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Effective treatment of severe or uncontrolled bleeding
is a challenge for physicians in the operating room and
intensive care unit. However, even aggressive conven-
tional therapy may ultimately fail in some patients.
Administration of recombinant activated factor VII
(rFVIIa) may be the only remaining therapeutic op-
tion to stop life-threatening coagulopathic bleeding.
We here describe the clinical course of 5 patients ex-
hibiting severe continuous bleeding that could not be
stopped by surgical intervention and appropriate he-
mostatic management but resolved after a mean dose

of 90 �g/kg of rFVIIa (range, 90 –120 �g/kg). Four
of the five patients recovered completely, and one
patient died after developing sepsis in multiorgan
failure. In all patients, bleeding from wound surfaces
stopped within minutes of the administration of
rFVIIa. Coagulation measurements improved, and
transfusion requirements declined considerably.
No adverse effects associated with rFVIIa were
observed.

(Anesth Analg 2005;100:54 –8)

R ecombinant activated factor VII (rFVIIa) (Novos-
even®, Novo Nordisk, Bagsvaerd, Denmark) has
been approved for treatment of patients with con-

genital hemophilia and inhibitors of factor VIII or IX, as
well as for patients with acquired hemophilia. However,
rFVIIa is also likely to provide hemostasis in other situ-
ations of profuse bleeding and impaired thrombin gen-
eration. rFVIIa enhances thrombin generation at sites of
vascular injury by forming tissue factor VIIa complex
and thereby activating factor X to Xa, as well as by provid-
ing Xa on the surface of already activated platelets (1,2).

We describe five patients who were successfully
treated with rFVIIa at our university hospital. All pa-
tients exhibited persistent severe bleeding that was un-
responsive to surgical treatment, traditional transfusion
therapy, or administration of coagulation factors.

Case Reports
Case 1

A 68-yr-old man suffering from severe aortic stenosis and
regurgitation developed cardiogenic shock and was trans-
ferred to our hospital for immediate aortic valve replace-
ment surgery. Intraoperative and postoperative bleeding

from the surgical site was massive and persistent. Therefore,
the operation site was packed and the chest left open. De-
spite transfusion of 92 U of red blood cell concentrates
(RBCs), 177 U of fresh frozen plasma (FFP), 17 U of platelets,
substitution of coagulation factor concentrates (Table 1), in-
cluding factor VIII/vWF concentrate, and 3 unsuccessful
surgical attempts to stop mediastinal bleeding, blood loss
continued over several days. Interestingly, coagulation vari-
ables revealed a prothrombin time (PT) of 62% (normal
range, 70%–120%) and an activated partial thrombin time
(aPTT) of 39 s (normal range, 26–40 s). After injection of a
single dose of 90 �g/kg of rFVIIa, bleeding decreased mark-
edly within 15 min. Coagulation testing demonstrated a PT
of 75% and an aPTT of 40 s (Table 2). The chest was closed
2 days later. Despite initial stabilization the patient devel-
oped candida sepsis and died 2 wk later. Necropsy showed
postmortem changes consistent with septic shock and mul-
tiorgan failure but no sign of thrombosis.

Case 2

A 31-yr-old woman was admitted to our emergency depart-
ment showing acute abdominal pain and abdominal disten-
sion with concomitant livid discoloration of the left leg. Soon
after admission, she developed hypovolemic shock and
pulseless electrical activity. Cardiopulmonary resuscitation
was successful, and emergency laparotomy showed severe
bleeding from a ruptured venous malformation of the left
iliac vein and retroperitoneal hematoma. Although surgical
control of the bleeding source was immediately performed,
the patient remained hemodynamically unstable and
showed severe diffuse microvascular bleeding. After return
of spontaneous circulation the first thrombelastogram (mod-
ified thrombelastometry-ROTEM®) showed hyperfibrinoly-
sis, and therefore, aprotinin was administered. Furthermore,

Accepted for publication June 21, 2004.
Address correspondence and reprint requests to Thorsten Haas,

MD, Department of Anesthesiology and Critical Care Medicine,
Innsbruck Medical University, Anichstrasse 35, 6020 Innsbruck,
Austria. Address e-mail to thorsten.haas@uibk.ac.at.

DOI: 10.1213/01.ANE.0000138064.12583.F6

©2005 by the International Anesthesia Research Society
54 Anesth Analg 2005;100:54–8 0003-2999/05



she received 23 U of RBCs, 27 U of FFP, 5 U of platelets,
fibrinogen concentrate, and prothrombin complex concen-
trate. However, profuse bleeding from wound sites contin-
ued, spontaneous oral mucosal bleeding developed, and
hemorrhagic infarction of the gut was assumed from a
colonoscopy performed because bleeding from the gut was
suspected. During continuing transfusion supply, the coag-
ulation values were as follows: PT 33% and aPTT 116 s. After
transfusion of 2 more units of platelets and administration of
a single dose of 120 �g/kg of rFVIIa, bleeding for the first
time slowed and coagulation tests improved (PT 70% and
aPTT 57 s). The subsequently required colectomy and the
patient’s postoperative course were complicated by sepsis
and renal failure. However, 31 days after admission, the
patient was transferred from the intensive care unit (ICU) to
an acute care unit and subsequently enjoyed complete
recovery.

Case 3

A 53-yr-old patient was admitted to the ICU with continu-
ous uncontrolled diffuse bleeding in the right abdominal
wall after elective laparoscopic cholecystectomy. However,
the suspected injury of a vessel was not localized by angiog-
raphy. Despite massive transfusion (Table 3), bleeding con-
tinued. Under these conditions, coagulation studies demon-
strated a PT of 68% and an aPTT of 200 s. After
administration of 80 �g/kg of rFVIIa, the bleeding stopped
immediately and PT improved to 130% and aPTT to 40 s.
The patient was discharged from the ICU 13 days later and
recovered completely.

Case 4

A 44-yr-old patient was admitted to the hospital suffering
from an acute type A aortic dissection caused by Marfan

syndrome. A Bentall operation was performed. After dis-
continuation of cardiopulmonary bypass, the patient exhib-
ited massive microvascular bleeding without an identifiable
surgical source. A coagulation test performed before rFVIIa
administration revealed a PT of 51% and an aPTT of 103 s. A
single dose of 90 �g/kg of rFVIIa was given without a
significant decrease in bleeding. Therefore, the operation site
was packed and the patient transferred to the ICU. Despite
further aggressive treatment with RBCs, FFPs, platelets, pro-
thrombin complex concentrate, fibrinogen concentrate, and
factor VIII/vWF and factor XIII concentrates (Table 1), se-
vere bleeding continued over the next 10 h. A second dose of
120 �g/kg of rFVIIa was consequently administered; it suc-
cessfully stopped profuse bleeding, and coagulation vari-
ables improved markedly (PT 109% and aPTT 52 s). Twenty-
four hours later, the packing was uneventfully removed
without rebleeding. The patient was discharged from the
ICU on Day 30 and recovered completely.

Case 5

A 41-yr-old woman was presented in the emergency depart-
ment with multiple trauma after jumping off a roof in a

Table 1. Transfusion Requirements Before and After rFVIIa Therapy

Patient

RBC FFP Plt Fib PPSB AT III

Before After Before After Before After Before After Before After Before After

1 92 3 177 8 17 1 5 0 3500 1000 5000 1000
2 33 2 27 20 5 0 6 0 2000 1000 2000 0
3 28 2 5 8 3 1 17 0 6000 0 3000 0
4 28 4 57 9 5 2 7 0 5000 1000 2500 1000
5 29 5 37 5 3 1 2 0 1000 0 1000 0

rFVIIa � recombinant activated factor VII; RBC � units of red blood cell concentrate; FFP � units of fresh frozen plasma; Plt � units of platelets (apheresis
only); Fib � fibrinogen concentrate [g]; PPSB � prothrombin complex concentrate [IU]; and AT III � antithrombin III concentrate [IU].

Table 2. Laboratory Measurements Before and 1 h After rFVIIa Administration

Patient

PT (%) aPTT (s) Pit (g/L) Fib (mg/dL)

Before rFVIIa After rFVIIa Before rFVIIa After rFVIIa Before rFVIIa After rFVIIa Before rFVIIa After rFVIIa

1 62 75 39 40 96 79 382 413
2 33 70 115 57 21 122 116 122
3 68 130 200 40 78 40 228 241
4 51 109 103 52 29 50 102 194
5 10 84 200 72 76 157 50 216

Normal value ranges for these coagulations are the following: PT � prothrombin time (70%–120%); aPTT � activated partial thrombin time (26–40 s); Plt �
platelet count (150–440 g/L); Fib � plasma fibrinogen concentration (160–400 mg/dL).

rFVIIa � recombinant activated factor VII.

Table 3. Patients Treated with rFVIIa

Patient
Age
(yr) Sex Trauma

Dose of rFVIIa
[�g/kg]

1 68 M Cardiogenic shock 90
2 31 F Ruptured venous vessel 120
3 53 F Bleeding abdominal wall 80
4 44 M Cardiac surgery 90 � 120
5 41 F Multiple trauma 90

rFVIIa � recombinant activated factor VII.
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suicide attempt. Clinical examination and computer tomog-
raphy scans revealed a subdural and subarachnoidal hema-
toma, laceration of the right external iliac artery and the
right internal pudendal artery, multiple rib fractures with
hemopneumothorax, hip fracture, and femur and open tibial
fracture. After drainage of the hemothorax and surgical
stabilization of the fractured limbs, the patient was admitted
to the ICU. She had persistent, severe diffuse bleeding that
was unresponsive to massive transfusion (Table 3). Coagu-
lation testing revealed a PT of 10% and an aPTT of 200 s. A
single dose of 90 �g/kg of rFVIIa was administered, which
was followed by a marked decrease in bleeding and im-
proved coagulation values (PT 84% and aPTT 72 s). The
patient was transferred to the ward after five weeks and
recovered completely.

Results
A median single dose of 120 (range, 80–120) �g/kg of
rFVIIa was administered IV to stop bleeding (Table 3).
In all patients, bleeding stopped or markedly de-
creased immediately after administration of rFVIIa. In
only one case was a second dose of rFVIIa required to
reverse coagulopathy.

Table 2 shows the laboratory measurements before
and 1 h after rFVIIa administration. PT increased after
administration of rFVIIa from 45.5% (27.2%–63.5%) to
83% (73.2%–114.2%). Similarly, measurements of aPTT
decreased from 119 s (187.7 s–50.2 s) to 49.5 s (63.2
s–35.9 s) after rFVIIa therapy.

Transfusion requirements (Table 1), including coag-
ulation factor concentrates, decreased remarkably af-
ter rFVIIa administration.

One patient (Case 1) died 2 wk after the admin-
istration of rFVIIa because of septic shock with
multiorgan failure. Necropsy showed no sign of
thromboembolism; the surviving patients also
showed no thromboembolic complications from rF-
VIIa administration.

Information on actual costs of rFVIIa therapy and
average costs associated with routine management of
bleeding patients were obtained from our internal cost
allocation. These data are summarized in Table 4. The
listed costs for the operating room (OR) and angio-
graphic intervention include personnel resources, in-
frastructure, and consumable supplies calculated for a
treatment interval of 100 min.

Discussion
rFVIIa was developed, and is now licensed in many
countries, for treatment of patients with hemophilia
and inhibitors. However, data from animal studies
(3,4), and several case reports summarized elsewhere
(1), suggest that rFVIIa is a valuable general hemo-
static drug for various bleeding episodes other than
those for which it is currently approved. Beside the
fact that general recommendations cannot be drawn

from anecdotal reports, one of the major concerns of
these case studies is that many of these patients suf-
fered mainly from inadequate diagnosis and treat-
ment of coagulopathy (5,6). We report our experience
using rFVIIa in patients exhibiting coagulopathy un-
responsive to appropriate conventional therapy. Our
patients were closely monitored with serial global co-
agulation tests and blood cell count. Global coagula-
tion tests show low sensitivity, specificity, and accu-
racy in predicting the cause of perioperative bleeding,
and the results are available only after an unaccept-
able delay. However, these tests are usually cited in
review articles and guidelines for treatment of mas-
sive blood loss (7–10). Derived from in vitro dilution of
normal plasma, it is assumed that critical levels of
coagulation factors are reached when PT and aPTT
values are more than 1.5 the normal value (11). The
recommended doses of FFP for treating such condi-
tions are approximately 10 mL/kg to correct coagu-
lopathy, whereas platelets are recommended at 50 g/L
(10). However, these recommendations are mainly
based on studies conducted in the area of whole blood
transfusion and thus are of little actual help. A recent
study in ICU patients clearly shows that global coag-
ulation tests are of limited value in diagnosing
coagulation-factor deficiency and that the usual dose
of FFP is not able to correct existing deficits (12).

At our institution, we additionally use ROTEM®

monitoring for diagnosis and treatment of coagulopa-
thy, which has been shown to be accurate in predict-
ing bleeding tendency (13,14). We administer approx-
imately 30 mL/kg of FFP, additional fibrinogen
concentrate and prothrombin complex, and anti-
thrombin III concentrate or platelets (apheresis only)
according to detected deficits. This method also en-
abled us to verify and consequently correct hyperfi-
brinolysis in one patient described here (Case 2). How-
ever, diffuse microvascular bleeding continued in this
patient, probably because of consumptive coagulopa-
thy. Because the continuous blood loss and conse-
quent hemodynamic instability requiring massive cat-
echolamine support was of primary concern in this
patient, rFVIIa was administered to stop this vicious
circle.

Table 4. Average Costs for Surgical or Radiologic
Intervention and Costs for Blood Components (Innsbruck
Medical University, 2004)

Intervention/therapy Costs (€)

100 min/cardiac OR 4274 ($5,207)
100 min/angiography 3780 ($4,605)
Leukocyte-filtered RBC (unit) 110 ($134)
Fresh frozen plasma (unit) 69 ($84)
Platelet concentrate (unit) 577 ($703)
rFVIIa 90 �g/kg (70 kg) 3760 ($4,580)

OR � operating room; RBC � red blood cells.
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As a matter of course, hypothermia and acidosis,
which themselves contribute to the development of
coagulopathy, were treated immediately in all patients
using convective warming devices, warmed fluids,
and sodium bicarbonate according to our clinical rou-
tine. All patients were aggressively treated but
showed severe abnormal global coagulation tests (ex-
cept Case 1) and continuing transfusion demand. In
addition, in all cases, surgical attempts to stop bleed-
ing failed. Therefore, rFVIIa was the last available
therapeutic option, and this treatment was successful
in all cases. We administered a median dose of 120
�g/kg of rFVIIa based on the experience reported by
Martinowitz et al. (15). The fact that rFVIIa therapy
first failed to restore hemostasis in Case 4 is most
likely due to the very low platelet count and fibrino-
gen concentrations at first administration. Because
rFVIIa/TF complex activate factor X on activated
platelets, thereby bypassing FVIII and FIX, and fibrin-
ogen is the required substrate on which the delivered
thrombin burst can form a stable clot, effectiveness of
rFVIIa correlates with fibrinogen concentrations and
platelet counts at the time of administration. Gener-
ally, platelets of approximately 30 g/L and fibrinogen
of approximately 100 mg/dL increase the efficacy of
treatment, although spontaneous bleeding was effec-
tively stopped in a patient with smoldering leukemia
and platelet counts as low as 5 g/L (16).

Meanwhile, at our institution, 14 patients received
rFVIIa as the last option to stop continuous blood loss.
Of the 14 patients, 12 ultimately survived: one patient
died from sepsis (Case 1), and one patient with severe
polytrauma (not described here) developed cardiac
arrest. As mentioned by others (17), we assume that
these patients who unfortunately died would have
had a better chance to survive if therapy with rFVIIa
had been commenced earlier. Despite the off-label
use of rFVIIa described here, cost is the reason why
rFVIIa is used as the very last therapeutic option. It
was not our intention to investigate the cost effective-
ness of VIIa, and we therefore did no detailed cost-
effectiveness analysis. However, we obtained informa-
tion on actual costs of rFVIIa as well as on costs
associated with routine management of bleeding pa-
tients from our internal cost allocation. These data are
summarized in Table 4. Assuming that during revi-
sion for bleeding in the OR or during angiographic
intervention a patient additionally requires transfu-
sion of 5 U of RBCs, 5 U of FFP, and one platelet
concentrate, this would increase OR costs to a total of
5,746 euros (�$ 7,000) and 5,139 euros (�$6,260), re-
spectively. In contrast, giving the patient (70 kg) 90
�g/kg of rFVIIa would cost of 3,780 euros (�$4,605).
Intrinsically, costs arising as the consequence of pro-
longed hemodynamic instability, huge transfusion
volumes required, and their likely adverse effect on

microcirculation, susceptibility to infection, and con-
sequent multiorgan failure should also be considered
in further studies investigating the cost effectiveness
of rFVIIa. It is anticipated that the results of recently
completed randomized controlled studies in polytrau-
matized patients and patients with intracerebral he-
matomas will not only confirm the efficacy and safety
but also the cost effectiveness of rFVIIa. Regarding
efficacy, the data of a randomized study in patients
undergoing retropubic prostatectomy (18) were re-
cently published. In these patients, administration of
rFVIIa significantly reduced blood loss and transfu-
sion requirement as compared with placebo. Al-
though, in our opinion, the insignificant blood loss
usually associated with prostatic surgery does not
justify using rFVIIa, that study shows that rFVIIa is
able to enhance even normal coagulation, and thereby
reduce blood loss. This fact was also observed in an in
vitro study using ROTEM® to investigate the coagula-
tion mechanism of rFVIIa (19). More than 170,000
standard doses of rFVIIa have been administered, pre-
dominately to hemophilic and some nonhemophilic
patients, and only few thromboembolic complications
have been reported (1). In most of these patients ex-
hibiting venous thrombosis, myocardial infarction, or
ischemic stroke, predisposing factors were present.
Thus, the etiological role of rFVIIa in thromboembo-
lism in these patients remains uncertain.

Our results confirm and supplement the existing
and growing excellent experience with rFVIIa admin-
istration in unresponsive severe bleeding initiated by
various conditions. General recommendations, of
course, require results from larger controlled trials.
However, in our patients, rFVIIa proved to be a pow-
erful therapeutic option for management of life-
threatening bleeding. A rough estimate of costs arising
from rFVIIa and from accepted conventional therapy
shows that rFVIIa is cost-effective and might even be
cost saving. To increase the rate of success, every
attempt should be made to temporarily achieve fibrin-
ogen concentrations of 100 mg/dL and platelet counts
of 30 g/L, because these are pivotal in the coagulation-
promoting action of rFVIIa (19).

References
1. Hedner U, Erhardtsen E. Potential role for rFVIIa in transfusion

medicine. Transfusion 2002;42:114–24.
2. Lusher J, Ingerslev J, Roberts H, Hedner U. Clinical experience

with recombinant factor VIIa. Blood Coagul Fibrinolysis 1998;
9:S119–28.

3. Martinowitz U, Holcomb JB, Pusateri AE, et al. Intravenous
rFVIIa administered for hemorrhage control in hypothermic
coagulopathic swine with grade V liver injuries. J Trauma 2001;
50:721–9.

4. Schreiber MA, Holcomb JB, Hedner U, et al. The effect of
recombinant factor VIIa on coagulopathic pigs with grade V
liver injuries. J Trauma 2002;53:252–9.

5. Weiskopf RB. Intraoperative use of recombinant activated co-
agulation factor VII. Anesthesiology 2002;96:1287–9.

ANESTH ANALG CASE REPORT 57
2005;100:54–8



6. Anthony MH, Dion PW, Karmaker MK. Use of recombinant
activated factor VII in patients with severe coagulopathy and
bleeding. Anesthesiology 2003;98:1025–6.

7. Shih RL, Cherng YG, Chao A, et al. Predicting of bleeding
diathesis in patients undergoing cardiopulmonary bypass dur-
ing cardiac surgery: viscoelastic measures versus routine coag-
ulation test. Acta Anaesthesiol Sin 1997;35:133–9.

8. Chee YL, Greaves M. Role of coagulation testing in predicting
bleeding risk. Hematol J 2003;4:373–8.

9. Eckman MH, Erban JK, Singh SK, Kao GS. Screening for the risk
for bleeding or thrombosis. Ann Intern Med 2003;138:W15–24.

10. Practice guidelines for blood component therapy: a report by
the American Society of Anesthesiologists Task Force on Blood
Component Therapy. Anesthesiology 1996;84:732–47.

11. Reiss RF. Hemostatic defects in massive transfusion: rapid di-
agnosis and management. Am J Crit Care 2000;9:158–65; quiz
66–7.

12. Chowdhury P, Saayman AG, Paulus U, et al. Efficacy of stan-
dard dose and 30ml/kg fresh frozen plasma in correcting lab-
oratory parameters of haemostasis in critically ill patients. Br J
Haematol 2004;125:69–73.

13. Cammerer U, Dietrich W, Rampf T, et al. The predictive value of
modified computerized thrombelastography and platelet func-
tion analysis for postoperative blood loss in routine cardiac
surgery. Anesth Analg 2003;96:51–7.

14. Miller B, Mochizuki T, Levy J, et al. Predicting and treating
coagulopathies after cardiopulmonary bypass in children.
Anesth Analg 1997;85:1196–202.

15. Martinowitz U, Kenet G, Segal E, et al. Recombinant activated
factor VII for adjunctive hemorrhage control in trauma.
J Trauma 2001;51:431–8.
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