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Abstract To describe the use of recombinant Factor VII
activated (rFVIIa) and three factor prothrombin complex
concentrate (PCC3) in the absence of published guidelines,
we conducted a single center, retrospective, observational
study to evaluate the appropriate of use of rFVIla and
PCC3 therapy based on institution-specific guidelines,
which were based on limited published data. Six patients
received rFVIIa and 32 received PCC3 during the analysis
period. rFVIIa and PCC3 were utilized appropriately in 100
and 91 % of cases, respectively. rFVIIa indications inclu-
ded surgical bleeding (50 %), factor deficiency (33 %), and
intracranial hemorrhage (17 %). PCC3 indications inclu-
ded warfarin-related intracranial hemorrhage (47 %), non-
warfarin-related intracranial hemorrhage (16 %), surgical
bleeding (23 %), trauma (7 %), and other (7 %). PCC3 use
was more common than rFVIla use and was given with
FFP and vitamin K for warfarin-related bleeding. The use
of clotting factors for life-threatening hemorrhage should
be reserved for institution-approved indications based on
available literature and expert opinion.
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Introduction

Trauma, surgery, and anticoagulant-related hemorrhage
can produce life-threatening dysregulation of the natural
clotting cascade [1, 2, 3+¢]. Major blood loss, defined as
>20 % loss of total blood volume, is commonly associated
with trauma, factor deficiencies, and surgical complications
[1, 2]. Traditionally, life-threatening bleeding has been
treated with blood products [4]. Although use may only
result in temporary stabilization, packed red blood cells,
fresh frozen plasma, platelets, and cryoprecipitate are the
cornerstones of therapy. In order to halt further bleeding,
patients may require more targeted therapy, such as spe-
cialized products [5¢, 6-9]. Two commonly used products
are prothrombin complex concentrates (PCC) and recom-
binant Factor VII activated (rFVIla) [1-4, 5¢]. Extensive
Use of these agents has not been widely described in lit-
erature, so clearly defined indications and dosing strategies
beyond recommendations by the FDA are not available to
guide prescribers and institutions.

PCC are pooled blood products that may contain clotting
Factors II, VII, IX, X, and proteins C and S, and thus
promote activation of the clotting cascade at many different
points [1, 3¢¢]. Proteins C and S have anticoagulant prop-
erties, acting to decrease thromboembolic events. There are
currently three different types of PCC available. Activated
PCC contains Factors II, IX, and X, and activated Factor
VII. Three factor PCC (PCC3) contain non-activated Fac-
tors II, IX, X, and minimal amounts of Factor VII. Four
factor PCC (PCC4) contain non-activated Factors II, VII,
IX, and X, as well as the anticoagulant proteins C and S.
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Prior to the availability of PCC4 in the United States, the
Food and Drug Administration (FDA)-approved indica-
tions for PCC3 were solely for the prevention and treat-
ment of bleeding in patients with Hemophilia B or Factor
IX deficiency. However, PCC3 therapy is commonly
employed to reverse anticoagulant-related bleeding, which
has been published in many small studies, but not docu-
mented as an FDA-approved indication [1, 3ee].

The FDA-approved rFVIla for prophylaxis and treatment
of acute bleeding and surgical-related bleeding in individuals
with congenital FVII deficiency, hemophilia A or B with
factor inhibitors, and individuals with acquired clotting defi-
ciencies. However, rFVIla is commonly administered off-
label in patients with risk factors for bleeding during trauma,
neurosurgery, cardiac surgery, and liver transplantation, as
well as for reversal of excessive anticoagulation [5¢].

While several studies support the use of blood factors in
patients with acute, life-threatening bleeding secondary to
trauma, surgery, and anticoagulation-associated hemor-
rhage, PCC3, and rFVIla have the potential for serious
adverse events [1, 5¢]. Thoughtful selection of appropriate
agents, doses, and candidates for therapy is necessary due
to the acuity of situations requiring these agents and the
potential for adverse events if used inappropriately. Due to
small trials and inconsistent patient populations studied, no
clearly defined standard of use has been established. The
aim of our study was to describe PCC3 and rFVIla use to
determine appropriateness of therapy in routine clinical

practice as defined by an institutional guideline crafted
from limited available literature.

Methods

This was a single center retrospective, observational,
descriptive study to determine the appropriateness of
rFVIIa and PCC3 use compared to clinical practice
guidelines. The PCC we used at our institution prior to
FDA approval of PCC4 was a PCC3 (Profilnine SD®). We
identified consecutive adult patients who received rFVIla
and/or PCC3 between November 2011 and March 2012
through our electronic medical record. Institutional guide-
lines (Table 1) for rFVIIa and PCC3 indication and dose
had been established and included both FDA-approved and
-unapproved indications. The Brigham and Women’s
Hospital institutional review board approved this study
prior to data collection.

Data were collected retrospectively from electronic and
paper-based medical records.

Indication for use and dosing strategies was based on
physician diagnosis documented in the record. The need for
repeat dosing, as well as thrombotic and/or immunological
reactions, was also recorded. Concomitant therapy, defined
as blood products and vitamin K, was assessed within
specific indications to determine patterns of use.

Table 1 Institutional indications and doses of recombinant Factor VII activated and prothrombin complex concentrate

Indication

Dose (based on actual
body weight)

Three factor prothrombin
complex concentrate

The treatment of warfarin-related life-threatening

hemorrhage*

Reversal of life-threatening bleeding in perioperative

The prevention and control of bleeding in patients with
Factor 9 deficiency due to hemophilia B.

(Desired Factor IX activity—
current Factor IX activity) x kg

INR <4:25 U/kg INR >4:50 U/kg

25 Ulkg

patients due to acquired coagulopathy*

Recombinant Factor VII activated

Prevention and management of acute bleeding episodes

20 pg/kg

in patients with congenital Factor 7 deficiency

Uncontrolled bleeding associated with trauma or

40 pg/kg

surgery in which no clear surgical source of bleeding

can be identified*

Salvage therapy for uncontrolled bleeding not

40 pg/kg

responsive to conventional therapy and/or PCC3*

Acute intracranial hemorrhaging in patients not
receiving warfarin therapy*

Prevention and management of bleeding in surgical

40 pg/kg

90 pgrkg

interventions or invasive procedures for patients with
hemophilia A or B with inhibitors to Factor 8 or
Factor 9 and in patients with acquired hemophilia

* Non-FDA-approved indications
PCC3 three factor prothrombin complex concentrate
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Table 2 Baseline patient demographics

Table 4 Concomitant therapy

PCC3 (N =32) rFVIla (N = 6) Concomitant therapy PCC3 rFVIla
Age (years) 68.6 £ 18 572 £ 19.9 Packed red blood cells (U) 0 (0-3) 2.5 (0-5)
Male sex, N (%) 17 (53) 4 (67) Fresh frozen plasma (U) 2 (14) 3 (0-5.75)
Actual body weight (kg) 79.1 + 21.7 747 + 13 Platelets (U) 0.5 (0-1) 0 (0-1)
In hospital mortality, N (%) 8 (25) 2 (33) Vitamin K (mg) 10 (0-10) 0 (0-3.75)
Hospital length of stay (days) 10 (6-14) 6 (3-9) Median (interquartile range)
INR 23 (1.7-2.7) 145 (1.1-1.8) PCC3 three factor prothrombin complex concentrate; rFVila
aPTT 39.4 (33.7-45.5) 46.9 (34.9-62.1) recombinant Factor VII activated
PCC3 three factor prothrombin complex concentrate; rFVila
recombinant Factor VII activated treatment for patients not clinically improving on PCC3.
No immunological reactions were reported. Mortality rates
in patients that received rFVIIa and PCC3 were 33 and
Table 3 Dosing and indications for therapy 25 %, respectively.
PCC3 FVIIa All treatment indications were compliant with the
institutionally approved guidelines. All patients receiving
Dose 2191 £ 836 U 35+33mg rFVIIa therapy and 91 % of PCC3 therapy were considered
Dose/kg (ABW) 27.6 £ 74 Ulkg 43.1£303 meghkg  (osed appropriately. Of patients considered not appropri-
Repeat dose, n (%) 13D 2333 ately dosed with PCC3, two patients were over dosed and
Indication for therapy, n (%) one was under dosed. Sixty-seven percent of rFVIla and
ICH on AC 18 (56.2) 1(16.7) 100 % of PCC3 use were for off-label indications,
ICH not on AC 1@3.1) 0 (0) respectively.
Cardiac surgery 6 (18.8) 2(333) Concomitant therapy was also assessed to establish
Other surgery 13.D 1 (16.7) patterns of use with each clotting factor and specific indi-
GI bleed 13.D 00 cations. In addition to PCC3 for vitamin K antagonist
Trauma 2 (6.3) 0(0) therapy reversal in patients experiencing intracranial
Hemophilia 2 (6.3) 2 (33.3) hemorrhage, concomitant therapy most frequently included
or FVII deficiency ten milligrams of intravenously administered vitamin K
Other 1 3.1 0 and two units of fresh frozen plasma. Prior to PCC3
Total 32 (100) 6 (100) administration, 62.5 % of patients received >5 mg vitamin
PCC3 three factor prothrombin complex concentrate; rFVila K and 71.8 % of patients received >2 units of FFP. Platelet

recombinant Factor VII activated

Results

Thirty-eight patients were treated between November 2011
and March 2012 who met the inclusion criteria for this
analysis. Six patients received rFVIIa and 32 patients
received PCC3 (Table 2). The mean age of patients
receiving rFVIla and PCC3 was 57.2 & 199 and
68.6 £ 18 years, respectively.

The most common indications for use included intra-
cranial hemorrhage, typically in the presence of warfarin
(75 %), cardiac and noncardiac surgery, and bleeding
complications associated with factor deficiencies (i.e.,
Hemophilia A or B or Factor VII deficiency) (Table 3).
The average dose of rFVIIa given was 3.5 + 3.3 mg or
43.1 £ 30.3 mcg/kg and the average dose of PCC3 given
was 2191 £ 836 U or 27.6 £ 7.4 U/kg. Repeat dosing was
more common with rFVIIa use than PCC3 (33.3 vs 3.1 %)
either for approved indications or as second line, salvage

use was minimal, in patients receiving PCC3 and was
confined to surgical patients. Use of packed red blood cells
and fresh frozen plasma was higher with rFVIla associated
with trauma and surgical bleeding (Table 4).

Discussion

In clinical practice at our institution, the primary use of
rFVIIa and PCC3 occurs in the setting of acute hemorrhage
secondary to use of anticoagulants, surgery, and trauma.
These therapies are used in addition to traditionally
administered blood products and vitamin K.

PCC3, in combination with vitamin K and fresh frozen
plasma, was used primarily for acute hemorrhage, mostly
intracranial, secondary to vitamin K antagonist use. Due to
the minimal amount of factor VII in PCC3, concomitant
FFP should be administered for full reversal of coagulop-
athies. No patients included in this analysis were taking a
novel anticoagulant. Unless utilized for an FDA-approved
indication, the role for rFVIla at our institution is for
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salvage therapy in patients not responding to PCC3 and
concomitant therapies such as vitamin K, packed red blood
cells, and fresh frozen plasma.

The defined clinical benefits of administering clotting
factors remain controversial. PCC4 use in anticoagulation
reversal at a dose of 1,000 international units has been
shown to decrease international normalized ratios 2.8 to 1.5
(p < 0.001) allowing for successful surgical interventions
without bleeding [10]. rFVIIa use in both penetrating and
blunt trauma at a total dose of 400 mcg/kg has been shown
to decrease packed red blood cell transfusion requirements
by 2.6 units per patient (p = 0.02) and the need for mas-
sive transfusion from 33 to 14 percent (p = 0.03) [11].
However, mortality benefit for the use of three, four, or
activated PCC and rFVIla for trauma and surgery has not
been established [11-13].

The risk associated with the use of rFVIIa and PCC is
primarily due to the thrombotic potential of these agents.
When compared to activated PCC, there was a threefold
higher relative thrombotic risk associated with rFVIla [14].
Other safety trials comparing rFVIla to placebo show no
difference in thromboembolic events between the two
treatment groups except patients greater than 65 years of
age experienced higher rates of these events [12, 15, 16].
The results of the CONTROL trial showed an increased
incidence of arterial thromboembolism within the first
6 days after therapy regardless of whether rFVIIa or pla-
cebo was given. The incidence of venous thromboembo-
lism did not change with time [12].

The limited data analyzing PCC shows that it may be as
effective as rFVIla in treating major bleeding associated
with surgery and trauma [17]. Despite a lack of available
clinical evidence showing mortality benefit in all patients
receiving tFVIla or PCC, there is an evidence supporting
the use of early hemostatic therapy in intracerebral hem-
orrhage [18]. The early use of 40 to 160 mcg/kg of rFVIla
in intracerebral hemorrhage has been shown to limit
hematoma growth and decrease 90 day mortality from 29
to 18 percent (p = 0.02) [19]. The use of PCC and rFVIla
should be considered in acute, life-threatening hemorrhage
as there are minimal risks associated with these therapies.

This analysis was limited as it was a single center, ret-
rospective evaluation of a small patient population. This
analysis also precedes market entry of PCC4 in the US. The
number of patients that received rFVIla was smaller than
anticipated due to the trend toward preferential adminis-
tration of PCC3. Due to the large variance in outcomes
descriptions in the literature, mortality was the only clinical
endpoint suggestive of efficacy. There is a lack of con-
sensus in the literature regarding the definition of hemos-
tasis following acute life-threatening hemorrhage, which
creates difficulty in describing treatment efficacy. Correc-
tion of coagulation parameters (i.e., INR in warfarin-
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related intracranial hemorrhage), Factor VII coagulant
activity, red blood cell transfusion requirements, and
radiographical containment of hematoma growth have been
used as surrogate endpoints [11, 17, 18, 20].

Universal indications and doses for clotting factor use
during acute, life-threatening hemorrhage have not been
established and guidance beyond FDA-approved indica-
tions for the majority of available products are limited [21,
22]. In patients who do not have resolution of bleeding with
conventional therapy alone, there is an evidence to suggest
the potential benefit of clotting factors [1-4, 5¢]. The het-
erogeneity of published literature indicates a need for fur-
ther studies to establish optimal dosing strategies and
indications of PCC and rFVIIa. Until this information is
available, clotting factors should be reserved for limited,
institution-approved indications based on the acuity of the
patient population served and availability of literature to
help guide clinical decisions. Within these institution-
approved indications should be a detailed decision tree to
aid in the proper patient selection, use of concomitant
therapy, and timing of clotting factor administration.

Conclusion

Factor products were used appropriately according to our
institutional guidelines. rFVIla was used infrequently at our
institution, as it is reserved for either Factor VII deficiency or
as salvage therapy. PCC3 use was much more common and
was given with FFP and vitamin K for warfarin-related
bleeding, per guidelines. The use of all clotting factors,
particularly those given for acute, life-threatening hemor-
rhage, should be according to institution-approved indica-
tions based on available literature and expert opinion.
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