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se of Recombinant Activated Factor VII
oncentrate to Control Postoperative Hemorrhage

n Complex Cardiovascular Surgery
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Background. Complex cardiovascular surgery often
esults in postoperative hemorrhage. Excessive blood
roduct use may cause systemic thrombosis, end-organ
ysfunction, and edema preventing chest closure. Re-
ombinant activated factor VII (rFVIIa) concentrate may
ecrease hemorrhage where other treatment measures
ailed. We reviewed our experience with rFVIIa after
omplex cardiovascular surgery.

Methods. A retrospective review evaluating 846 com-
lex cardiovascular surgery patients of whom 36 received
FVIIa between January 1, 2001, and December 31, 2006,
as performed. Efficacy and safety data were collected for

he entire cohort in addition to delayed sternal closure
equirements, reoperation, and operative mortality in the
atient cohort temporally separated into two groups (pre-
FVIIa era, 2001 to 2003, 1 patient received rFVIIa; rFVIIa
ra, 2004 to 2006, 35 patients received rFVIIa).

Results. A total of 36 patients received 41 rFVIIa doses

ith an in-hospital survival of 91.7%. Hemorrhage was
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onathan Lucas St, Charleston, SC 29425; e-mail: ikonomij@musc.edu.
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ontrolled in 83.3% of patients, with 1 dose sufficient in
5.0%. There was a significant decrease (p < 0.005) in all
lood product requirements post-rFVIIa compared with
re-rFVIIa administration. In the intensive care unit (n �
), rFVIIa significantly reduced chest tube output (p �
.028) and prevented reexploration for bleeding in 5
atients. The requirement for delayed sternal closure was
ignificantly higher in the pre-rFVIIa era versus the
FVIIa era (p � 0.011). The incidence of thrombosis in all
atients receiving rFVIIa was 11.1%. In the rFVIIa era, a
igher incidence of postoperative renal failure (p � 0.005)
nd pneumonia (p < 0.002) was detected in patients
eceiving rFVIIa.

Conclusions. Recombinant activated factor VII appears
o be effective in patients with refractory coagulopathy
ndergoing high-risk cardiovascular surgery.

(Ann Thorac Surg 2008;85:1669–77)

© 2008 by The Society of Thoracic Surgeons
oagulopathy resulting in excessive postoperative
hemorrhage when encountered in patients after

omplex cardiovascular surgery is a significant prob-
em [1– 4]. Clinically significant coagulopathy is asso-
iated with increased morbidity and mortality, pro-
onged hospital and intensive care unit (ICU) length of
tay, and increased healthcare costs [1– 4]. Excessive
se of blood products may cause considerable edema,
reventing sternotomy closure, as well as systemic

hrombosis, potentially leading to end-organ dysfunc-
ion [5– 8]. When standard hemostatic interventions
ail, alternative means of reversing coagulopathy are
equired.

Recombinant activated factor VII (rFVIIa [NovoSeven;

ccepted for publication Jan 28, 2008.

resented at the Fifty-fourth Annual Meeting of the Southern Thoracic
urgical Association, Bonita Springs, FL, Nov 7–10, 2007.

ddress correspondence to Dr Ikonomidis, Division of Cardiothoracic
ovo Nordisk, Princeton, New Jersey), is approved by
he Food and Drug Administration for use in hemophilia
atients with factor inhibitors and patients with congen-

tal factor VII deficiency (see NovoSeven package insert,
007). Off-label use of rFVIIa continues to expand for the
ostsurgical population, but concerns have been raised
bout the potential safety, efficacy, and cost of rFVIIa use
n this setting [9–14].

The purpose of this study was to evaluate the use of
FVIIa in high-risk cardiovascular surgery patients at the

edical University of South Carolina (MUSC) to assess
ts safety and efficacy in the reversal of refractory
oagulopathy.

aterial and Methods

atient Population
retrospective chart review was conducted of all adult

ardiovascular surgery patients 18 years of age or older at
USC between January 2001 and December 2006. The

USC Institutional Review Board provided approval for

0003-4975/08/$34.00
doi:10.1016/j.athoracsur.2008.01.089

mailto:ikonomij@musc.edu
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onduct of this study in addition to a waiver for patient
onsent. A high-risk subset (n � 846) was defined con-
isting of patients undergoing cardiac transplantation,
ortic surgery, redo operations, or multiple cardiac pro-
edures as the primary operation. Patients with isolated
alve replacement or coronary artery bypass graft sur-
ery as the primary operation were excluded. All patients
ho received rFVIIa during the time period examined
ere enclosed in this cohort. Patient demographics, pre-
perative risk factors, rFVIIa dosing characteristics, blood
roduct use, coagulation laboratory values, operative
haracteristics, the need for reoperation or reexploration
or bleeding after the primary procedure, chest tube
utput for patients receiving rFVIIa in the ICU, and

n-hospital outcomes were recorded.
In addition, to evaluate the impact that rFVIIa use may

ave had in the management of high risk patients with
efractory coagulopathy over time, the cohort was di-
ided into two temporally separated groups for compar-
son: pre-rFVIIa era, 2001 to 2003, n � 426; additive
uropean System for Cardiac Operative Risk Evaluation

EuroSCORE) score (mean and range): 8 (2 to 22); rFVIIa
ra, 2004 to 2006, n � 420; additive EuroSCORE (mean
nd range): 8 (2 to 16); p greater than 0.05 from pre-rFVIIa
ra.

hreshold for rFVIIa Use
he decision to administer rFVIIa was made by the
urgical team after consideration of four general criteria:
1) exclusion of all surgical causes of bleeding; (2) failure

able 1. Patient Demographics and Risk Factors for Bleeding
n Patients Receiving Recombinant Activated Factor VII
n � 36)

emographic/Risk Factor Number of Patients

ge (years) � SD 58 � 15
ale 27 (75%)

ace
Caucasian 25 (69%)
African American 9 (25%)
Hispanic 1 (3%)
Asian 1 (3%)

enal insufficiency 9 (25%)
emodialysis 2 (6%)
istory of thrombosis
Myocardial infarction 6 (17%)
Intracardiac thrombus 3 (8%)
Cerebrovascular accident 3 (8%)
Deep vein thrombosis 1 (3%)

edo operation 16 (44%)
echanical assistance 1 (3%)
istory of coagulopathy 1 (3%)
nticoagulation use 21 (58%)
ultiple anticoagulants 3 (8%)
oumadin 3 (8%)
spirin 6 (17%)
s
oumadin plus aspirin 9 (25%)
o reverse coagulopathy with adequate pharmacologic
nd blood product replacement defined as evidence of
ormalization of coagulation laboratory values (interna-

ional normalized ratio � 1.5, platelets � 100K/mm3,
brinogen � 200 mg/dL); (3) correction of the patient’s
ore body temperature to normal (� 36.5oC); and (4)
dequate heparin reversal with protamine defined as an
ctivated clotting time (ACT) of 120 s or less, or an aPTT
f 1.5 times or less than our laboratory control (45 s). In
atients requiring rFVIIa in the ICU, chest tube output of
mL · kg�1 · h�1 or greater for 2 hours or more was

equired in addition to the above criteria in patients
ithout evidence of cardiac tamponade, mediastinal he-
atoma, or large hemothorax by chest radiograph or

chocardiography that would require reexploration for
vacuation.

ndpoints
he primary endpoints were rFVIIa efficiacy and safety.
fficacy was determined by (1) observation of the success
f the agent in controlling (ceasing) hemorrhage intraop-
ratively, allowing for primary chest closure without the
eed for reexploration or reoperation for bleeding; and

2) comparison of blood product use before and after
FVIIa administration. For patients who received rFVIIa
n the ICU, chest tube outputs both before and after
FVIIa administration were evaluated. In the temporally
eparated groups, delayed sternal closure requirements,
he need for reexploration or reoperation for bleeding,
ength of stay, pneumonia, adult respiratory distress

able 2. Operative Characteristics for Patients Receiving
ecombinant Activated Factor VII (n � 36)

haracteristic
Number of
Patients (%)

ype of surgery, n (%)
Aortic surgery 13 (36)
Multiple procedures 13 (36)
Cardiac transplantation 10 (28)

PB (minutes, mean � SD) 202 � 74
ross-clamp time (minutes, mean � SD) 110 � 46
irculatory arrest (minutes, mean � SD) 15.6 � 7
ntifibrinolytic used, n (%)
Aprotinin 36 (100)
nticoagulant used, n (%)
Heparin 36 (100)

ntraoperative complications, n (%)
Placement of IABP 5 (14)
Other 3 (8)
dditional agents given to control bleeding, n (%)
Protamine 6 (17)
Vitamin K 2 (6)
DDAVP 1 (3)
ulitple agents 1 (3)

PB � cardiopulmonary bypass; DDAVP � desmopressin; IABP �
ntra-aortic balloon pump; rFVIIa � recombinant activated factor VII.
yndrome, sepsis, and operative death were compared.
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n addition, high-risk patients who received rFVIIa dur-
ng the rFVIIa era were compared with patients in the
ame era who did not receive rFVIIa with regard to the
ncidence of a combined thrombosis endpoint (cere-
rovascular accident, myocardial infarction, or pulmo-
ary embolism, as well as the incidence of acute renal

ailure, defined as an increase of serum creatinine to
reater than 2 mg/dL and 2 times the most recent
reoperative creatinine level or a new requirement for
ialysis postoperatively.

tatistical Analysis
ontinuous variables are reported as mean � SD. Medi-
ns and ranges are included owing to nonparametricity
f the data where appropriate. Categorical variables are
eported as percentages. The pre-rFVIIa and post-rFVIIa

able 3. Threshold for rFVIIa Use, rFVIIa Dosing
haracteristics, and Efficacy of rFVIIa

haracteristics Before rFVIIa Dose
Number of
Patients (%)

o evidence of surgical bleeding 36 (100)
emperature � 36.5°C 24 (67)
CT � 120 seconds 26 (72)
TT � 1.5 times control 23 (64)

NR � 1.5 22 (61)
latelet count � 100K/mm3 19 (53)
ibrinogen � 200 mg/dL 29 (81)
atients meeting criteria for use
All criteria 21 (58)
3 of the 4 criteria 11 (31)
2 of the 4 criteria 3 (8)
1 of the 4 criteria 1 (3)
ose of rFVIIa
90 �g/kg 34 (94)
40 to 50 �g/kg 2 (6)
umber of doses administered
1 dose 31 (86)
2 doses 5 (14)

ocation of dose 1
OR during primary operation 27 (75)
ICU after primary operation 5 (14)
OR during reexploration 3 (8)
ICU after reexploration 1 (3)

ocation of dose 2 (n � 5)
OR during primary operation 4 (80)
OR during reexploration 1 (20)

uccess of first rFVIIa dose
Yes 27 (75)

ime to leaving OR after dose (23 patients,
min � SD)

87 � 51

verall success of rFVIIa
Yes 30 (83)

CT � activated clotting time; ICU � intensive care unit; INR �
nternational normalized ratio; OR � operating room; PTT �
R
artial thromboplastin time; rFVIIa � recombinant activated factor
II.
ariables were examined with the Wilcoxon matched-
airs signed-ranks test. High-risk patient risk factors for

he two eras were compared with Fisher’s exact test
or categorical variables and the Mann-Whitney test for
ontinuous variables. Fisher’s exact test was also used to
xamine the incidence of postoperative thrombotic
vents and acute renal failure.

esults

emographic and Procedural Data
n the overall cohort, 37 patients received rFVIIa. One
atient who required bivalrudin anticoagulation man-
gement was removed, leaving 36 patients for analysis.
atient demographics and preoperative risk factors for
leeding are summarized in Table 1. The mean age in

his series was 58 years, and approximately 25% of
atients had renal insufficiency before operation. In the
6.1% of patients who had a history of a thrombotic
vent, myocardial infarction was the most common.
Operative characteristics are summarized in Table 2.

he type of surgery performed distributed into three
igh-risk categories, with approximately one third of the

ig 1. Transfusion requirements before (solid bars) recombinant acti-
ated factor VII administration and after (open bars) administration
n � 36). (Cryo � cryoprecipitate; FFP � fresh frozen plasma;

able 4. Coagulation Laboratory Measures Before and After
FVIIa Administration

Pre-rFVIIa
Dose

Post-rFVIIa
Dose p Value

TT, median (range) 42.2 (31.4–150) 41.6 (29–85) 0.026
T, median (range) 17.8 (11.5–100) 12.1 (10.3–17.2) �0.0005

NR, median (range) 1.37 (0.81–12.0) .86 (0.71–1.3) �0.0005
ibrinogen, median
(range)

256 (139–392) 276 (159–398) 0.348

latelets, median
(range)

105 (39–262) 109 (30–191) 0.317

NR � international normalized ratio; PT � prothrombin time;
TT � partial thromboplastin time; rFVIIa � recombinant activated

actor VII.
BC � red blood cells.)
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atient population undergoing an aortic surgical proce-
ure (36.1%), multiple cardiac procedures (36.1%), or
ardiac transplantation (27.8%). Approximately 44% of
he operative procedures were redo operations, the ma-
ority of which were cardiac transplants (50%). Aprotinin

as the antifibrinolytic used in all of the procedures with
eparin used as the anticoagulant. One patient required
lacement of a left ventricular assist device (ABIOMED
B5000; Abiomed, Danvers, Massachusetts) preopera-

ively before cardiac transplantation, and 1 patient had a
ocumented history of factor V deficiency. The majority

58.3%) of patients received anticoagulation therapy be-
ore operation, most commonly with the combination of
spirin and warfarin.
Intraoperative complications included the inability to

eparate from cardiopulmonary bypass secondary to ei-
her right or left ventricular failure requiring placement
f an intra-aortic balloon pump, a protamine reaction,
eart block during separation from bypass, and vein graft
bstruction requiring redo anastomosis. If an additional
gent was administered to control bleeding, protamine
as most commonly used.

hreshold and Dosing Characteristics for rFVIIa Use
hreshold and dosing characteristics for rFVIIa use are
ummarized in Table 3. Absence of surgically correctable
leeding was noted in all 36 patients before rFVIIa
dministration. Approximately 89% of patients met at
east 3 of the 4 defined criteria for rFVIIa administration.

The majority of patients (94.4%) received a 90 �g/kg
ose of rFVIIa (Table 3). Thirty-one patients (86.1%)
eceived only 1 dose of rFVIIa, with the majority (75%) of
rst-time doses given in the operating room during the
perative procedure. Two patients who received rFVIIa
ad clopidogrel bisulfate preoperatively; rFVIIa was ef-

ective in controlling bleeding with one dose in both

ig 2. Chest tube output before (solid bars) recombinant activated
actor VII (rFVIIa) administration (output averaged over 4 hours be-
ore receiving rFVIIa in the intensive care unit [ICU]) and after
open bars) administration (output averaged over 4 hours after re-
eiving rFVIIa in the ICU).
atients. Five patients (13.9%) required a second dose of
C
H

FVIIa to control bleeding. Of these patients, 4 patients
80%) received the second dose also while in the operat-
ng room during the primary operation. The 2 patients
5.6%) who received a 40 to 50 �g/kg dose of rFVIIa, did
ot require more than 1 dose and did not undergo
eexploration for bleeding after the dose. Six patients
eceived rFVIIa for bleeding in the ICU.

fficacy of rFVIIa and Coagulation Laboratory Values
ased on previously stated criteria, rFVIIa was found to
e effective in 30 patients (83.3%; Table 3), with one dose
eing sufficient to control bleeding in 27 patients (75%).

able 5. High-Risk Group Patient Demographics and
edical History

emographics
Pre-rFVIIa

Era (n � 426)
rFVIIa Era
(n � 420)

p
Value

ge (years)
Mean � SD 62 � 14 61 � 16 0.445
Median 63 63
Range 18–88 18–90
eight (cm)
Mean � SD 171 � 11 172 � 11 0.106
Median 173 175
Range 125–198 130–198
eight (kg)
Mean � SD 81 � 19 82 � 20 0.694
Median 80 80
Range 40–173 36–195

jection fraction (%)
Mean � SD 47 � 17 47 � 16 0.629
Median 50 50
Range 5–83 9–80

ace (%)
African American 27 25 0.726
Caucasian 71 73
Other 2 2

ex (%)
Male 62 64 0.569
edical history (%)
Diabetes mellitus 24 26 0.477
Renal failure 16 12 0.198
Dialysis 5 3 0.104
COPD 13 13 0.760
Hypertension 70 66 0.237
Peripheral vascular

disease
15 13 0.621

Cerebrovascular disease 12 15 0.158
Cerebrovascular accident 9 9 1.000
Immunosuppressive

medications
6 6 1.000

Myocardial infarction 26 21 0.145
Redo operations 36 32 0.276
Heart failure (NYHA

class III–IV)
78 76 0.568
OPD � chronic obstructive pulmonary disease; NYHA � New York
eart Association; rFVIIa � recombinant activated factor VII.
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he 6 patients in whom rFVIIa was not efficacious in-
luded 4 who received one dose and 2 of 5 patients who
eceived 2 doses. Of the reexploration patients, 5 had no
urgically correctable bleeding site at the time of reex-
loration. Despite near normalization of coagulation fac-

ors before rFVIIa administration, rFVIIa use was associ-
ted with a significant decrease in prothrombin time and
nternational normalized ratio values (p � 0.0005) as well
s paratial thromboplastin time (p � 0.026; Table 4).
As demonstrated in Figure 1, there was a statistically

ignificant decrease for all blood products after rFVIIa
dministration compared with pre-rFVIIa administration
p � 0.005). For the 6 ICU patients, rFVIIa administration
esulted in a significant reduction in chest tube output
p � 0.028; Fig 2).

FVIIa Era Outcomes
n the temporally separated patient cohorts, 1 patient of
26 received rFVIIa in the pre- rFVIIa era. In the rFVIIa
ra, 35 patients (additive EuroSCORE: mean 8 [range, 3 to
6]) received rFVIIa and 385 patients did not (additive
uroSCORE: mean 8 [range, 2 to 16]; p � 0.05 from rFVIIa
ra patients receiving rFVIIa). Table 5 summarizes the
omparison of patient demographic data and risk factors
etween these groups when divided by era. Patient
emographics and medical history were overall well
atched. Outcomes between the eras are shown in Table

. The requirement for delayed sternal closure was sig-
ificantly higher in the pre-rFVIIa era versus the rFVIIa
ra (p � 0.011). Reoperation for bleeding, length of stay,
dult respiratory distress syndrome, sepsis, and hospital
ortality were not significantly different between the two

ras. However, the incidence of pneumonia was signifi-
antly higher in the rFVIIa era (Table 6). Within the rFVII
ra, pneumonia developed in 29% of patients who re-
eived rFVIIa in contrast to 6% in the patients not
eceiving rFVIIa (p � 0.002).

afety and Survival
he overall in-hospital survival for those patients who
eceived rFVIIa was 91.7%, with an overall incidence of

able 6. Outcomes Between Eras

utcome
Pre-rFVIIa

Era (n � 426)
rFVIIa Era
(n � 420)

p
Value

elayed sternal closure,
n (%)

16 (4) 4 (1) 0.011

eoperation for bleeding,
n (%)

30 (7) 24 (6) 0.483

OS, days, median
(range)

11 (0–132) 10 (0–182) 0.543

neumonia, n (%) 13 (3) 34 (8) 0.002
RDS, n (%) 9 (2) 4 (1) 0.143
epsis, n (%) 16 (4) 16 (4) 1.000
ortality, n (%) 29 (7) 20 (5) 0.239

RDS � adult respiratory distress syndrome; LOS � length of stay;
FVIIa � recombinant activated factor VII.
hrombosis of 11.1%. The 2 patients that experienced t
erebrovascular accident underwent aortic surgery as
heir operative procedure. One patient who underwent

ultiple cardiac procedures had a deep vein thrombosis
fter rFVIIa administration. The 1 patient who had a
ulmonary embolism after rFVIIa administration had
ortic surgery. The incidence of the combined endpoint
f thrombosis between patients in the rFVIIa era who
eceived rFVIIa (11.4%) versus those who did not receive
FVIIa (5.5%) was not statistically significantly different
p � 0.145).

Significantly more patients experienced postoperative
enal failure (23.1% versus 5.6%), and required dialysis
11.5% versus 1.2%) in the rFVIIa group compared with
atients who did not receive rFVIIa in the rFVIIa era (p �
.005 and 0.009, respectively). Serum creatinine returned
o baseline in 3 of the 6 patients with evidence of acute
enal failure after rFVIIa use before hospital discharge.

omment

bnormal or excessive blood loss after cardiovascular
urgery has been reported to occur in 3% to 14% of cases
1, 13, 15]. Reexploration for bleeding after cardiac surgi-
al procedures may be required in as many as 5% of
atients [1–4]. Patients undergoing complex cardiac pro-
edures, defined as any cardiac surgery other than an
solated coronary artery bypass graft surgery, may be at
isk of a threefold increase in the rates of reoperation for
leeding [3]. Conventional measures for control of post-
perative hemorrhage in cardiovascular surgery patients

nclude transfusion of blood products and administration
f various pharmacologic agents (for example, desmo-
ressin, protamine, vitamin K) [16]. Both surgical reex-
loration and excessive blood product replacement have
een associated with an increase in infection risk, multi-
rgan dysfunction and failure, increased hospital and
CU length of stay, and increased short- and long-term

ortality [6, 17–21]. In addition, blood transfusions in-
rease circulating inflammatory mediators, causing cap-
llary leak and tissue edema that may hinder or prevent
mmediate sternotomy closure [5, 7]. Data supporting the
se of various pharmacologic agents used to control
ostoperative bleeding are limited to a few clinical trials,
hich at times have provided conflicting results with

linical evidence for these agents limited to a small
ubset of patients [16]. When use of traditional pharma-
ologic and blood product replacement fails, other op-
ions to control refractory hemorrhage are required.

Recombinant factor VIIa, a hemostatic agent first intro-
uced in the United States in 1999, is FDA-approved for

he prevention and management of bleeding episodes
fter invasive procedures in hemophilia patients with
actor inhibitors and patients with congenital factor VII
eficiency. The postulated mechanism by which rFVIIa
xerts its hemostatic effects involves the binding of this
gent to exposed tissue factor at the site of tissue injury,
eading to thrombin formation and platelet activation
15]. Recombinant factor VIIa further accelerates platelet
ctivation either directly or through enhancement of

hrombin generation independent of tissue factor, lead-
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ng to formation of an insoluble cross-linked fibrin clot
22]. Clot stabilization is maintained by down-regulation
f fibrinolysis by activation of thrombin activatable fibri-
olysis inhibitor [23].
Beneficial results in achieving hemostasis with rFVIIa

dministration in an array of surgical and nonsurgical
ituations, in combination with its proposed mechanism
f action, has led to its expanding use for refractory
leeding after cardiac surgery [24]. Published experi-
nces using rFVIIa after cardiac surgery have varied with
egard to patient selection, dosing strategy (dose, timing),
nd outcome [9–14, 24, 25]. The present study identified
6 high-risk patients who received rFVIIa after cardiac
urgery at our institution. Nearly half of these patients
ere redo operations, with approximately 58% also re-

eiving some form of anticoagulation therapy before
urgery.

In our series, rFVIIa given at a dose of 40 �g/kg to 90
g/kg for one to two doses was efficacious in allowing for
rimary chest closure without the need for reexploration
r reoperation for bleeding or death due to refractory
oagulopathy in approximately 83% of patients. This
fficacy rate is consistent with previous reports in high-
isk cardiac surgery patients demonstrating reversal of
efractory coagulopathy in 82% to 100% of patients [10–
2, 14]. Although in our study, a single 90 �g/kg dose of
FVIIa was sufficient to achieve hemostasis in the major-
ty of patients, rFVIIa doses used to control postoperative
emorrhage in cardiac surgery patients have varied
idely, ranging between 11 �g/kg and 190 �g/kg per
ose, in published reports [10–14, 24]. Romagnoli and
ollegues [9] conducted a matched case-control analysis
valuating the use of 1.2 mg of rFVIIa (11 to 21.5 �g/kg
er dose), demonstrating a significant decrease in the
eed for reexploration for bleeding, and a trend toward a
ecrease in mortality in the rFVIIa group. Two patients in
ur series achieved hemostasis after receiving a lower,
ingle dose (40 to 50 �g/kg) of rFVIIa. With regard to
osage timing, Karkouti and colleagues [13] evaluated
arly (� 8 units red blood cells) versus late (� 8 units red
lood cells) administration of rFVIIa at an average dose
f 56 � 25 �g/kg. Patients in the early rFVIIa treatment
roup showed a similar mortality rate of 7.6% to the
resent study [13]. However, patients in the late rFVIIa

reatment group demonstrated a mortality rate of 27.1%
13]. Late administration of rFVIIa has also been associ-
ted with an increase in mortality in other series [25].
he potential for the use of lower doses and proper

iming of rFVIIa in cardiac surgery may warrant fur-
her exploration.

In this series, approximately 89% of patients met at
east three of the four defined criteria before rFVIIa
tilization. Bishop and colleagues [10] obtained similar
utcomes in a high-risk cohort of patients treated with a
ose of 100 �g/kg of rFVIIa following a similar coagu-

opathy management protocol. However, McCall and
olleagues [14] demonstrated higher morbidity and mor-
ality rates despite using a similar dosing and threshold

anagement strategy. Two other studies [11, 12] also

ad higher morbidity and mortality rates associated
ith rFVIIa use in high-risk cardiac surgery patients
hat may explained by variability in dosing [12] or
nadequate blood product replacement at the time of
FVIIa administration [11].

Despite the development of the above criteria, the
trigger” for factor VII administration is complicated and,
ractically speaking, depends on factors that include but
re not limited to the above four criteria. For example,
uring treatment of the patient after weaning from by-
ass, the body temperature may begin to fall owing to

ack of or ineffective rewarming combined with nonnor-
othermic blood product administration, and thus neg-

tively impacts on the coagulation system. Also, admin-
stration of large volumes of blood products can cause
ardiac and systemic edema and begin to interfere with
he ability to ventilate and oxygenate the patient. These
ccurrences may mandate administration of rFVIIa be-
ore all four criteria are satisfied, as illustrated in this
eport. As such, it is difficult to develop a concrete
lgorithm for rFVIIa administration, but rather to use the
bove four criteria in conjunction with other less defin-
ble clinical conditions in the decision-making process in
his difficult patient population. Recent studies have
hown that rFVIIa reverses thromboelastographic abnor-
alities, reflecting effects of rFVIIa on the physical prop-

rties of the clot not detectable by standard coagulation
ests [9]. Also, thromboelastography has been used to
how that rFVIIa exerts similar effects on anticoagulation
rought about by different agents, including heparin,
noxaparin, fondaparinux, argatroban and bivalrudin
26]. Hence, platelet function testing may prove useful in
oth directing the decision to use rFVIIa and in monitor-

ng treatment success after administration of the agent.
Delayed chest closure may be required in cases where

ardiac dysfunction or severe cardiac edema from long
ypass runs may prevent apposition of the sternum.
owever, refractory coagulopathy intraoperatively may

lso result in the inability for primary chest closure. That
ay occur secondary to continued coagulopathy requir-

ng frequent chest reexploration or incapability for chest
losure due to extreme tissue swelling and edema from
xcessive blood product replacement [5, 7]. That may
esult in the need for the chest to remain open with
emporary sterile coverage for several days before pri-

ary closure of the sternum. With the introduction of
FVIIa to our practice, analysis revealed that delayed
ternal closure requirements were significantly higher in
he pre-rFVIIa era versus the rFVIIa era. Use of rFVIIa in
hese patients, while expensive (as much as $10,000 per
ose in larger patients) may reduce overall hospital costs

hrough avoidance of delayed sternal closure; this possi-
ility requires further study. However, reoperation for
leeding and operative death were not significantly dif-

erent between the two eras. That rFVIIa administration
id not modify reexploration rates over time could be
xplained by reexploration for complications such as
amponade or hemothorax or requirement for surgical
epair of specific bleeding sites, all of which would not be
anageable with pharmacologic therapy alone.

After rFVII administration, a statistically significant
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ecrease in the need for all blood products was demon-
trated in our series. This finding has also been observed
n previous studies assessing blood product require-

ents before and after rFVIIa administration after high-
isk cardiac surgery [10, 11, 13, 14]. Recombinant factor
IIa administration to 6 patients in the ICU after surgery

n our study resulted in a significant reduction in chest
ube output in all and avoidance in the need for reex-
loration in 5 of the 6 patients. Previous studies evaluat-

ng chest tube output also demonstrated a significant
eduction after rFVIIa administration [11, 12]. As noted in
hree other trials assessing rFVIIa use in high-risk cardiac
urgery patients, our study also demonstrated a signifi-
ant decrease in prothrombin time and international
ormalized ratio values when given rFVIIa [10, 11, 14].
In-hospital mortality observed in our cohort of patients
ho received rFVIIa after cardiovascular surgery was

pproximately 8.3%, which is consistent with results
bserved in two previous studies evaluating rFVIIa use in
igh-risk cardiac surgery patients [10, 13]. However,
ther studies in this population have reported mortality
ates ranging between 19% and 29% [11, 12, 14].

The incidence of thrombosis in our cohort of patients
as approximately 11.1% after rFVIIa use. The incidence
f thrombotic complications after rFVIIa administration
anged between 0% to 25% in previous high-risk cardiac
urgery studies [9–12, 14]. The potential role rFVIIa may
ave played in the incidence of thrombosis is difficult to
etermine because of other confounding variables that
oexist in our high-risk series, such as the use of aproti-
in, the existence of other comorbid conditions, and the
evelopment of refractory coagulopathy requiring exces-
ive blood product replacement. In our analysis compar-
ng patients in the rFVIIa era who received rFVIIa versus
hose who did not receive rFVIIa, there was no significant
ifference in the incidence of the combined endpoint of

hrombosis. This is consistent with results found by
arkouti and colleagues [13], demonstrating no associ-
ted risk of adverse events after adjustment for con-
ounders. However, the lack of significance in our series

ay reflect inadequate statistical power. Larger, prospec-
ive trials evaluating this agent are warranted.

Renal failure postoperatively was observed in 6 pa-
ients receiving rFVIIa in our series, of whom 3 recovered
efore hospital discharge. Within the rFVIIa era, there
as a higher incidence of renal failure and dialysis

equirements in patients who received rFVIIa versus
hose who did not. It is important to note, however, that
ithin this era, 9 of the 35 patients (26%) receiving rFVIIa
ad a history of renal failure, while 43 of 385 (11%) not
eceiving rFVIIa had this risk factor (p � 0.019). While
his may provide some explanation for the increased
bservation of renal failure with rFVIIa use, it does not
ompletely discount the possibility of adverse renal ef-
ects with this agent. A previous study done by Karkouti
nd colleagues [24] demonstrated an increased incidence
f renal dysfunction after rFVIIa administration. The
uthors attributed this finding to their inability to fully
atch patients for confounders such as the amount of
erioperative blood transfusion. In this series, excluding
hose patients with a history of renal failure, the 6 rFVIIa
atients who went into renal failure received 25 � 25
nits of blood in comparison with 9 � 5 units in the 20
FVIIa patients who did not go into renal failure (p �
.003). Another important potential determinant of renal
ailure in this series is use of aprotinin; it is possible that
ecreased use of aprotinin may modify the frequency of
enal failure observed with rFVIIa use.

Finally, an increased incidence of pneumonia was
emonstrated in the rFVII era. This finding has not been
hown in other reports and its cause is unclear. An effect
f rFVIIa cannot be discounted; however, it is possible
he rFVIIa patients had more respiratory compromise
rom excessive blood and product transfusions predis-
osing them to impaired respiratory clearance. Whether
FVIIa administration is directly related to the develop-
ent of pneumonia, acute renal failure, or other throm-

otic events in patients with refractory coagulopathy
fter high-risk cardiac surgery requires further study.
Several important limitations to this study exist. First,

wing to the retrospective nature and the small sample
ize of this case series, most findings should be viewed as
ssociative rather than causative, and provide the tem-
late for larger prospective evaluations of this agent.
econd, historical control groups were used for compar-

son based on the complexity of the primary operation,
nd as such, the inability to fully match patients may
ave led to potential confounders such as differences in

ransfusion of blood products. Although a prospective,
andomized trial comparing treatment with rFVIIa versus
o treatment would be difficult to conduct, it would
evertheless be helpful to fully assess the safety and
fficacy of rFVIIa in high-risk cardiac surgery patients.
iprose and colleagues [27] randomly assigned high-risk

ardiac surgery patients to receive either rFVIIa or pla-
ebo immediately after cardiopulmonary bypass and
eversal of heparin. Recombinant factor VIIa significantly
educed the need for allogeneic transfusion without
ausing adverse events [27]. Despite the limitations of a
mall sample size and lack of a transfusion protocol, this
tudy suggests that early use of rFVIIa in patients at
igh-risk for refractory coagulopathy may be beneficial.
urther studies of this are warranted.
In conclusion, rFVIIa appears to be effective, and may
odify treatment strategies in patients with refractory

oagulopathy undergoing high-risk cardiovascular sur-
ery. At this time, we consider rFVIIa to be an important
ool in our armamentarium for the treatment of refrac-
ory coagulopathy in this population. Future studies are
equired to refine patient selection, dosing and timing of
dministration, and adverse event profiles.
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ISCUSSION
R MARC MOON (St. Louis, MO): Thanks, John, that was a
reat talk as always, and I have got to commend you on your
fforts to turn an anecdotal experience into scientific data and
nalysis. Anyway, we have the same anecdotal experience at

ash University, and we have been generally pleased so far
ith our use of NovoSeven; however, we tried it once on a
atient with extracorporeal membrane oxygenation (ECMO)
nd the results were dismal. So my first question is, do you have
ny patient subgroups in which you recommend that we don’t
se NovoSeven?
Secondly, I think almost all of your patients, or nearly all of

hem, were on aprotinin, and now with the recent fall from glory
f aprotinin, do you see an increased use for NovoSeven or are
ou going to try some other avenue to replace that drug?
And finally, NovoSeven, as you said, is an expensive agent,

ut while you and I will realize that decreasing operating room
ime by 2 or 3 hours or preventing a redo is great, it is hard to
onvince an administrator that those virtual costs are equivalent
o the hard costs they have to pay for the drug. Are you planning
otential avenues we may be able to go down in order to
ncrease third-payer payments for this agent? Thanks again.

R IKONOMIDIS: Thanks, Mark. I appreciate your questions.
here are some subgroups in which there could be concern.
ertainly ECMO is one of the subgroups. Patients on ventricular
ssist devices who have bleeding postoperatively also are po-
entially a subgroup in which one might be cautious about
dministering factor VII. We have utilized the agent in this
ituation but usually used quarter doses and half doses and gone
ery carefully, monitoring for new fibrin deposits. Another
otentially tenuous situation is after composite root replacement
ith a mechanical valve, the concern being that administration
f factor VII, might cause thrombosis of the valve. At the present
ime, however, we really haven’t seen any unusual thrombotic
vents that are directly attributable to the use of this agent.
You mentioned the potential expanded use of NovoSeven,

specially with the removal of aprotinin from clinical use, and I
hink your statement is valid. I think that it may prove now to be
more commonly used agent in the setting of intractable
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emorrhage. For those of you in the audience who have used it,
think you will agree, sometimes the results are just remarkable.
And finally, you talked about third-payer reimbursement, and

t is possible to get some reimbursement in certain cases. For
xample, in Medicare patients, the use of factor VII may be
eimbursed as an add-on payment to the diagnosis-related
roup if you link it to certain International Classification of
iseases–9 codes, for example, 286.5, which is hemorrhagic
isorder due to circulating anticoagulants, or the more com-
only used 286.7, which is acquired coagulation factor defi-

iency, which is probably appropriate here. In these situations,
edicare will reimburse at approximately $1.16 per microgram.
ence, if you do the math, you can get several thousands of
ollars reimbursement in those patients. For private carriers, the
eimbursement really depends on the carrier, and for Medicaid
nd self-pay, there is no reimbursement.

R JOHN W. HAMMON (Winston-Salem, NC): Thank you very
uch. I rise to give more anecdotal data. The experience of VIIa

n our institution resulted in two cases of massive thrombosis,
nd under the advice of our pharmacy and hematology service,
e switched to another product called Bebulin. This is a mixture
f lower concentrations of factor VIIa, factor IX, and factor XI,
nd have achieved what we feel is good results without major
omplications, although, as I say, this is anecdotal information.
nother piece of good news, it is about half as expensive.

R IKONOMIDIS: Thank you. Certainly the literature, which
as quite a few reports now of factor VII in cardiac surgery, has

hankfully not reported a high incidence of massively devastat-
ng thrombotic events, but, as you stated, there is still a concern.

R L. HENRY EDMUNDS (Philadelphia, PA): Bleeding in
ardiac surgery has been as old as the specialty, but we have to
hink of mechanisms. What factor VIIa does is increase the
irculating amount of factor VIIa recombinant to about 15 in
icrograms percent rather than 1, which is normal. Now, the
ey thing is tissue factor. With a surgical wound, you have a lot
f cellular tissue factor, but you also have an awful lot of plasma
issue factor, much higher than the normal 1 to 3 picomolar. So
hat when you give the factor VII, the plasma tissue factor with

onocytes are probably activating the clotting mechanism.
Now, you all are flying blind most of the time in these cases.
hat you need to know is F1.2 and D-dimer so that you can then

reat the fibrinolysis and also the thrombin formation as you are
ealing with these cases. The laboratory can do these things but

hey are expensive, and you have got to lean on your laborato-
ies to get the data, because these patients are really expensive
nd they are very sick, but if you know what you are doing, then
ou have a better chance of saving them.

R IKONOMIDIS: Thank you, Dr Edmunds. Many of these
atients were transplants and dissections that were done in the
iddle of the night. Sometimes it is not possible to get D-dimer

nd other sorts of complex hematologic analyses that would
elp to direct your therapy as stated. And the other point I
ould like to make is that we are talking about a situation now

n which you have reversed the heparin, you have corrected all
he coagulation abnormalities with blood products, the patient is
ormothermic, and you can’t stop the bleeding. A lot of times,

his agent is administered as a last-ditch effort before you pack
ff the mediastinum and invoke damage control. I think there is
lot more science that is required in terms of the mechanism of

ction of this agent and the directions for its use, and I admit that
hese are very early data regarding its use.

R KIT V. AROM (Bangkok, Thailand): I enjoyed your talk very
uch, John. A simple question. Can you use more than two

oses and how often?

R IKONOMIDIS: Yes.

Dr Hammon discloses that he has a financial relation-
ship with Bayer Pharmaceuticals.
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