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Background—This observational study sought to identify the off-label use pattern of recombinant activated factor VII
(rFVIIa) in cardiac surgery and to identify predictors of its effectiveness and risk.

Methods and Results—At 18 Canadian centers, 522 nonhemophiliac cardiac surgical patients received rFVIIa during the
period 2003 through 2006; data were available, and retrospectively collected, on 503 patients. The median (quartile 1,
quartile 3) units of red blood cells transfused from surgery to therapy and in the 24 hours after therapy were 8 (5, 12)
and 2 (1, 5), respectively (P�0.0001). Mortality rate was 32%, and mortality or major morbidity rate was 44%. These
rates were within expected ranges (mortality, 27% to 35%; mortality or morbidity, 39% to 48%), which were calculated
with a separate cohort of cardiac surgical patients who did not receive rFVIIa used as reference. Independent predictors
of complications included instability before therapy (multiple inotropes or intra-aortic balloon pump) and increasing red
blood cell units transfused before and after therapy. Variables independently associated with nonresponse included
abnormal coagulation parameters and �15 red blood cell units transfused before therapy.

Conclusions—In Canada, rFVIIa is used primarily when standard interventions have failed to control bleeding. In this
setting, rFVIIa is associated with reduced blood product transfusions and, after risk adjustment, does not appear to be
associated with increased or decreased complication rates. The effectiveness of the drug may be enhanced if it is given
early in the course of refractory blood loss in the setting of adequate amounts of circulating coagulation factors.
(Circulation. 2008;118:331-338.)
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Despite major advances in the field of cardiac surgery,
excessive blood loss necessitating large-volume fluid

and blood product resuscitation, surgical reexploration, or
both remains a serious complication that is directly linked to
increased morbidity and mortality.1 Recombinant activated
factor VII (rFVIIa) is a hemostatic agent that may be effective
in preventing or treating excessive blood loss in cardiac
surgery, but it is currently not approved for this indication in
any jurisdiction. In most countries, rFVIIa is only approved
for hemophiliac patients with inhibitors against factors VIII
and IX. In some countries, it is also approved for factor VII
deficiency and Glanzmann’s thrombasthenia. Whether rFVIIa
is safe and effective outside these approved indications in
adult cardiac surgery has not yet been elucidated by large-
scale, randomized, placebo-controlled clinical trials; current
best evidence is limited primarily to case-control studies.2

Nevertheless, owing to the heavy burden of excessive blood

loss, current recommendations are that it is reasonable to
consider rFVIIa therapy in cases of excessive blood loss that
is unresponsive to standard interventions,3,4 and as a result the
drug is being increasingly used in this setting.5 Given the
unresolved safety and effectiveness issues, however, some
have questioned the appropriateness of the off-label use of the
drug in cardiac surgery and other settings.6 Safety is of
particular concern because of reports of thrombotic compli-
cations associated with its off-label use in various settings.7
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To address some of these unresolved issues, we undertook

this retrospective, observational, multicenter review to (1) iden-
tify the emerging off-label use pattern of this drug in cardiac
surgery across Canada during the period 2003 through 2006; (2)
identify the determinants of its effectiveness and risk in cardiac
surgery; and (3) determine whether it is associated with in-
creased risk of adverse events in this setting.
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Methods
All major centers across Canada that perform adult cardiac surgery
were approached for the study. Twenty-one centers agreed to
participate, but 3 centers that had not used any rFVIIa in cardiac
surgery during the study period were excluded. Institutional research
ethics approval was obtained at each participating center.

The blood bank (or, when applicable, pharmacy) database at each
center was used to obtain a list of every cardiac surgical patient who had
received rFVIIa from January 1, 2003, to December 31, 2006. With the
use of a standardized data collection form and trained data abstractors,
detailed perioperative data were then collected retrospectively from
hospital records for all patients who had undergone surgery with
cardiopulmonary bypass (CPB). Patients with hemophilia were ex-
cluded. Variables collected included patient demographics, comorbidi-
ties, and operative information; dose and timing of rFVIIa therapy;
hemodynamic, laboratory, and transfusion data before and after rFVIIa
therapy (Tables 1 and 2); and postoperative outcomes.

Outcomes
The numbers of units of blood products transfused before rFVIIa
therapy (from initiation of surgery) and after rFVIIa therapy (24
hours after the first dose) were compared as a measure of effective-
ness. Patients were classified as responders or nonresponders on the
basis of the number of red blood cell (RBC) units that they received
after rFVIIa therapy to allow us to identify which variables were
associated with better response.

The following in-hospital postoperative adverse outcomes were
analyzed: mortality, stroke (defined as documented new postopera-
tive, persistent neurological deficit), renal failure (defined as docu-
mented postoperative institution of dialysis), myocardial infarction
(if documented in the medical records), and the composite outcome
of any of the above. With recognition of the limitations of retrospec-
tive reviews, myocardial infarction was not defined formally; rather,
data abstractors were instructed to document it if it was noted on the
clinical notes, discharge forms, death certificates, or autopsy reports.
Data on other ischemic events (eg, pulmonary embolism, deep vein
thrombosis, limb ischemia) were also collected.

Data were entered centrally into a database (with built-in logic
controls); out of range or missing data were queried and verified or
obtained when possible.

Statistical Analyses
Statistical analyses were performed with the use of SAS version 9.1
(SAS Institute, Inc, Cary, NC). Descriptive data were used to
examine the yearly use of rFVIIa, as well as patient characteristics
and outcomes. Blood product transfusions before and after rFVIIa
therapy were compared with the Wilcoxon signed rank test.

Multivariable logistic regression was used to identify the indepen-
dent predictors of (1) response to rFVIIa, (2) in-hospital mortality, and
(3) composite outcome of in-hospital mortality or major morbidity
(stroke, renal failure, or myocardial infarction). First, the bivariate
associations between the potential predictor variables and the 3 outcome
variables were determined with appropriate tests (�2 or Fisher exact tests
for categorical variables and unpaired t test or Wilcoxon rank sum test
for continuous variables). These relationships guided any simplifications
of categorical variables in the multivariable analyses. When appropriate,
continuous variables were divided into clinically sensible categories on
the basis of their association with the outcome in restricted cubic spline
plots regression.8 All potential predictor variables for each outcome
(P�0.3 in the bivariate analyses or based on clinical judgment) were
next fitted into multivariable logistic regression models.9 The models
were constructed with the use of backward stepwise variable selection,
and a probability value of �0.05 was used as the criterion for variable
retention. Model discrimination was assessed by the c index, and
calibration was assessed by the Hosmer-Lemeshow test.9 Bootstrap
resampling10 was used to assess the stability of the models as follows:
100 computer-generated samples, each including 500 patients, were
derived from the study cohort by random selection with replacement,
and the models were refitted for each sample. The number of times each
predictive variable remained in the bootstrap samples was measured.

To determine whether rFVIIa therapy is associated with increased
adverse event rates, the expected rates for mortality and the composite
adverse outcome in the study cohort were calculated from a risk model
constructed on a separate cohort of patients who underwent cardiac
surgery during 2004 at 7 of the centers that participated in the present
study. Details of this comparison cohort, which consisted of 500
consecutive patients from each participating center (n�3500), have
been described previously.11,12 Because the comparison cohort included
consecutive patients, it is expected to be representative of the general
cardiac surgery population. Importantly, data fields, definitions, and
collection processes for the comparison cohort were similar to those
used for the present study. The risk model was constructed on the
comparison cohort with the same methodology as described above, with
the following modifications: total RBC transfusion during hospital stay
was used instead of number of units before and after rFVIIa surgery,
post-CPB variables were not included (because they were not available
in the comparison cohort), and patients in the comparison cohort who
had received rFVIIa (n�28) were excluded. The risk models developed
on the comparison cohort were then used to calculate the adjusted
probability of the occurrence of the outcomes for each individual patient
in both cohorts. The sums of the adjusted probabilities for patients in the
cohorts were calculated to obtain the expected number of events in the
cohorts. The 95% confidence intervals (CIs) around the estimates (ie,
range of expected events) were then calculated.13 For sensitivity
analysis, the same analyses were performed in 2 subgroups: (1) patients
who received �5 RBC units and (2) those who underwent surgery at the
7 hospitals that were used to obtain the comparison cohort.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
The 18 participating centers performed between 500 and
1800 cardiac surgical cases annually. The 21 evaluated
centers perform �26 000 cardiac surgery cases per year,
which represents �90% of adult cardiac surgery cases per-
formed in Canada. (The cardiac surgery rate in Canada is
�30 000/y according to the Canadian Institute for Health
Information.) During 2003–2006, 522 nonhemophiliac pa-
tients who underwent cardiac surgery with CPB at these
centers received 1 or more doses of rFVIIa. No data were
available for 19 patients (3 of whom died); thus, 503 patients
were included in the study cohort. Missing data for included
patients were not imputed; consequently, some of the descrip-
tive statistics include �503 patients.

The number of patients who received rFVIIa at each center
ranged from 8 to 158 (median, 17). In 2 of the centers, rFVIIa
was used in �2% of cases (high-user centers), whereas in the
other 16 rFVIIa was used in �0.5% of cases (low-user
centers). Overall, rFVIIa use increased slightly from 2003 to
2005 but almost doubled in 2006, primarily because of
increased usage in the low-user centers (Figure 1).

Of the 503 patients, 378 (75%) received a single dose, 99
(20%) received 2 doses, 19 (4%) received 3 doses, and 7 (1%)
received �3 doses of rFVIIa. The median total dose received
was 62 �g/kg (quartile 1 [Q1], quartile 3 [Q3], 40, 89 �g/kg);
the median first dose received was 49 �g/kg (Q1, Q3, 35, 72
�g/kg). The median elapsed time from end of CPB to first dose
of rFVIIa therapy was 280 minutes (Q1, Q3, 154, 556 minutes).
There were no material changes in the yearly patterns of dosage
and timing of rFVIIa during the study (data not shown).

Patients’ characteristics and health status before rFVIIa
therapy in the entire cohort and in relation to mortality are
shown in Table 1. As can be seen, patients had many
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Table 1. Patient Characteristics and Bivariate Relationships With In-Hospital Mortality

Variable*
Total Sample

(n�503)
Survivors
(n�344)

Nonsurvivors
(n�159) P

Preoperative variables

Age, y 62�15 61�16 64�14 0.1

Weight, kg 76�18 76�18 77�19 0.5

Female 154 (31) 97 (28) 57 (37) 0.06

Diabetes mellitus (type 1 or 2) 104 (21) 59 (17) 45 (28) 0.004

Hypertension (on treatment with
medications)

295 (59) 188 (55) 107 (67) 0.007

Left ventricular dysfunction (ejection
fraction �40%)

121 (25) 79 (24) 42 (28) 0.3

Peripheral vascular disease (claudication
or previous surgery on peripheral vessels)

53 (11) 32 (9) 21 (13) 0.2

Cerebrovascular disease (stroke, transient
ischemic event, or carotid artery disease)

77 (15) 49 (14) 28 (18) 0.3

Shock (requiring hemodynamic support) 89 (18) 39 (11) 50 (32) �0.0001

Antiplatelet or anticoagulant drugs at
time of surgery (not including
acetylsalicylic acid)

196 (39) 123 (36) 73 (46) 0.03

Renal dysfunction (creatinine �100
�mol/L in women or �110 �mol/L in
men; or on dialysis)

184 (36) 105 (31%) 79 (50%) �0.0001

Operative variables

Urgent surgery 232 (50) 153 (48) 79 (53) 0.3

Redo surgery 165 (35) 107 (33) 58 (41) 0.1

Complex surgery (other than isolated
aortocoronary bypass or single-valve
surgery)

388 (77) 256 (74) 132 (83) 0.03

Aortocoronary bypass (�other
procedures)

227 (45) 140 (41) 87 (55) 0.003

Valve repair or replacement (�other
procedures)

278 (55) 194 (56) 84 (53) 0.4

Aortic repair or replacement (�other
procedures)

132 (26) 90 (26) 42 (27) 0.9

Aprotinin 263 (55) 169 (52) 94 (61) 0.03

CPB duration, min 203�110 185�90 243�137 �0.0001

Deep hypothermic circulatory arrest 112 (22) 74 (21) 38 (24) 0.5

Reexploration 259 (53) 184 (55) 75 (49) 0.2

Condition before rFVIIa therapy*

Unstable (requiring �2 inotropes or IABP) 180 (36) 88 (26) 92 (58) �0.0001

Hemoglobin, g/dL 8.5�1.6 8.6�1.5 8.5�1.9 0.7

Platelet count, 106/L 115�50 119�50 106�48 0.004

International normalized ratio 1.7�0.9 1.6�0.5 2.0�1.6 0.002

Abnormal coagulation tests (international
normalized ratio �2.0, partial
thromboplastin time �60 s, fibrinogen
�1.0 g/L, or platelets �80�106)

254 (55) 155 (48) 99 (70) �0.0001

Temperature, °C 36.0�1.4 36.0�1.3 36.0�1.4 0.5

pH 7.4�0.1 7.4�0.1 7.3�0.1 �0.0001

Values are mean�SD or n (%). IABP indicates intra-aortic balloon pump.
*Last available before rFVIIa.
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high-risk characteristics, and many of them underwent high-
risk surgical procedures. Moreover, many patients required
hemodynamic support or had other signs of instability by the
time they received rFVIIa.

Table 2 shows the blood product transfusion data from
time of surgery to discharge and in relation to rFVIIa therapy.
In general, patients received large amounts of blood products
before rFVIIa therapy, and they received substantially fewer
blood products after rFVIIa therapy. Of note, 6 patients
received rFVIIa without any blood products being transfused.
In all but 23 other patients, rFVIIa therapy was preceded by
both platelet and plasma transfusions. On response to rFVIIa
therapy, 380 patients (78%) received �5 RBC units during
the 24 hours after rFVIIa therapy. Yearly blood product usage
patterns were similar (data not shown).

The adverse event rates in the study cohort were as follows:
mortality, 32% (n�159); stroke, 12% (n�58); renal failure,
12% (n�59); myocardial infarction, 9% (n�45); composite
outcome of mortality, stroke, renal failure, or myocardial
infarction, 44% (n�222). Other ischemic events were docu-
mented in 20 patients (4%).

Table 3 shows the independent predictors of mortality (the
model for the composite outcome of mortality or major
morbidity was similar and is not presented). The model was
highly discriminative (c index of 0.84), reliable (Hosmer-
Lemeshow P�0.2), and stable (all variables remained in all
100 bootstrap-sample models). Of note, aortocoronary bypass
surgery did not remain in the model. (Antifibrinolytic drug

type, year of surgery, and dose of rFVIIa were not included in
the models because they were strongly related to the site.)

Figure 2 shows the observed and expected rates of mortality
and the composite outcome of mortality or morbidity in the
comparison and study cohorts. The models constructed on the
comparison cohort for calculating expected rates were discrim-
inative (c index �0.80) and reliable (Hosmer-Lemeshow test
P�0.2). The top 4 predictive variables in both models were
RBC units transfused, preoperative shock, CPB duration, and
preoperative renal dysfunction. As can be seen in Figure 2,
although the observed adverse event rates were markedly higher
in the study cohort, they were within the 95% CI of the
calculated expected rates (which were 27% to 35% for mortality
and 39% to 48% for mortality or morbidity). In the study cohort,
the ratios of observed to expect numbers of mortalities and the
composite outcomes of mortality or morbidity were 1.04 (95%
CI, 0.90 to 1.16) and 1.01 (95% CI, 0.92 to 1.12), respectively.
Similarly, in the subgroups analyzed, the observed adverse event
rates in the study cohort were well within the range of expected
adverse event rates (results not shown).

Independent predictors of failure to respond (when defined
as transfusion of �5 RBC units within 24 hours of therapy)
were pretreatment abnormal coagulation tests (presence of 1
or more of the following: international normalized ratio �2.0,
partial thromboplastin time �60 seconds, fibrinogen �1.0
g/L, or platelet count �80�106) (odds ratio, 3.1; 95% CI, 1.8
to 5.3; P�0.0001); salvage therapy (defined as �15 units of
RBCs transfused before rFVIIa therapy) (odds ratio, 2.0; 95%
CI, 1.1 to 3.6; P�0.03); and CPB duration �150 minutes
(odds ratio, 1.8; 95% CI, 1.0 to 3.0; P�0.04). Because the
definition of response was based on the number of posttreat-
ment RBC transfusions, adjustment was made for pretreat-
ment hemoglobin by forcing it into the model (P�0.9). The
model’s c index was 0.70, and its Hosmer-Lemeshow test
probability value was 0.4. The results were not materially
different if different posttherapy RBC transfusion thresholds
(2, 3, or 4 units) were used to define response to therapy.

Discussion
This comprehensive evaluation of the off-label use of rFVIIa in
cardiac surgery addresses several important issues relating to
appropriateness, effectiveness, and safety of rFVIIa in this
setting.

Appropriateness
One important issue in cardiac surgery is whether rFVIIa is
being used appropriately in clinically reasonable settings or
inappropriately in questionable settings.6 Current recommen-

Table 2. Blood Product Transfusions

Variable
Total in
Hospital

Before rFVIIa
(From Surgery to First Dose)

After rFVIIa
(Within 24 h After First Dose) P

No. With Missing
Pre- or Post-rFVIIa Data

RBCs 13 (8, 20) 8 (5, 12) 2 (1, 5) �0.0001 18

Platelets 20 (10, 25) 10 (10, 15) 5 (0, 10) �0.0001 42

Fresh frozen plasma 12 (8, 20) 8 (5, 12) 2 (0, 6) �0.0001 39

Cryoprecipitate 10 (0, 20) 0 (0, 10) 0 (0, 10) �0.0001 39

Total products 55 (40, 84) 33 (22, 50) 9 (2, 22) �0.0001 62

Values are median (Quartile 1, Quartile 3).
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Figure 1. Yearly usage of rFVIIa.
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dations are that the off-label use of rFVIIa be considered only
in cases of excessive blood loss that is unresponsive to
standard interventions,2–4 a complication that by some esti-
mates occurs in only �2% of cases.14 Our findings suggest
that, for the most part, clinicians are following these recom-
mendations. None of the participating centers, which together
perform �90% of adult cardiac surgery in Canada, used
rFVIIa in �2% of their cases, and in all but 5% of cases
patients received both platelet and plasma transfusions before
rFVIIa therapy. On the other hand, approximately one half of
patients had abnormal coagulation parameters before rFVIIa
therapy (Table 1), which indicates that patients had not
received sufficient blood products before rFVIIa therapy.
Given the long turnaround time for these tests, however,
many of these patients may have received additional blood
products from the time samples were collected for measuring
coagulation to the time when rFVIIa was administered. Of
note, 6 patients received rFVIIa without any blood products
being transfused, presumably because they did not wish to

receive blood transfusions (data on transfusion preferences
were not collected).

Of possible concern is the nearly 2-fold increased usage in the
final year of the study, which may herald “indication creep” (or
inappropriate expansion of indications).6 This, however, does
not seem to be the case because time to therapy, as measured by
both elapsed time from end of CPB to therapy and number of
RBC units transfused before therapy, was constant during the 4
years of the study. Our data suggest, rather, that the increased
usage is due to low-use centers adopting the therapy later than
high-use centers (Figure 1).

Effectiveness and Predictors of Response
Another issue addressed here is whether rFVIIa effectively
reduces or stops hemorrhage after cardiac surgery in patients
without hemophilia. To date, randomized clinical trials aimed at
assessing the efficacy of rFVIIa in various surgical and trauma
settings have found it to be no more effective than placebo in
preventing or reducing bleeding in patients without hemophil-
ia.15 None of these studies, however, assessed the efficacy of
rFVIIa when it is used as rescue therapy in patients with
refractory hemorrhage after cardiac surgery.15 On the other hand,
numerous observational studies have found a strong temporal
relationship between rFVIIa use in this setting and reduced
blood loss or blood product transfusions.2 This finding is
consistent with the results of our study, in which patients
received substantially fewer blood product transfusions in the 24
hours after rFVIIa therapy than they did from surgery to rFVIIa
therapy. Even though observational studies cannot prove causa-
tion, the strength, consistency, and temporality of this observed
association in this and many other observational studies suggest
the presence of a cause-and-effect relationship.16

Previous studies have suggested that response to rFVIIa is
adversely affected by pretreatment acidosis and hypothermia,5,17

but in this study these factors were not independently associated
with the amount of RBC transfusions after therapy. Generally,
however, patients in this study were not severely acidotic or
hypothermic before rFVIIa therapy. Variables that were inde-
pendently associated with increasing RBC transfusions after

Table 3. Independent Predictors of Mortality

Variable Unit or Classification Wald �2 P Odds Ratio 95% CI Bootstrap Retention, %

Age 1: �50 years old 7.2 0.007 2.6 1.3–5.4 100

Preoperative shock 1: See Table 2 11.0 0.0009 2.7 1.5–4.9 100

Renal dysfunction 1: See Table 2 4.5 0.03 1.7 1.1–2.8 100

CPB duration Continuous (minutes) 8.0 0.005 1.003 1.001–1.006 100

Unstable before rFVIIa therapy 1: �2 inotropes or IABP 9.3 0.002 2.2 1.3–3.6 100

pH before rFVIIa therapy 18.8 0.0003 100

3: pH �7.2 7.9 2.7–23.3

2: 7.2� pH �7.3 3.1 1.5–6.3

1: 7.3� pH �7.4 2.0 1.1–3.6

RBC units before rFVIIa therapy 1: �10 units 11.2 0.0008 2.4 1.4–4.0 100

RBC units after (24 h) rFVIIa therapy 27.0 �0.0001 100

2: �10 units 8.9 3.6–22.0

1: 6 to 10 units 2.6 1.3–5.1

IABP indicates intra-aortic balloon pump.

Incidence (%)

0 5 10 15 20 25 30 35 40 45 50 55

CC - M

CC - M&M

SC - M

SC - M&M

Figure 2. Observed and expected adverse event rates in the
study and comparison cohorts. CC indicates comparison
cohort; SC, study cohort; M, mortality; M&M, composite out-
come of mortality or morbidity; ● , observed event rate; and
black line, range of expected event rates.
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therapy (ie, lack of response) included abnormal coagulation
parameters before therapy and transfusion of �15 units of RBCs
before therapy. This is consistent with the emerging understand-
ing that rFVIIa may be more effective when it is administered
early in the course of refractory blood loss in the setting of
adequate amounts of circulating coagulation factors.17–19 It may
also explain why rFVIIa was not efficacious in existing random-
ized controlled clinical trials in bleeding patients, many of which
did not stipulate the presence of adequate amounts of coagula-
tion factors before rFVIIa therapy.

Safety and Predictors of Adverse Events
Perhaps the most important unresolved issue in cardiac
surgery is whether rFVIIa is safe. After cardiac surgery with
CPB, there is upregulation of tissue factor expression both
locally in areas of tissue injury and systemically.20,21 Given
that the mechanism of action of rFVIIa in part involves
binding to tissue factor,22 increased tissue factor expression
may lead to more local and systemic clot formation.23 This is
of particular concern in patients with excessive blood loss, in
whom organ hypoperfusion and reperfusion injury resulting
from inadequate or delayed resuscitation may lead to dissem-
inated intravascular coagulation,24 which can increase sys-
temic tissue factor expression25 and may therefore further
increase the risk of thrombotic complications with rFVIIa
therapy. Furthermore, rFVIIa therapy may increase the inci-
dence of acute coronary events in patients undergoing coro-
nary artery bypass grafting or in those who have vulnerable
atherosclerotic plaques in their coronary vasculature.23 It has
also been postulated that rFVIIa may contribute to multiorgan
failure by modulating the inflammatory response in the
setting of systemic inflammatory response syndrome,26,27

which commonly occurs after cardiac surgery with CPB.28 In
addition, antifibrinolytic drugs that are frequently used to
preserve the hemostatic system during CPB may further
increase the risk of thrombotic complications with rFVIIa.29

Consistent with several previous reports,5,7,30–32 we found an
alarmingly high unadjusted rate of mortality and morbidity in the
study cohort. Because they lacked control patients, however,
these previous studies could not determine whether this high rate
was due to rFVIIa therapy or patients’ underlying medical status.
In this study, we used a large multicenter cohort of cardiac
surgical patients who did not receive rFVIIa and were represen-
tative of the general cardiac surgery population as a reference
and found that the observed adverse event rates in the study
cohort were neither increased nor decreased compared with
expected rates based on patients’ underlying risk status and RBC
transfusion rate. This finding is consistent with several smaller
studies in cardiac surgery that have found that patients who
receive rFVIIa have risk-adjusted complication rates similar to
those who do not receive rFVIIa.14,33–35 Importantly, by adjust-
ing for RBC transfusions in this analysis, we have discounted the
potential benefits of rFVIIa in reducing blood loss, thereby
enhancing our ability to detect the risks of rFVIIa. It is important
to note, however, that the severity of patients’ underlying risk
status and the high complication rates in this and most other
studies may mask clinically important modulations in risk
caused by rFVIIa therapy. Thus, although our results are
reassuring, it is important that the observed versus expected

adverse event rates in the study cohort not be interpreted or
inferred to be an indication of safety of rFVIIa. Adequately
powered randomized controlled clinical trials are required to
settle the safety issue in cardiac surgery.

Important independent predictors of mortality and morbid-
ity in this study were unstable status at the time of rFVIIa
therapy (as measured by the need for hemodynamic support
and level of acidosis) and failure to respond to rFVIIa (as
measured by number of RBC units transfused after therapy)
(Table 3). This finding, together with our finding that rFVIIa
may be more effective if it is given early in the course of
refractory blood loss, supports the hypothesis that the early
(rather than late) use of rFVIIa in patients with refractory
bleeding may be preferable because it may prevent massive
blood loss and the resultant hemodynamic instability.17,36

Future randomized clinical trials should be designed to allow
the testing of this hypothesis.

Study Strengths and Limitations
The strengths of this study are its comprehensiveness (all
patients who received rFVIIa at the participating centers were
identified, and �95% of them were included in the study),
which limited reporting bias; its large sample size, which
allowed for robust multivariable analyses; and its use of an
independent cohort representative of the general cardiac surgery
population to assess the expected adverse event rates in the study
cohort.

The primary limitations of the study are that, as in any
other observational study, it can only identify associations
rather than cause-and-effect relationships and cannot exclude
the role of unmeasured confounders in the observed associ-
ations (eg, surgical source of bleeding as a cause of lack of
response). Moreover, because at most of the centers the dose
of rFVIIa used was directly related to the severity of patients’
blood loss, the relationships between dose and effectiveness
and risk of rFVIIa could not be determined.

Another limitation is that adverse outcomes were not pro-
spectively evaluated; thus, many complications may have been
missed. To minimize this problem, we limited our analyses to
serious complications that were expected to be accurately
recorded in patients’ hospital records. Moreover, because the
methodology used to identify complications in the comparison
cohort was similar to that used in this study, our calculation of
expected adverse event rates should be valid. Nevertheless, this
study cannot exclude the possibility that rFVIIa is associated
with increased risk of serious adverse events.

Finally, the study could only assess effectiveness by measur-
ing changes in transfusion rates before and after rFVIIa therapy
and could only assess safety by comparing adverse event rates
with a reference cohort of patients who did not receive rFVIIa
but received similar amounts of RBC transfusions. In effect,
therefore, the latter analysis assumes that rFVIIa is not at all
effective in reducing RBC transfusions. Consequently, the study
could not assess whether rFVIIa improves clinical outcomes by
reducing blood loss. A randomized controlled clinical trial is
required to answer this important question.

Conclusions
In this comprehensive review of the off-label use of rFVIIa in
cardiac surgery in Canada, we found that rFVIIa is being used
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primarily when standard interventions have failed to control
blood loss. Moreover, as far as can be determined within the
confines of an observational study, we found that rFVIIa is
associated with a reduction in transfusion of blood products and,
after adjustment for patients’ underlying risk profile and RBC
transfusion rate, does not appear to be associated with increased
or decreased mortality or major morbidity. Finally, our data also
suggest that the effectiveness of the drug may be enhanced if it

is given early in the course of refractory blood loss in the setting
of adequate amounts of circulating coagulation factors. Ade-
quately powered randomized clinical trials are needed to verify
these findings.
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CLINICAL PERSPECTIVE
In this comprehensive review of the use of recombinant activated factor VII in nonhemophiliac patients who underwent cardiac
surgery during the period 2003 through 2006 in Canada (n�503), we found that recombinant activated factor VII was used
primarily when standard interventions had failed to control blood loss. Moreover, as far as could be determined within the
confines of this observational study, we found that recombinant activated factor VII was associated with a reduction in
transfusion of blood products and, after adjustment for patients’ underlying risk profile and red blood cell transfusion rate, did
not appear to be associated with increased or decreased mortality or major morbidity. Finally, our data also suggested that the
effectiveness of the drug may be enhanced if it is given early in the course of refractory blood loss in the setting of adequate
amounts of circulating coagulation factors. Adequately powered randomized clinical trials are needed to verify these findings.
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