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Abstract To describe the development of a pharmacy

driven off-label recombinant factor seven (rFVIIa) protocol

by a multi-disciplinary team for critical bleeding. A multi-

disciplinary team made up of members from several critical

care and surgical departments within the hospital were

formed and charged with developing a standardized

approach to how rFVIIa would be used for critical bleeding

in an academic medical center. Groups represented on the

multi-disciplinary team included clinical pharmacy, emer-

gency medicine, pulmonary, hematology, cardiothoracic

surgery, trauma, neurosurgery, and vascular surgery phy-

sicians. A pharmacist driven off-label rFVIIa protocol was

developed and implemented for the use in those patients

with critical bleeding. The protocol was based on the

available literature and local expert opinion. Through the

use of this protocol a significantly smaller average dose of

rFVIIa is now being used when compared to those patients

treated prior to the new protocol (47.5 vs. 62.2 mcg/kg,

p = 0.036) while all-cause mortality was not significantly

altered (35 vs. 48.8 %, p = 0.057). An effective and safe

pharmacy driven protocol was implemented by a multi-

disciplinary team for rFVIIa as seen by providing a signif-

icantly lower average dose of rFVIIa while not sacrificing

for overall patient mortality.

Keywords Novoseven � rFVIIa � Bleeding reversal �
Pharmacy � Critical bleeding

Introduction

Excessive bleeding, especially in the perioperative period,

remains a major complication following surgery. This

potential refractory hemorrhage is a major contributor to

morbidity and mortality in a variety of patient populations.

This is especially true in cardiac surgery where severe

bleeding occurs in slightly under 10 % of cases and accrues

almost a 20 % mortality in elective vascular cases [1–4]. In

trauma cases 30–40 % of all deaths can be attributed to

uncontrolled bleeding [5]. The principle cause for most

J. Bain (&)

Pharmacy Services, Cedars-Sinai Medical Center,

West Hollywood, CA, USA

e-mail: jonabain@gmail.com

J. Bain � J. Flynn

University of Kentucky College of Pharmacy, Lexington,

KY, USA

J. Bain � D. Lewis � A. Bernard � K. Hatton � H. Reda � J. Flynn

University of Kentucky Chandler Medical Center, 800 Rose

Street, Lexington, KY 40536, USA

D. Lewis

Pharmacy Services, Cleveland Clinic, Warrensville Heights,

OH, USA

A. Bernard

Department of Surgery, UK HealthCare, Lexington, KY, USA

A. Bernard � K. Hatton � H. Reda

University of Kentucky College of Medicine, Lexington,

KY, USA

K. Hatton

Department of Anesthesiology, UK HealthCare, Lexington,

KY, USA

H. Reda

Department of Cardiothoracic Surgery, UK HealthCare,

Lexington, KY, USA

123

J Thromb Thrombolysis (2014) 38:447–452

DOI 10.1007/s11239-014-1107-0



refractory hemorrhage is multi-factoral but is usually a

combination of several pathologies. Causes for bleeding

can usually be broken down into a pre-existing undetected

bleeding disorder, a complication secondary to the surgical

operation itself or an abnormality from blood loss [6].

Whether or not these coagulopathies are drug related or

physiologic in nature they must be controlled in order to

prevent further complications or ultimately death. The

treatment for most coagulopathies is primarily based on

source control, fluid management, and blood product uti-

lization (platelets, packed red blood cells, plasma, and

cryoprecipitate). At times these treatments are not adequate

to control a patient’s coagulopathy and the need for addi-

tional support is needed. Commonly used agents are three

and four factor prothrombin complex concentrates (PCCs),

desmopressin, and activated recombinant factor seven

(rFVIIa). With the limited availability of the three and four

factor PCC products within the United States, lack of

clinical experience and limited therapeutic indications for

desmopressin, the use of rFVIIa continues to increase.

Recombinant factor VIIa is a prothrombotic agent that

binds to tissue factor when exposed to circulating blood

following tissue injury [7]. This tissue factor-rFVIIa

interaction leads to thrombin generation via the extrinsic

clotting pathway. In addition, rFVIIa activates factor X on

the surface of activated platelets, which further leads to

enhanced thrombin release at the site of injury [8]. This

large production of thrombin by rFVIIa is commonly

termed as a thrombin ‘burst’. Currently rFVIIa has FDA

approval for hemophilia A or B with inhibitors to Factor

VIII or Factor IX, acquired hemophilia, and congenital

factor VII deficiency, but due to the high rate of thrombin

generation rFVIIa has been commonly used for many ‘‘off-

label’’ indications [9–11]. While many other factor pro-

ducts will eventually lead to increased levels of thrombin

the fact that rFVIIa is administered in an activated state

also contributes to a faster and more profound response

which would theoretically make it more effective in situa-

tions of critical bleeding. These ‘‘off-label’’ indications are

becoming more popular and rFVIIa seems to be highly

effective, however, the appropriate dosing scheme for off-

label indications is not well understood.

The current FDA approved dose for patients with

hemophilia is 90 micrograms per kg (mcg/kg) to be given

every 2 h until hemostasis is reached. However, rFVIIa

dosing ranges from 10 to 400 mcg/kg have been reported

in the literature depending on hematologist preference, or

clinical experience. The largest dosing study in the

hemophilia population included 78 patients being treated

with either 35 or 70 mcg/kg per dose. The average number

of doses in this study required to achieve hemostasis was

2.8 and 3.2 for the 35 and 70 mcg/kg doses respectively

[12]. These doses have been translated to off-label

indications due to lack of overall published data. Currently

most data suggest that doses of 40–90 mcg/kg can be

appropriately utilized for most off-label indications [13–

15]. Doses higher than this only increase the risk for

thrombotic events (i.e. myocardial infarction, deep venous

thrombosis, pulmonary embolism) [15]. As in the phase

one trial described above the use of sequential, spaced out

dosing schemes have also been suggested for patients with

no response to initial doses in off-label indications [15, 16].

With the only absolute contraindications to rFVIIa

therapy being drug hypersensitivity or to mouse, bovine, or

hamster proteins the use of rFVIIa in the treatment of

refractory critical bleeding is very appealing. However, the

incidence of thromboembolic events must be seriously

considered with rates significantly higher when compared

to placebo (5.5 vs. 3.2 %, p = 0.003) [17].

The high potential for harm to the patient and uncer-

tainty within the published literature regarding appropriate

dosing strategy led to the development of a specific dosing

protocol at our institution. Here we report our experience

and process by which we developed and implemented a

low and sequential dosing treatment scheme using rFVIIa

at an academic medical center.

Problem

In our medical center we commonly interact with patients

with varying ailments. We are a level 1 trauma and cardiac

center that performs many surgeries from mechanical cir-

culatory support (left and right ventricular support devices)

to the typical neurological and trauma cases from our region.

For these cases and many others the development of critical

bleeding that is refractory to standard management can be

relatively frequent. In these circumstances it was common to

use rFVIIa for bleeding control. The problem with its use as

outlined above is the lack of standardized dosing regimens as

it is being used for off-label indications. Our process for

ordering at this time was mainly a phone call or order placed

into the system to pharmacy for a particular dose of rFVIIa.

For ‘‘off-label’’ indications any physician was allowed to

order rFVIIa with no need for co-signature by hematology or

the pharmacy department. This lack of specific privileging

was likely one of the major causes for the wide dosing ranges

and frequent use. For patients with hemophilia orders were

usually written by a hematologist as they typically guided

their factor replacement. Once an order for rFVIIa was

received the pharmacy would prepare the dose and send to

the patient via pharmacy technician as a part of the normal

work flow. This presented several problems to our institution

including highly variable dosing by the physicians, lag time

in time from order to dose administration, and no oversight to

what other therapies were being implemented before
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rFVIIa’s use. In an effort to come up with a more standard-

ized, consistent, and efficient process the decision was made

to develop an institutional specific protocol.

Protocol development and implementation

Once the decision was made to develop a protocol a multi-

disciplinary team consisting of members from cardio-thoracic

surgery, neurosurgery, emergency medicine, pulmonary,

hematology, trauma/surgery, and pharmacy were put toge-

ther. It was from this team that our protocol was designed and

the role pharmacy would play within it was developed. After

several meetings and revisions a protocol was developed

covering the following major points.

Other management strategies

The typical management strategy for critical bleeding

revolves around site stabilization, fluid therapy, and

replacement of lost coagulation factors through blood

product administration. For the body to be able to appro-

priately form clots it must have the frame work for which

to build it. This idea is similar to why these agents must be

used prior to rFVIIa. While rFVIIa does provide some

clotting factor (activated factor VII) it is imperative that

other resources be available for the body to get the best

response from the rFVIIa (i.e. platelets, fresh frozen plasma

for other clotting factors missed with rFVIIa, and cryo-

precipitate for fibrinogen). In addition to these factors acid/

base status should be analyzed as one study demonstrated

that a drop in pH from 7.4 to 7.0 nearly abolished all of the

activity ([90 %) of rFVIIa secondary to the reduced

activity of the FXa/FVa complex thus decreasing the

conversion of prothrombin to thrombin [18]. If all of these

factors have been recognized and addressed than the

patient could then be considered a candidate for rFVIIa.

Pharmacists’ role

Pharmacists at The University of Kentucky Medical Center

(UKMC) provide clinical services in most areas of practice

within the hospital including cardiology, pulmonary/

critical care, vascular, cardiothoracic, trauma, and

neurosurgery. The large pharmacy residency program at

UKMC allows for many great educational opportunities

including 24 h on-call shifts. The details of the residency

on call program have been previously published [19, 20].

Having a clinical pharmacist at the hospital 24 h a day

allows for several unique clinical pharmacy services to be

offered including Crofab� initiation and administration,

code sepsis, code blue, and stroke alert response, antico-

agulation and antibiotic management. It also allowed for

the potential for increased involvement in the rFVIIa pro-

cess. Pharmacy was already in a great position for

increased visibility in the process since rFVIIa was already

housed within the pharmacy budget and the ability to have

consistent support for its use was apparently needed.

Therefore, the multidisciplinary team agreed to change

rFVIIa ordering from a specific dose to a pharmacy to dose

order. This would trigger the response by the pharmacy

resident on-call bringing them to the patient bedside for a

‘‘STAT’’ consult. Once the appropriateness of the rFVIIa

had been established by the resident, other management

strategies implemented, and clinical team in agreement the

pharmacist would decide on a dose for the patient and

administer rFVIIa at the patient’s bedside. To speed up the

process of admixing and administration the resident on-call

would bring several vials and strengths of rFVIIa with

them to each rFVIIa pharmacy to dose call in case

administration would be warranted.

By setting the protocol up this way the multi-disciplin-

ary team was hoping to implement some consistency

within the process, provide better overall patient care and

management of critical bleeding, and improve time

between ordering the rFVIIa and patient administration.

Dosing

For dosing, our protocol was based on the literature dem-

onstrating doses of around 90 mcg/kg to be a soft maxi-

mum for rFVIIa in the balance of efficacy and thrombotic

risk and the use of a sequence of doses based on the patient

specific efficacy. Therefore, the total dose of 90 mcg/kg

was divided into three equal 30 mcg/kg doses to be given

up to three times if needed (Fig. 1). Prior to the protocols

implementation physicians decided what dose they wanted

to give and administered it on their own. Doses in this

Dosing Recommendations for Off-label Factor VII Indications 
UK Healthcare General Dosing Scheme for Off-label Indications 

Diffuse alveolar hemorrhage (BMT patients) 

30 mcg/kg repeated q15 mins to a max 
dose of 90 mcg/kg 

End stage liver disease (bridge to transplantation only) 
Trauma related coagulopathy 

Refractory perioperative bleeding (non-cardiac) 
Life threatening refractory hemorrhage of any cause in 

a severely coagulopathic patient 

Fig. 1 University of Kentucky

activated recombinant factor

VII dosing protocol
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setting had a very wide range, but were mainly higher

single one time doses. The negative to using this method is

the chance that by giving a one-time dose you could miss

the amount of rFVIIa needed to reverse the coagulopathy

and perhaps give too much pushing the patient into more of

a pro-thrombotic state. By giving smaller doses and waiting

to see the effect you allow the patient to dictate the dose

needed and potentially minimize the amount of unneces-

sary drug and potential for side effects caused by the

rFVIIa and drug overdosing.

Education

In order for this new protocol to work effectively a large

education initiative was undertaken. For the physician staff

a change in culture from just ordering rFVIIa like every

other medication to a consult for pharmacy had to be done.

This process was already precedented by other similar

processes already in place like Crofab and Xigris admin-

istration which were both based on STAT pharmacy to

dose orders. Since pharmacy would be playing such an

integral role in this process extensive pharmacy education

was needed. For the central operating staff recognizing the

rFVIIa pharmacy to dose order and knowing whom to

contact about it, and for the clinical staff what to do once

this order was placed. Reinforcement of this process for the

clinical staff is currently done every year with each

incoming residency class and each event is reviewed for

accuracy and consistency to the protocol based on the daily

on-call reports published each day by the on-call resident to

the entire pharmacy staff. Furthermore, any additional

training needed for staff, nursing, pharmacy, or physician is

done as needed on a case by case basis.

Experience with protocol

The hospital’s pharmacy and therapeutics committee

approved the protocols use by the clinical pharmacy staff

and the new protocol was implemented in July 2008. To

analyze our new protocol a retrospective, cohort review

was done comparing rFVIIa treatment using the new dos-

ing protocol to a historic patient population treated with the

non-protocolized approach to rFVIIa administration for the

management of critical bleeding. The review received

expedited IRB approval in October 2012.

Data was included on all patients aged 18 years or older,

admitted between January 2003 and June 2008 for the pre-

protocol population and January 2009–October 2012

for the post-protocol group, and whom received rFVIIa for

an off-label indication. Baseline characteristics were

comparable between each group with only the home

medications warfarin and low dose aspirin being

significantly higher in the post protocol population

(Table 1). The post-protocol population included one

hundred and seventeen patients while the pre-protocol

population included a total of eighty patients. Overall it

was found that a majority of the use of rFVIIa in our

institution was for off-label indications.

The average administered dose was significantly smaller

in the post-protocol population (47.5 vs. 62.2 mcg/kg,

p 0.036) when compared to the pre-protocol population

(Table 2). While a formal cost analysis was not been per-

formed, this difference of almost 15 mcg/kg translates to a

dose of around 1,250 mcg rFVIIa (average weight of 85 kg

of patients in study) less than what our patients were

receiving on average. If we assume that 1 mg of rFVII cost

around $1,500, then based on the average reduction in dose

one could expect an average cost savings of almost $1,900

per patient. While the number of patients that received

rFVIIa actually increased after the protocol was imple-

mented the total amount of rFVIIa given over those time

spans did decrease.

All-cause mortality was not significantly different

between the post and pre protocol groups (35 vs. 48.8 %,

p 0.057). However, this was an improvement in absolute

risk of 13.8 % and relative risk of 28 %. The rate of

Table 1 Baseline characteristics of study patients

Pre-protocol
(n = 80)

Post-protocol
(n = 117)

p value

Demographics

Age (years) 52.2 55.2 0.235

Weight (kg) 86.7 84.9 0.652

Gender (male) 0.64 0.67 0.76

Past medical history (%)

HTN 0.34 0.35 0.88

Pacemaker 0.03 0.04 0.703

DM 0.23 0.22 1

Atrial fibrillation 0.14 0.19 0.438

DVT/stroke/PE 0.08 0.06 0.773

HLD 0.08 0.16 0.083

MI 0.06 0.07 1

CABG 0.04 0.09 0.247

Home medications (%)

Beta blocker 0.29 0.33 0.535

Ace I/ARB 0.15 0.25 0.11

Calcium channel blocker 0.08 0.12 0.347

Diuretic 0.15 0.26 0.078

Warfarin 0.13 0.25 0.045

Aspirin low dose 0.11 0.31 0.002

Aspirin high dose 0.06 0.03 0.49

Continuous variables were compared using independent t test and
nominal variables were compared using Fisher’s exact test

p value denoting statistical significance was established a priori as
\0.05

Computations were performed using IBM’s SPSS 21
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thrombotic events has been reported to be as high as 9 % in

patients treated with rFVIIa for off label indications [17].

In our analysis the combination of the adverse events

stroke, deep venous thrombosis, and pulmonary embolism

were similar between the post and pre-protocol groups

(6 vs. 5 %, p 0.769) with very few events occurring in

either group (6 vs. 4). Specific blood products utilized was

not significantly different between the groups except for

the use of cryoprecipitate. The amount of cryoprecipitate

went down to 1.23 for the post population from 2.27 in the

pre-protocol population (p 0.045).

Even when the patients were divided based on their

clinical service, under whose care the patients were when

they received rFVIIa (pulmonary, cardiothoracic, trauma,

vascular, and neurosurgery), no differences were seen in

patient outcomes (mortality, blood product utilization, or

adverse events) from rFVIIa administration (Fig. 2).

Conclusion

The potential benefits of rFVIIa use in non-hemophilia

patients remains under studied. Most of the current data

demonstrates no significant impact on mortality or throm-

boembolic outcomes with the use of rFVIIa. Our analysis

demonstrates that by using rFVIIa only as a rescue therapy

when absolutely necessary a positive effect can be seen

with critical bleeding. Despite lower doses being admin-

istered mortality did not statistically increase in our patient

population. In fact the absolute and relative risk reductions

demonstrate potential clinical benefit. The decrease in

mortality in the post protocol population was likely multi-

factorial and not solely a result of the protocol itself.

However, by implementing a rFVIIa protocol designed by

a multi-disciplinary team and bringing the pharmacist to

the patient bedside to help in the management of critical

bleeding more appropriate, consistent, and safer doses of

rFVIIa were administered to our patients.
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