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Summary Factor Vila is af~VQ~~JiPnary new pharmaceutical that promises to 
change the anaesthesia and £l1tic;,al care approach to major trauma. It is an extremely 
potent pro-coagulant agen~~ arj'd vtfiile it enables haemostasis at the site of tissue 
injury, it also has the llPsslB\liWrof producing life-threatening thromboembolic 
complications. New datajregc:lrding'FYlla use is published almost every month, leading 
to a rapidly evolving clirilcaitiii'derstanding of the potential indications, and potential 
pitfalls, of off-label u.~e;:!Det~rmination of appropriate practice, including the ability 
to judge the risks an(rbeneti~ of FYlla therapy for individual cases, is still some years 
in the future, and )VillQ~~nd in large part on clinical trials which are just getting 

underwaY"A j, i'·'.© 2006 Publishec! py:ElseVier Ltd. 
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Introduction 
11 

12 Recombinant human coagulation factgrVl!~i(FVlla) 
13 may represent an exciting new d¢veloprtlent in 
14 trauma care. An intravenous agentAhatjrapidly 
15 - but safely - reverses coagulop~thy anPpromotes 
16 haemostasis would be enormQusly \:useful to 
17 clinicians. FVlla, developed il11tially'for use in 
18 haemophiliacs, may be just that,~gent. In this 
19 manuscript, we will provide,~brief description 
20 of the pharmacology and hist~l1cal development 
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20 
of FVlla, review the side effects and contra-indica­ 21 

tions to its use, and discuss current and future 22 
applications to the trauma population. 23 

Background and historical 24 

development 
25 

Factor Vila (NovoSevenTM) was developed by Novo 26 
Nordisk specifically for the treatment of haemophi­ 27 

liacs who had developed antibodies to Factor V"'.91t 28 
was licensed for this purpose in Europe in the 1990s, 29 
and in the US in 1999. Since introduction, approXi­ 30 

mately 1 million doses have been prescribed to 3] 

patients with haemophilia, with reported side 32 

effects and complications no different from the 33 
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34 untreated baseline. The drug is considered to be 
35 safe and effective enough in this patient population 
36 that auto-injectors are now approved in Europe for 
37 home administration of FVlla. 
38 Observation of the clinical effects of FVlla has led 
39 to a new understanding of;n vivo coagulation, and 
40 the development of new theories of how the hae­
41 mostatic balance is maintained. 17 Factor VII is the 
42 only human clotting factor that circulates normally 
43 in the activated form. Its presumed role in the 
44 clotting cascade is to serve as the 'trip wire' for 
45 clot formation. FVlla reacts with tissue factor 
46 exposed in injured blood vessels to initiate platelet 
47 activation and form small amounts of thrombin at 
48 the point of intimal injury. The rest of the clotting 
49 cascade then occurs on the surface of the platelet, 
50 adherent to the injured area, resulting in a burst of 
51 thrombin production and the conversion of fibrino­
52 gen to fibrin. FVlla in pharmacologic doses is also 
53 thought to be capable of reacting with the activated 
54 platelet itself, to produce a thrombin burst even in 
55 the absence of other clotting factors, and to inhibit 
56 fibrinolysis in the vicinity of newly formed clots. 
57 Factor Vila has been used off-label almost since 

89 

anecdotal case series and prospective trials in other 90 

disciplines. 

Factor Vila for haemorrhagic shock 
92 

The most obvious use for a potent pro-coagulant, 93 

such as FVlla, is in patients who are in immediate 94 

danger of exsanguination. Severe haemorrhagic 95 

shock is characterizeQ by progressive end-organ 96 

ischemia and th~'~letfial triad" of coagulopathy, 97 

hypothermia anq acido~is.6 Death can occur even in 98 

the presence of ma~jve'resuscitation with red blood 99 

cells (RBCs),tUasl1Ja, and platelets. Because the 100 

normal composition)of whole blood cannot be ade- 101 

quately m9ge .. upiWith transfused products, the 102 

patient \lfithpngoing haemorrhage will eventually 103 

reach apgint of circulatory system failure that 104 

becomes4rreversible, even with adequate intrave- 105 

nous C!~c~ss and aggressive transfusion.5 This patho- 106 

physiologY.Jequires that successful resuscitation 107 

from haemorrhagic shock be focused specifically 108 

ol];tlie~pid diagnosis and control of haemorrhage, 109 

ti),Jne e~clusion of other priorities. On the surgical 110 

58 its release, for a wide variety of congenital and Jside;'tliis concept has led to the development of III 

59 acquired coagulopathies. The first published off­ .sO "!damage control" techniques and more aggressive 112 

60 label use of FVlla in trauma occurred in 1999, in"i <'us~"Qf angiographic embolization. On the anaesthe­ 113 

61 
62 

Israel, in a soldier bleeding to death from multipl~;t,,~, siaand critical care side, it has led to techniques 
injuries sustained in a terrorist attack.10 He was ;ti')'§'uch as deliberate hypotensive resuscitation and a 

1 
I 

.5 

63 extremis in the operating room with ongoing <;ga:c ';. search for pro-coagulant products. ll6 

64 gulopathic bleeding secondary to shock, desBite ", Most anecdotal experience with FVlla has 117 

65 massive tr~nsfusion. A single large dose of,FYIla".,,/occurred in patients with transfusion requirements 118 

66 restored clinically normal coagulation, al(ow,ed., 
67 the completion of emergency surgery and re~usQI~a;:' 
68 tion, and contributed to his survival. Sjnc~Jllat 
69 time, there have been numerous c~ ~.epi5rts 
70 describing the use of FVlla to controlp(~(:Ijt!ll in 
7l injured patients. 14

,19,8 The largest P4biis.~eQ.i::ase 
72 series to date is from our own institutioq/.pescrlbing 
73 81 patients treated with FVlla forac:uteThaemor­
74 rhagic shock, coagulopathy rela~~d to'''traumatic 
75 brain injury, and treatment-resisti'llltQ>agulopa­
76 thies developing in the intensive c&fif'imit.4 The 
77 only prospective trauma trial cQhclud~ to date was 
78 completed in 2004 and publWiedjn2OOS, and is 
79 reviewed in detail below.1 .... "" . 

80 Since the publication of th~ereports, interest in 
81 FVlla for trauma patients has'increased steadily, as 
82 has the number of patients treated off-label. Multi­
83 center prospective researcl1 tri,Hs are underway to 
84 study the efficacy of FVlla ina variety of trauma­
85 related populations, including patients with acute 
86 haemorrhagic shock, patients with bleeding related 
87 to traumatic brain injury (TBI), and patients 
88 taking anticoagulant drugs prior to injury. At the 
89 same time, more safety data is accumulating from 

in excess of 1blood volume (10 units of RBCs), and at 119 

doses similar to those used for initial treatment of 120 

haemophiliacs: 80-120 mcg/kg. In the prospective 121 

trial of FVlla in trauma patients mentioned above, 122 

the drug was administered at the time of transfusion 123 

of the 8th unit of RBC, at a dose of 200 mcg/kg, with 124 

repeat doses of 100 mcg/kg 1 and 2 h later. 1 This 125 

trial enrolled 280 patients (140 with blunt and 140 126 

with penetrating trauma), and demonstrated a 127 

f~bl~1·"s,urnm~ry9fresult$:.prQS~iye'tclnc:l.0lJ1iZed' •
 
u.~ ,t>fryll~intraiJl11~'PCl~i~QtS\ ....••..... ; .....•... ;..> .....
 

Blul1t .. 'P~netrati~!f 
tral./l11a trauril~ ......• 

FVllaPlacebdr=Vlla . piace~() 

6.9 74 70 64'
 
48 hmortality, 13 ~3 1210
 
30 daymortalit¥ 1722 17 18
 
Massive transfusion 8 ':2(} 410
 
Death or organ 20 31 20 '22
 

n 

failure ..... 

"f1)er~~astatistiCilIIY significant: r~lIgi(109f2.0!l~it~ of 
RBCinth~first1Bhinblunt~LIilta'pati~nts~~~ivil'1gf\illa~ 
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128 reduction in transfusion requirement in those who
 In our own institution, clinical experience with 
129 received FVlla. Effects were more pronounced in
 FVI/a is now over 250 patients, 150 of these treated 
E blunt trauma patients than in those with penetrat-
 for exsanguinating haemorrhagic shock. Our system 
131 ing trauma, although the blunt group was generally
 involves a 'gatekeeper,' defined criteria for use 
132 more seriously injured, with a higher overall trans-
 (Table 2), and careful record keeping. Of the patients 
133 fusion reqUirement (Table 1). FVlla patients had a
 we treat with FVlla 85% achieve an immediate cor- 179 
134 lower overall incidence of death and organ system
 rection of coagulopathy, and sustained haemostasis. 
135 failure when these endpoints were combined, and a
 The remaining 15% are non-responders, suggesting 
136 lower mortality when early deaths (those with pre-
 futile administration of the drug. Arecent analysis of 
137 dictably fatal haemorrhagic shock at the time of
 our data suggests thatttt~ degree of haemorrhagic 
138 enrollment) were excluded from analysis.
 shock at the time ofadmjssion to the hospital is the 
139 The safety profile of FVlla in this study was
 best predictor ofcfutili~ as measured by revised 
140 encouraging, with no increase in the incidence of
 trauma score, inif.1al.lc~date level, and pre-dose 
141 thrombotic complications in the treated patients.
 prothrombin titrie:~Other large published series 
142 More organ system failure was observed in the
 have noted the same ~ffect: when given late in the 
143 placebo group, presumably due to their increased
 course of disE!~sep(ogression, after massive transfu- 189 
144 transfusion requirement or longerduration of shock.
 sion is alreci'dY;ungerway, many patients will not 
145 Despite these findings in the prospective controlled
 respond.2 pr.tt¢lInicallaboratory research shows that 
146 trial, there have been a few case reports of throm-
 FVlla actiyity,iS'significantlyimpaired by acidosis, and 
147 betic events associated with off-label FVlla use in
 impaired tQ a lesser degree by hypothermia. 16 

148 trauma patients, and a few recorded in the case
 Whether"'\:ti~ barriers can be overcome in the 
149 series published to date. However, safety data has
 patient with acute haemorrhagic shock - say by 
150 been sufficiently persuasive to encourage the US
 thetadffiinjstration of bicarbonate to elevate the 
151 Food and Drug Administration (FDA) to lift the ban
 serQmpH j is an open question. While it is relatively 
152 on clinical research with FVlla as ofSeptember 2005.
 e~syto'eS,1:ablish markers for futility in FVlla admin- 198 
153 While the use of FYlla for off-label indications has
 j~tr~£ioW(Table 3), it can be hard to rigorously apply 
154 been growing, it is also clear that FVlla is a potent,fiie~j?t(j individual patients in extremis, when elin­ 200
 
155 agent, and has the potential for producing inap- y;,j~ians '~ue desperately seeking any potentially bene­ 201
 
156 propriate thrombosis in vulnerable patient popula-}' tidal, therapy. 202
 
157 tions. While there is an obvious bias against'? •.... In our series we have observed six patients with . 203
 

158 reporting major complications in published caS.~ s1bsequent serious thrombotic complications, con­ 204
 
159 reports, other channels have been more actiVE! iO"'< .•,siSting of stroke and peripheral arterial occlusion 205
 
160 detailing complications. A recent report from/th¢ [10]. We have also seen a number of patients 206
 

162 complications associated with off-label FVlla;"~,~;'
 to weeks following FVlla treatment. Assessment of 208 
163 with the majority of these occurring in·.:tradfna·
 the causality of these events is complex. These 209 
164 patients. 18 A fatal thromboembolic cOmpl1e§tipn
 complications occurred in multiple injured trauma 210 

211 

212 
213 
214 
215 
216 
217 
218 
219 

165 (myocardial infarction, pulmonary ·en,boli.i's,
 patients already at significant risk for complications 
166 ischemic stroke) was associated with fYl.la use in
 such as DVT. Additionally, because the complication 
167 36 cases. Due to the fact that MedWat~hj{Sblelya
 was typically diagnosed outside of the known 
168 voluntary listing of observed complications, it is
 120 min half-life of administered FVlla, it is difficult 
169 impossible to calculate an incident rate from these
 to precisely determine the proximate cause of the 
170 data. Additionally, there is in~lJffid~nt' clinical
 thrombosis. Based on the literature and our own 
171 detail to know what the risk/benefit balance was
 experience, we do not use FYI/a prior to or during 
172 for off-label administration ofFVlla,ir{ the cases
 any use of mechanical vascular bypass, and we are 
173 reported.
 extremely cautious when using it in patients with 
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"
161 FDA MedWatch database described 151 throrribot(C: develop deep venous thrombosis (Dvr) in the days 207 

Table 2 (:riteria.for ·'()ff.label"useofFVllaat the Shock.Trauma Center 

1 .Acuity:Thepatielltmustbeinalife-thrE~atening s~tuatiol) •..'••..•............•..•. ' ..•. .. ....• . ' ...•.. " .
 

observationofnon~surgic".l haemQrm"ge . . ". ••. ................., '.' ...•.. '" ..'
 
3
 

2· CdagulopCithy: 'The patientmustbe,coaguloppthic,either by bl1)()ratoryeVidence(INR)or.clinieal" .
 

Conventional. therapy: Normal· transfusion therapy with plasma arid plateletS must have failed to. 
resolve the coagulopathy,orbeUkelyto fail in the avai(able~i~window. '.' '. .• .•• . '. . . 

4 Futility; The patient must have a good chanceofJ()ng-ter'n1~lJrVt~ljft/lecqagutopathy~nbe J~sQly~ . 
'>Jlu~slnu$t beilpproYedtlythe phYSidanija~~eePE!(:~"r#valls~.onth~fcl! ..toYfin~.··· . 

http:��..�............�..�
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Table 3 Markers for JutilityinFvlla administration 

Clinical 
"'PreViouscilrdio-pulmonary n~suScitation. ..' ... '.. . . . 

Continuous pressor infusion required' to. support Ilaemodyriamics
 
loW reVjsed trauma score at thetime .ofhospita.ladmission .
 
Potentialthafthe patient has anon-surVivilbh~'brain injury. .•.... . .'
 
Incr~seddifficultyof the likely surgical repair (multiple irijuries,difficult anatomic access) 
Severe hypothermia (core t¢mperature<:33°C) .'. 

LcibOratory .. . '. .' ..' ... ' ' '. ' ' . 
Admis~ion prothrombin time abnomal(patients not on warfariniherapy) . 
Increased adlllisSionliicta.te· . .' '.. . .' . 

'. "pH < 7.1O~ttJWtimeQfFVllaa~ministratiol1 . 

'I'tJl'fQftllefollo~l1g variables l11~ke itless likely tha.t theba.ei1l(lrrllagingJlat:l~ntWllrresPoT1Cltor=vj la,ASsesSrrierttoHuUHWShoUtdbe' 
'made byanexperi~O'!d cliniCian; . . . 

219 257 
220 recent arterial anastamoses or stents. Patients with that FVlla,p~tientS also had improved neurologic 258 
221 high-energy partial thickness injuries to the carotid, outcome~i'~iiC;ld~creased mortality. This study was 259 
222 femoral, or mesenteric vessels also appear to be at also thefl~' prospective trial to demonstrate an 260 
223 risk; as vascular imaging studies become more increa$e;jp'fhe risk of thromboembolic complica- 261 
224 sophisticated it may be possible to prospectively tions(OU9Mng FVlla administration, although most 262 
225 identify the patients at highest risk for a throm- of the;oIJserved events were minor in nature. A 263 
226 boembolic complication. Phase III trial is already underway to confirm and 264 

227 Evidence from our futility study, and from anec- e>g5ii'A't!i;pn these results. 265 
228 dotal experience, would suggest that giving FVlla ):;JJle potential benefit of FVlla in patients with 266 

229 earlier in a haemorrhagic crisis - before native pla- ,,;intrapafenchymal haemorrhage from traumatic 267 
230 telets and clotting factors are depleted and before ,,' b"'njury (TBI) has not yet been established. 268 
231 significant tissue acidosis develops...;. might improve '. patients are also at risk for haemorrhage 269 
232 its effectiveness. At the same time, earlier use witlf, '.. expansion in the first 24 h following injUry, but a 1 
233 expose more and healthier patients to the risk of <prospective trial of FVlla therapy in this patient .1 

234 thrombotic complications. This is the risk-bengfitpopulation has not been initiated to date. On the 272 

235 relationship that must be established in future Pfo-tother hand, the use of FVlla to facilitate emergency 273 

236 spective trials. The multicenter traiJma trial noy" '"neurosurgery is a rapidly expanding off-label use. 274 

237 underway will use the same (comparatively:}high) Pre-procedure use of FVlla will rapidly normalize 275 

238 dose as the previous trauma trial, but will stii'rt::~ar7 prothrombin times in candidates for emergency 276 

239 lier in the disease process (4-8 units of ~G;).!,..:(hiS craniectomy or placement of invasive intracranial 277 

240 trial is designed to examine FVlla's utilityjnpi;ltleHts or intrathecal monitors. Because of the rich expres- 278 

241 with documented haemorrhagicshockang"tlle'PHten- sion of tissue factor in the brain, FVlla administra- 279 
242 tial for continued further bleeding. Lik~l}tijlrg~p; for tion, even at doses as low as 10-15 mcg/kg, 280 
243 future prospective trials include post-d(r:gjac surgery produces a dramatic reduction in intraoperative 281 

244 bleeding, bleeding from hepatic surge,.yOr trans- haemorrhage, and subjectively improved operating 282 
245 plant, and bleeding in major ortho~dicdperations. conditions.21 Perioperative use of low-dose FVlla to 283 

facilitate neurosurgery - both elective and emer­ 284 

gent - has become a relatively common practice in 285 
Factor Vila for intracerel;i~l bleeding our institution. However, the absence of prospec­ 286 

246 tively collected data means that little is known 287 
247 One of the most exciting FVII~'i:le'l~lopments of the about the thromboembolic risks of low-dose FVlla 288 
248 past year was the publicatiollofresUlts from a Phase therapy in patients with TBI. The clinician is advised 289 
249 II multicenter prospecti'lelnalinpatients with the to carefuLLy weigh this risk against the potential 290 
250 acute onset of haemorrhagidfroke.15 Patients were benefits to the patient of more timely surgery with­ 291 
251 treated with FVlla or placei:>q \Vithin 3 h of the onset out large volume administration of plasma. 292 

252 of symptoms. The primarY' endpoint was the 
253 observed degree of haemorrhage expansion from 
254 the initial CTscan to one obtained at 24 h. Patients Factor Vila for other uses 
255 treated with FVlla had a significant reduction in 
256 haemorrhage volume. Since the study was not pow­ Increased experience with FVlla has led to increased 
257 ered to examine this effect, it was surprising to find use in trauma patients outside of the narrow focus of 295 
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352 
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354 
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359 

361 

362 

364 

366 

296 acute haemorrhagic shock or TBI. The first use in
 abdominal and orthopedic operations.24 Several case 
297 trauma in the United States was actually in an ICU
 reports on this topic have appeared in recent years, 
2~ patient several hours removed from the operating
 reporting that FVlla therapy is accepted by Jehovah's 
299 room. 20 The patient was haemodynamically stable
 Witness patients, and appears to be efficacious in 
300 and adequately resuscitated but suffering from a
 reducing intraoperative blood loss. 
301 persistent and ongoing coagulopathy. He responded
 More generically, the use of FVlla as aprophylactic 
302 to FVI/a therapy, but died many weeks later of
 therapy to reduce the need for transfusion is an 
303 multiple organ system failure and sepsis. Many other
 interesting proposition. Freiderich and colleagues 
304 case reports document similar "late" use of FVlla
 demonstrated a significant reduction in intraopera- 360 

305 for patients who are not in shock, but are still
 tive blood loss and thenl,lmber of patients requiring 
306 demonstrating evidence of bleeding and coagulo-
 transfusion whenZOor40 mcg/kg of FVlla were 
307 pathy.11 In our own practice, we have used FVlla to
 administered at toe start; of radical prostate sur- 363 
308 treat patients with ICU coagulopathy secondary to
 gery.;w Similar prOs~tiVely collected data have 
309 sepsis, cirrhosis, amniotic fluid embolism, and con-
 appeared forelectiVe~epatic surgelYr4-1-furthersug- 365 

310 genital clotting factor abnormalities.8 Our experi-
 gesting the efflqacy of, prophylactic administration, 
311 ence suggests that most of these patients will
 although theJ~ata from liver transplant operationsJ. 367 

368 

369 

370 

371 

373 

374 

376 

377 

312 normalize after a low dose (1.2 mg) of FVlla, but
 andmajorpetVi(:suJ'se~avebeenlessconvincing. 
313 long-term outcomes are typically driven by the
 Overall, it;(J~s seem likely that FVlla can reduce 
314 underlying pathology. The only exception we make
 blood lO$c'frpm"inajor elective operations. What is 
315 to this dosing practice is in patients with active
 less cle~f is ~he cost of this therapy; both in financial 
316 haemorrhage in the setting of severe cirrhosis. In
 terms anaih,~the risk of thromboembolic complica- 372 
317 this group, we have begun using a "clotting cock-
 tions. Whilettle latter issue will be clarified byfuture 
318 tail" of 100 mcg/kg FVlla, a pheresis pack of plate-
 pro~pettl\'G trials, the expense of FVlla at this time 
319 lets, and 6-10 units of cryoprecipitate. When
 ma~~~it ~elatively unpalatable for routil)e prophy- 375 

320 administered in close proximity, these three agents
 li'l,tticOSelit is likely that this analysiscould changein 
321 will work to stop non-surgical bleeding in almost any
 t,~e;~o"1jng decades, however, as the long-term risks 
322 patient. Nonetheless, long-term outcomes in cirrho-{of,t~[!Sfusion are better defined and as competing 378
 

323 tics with serious traumatic injuries remain poor.,i~";Rro-coagulant products enter the marketplace. 379
 

324 Another increasingly common use of FVlla in our·f; ".",
 
325 practice is for the rapid reversal of anti-coagula'1t iYi'
 

326 therapy ·in patients with new-onset bleeding.3 Th1~ Yfcited references
 
327 scenario is seen often in elderly patients on pre:;':';, 380
 
328 injury warfarin therCl,py who present with new il1tra.'::,,7,12,13,22 381
 

329 cranial haemorrhage, typically from trivial meChan~
 
330 isms. This type of patient represents a sigl1ifiqi'l,nt<
 
331 therapeutic challenge. The traditional approacfl of References 
332 attempting to normalize prothrombin tjrj{eiw,th
 
333 

334 ceeding with neurosurgical interventioh~~ll fre­
 as adjunctive therapy for bleeding control in severely injured 384
 
335 quently fail, due either to diseast;lp(pgression
 trauma patients: two parallel randomized, placebo·con· 385
 
336 during the time needed to administe'r thes~ thera­
 trolled, double-blind clinical trials. J Trauma 2005;59:8-18. 386
 

337 pies, or due to fluid overload and cardii'l,c faJlure as a
 2. Clark AD, Gordon WC, Walker 10, Talt RC. "Last-ditch" use of 387
 

338 

339 found that small dose FVlla will correct the inter­

consequence of the volume administer~d.:We have
 recombinant factor Vila in patients with massive haemor­ 388
 

rhage Is ineffective. Vox Sang 2004;86:120-4. 389
 

340 national normalized ratio (INR)J.n'lessth~ln 10 min,
 sive anticoagulation with recombinant factor VII concen­ 391
 
341 allowing for immediate surgical inte[yention. Vita­
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