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CHAPTERR 12 

REDUCTIONN OF PERIOPERATIVE BLOOD LOSS 
ANDD TRANSFUSION REQUIREMENT IN 

PATIENTSS UNDERGOING TRANSABDOMINAL 
RETROPUBICC PROSTATECTOMY BY 

ADMINISTRATIONN OF RECOMBINANT 
ACTIVATEDD FACTOR VII 
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Summary y 
Transabdominall  retropubic prostatectomy is associated with significant peri-operative 

bloodd loss, often requiring blood transfusion. Several studies have indicated that systemic 

administrationn of recombinant activated factor VII (rFVIIa, NovoSeven) induces short-

termm local hemostasis. This study evaluates the safety and efficacy of rFVIIa on blood loss 

reductionn in patients with normal blood coagulation undergoing transabdominal 

prostatectomy.. Patients scheduled to undergo transabdominal prostatectomy were 

randomizedd to receive either rFVIIa as a single intravenous bolus dose or placebo during 

thee operation. The volume of peri-operative blood loss was assessed by measurement of 

blood-volumee in suction containers, weighed swabs and drains. Perioperative transfusion 

requirementt was monitored as well. To evaluate safety, physical examination, blood 

samplee analysis and electrocardiography were performed daily up to 10 days post-

operativelyy and ultrasonography of the legs was performed pre- and post-operatively. The 

dataa presented are based on the results of an interim analysis by an independent 

committee.. Thirty patients were enrolled in the study. The mean volume of blood loss 

wass 2450 (  350) in placebo-treated patients. Treatment with recombinant FVIIa resulted 

inn mean blood loss of 1400 ml (+ 190), a reduction of 45% (p = 0.007). Six out of ten 

placebo-treatedd patients (60%) required at least one red cell transfusion, compared to 3/8 

(38%)) patients that were treated with rFVIIa at a dose of 20 ^ig/kg. Treatment with rFVIIa 

att a dose of 40 /xg/kg completely prevented the need for red cell transfusion in all 12 

patients.. None of the patients developed venous thromboembolism or any other serious 

adversee event. A single bolus injection of rFVIIa appears to reduce peri-operative blood 

losss and requirement of blood transfusion in a safe and effective manner in patients 

withoutt coagulation defects undergoing transabdominal prostatectomy. Definite con-

clusions,, however, must await completion of subsequent larger studies . 
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Introduction n 

Retropubicc abdominal prostatectomy is a commonly performed surgical procedure for 

patientss with prostatic cancer or enlargement of the prostate due to other causes, such as 

benignn prostate hypertrophy that cannot be treated by a transurethral procedure.12 Despite 

refinementt in surgical operation techniques and increased surgical experience, abdominal 

prostatectomyy is still frequently complicated by significant bleeding. Considerable blood 

losss during retropubic prostatectomy is mainly due to the complicated anatomical 

localizationn of the prostate in a densely vascularized area, which may hamper adequate 

surgicall  hemostasis. This may result in diffuse bleeding over a large area and may 

necessitatee transfusion of red blood cells and other blood products during and after the 

operation.. Despite the important safety improvements that have been achieved, patients 

whoo receive allogeneic blood transfusions or other blood products may still be 

compromisedd by serious immunological or infectious complications.6'1' Hence, much 

effortt is devoted to reduce peri-operative blood loss and to minimize the need to use 

allogeneicc blood transfusions for which several strategies have been evaluated.12'14 

Thiss study presents a new concept to decrease peri-operative blood loss. Resent insights 

inn the mechanism of blood coagulation have revealed that the initiation of blood 

coagulationn proceeds primarily via the tissue factor-factor Vil a (TF-FVIIa)-complex-

mediatedd activation of factor X, which subsequently converts prothrombin into 

thrombin.. Based on this knowledge, recombinant activated factor VII (rFVIIa; 

NovoSevenn , Novo Nordisk, Bagsvaerd, Denmark) has been developed as a pro-hemostatic 

agent.. Animal studies with non-human primates and phase I/I I clinical trials in humans 

havee shown that infusion of rFVIIa results in a short-term, local generation of thrombin at 

sitess of tissue factor exposure. " Recombinant FVIIa has shown to be a highly potent 

prohemostaticc agent through the successful treatment of hemophilic patients with bleeding 

complications,, that failed to respond to other coagulation agents due to antibody for-

mationn against factors VII I or IX. More recently, several studies and case-reports have 

providedd data concerning successful treatment with rFVIIa of bleeding in patients with 

otherr coagulopathies such as factor VII deficiency,18,26'29 von Willebrand's disease,30"32 

thrombocytopeniaa ' or platelet function disorders.33"38 Recombinant FVIIa has also been 

usedd in patients with coagulation disorders due to liver cirrhosis, demonstrating correction 

off  prolonged clotting times, and was shown to significantly decrease blood loss and blood 

productt requirements in patients who underwent orthotopic liver transplantation.40 In 

summary,, several clinical trials and case-reports have evaluated the hemostatic effects of 

rFVIIaa in small series of patients with hemostatic abnormalities and bleeding. 
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Sincee the hemostatic effect of rFVIIa is immediate, short-lasting and apparently localized, 

thee compound might be beneficial to patients without pre-existing coagulation disorders 

whoo undergo surgical procedures that are associated with major blood loss. The present 

studyy was designed to provide the first "proof of concept" that administration of rFVIIa 

contributess to an efficient, safe and short-lasting hemostasis in bleeding individuals 

withoutt a known coagulation disorder. 

Methods s 

Patients Patients 

Patientss between the age of 18 and 85 years who were scheduled to undergo 

transabdominall  radical retropubic prostatectomy or prostatectomy according to Millin , 

weree eligible for the trial. Exclusion criteria for participation included treatment with any 

anti-hemostaticc agent within 48 hours pre-operatively or treatment with aspirin less than 7 

dayss before the operation, a known congenital or acquired hemostatic disorder, unstable 

coronaryy artery disease or angina pectoris class III/V I (classification NYHA) , a history of 

venouss thromboembolism or a known thrombophilic state, participation in any other 

trialss within 30 days prior to the operation, known (advanced) liver disease, liver cirrhosis 

orr acute hepatitis and the presence of any significant physical or psychosocial abnormality 

whichh would adversely impair the patient's ability to participate in the study. All study 

participantss were screened 24 hours before the operation. Medical history and physical 

examinationn were taken, and routine laboratory tests for hematology and biochemistry 

weree performed. Furthermore, the patients underwent an electrocardiogram and a venous 

ultrasoundd of the deep venous system of the legs was performed to screen for 

(asymptomatic)) venous thrombosis. 

Thee study protocol and consent procedure were approved by the research and medical 

ethicalethical committees of the Academic Medical Center, Amsterdam, the Netherlands. 

Writtenn informed consent was obtained from all study subjects, prior to study entry. 

StudyStudy design 
Thee study was performed as a randomized, double-blind, placebo-controlled, single-center 

trial. . 
Al ll  surgical interventions were performed by three urologists at the Academic Medical 
Centerr in Amsterdam, the Netherlands. Subsequent groups of 12 patients were 

randomizedd between rFVIIa treatment and placebo using a 2:1 randomization scheme (8 

patientss rFVIIa and 4 patients placebo). Recombinant FVIIa and placebo were provided in 

vialss containing an indistinguishable solution. The study was designed according to a dose 
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escalatingg protocol. In the first group of 12 patients, rFVIIa was given intravenously at a 

dosee of 20 ng/kg body weight, versus placebo. In the next group of 12 patients the dose of 

rFVIIaa was 40 /xg/kg body weight and the third group of patients was to receive rFVIIa at 

aa dose of 80 /xg/kg body weight. An independent safety committee performed an interim 

analysiss after inclusion of each group of 12 patients. It was decided at the start of the study 

thatt progression to a next dose level should not take place if one or more (serious) adverse 

eventsevents would have occurred at the previous dose level or if the efficacy was considered to 

bee optimal at the previous dose. In the latter case all further patients that were randomized 

forr rFVIIa would be treated with this dose. 

Thee study medication was administered during the operation as a single intravenous 

boluss dose, in case of radical prostatectomy after collection of lymph node biopsies or, in 

casee of prostatectomy according to Millin , after placement of guiding sutures. Primary 

outcomee parameters of the study were safety and efficacy in terms of reduction of peri-

operativee blood loss. 

Thee following parameters were measured during and after the operation: the total 

volumee of peri-operative blood loss up to 24 hours after surgery, estimated by measure-

mentt of blood volume that originated from the operation area and was collected in 

suction-containerss and wound-drains, blood volume in swabs that were used during the 

operationn and volume of additional blood loss, which included blood volume of operation-

cloths.. Furthermore, the duration of operation was measured and immediately after 

terminationn of the operation, the surgeon was asked to give subjective judgment on the 

qualityy of the hemostasis during surgery on a scale from 1-5 (where 1 represents excellent 

hemostasiss and 5 represents poor hemostasis). Up to 48 hrs after surgery and during 

admission,, the number of red cell transfusion requirements and requirement of other 

bloodd components were recorded. Efficacy of rFVIIa on hemostasis was also determined 

byy monitoring post-operative hemoglobin levels as related to pre-operative level directly 

andd at 1, 2, 3, 5 and 6 days after surgery. Post-operatively, patients were visited daily by a 

studyy physician assessment of any treatment-related side-effects which lasted up to 10 days 

post-operatively.. To exclude asymptomatic venous thrombosis in the legs, venous 

ultrasoundd of both legs was performed. An electrocardiogram was performed at 1,3,5 and 

77 days after the operation. 

Furtherr post-operative treatment of the patients was carried out according to standard 

care,, including the administration of low-molecular weight heparin at a prophylactic dose 

(nadroparinn once daily, 2850 aXa IU s.c), starting one day post-operatively. Red cell 

transfusionn or transfusion of other blood components were administered only if the 

hemoglobinn level was below 5.5 mmol/L or if the condition of the patient required a 

transfusion. . 
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Afterr discharge from the hospital, the total duration of hospital-admission was estimated 

forr each patient. 

StatisticalStatistical Analysis 

Al ll  data are expressed as mean + SEM. The volume of the peri-operative blood loss and 

thee number of units transfused were analyzed using analysis of variance and the Mann 

Whitneyy U-test. The proportion of patients needing any transfusion in each group was 

comparedd by calculating odds ratio's and 95% confidence intervals. 

Results s 

Patients,Patients, dose-escalation, and safety 

Thiss manuscript reports on the first 30 patients that were included in the study and of 

whichh the data have been analyzed. This patient sample comes from a group of 42 

consecutivee patients that were screened for participation in the study. Twelve patients 

weree not included in the study. Seven patients refused to participate in the study, one 

operationn was cancelled due to co-morbidity, two patients were excluded due to a recent 

historyy of angina pectoris, and one patient had metastasized prostatic carcinoma, which 

wass discovered immediately at the beginning of surgery (before randomization), upon 

whichh the procedure was aborted. The characteristics of the analyzed patients are given in 

tablee 1. 

Afterr termination of the first 12 patients (of whom 8 were randomized to rFVIIa at a 

dosee of 20 ftg/kg), the independent safety committee advised to proceed to the next dose 

stepp (i.e. rFVIIa at a dose of 40 /zg/kg). After inclusion of the next 12 patients, however, 

thee safety committee advised not to proceed to a higher dose group, but to complete the 

studyy with the rFVIIa dose of 40 /ig/kg instead. Hence, this analysis includes 8 patients 

thatt were treated with rFVIIa at a dose of 20 /^g/kg, 12 patients that were treated with 

rFVIIaa at a dose of 40 ^tg/kg, and 10 placebo-treated patients. All included patients 

completedd the study period without any adverse event. Repeated physical examination, 

laboratoryy testing, electrocardiogram, and duplex ultrasound of the venous system of the 

lowerr extremities up to 10 days after the operation did not reveal any abnormality. 

Peri-operativePeri-operative blood loss 

Totall  peri-operative blood loss was 2450 (  350) ml in placebo-treated patients. 

Peroperativee administration of rFVIIa (both doses) resulted in a 45% reduction of blood 

losss to 1400 (  190) ml (p = 0.007). The rFVIIa-induced reduction in perioperative blood 

losss appeared to be dose-dependent. Total blood loss in patients that were treated with 
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TableTable 1 Baseline characteristics of patients undergoing transabdominal prostatectomy. 

rFVIIaa Placebo 

200 Mg/kg 40 /xg/kg 

Demographic c 
profile e 
Patientss (n) 
Agee (years) 

Mean n 
Range e 

Bodyy weight (kg) 
Mean n 
Range e 

Typee of surgery (n) 
Radical l 

prostatectomy y 
Milli n n 

prostatectomy y 

rFVIIaa at a dose of 20 ^g/kg was 1600 (  400) ml (p = not significant as compared with 
placebo)) and in patients that received rFVIIa at a dose of 40 /xg/kg, total blood loss was 
12500 (  150) ml (p = 0.02 as compared with placebo). The subdivision of blood loss in 
swabs,, suction containers and drains, and additional blood loss for each dose-group is 
shownn in table 2. 

TransfusionTransfusion requirement 

Treatmentt with rFVIIa at a dose of 40 /xg/kg abolished the need for red cell transfusion in 

alll  patients in comparison to 6/10 (60%) placebo-treated patients that needed a transfusion 

(oddss ratio 0.06; 95% confidence interval 0.01-0.35). Of 8 patients that received rFVIIa at a 

dosee of 20 ng/kg, 3 patients (38%) were transfused (odds ratio versus placebo 0.4; 95% 

confidencee interval 0.07-2.6). The mean number of units transfused blood was 1.3 (  0.4) 

inn placebo-treated patients and 0.6 (  0.3) in patients that were treated with rFVIIa at a 

dosee of 20 jig/kg (table 2). None of the patients in the study received transfusion with 

otherr blood components, such as platelets or plasma. 

12 2 10 0 

68.0 0 

(49-76) ) 

76.8 8 

(66-87) ) 

4 4 

4 4 

67.0 0 
(55-79) ) 

83.2 2 

(60-105) ) 

5 5 

7 7 

62.6 6 

(50-79) ) 

82.6 6 
(67-101) ) 

5 5 

5 5 
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DurationDuration of operation and hospital stay. 

Thee average duration of operation in patients that were treated with placebo was 170 

minutes.. Treatment with rFVIIa decreased the operation time to 126 minutes (difference: 

444 minutes; 25%; p = not significant as compared with placebo) at a dose of 20 ^g/kg and 

too 110 minutes (difference: 60 minutes; 35%; p<0.05) at a dose of 40 Mg/kg . The average 

durationn of hospital stay in placebo-treated patients was 13 days (range 8-28 days), which 

wass identical to 13 days (range: 7-21 days) in patients that were treated with rFVIIa at both 

doses. . 

Discussion n 

Sincee the first demonstration of effective treatment of a severe coagulation disorder with 

recombinantt activated factor VII in 1988,4' the experience with the use of rFVIIa as pro-

hemostaticc agent has increased steadily. Several clinical studies and case-reports have 

establishedd the clinical efficacy of rFVIIa for successful control of more than 2400 bleeding 

episodess from various sites in more than 500 patients with haemophilia, most of whom 

hadd inhibitors to factors VII I or IX, and in patients with idiopathic acquired inhibitory 

antibodiess to factor VIII. 43 Recombinant FVIIa has also been reported to achieve 

hemostasiss of bleeding in several other coagulation disorders, including severe von 

Willebrand'ss disease and platelet disorders.30,32'34'36 Moreover, different groups have 

reportedd efficacy of rFVIIa in the correction of coagulopathies and bleeding due to liver 

diseasee or congenital deficiency of factor VII . The efficacy of rFVIIa in individuals without 

coagulationn disorders is far less evaluated and is based on anecdotal experiences with 

rFVIIaa for life-threatening bleeding.44 "" The present study represents the first randomized 

triall  in which rFVIIa is given to individuals without coagulation defects. The study 

evaluatess safety and efficacy of rFVIIa with respect to blood loss reduction and transfusion 

requirementt in patients undergoing transabdominal prostatectomy. The surgical procedure 

wass associated with a considerable mean blood loss volume of 2550 ml in placebo treated 

patients,, which is in accordance with results from earlier studies that reported an estimated 

bloodd loss associated with radical prostatectomy in the range of 200 to 4000 ml. 

Administrationn of a single bolus dose of rFVIIa (20-40 /xg/kg bodyweight) resulted in a 

statisticallyy significant 45% reduction in perioperative blood loss, compared to blood loss 

inn placebo-treated patients. Moreover, treatment with rFVIIa at a dose of 40 /ig/kg could 

preventt red cell transfusion in all patients, whereas 6 out of 10 placebo-treated patients 

neededd a transfusion. The difference in blood loss and number of transfusions needed 

betweenn the two rFVIIa treatment dose groups suggests a dose-dependent efficacy of 

rFVIIa.. Previous studies with hemophilic patients indeed demonstrated comparable 
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TableTable 2 Mean volume of blood loss and transfusion requirements in patients undergoing 
abdominalabdominal prostatectomy. 

Transabdominall  prostatectomy 

rFVIIaa 20/xg/kg rFVIIaa 40 ;xg/kg placebo o 

Totall  volume of 
bloodd loss 
Suction n 
containers s 

Weighedd swabs 

Additional l 

Blood d 
transfusions s 

16000 (  400) 

9600 (  200) 

4900 (  205) 

1500 (  31) 

3/88 (37%) 

12500 (  150) 

8500 (  116) 

3000 (  76) 

1000 (  14) 

0/122 (0%) 

24500 (  350) 

12600 (  201) 

10855 (  194) 

1055 (  21) 

6/100 (60%) 

TheThe mean volume of blood loss per treatment group is expressed in ml  SEM.; the number of blood 
transfusionstransfusions is expressed as number (and percentage) of patients per treatment group who received a blood 
transfusion. transfusion. 

findingss with respect to a dose-dependent efficacy of rFVIIa. In all studies, higher doses 

off  rFVII a resulted in superior efficacy as compared with lower doses in terms of 

achievementt of hemostasis. Moreover, the present study shows that treatment with rFVIIa 

resultss in shortening of duration of operation, compared with placebo. It is suggestive that 

thiss observation might be explained by better perioperative hemostasis. No correlation, 

however,, was found between treatment with study agents and duration of hospital 

admission.. A possible explanation could be the fact that duration of admission in surgical 

patientss is influenced by multiple factors, besides blood loss, that are not related to 

treatmentt with rFVIIa, such as wound healing, age, pre-operative physical condition and 

co-morbidityy of the patient. 

Thee mechanism of action of rFVIIa has been a matter of extensive debate over the last 

years.. Recent insights in the mechanism of the coagulation cascade have revealed that the 

processs of hemostasis is initiated by the complex formation between activated factor VI I 

(FVIIa)) and tissue factor. Based on this new insight, two possible mechanisms of action of 

rFVII aa have been proposed. The most widely accepted mechanism of action consists of 

complexx formation between tissue factor and recombinant FVIIa at sites where tissue 

factorr is exposed, such as damaged vessel walls during surgical procedures. Subsequently, 

thee tissue factor/rFVIIa-complex generates thrombin by activation of both factors X and 

IXX in the presence of activated platelets. This process appears to induce only local 

thrombinn generation, since TF and anionic phospholipids do not normally circulate in the 

-189--189-
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plasma.. Moreover, the rFVIIa-mediated thrombin generation is probably short lasting due 

too the relatively short plasma-elimination half-life of rFVIIa. An alternative recently 

hypothesizedd mechanism of action of rFVIIa may be that the therapeutic efficacy of 

rFVIIaa is primarily based on the inhibitory effect of the zymogen factor VII on thrombin 

generationn by competitive binding to tissue factor that is overcome by pharmacological 

dosess of activated factor VII . A third possible mechanism of action was first reported in 

19900 and consists of rFVIIa-mediated activation of FX and subsequent thrombin 

generationn independent of TF in the presence of sufficient phospholipid surface on 

activatedd platelets. ' Additional evidence for this hypothesis was provided by 

demonstrationn of rFVIIa-induced activation of factor X on human monocytes lacking 

TF.. Similarly, another report showed tissue factor-independent thrombin generation 

afterr the infusion of rFVIIa on the surface of activated platelets. '3 Either way, rFVIIa 

appearss to plays a key role in the initiation of coagulation, although its exact mechanism 

off  action still has to be elucidated in additional future studies. 

Extensivee use of rFVIIa has clearly demonstrated that the product is relatively safe in 

individualss with various coagulation disorders. Safety analyses have demonstrated that the 

usee of rFVIIa is associated with very few treatment related adverse events, with only 0.8% 

off  serious adverse events reported as possibly or probably related to rFVIIa treatment. ' 

Thee present study, however, represents the first randomized clinical trial in which rFVIIa 

iss administered to individuals without pre-existing coagulation defects. There are initial 

reportss in the literature that describe the use of rFVIIa in individuals with a normal 

coagulationn system, but these case-reports are all based on anecdotal experiences with 

patientss who encountered life-threatening bleeding that did not respond to conventional 

hemostaticc therapy. ' ' The design of the present study, in which rFVIIa is administered 

too individuals without coagulation defects, might raise the concern for the possibility of 

systemicc activation of coagulation with subsequent thrombo-embolic events. However, the 

weightt of the evidence so far indicates that rVIIa is only locally active at sites where tissue 

factorr is exposed or activated platelets are present, such as damaged vessel walls. 

Moreover,, the relatively short elimination half-life of rFVIIa (approximately 170 minutes) 

probablyy causes only short lasting activation of coagulation. This was clearly demonstrated 

inn a recent study from our group, in which the systemic administration of a bolus dose of 

900 jig/kg to healthy volunteers induced a marked increase in thrombin generation that was 

peakingg at 60 to 90 minutes after administration of rFVIIa and lasted only for 120 minutes. 

Indeed,, in the present study we did not encounter thrombo-embolic or other adverse 

eventsevents that could be associated with rFVIIa-treatment, although the size of the study does 

nott permit definitive conclusions. Despite the more widespread use of rFVIIa, reported 

safetyy analyses are still almost exclusively based on experience in patients with severe 
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hemophila.. The safety of rFVIIa in patients with other coagulopathies is only evaluated in 

aa small number of patients and is, therefore, less evidence based. Experience with rFVIIa in 

patientss without coagulation is even more scarce and is based on anecdotal treatment of 

patientss with life-threatening bleedings that did not respond to other hemostatic therapy. 

Obviously,, safety data from large controlled clinical trials with rFVIIa are required before 

resultss obtained from small studies and case-reports can be extrapolated to general clinical 
63 3 

practice. . 

Thee results of present study indicate that administration of rFVIIa in patients undergoing 

surgeryy associated with significant blood loss, appears to be safe and effective. However, 

bloodd loss does not exclusively depend on the coagulation system, because type and 

durationn of operation, individual patient characteristics, surgical skills and post-operative 

patient-caree are all factors that influence the ultimate volume of blood loss. Furthermore, 

thee presented findings are based on the results from a relatively small group of patients. 

Therefore,, future controlled clinical trials should be carried out in larger groups of various 

patientt categories to provide additional evidence for safety and efficacy of rFVIIa-

treatmentt for severe bleeding in individuals with and without hemostatic disorders. 
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