1
RF 8 6 0
trial fibrillation 12 11 0
ther 43 38 7
otal 161 114 (71%) 22

Adverse events considered “possibly” or “probably” linked with rFVIIa
dministration. b Patients with known infection prior to administra-
ion of rFVIIa are not included here.

MI � acute myocardial infarction; ARDS � acute respiratory distress
yndrome; ARF � acute renal failure; CVA � cerebrovascular acci-
ent; DIC � disseminated intravascular coagulopathy; DVT � deep
enous thrombosis; MOF � multisystem organ failure; PE � pulmo-
ary embolism; TIA � transient ischemic attack.
ractice has been adopted for an ongoing phase 3 trial in d
ardiac surgery. It is reassuring that the subjective effi-
acy assessment correlated with both transfusion re-
uirements and hemoglobin and, ultimately, with
ortality.
One of the real difficulties with this project was the lack

f truly objective measures of efficacy that are applicable
o the wide variety of situations in which rFVIIa is used.
hest tube output, although applicable to those patients
ho have left the operating theater, is not universally

pplicable to all cardiac surgical cases. Return to the
perating theater, likewise, is not a universal outcome
easure, although returns to the operating theater may

ndicate some instances of lack of effect. The number of
nits of blood products is unreliable due to inconsisten-
ies in practice across hospitals and because of issues
uch as refilling after bleeding has ceased. The measure
f response we used is subjective, but it is highly repro-
ucible, and the strong correlation between this measure
nd mortality, although obvious, goes against any sug-
estion of systematic bias in the subjective measure of
fficacy used.
Incomplete data records remain an issue in some areas;

owever, all patients had data on outcomes, blood prod-
cts, dosage information, age, and sex. The percentage of
issing data values ranges from 0% to 48% (fibrinogen

evel after dose 1) and was particularly evident in labo-
atory results: 31 patients had no laboratory results for
he period after treatment with rFVIIa. Some hospitals
egularly report only PT or INR (and not both). Temper-
ture and pH at the time of dose were missing in 28% and
9% of cases, respectively. Laboratory results were not
aken at all after rFVIIa treatment in some patients,
articularly if bleeding had ceased or if the patient had
ied or was close to death.
The patients recorded in the Haemostasis Registry are

eflective of typical cardiac surgical patients, frequently
lder men, who are undergoing a wide range of cardiac
rocedures ranging from simple revascularization to
ore complex valvular and aortic procedures. Before the

se of rFVIIa, patients had received blood product sup-
ort in an attempt to control hemorrhage, and 102 (35%)
ad already had surgical reexploration.
This group had a high response rate of 84% and, more

mportant, responders had an improved mortality. The
leeding response rate after cardiac operations is higher

han that seen in other critical bleeding settings (data
ubmitted for publication), emphasizing the potential
alue of rFVIIa in this group. Why this is so is open to
peculation.

Most patients received a single rFVIIa dose of about 90
g/kg, consistent with the most commonly used dose in
atients with hemophilia with inhibitors. No specific
uidelines exist in Australia for dosing in bleeding after
ardiac operations. Given the heterogeneity in cases,
reatment protocols, blood products, and the triggers for
reatment, it is difficult to compare outcomes among
atient groups. The patients who received rFVIIa before
BC transfusion are an interesting group, but the lack of

ifference between this group and the cardiac group in
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eneral probably simply reflects a growing awareness of
he importance of early control of excessive hemorrhage.

Recent evidence has suggested efficacy with lower
oses in bleeding after cardiac operations [31, 32], but the
umber of patients who received lower doses in our
ample was too small to provide meaningful data. Our
ndings demonstrate a statistically significant decrease

n the number of all types of blood products received
fter the administration of rFVIIa.
It has been shown both theoretically [33] and clinically

n this study, that low pH is associated with a reduction in

able 5. Multivariate Analyses

ariable Mortality OR (95% CI)

ex
Female 3.23 (1.05–9.90)
ge, years
�35 (ref)
35–44 18.50 (0.84–406.82)
45–54 5.96 (0.39–91.51)
55–64 4.23 (0.28–64.27)
65–74 6.32 (0.49–81.12)
75� 35.40 (2.49–503.74)
emoglobin level
Normal-high (ref)
Low 0.25 (0.05–1.15)
Very low 1.24 (0.23–6.70)

lace of administration
Operating theater (ref)
Intensive care unit 1.38 (0.44–4.38)
Other 0.00 (0.00–0.00)

H
Normal-high �7.369 (ref)
Low 7.2–7.369 2.72 (0.91–8.15)
Very low � � 7.2 7.34 (1.61–33.55)

T/INR
Normal-low(ref)
Prolonged 1.45 (0.38–5.57)
Very prolonged 1.83 (0.16–21.06)
PTT
Normal-low (ref)
Prolonged 0.62 (0.13–2.94)
Very prolonged 0.97 (0.15–6.30)

ardiac surgery category
CABG only (ref)
Valve only 0.39 (0.05–3.15)
CABG and Valve 1.38 (0.20–9.40)
Ascending aorta only 2.50 (0.51–12.27)
Other 7.03 (1.04–47.41)

BC units, No.
�5 (ref)
6–10 0.75 (0.24–2.34)
11–20 0.50 (0.12–2.22)

PTT � activated partial thromboplastin time; CABG � coronary a
ormalized ratio; OR � odds ratio; PT � prothrombin time; R
esponse to rFVIIa. Ideally, rFVIIa should be given before t
atients become acidotic. Further work is necessary to
nable prediction of which patients are likely to become
cidotic and to determine whether a reversal of acidosis
elates to improved response to rFVIIa.

An associated adverse event rate was reported in 7% of
atients, of which 4% were thromboembolic in nature.
his event rate is comparable with a recent systematic
eview of rFVIIa in cardiac surgery [24] and also to the
dverse event rate reported in a meta-analysis of the first
3 Novo Nordisk–sponsored randomized controlled trials
ith rFVIIa in coagulopathic bleeding [34]. In addition,

p Value Response OR (95% CI) p Value

0.04 0.89 (0.26–3.05) 0.86

0.03 0.57
0.06 0.20 (0.01–4.12) 0.30
0.20 1.99 (0.07–60.65) 0.69
0.30 1.02 (0.07–14.35) 0.99
0.16 0.50 (0.04–6.49) 0.60
0.01 0.70 (0.05–10.18) 0.80

0.03 0.09
0.07 0.96 (0.13–7.01) 0.97
0.81 0.25 (0.03–2.21) 0.21

0.86 0.13
0.58 0.33 (0.10–1.09) 0.07
1.00 0.24 (0.04–1.66) 0.15

0.03 0.28
0.07 0.49 (0.16–1.49) 0.21
0.01 2.22 (0.17–29.89) 0.55

0.83 0.35
0.59 0.95 (0.19–4.74) 0.95
0.63 0.13 (0.01–2.67) 0.19

0.69 0.69
0.55 1.86 (0.41–8.52) 0.42
0.97 2.41 (0.24–24.23) 0.45

0.05 0.74
0.38 0.38 (0.05–2.66) 0.33
0.74 0.48 (0.05–4.36) 0.51
0.26 0.30 (0.05–1.90) 0.20
0.05 0.56 (0.07–4.73) 0.59

0.66 0.04
0.62 0.32 (0.09–1.12) 0.07
0.37 0.15 (0.03–0.68) 0.01

bypass grafting; CI � confidence interval; INR � international
red blood cell.
he adverse event rates do not appear higher than those
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eported in other complex cardiac surgical procedures
hat require significant transfusion [24, 35] where rFVIIa
as not used. Of importance was that no cases of micro-

ascular graft stenosis occurred, a hypothetical compli-
ation that has been of concern to clinicians [36].

This large case series has limitations, which include the
bsence of a control group and the heterogeneity of
leeding contexts, but is strengthened by the intention to
apture all patients at participating hospitals and data
ollection by a nonclinical independent research group.

Given the nature of the database, firm conclusions
egarding patient selection, dosing guidelines, and adju-
ant treatment cannot be drawn. Response to rFVIIa was
mproved in patients who had received less RBC trans-
usion. This study showed reduced pH was associated
ith death, but whether this identifies a poor risk group
r highlights the need to attempt to normalize pH before
reatment with rFVIIa is unclear.

In the absence of large, international, randomized
ontrolled trials, this observational study provides in-
ights into the current clinical practice of rFVIIa use in
ritical bleeding in cardiac surgery.

articipating Hospitals
ustralia—Australian Capital Territory: The Canberra
ospital; New South Wales: Liverpool Hospital, Prince of
ales Hospital, Royal North Shore Hospital, Royal

rince Alfred Hospital, St Vincent’s Private Hospital, and
t Vincent’s Public Hospital; Queensland: Princess Alex-
ndra Hospital, and The Prince Charles Hospital; South
ustralia: Flinders Medical Centre; Tasmania: Royal Ho-
art Hospital; Victoria: Alfred Hospital, Austin Hospital,
eelong Hospital, Knox Private Hospital, Monash Med-

cal Centre, and St Vincent’s Hospital; Western Australia:
remantle Hospital and Sir Charles Gairdner Hospital.
New Zealand—Auckland City Hospital and Welling-

on Hospital.
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NVITED COMMENTARY
evel 1 evidence is seriously lagging behind the wide
ff-label use of recombinant activated factor VII (rFVIIa)

n the control of massive or insurmountable bleeding.
unkley and colleagues [1] have made a commendable

ffort in gathering and analyzing the data on nonhemo-
hilia cardiac surgery cases with critical bleeding treated
ith rFVIIa from a large multicenter registry with finan-

ial support from Novo Nordisk. The study faces limita-
ions, many of which are shared with other registries;
ack of a control group is perhaps the biggest obstacle in
nterpreting the data, given the complicated nature of
ardiac surgery and the numerous confounding variables
nd heterogeneous practices. For instance, 15 cases re-
eived platelets, fresh frozen plasma (FFP) or cryoprecip-
tate, but no red blood cells prior to rFVIIa. As an
lternative to control, authors have resorted to compar-
ng measurements before and after rFVIIa administra-
ion. However, observed improvements can be the result
f collective salvage efforts rather than rFVIIa alone. In
ddition, data on 87% of the cases have been retrospec-
ively collected, which raises the questions of accuracy,
specially for response to treatment. With some cases
ating back more than 4 years, the potential memory

apse combined with the possible bias toward the treat-
ent can result in inaccuracies. Apart from the old cases,

he subjective reporting of this outcome is of significant
oncern. Although the authors argue that this measure
oncurs with mortality rates, objective measurements
such as chest tube drainage) would have been more
esirable. Finally, lack of set times for measuring blood
arameters before and after giving rFVIIa could substan-

ially obscure the causal relationship between the mea-
ured values and the treatment.

In a registry, bias can be introduced at many levels
ncluding data collection, submission, and analysis. The
uthors have taken appropriate countermeasures (ie,
articipating hospitals were required to submit all cases
nd their adherence was audited). The observed median
emophilia patients as well as off-label cases. Interest-
ngly, dose was not associated with outcomes, suggesting
he possibility of lower doses being as effective (or less
ikely, the drug not being effective at all and all the
bserved improvements being due to other treatments).
he observed thromboembolic adverse event rate of 7%

n this study is close to the previously reported rates,
hich is of concern. This rare but significant complica-

ion would be acceptable providing rFVIIa had a demon-
trable higher benefit. In summary and within constrains
f a registry, this study serves to highlight some of the

ssues facing future trials on rFVIIa, such as defining
utcomes and accounting for heterogeneity in practices
hile suggesting an acceptable safety profile. Although

he present study provides a valuable insight, ongoing
nd future controlled trials will hopefully provide the
uch needed higher quality evidence for the “off-label”

se of rFVIIa.
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