
21 February 2006 

To: CBER1Offic.e of Blood Research and ReviewiDivision of Hematology 
I401 Rockville Pikc: HFM-392 
Kc~ck~illc. Maryl~~nd 20857 

Subject: INU 1 2504:HBOC-201 (Polymerized Bovine Hemoglobin -B): Request 
for consultative review of efficacy of HBOC-201 vs. lactated Ringer's 
solulion in a porcine hypovolerr~ic shock model 

Studv examined: 

Protocol K(M4-04: A RESClS clinical trial IND-enabling study to compare the efficacy and 
safety of HBOC-201 (HBOC) and lactated Ringer's (LR) solution in a swine hemorrhagic 
shock model with uncontrcblled hemorrhage and blunt traumatic brain injury (TBI). 

Executive surnmarj, and recommendations: 

hlodel ThC subject htudy was done in  a lethal model of acute hemorrhage and TBI in which 
pr(wislon ol.de;initi\e resuscitative care was delayed 30 (Shon Delay: SD) or 75 minutes 
~Ltrngt.~. Dclay: LD) until simulated arrival to ERIORIICU. Interim "field treatment with 
HBOC (10 rnlIKglinfusion): LR (20 rnllkgl infusion) or no fluid (control) was provided during 
thew dcla>\ (SI): 1 infusion: LD: 4 infi~sions). Survival and cardiovascular (CV) status were 
~~~orritc~red for 6 haul-s ibllowing Iraurna. I t  is a rrrodel panicularly vulnerable to right s i d e d  
c~ccrload, and thc pulmonary vascular hypertension provoked by whole blood during definitive 
scsusc~tatic~n ncccssitated a confounding prophylactic use of keterolac. 

Kcsult\ In the SD scenario, survival to 30 minutes was 100%~ in all cohons. In the LD scenario. 
, u r \ i \ ; ~ l  to 75 rninutcs was significantlq improved by intervention with 4 infusions of either 
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tiKO( or I ,K (70-90% v s  30% absent rluid intervention; appreciably prolonged mean survival 
Illlleh : \ .  c l ~ n l r ~ ~ l .  ah well). 

tiolccier. I  as nu1 able to e~alualc ,  unconfoundedly, relative survival to 6 hours (HBOC: 62% 
. .tplnox 10% lor LK or control) - or thc valuc of any of the multiple CV parameters 
~~nmirorcd throughout this study. That is, a different population was monitored after "hospital 
: ( I - r~va l .  nalllel) only the sub-sel 01' pig5 which received keterolac (a potent and long-acting 
rhn~rnhoxane sbnthase inhibitor) afier such arrival.The prognostic/therapeutic implications of 
change\ in CV hLatuh was also indeterminate, lo me, since only traiectories of survivors was 
plolted in  his s(udy ia retrospective segregation to decedents vs. survivors and their relative CV 
slatus over t~ lnc  was not perforrr~ed). As noted, only a subset of the original populations 
c.~~itinrred lo hc tracked after "hopital ;~rrival". 

Kctcrt~lac. u a >  used to prcvcnt lethal pullnonary artery hypertension (PAH) and cardiovascular 
c.ollap\e plovoked bv whole blood transfusions during definitive resuscitation. As a r ~ u e d  below . . - - 
(hcc Kcterolac issue) i t  is cxpcctcd to blocks rrlost, if not all, of any residual pulmonary pressor 
and oilier \aoconstriitor activity of previously infused HBOC. Accordingly, the ostensibly 
rll~preh\ivc supcriori~y of emergency trcatrlient with HBOC over LR or control on survival to 6 
hrs [67% \ \  10%. as noled a b o ~ e  rp< 0 01 ); rllean survival time: 4.2 hours vs. 1-2 hours 
II'<O.("'I)I IS iuspccl 

Keco~~~rne~tdations: It is recornrncnded that -since use of keterolac is not envisioned for the 
prupo\cd clinical tri~il- this 111odc1 not be considered as support for emergency use of HBOC per 
\('. El'lcct 01' HHOC. absent keterolac pretreatrncnt, on survival andlor neurologic sequelae at 6 
llours. and beyond. ren~ains unknown. It does suggest superiority of HBOC + keterolac over LR 
+ kctcrolac as emergency iherapy prior to definitive treatment if - absent data on longer-term 
\urv i~;~I /  nzurologic status - survival timc to 6 hrs is the only criterion. 

Allhough in 1114 opinion the study does not >upport clinical testing of HBOC-201 per se, it could 
he informatively revisited for the purposcs of: 

I 1)er-iving pulrnonary vascular resistance (since cardiac output, PAP, and PA capillary wedge 
~xcssuresdeter~ninants wcrc all period~cally monitored), and determining status of pulmonary 
;~ntl s!ster~~ic \ascular resistance prior lo and after keterolac. The study report is silent on 
variab~litj of cffect. if any, of Keterolac. at the dosage used, on total systemic or pulmonary 
~csisri~ncc Sirice tirning of keterolac and whole blood transfusions varied from pig to pig, it is, 
lurthclmorc. not appropriate to exclusively plot mean of data at fixed post-trauma time points as 
\ponhrlr h;ls previously done. 
, - 
- .  bcgscga~ing pigs into surviving and deceden~ cohorts and plotting the trajectories of their 

cardio\ascular and physiologic paramerers to inform prognostic/therapeutic implications of 
changch in cardiovascular status. 

Overview: 

Backeround: 
t iKO( 20 I is an in\estigational henloglobin-based oxygen carrier, namely ultrapurified, 
ylutaraldel~yde-poly~~~erired, modified bovine hemoglobin (hemoglobin concentration 13+1 
:/tiL) i.an-led in a balanced elec~rolyte solution. It is intended to replace RBCs for emergencq 
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.field' Lreiilmcllt of hemorrhagic .\hock. Naval Medical Research Center, in collaboration with 
t31c)pure Corp, proposes to evaluate HHOC-201 as a resuscitation fluid in the pre-hospital setting 
In the irrban t~ailma situation. Their rationale is thal a hemoglobin substitute would serve to 
~-c\tc>rc hoth cftectivc vascular volume ~ n d ,  unlike normal saline or LR, 02-canying capacity. 
S p n n ~ ~ r  hlpothesized that HBOC-201 would - relative to LR - improve hemodynamics, tissue 
os>geliation. and survival while decreasing the overall fluid and blood transfusion volume 
requirements for such. To increase likelihood that parity or even superiority to LR would be 
cncountercd in the context of a smaller total resuscitation volume, the intravenous bolus infusion 
'tlosa$es" of HBOC were %that ot'LR, namely I0 mVKg vs. 20 mllKg, respectively, 

'The) \ub~nrtted a Phase 3 trauma trial. to be conducted under $50.24. It would compare pre- 
hospi~cil reiusc~tation with HBOC-201 vs. normal saline (standard of care). 

T'o rr.) lo address CRER clinical hold isues, sponsor submitted the subject study of the behavior 
nt' HHOC-I01 bs. LK vs, neither i n  a prg hemorrhagicltraumatic brain injury (TBI) shock model 
$11' high monali~y ab\en~ timely and appropriate resuscitation. 

The Model: 
Features 

This is a nrodel of acute severe hemorrhagic shock /TBI in which definitive resuscitative 
rrcntment was delayed for 30-minutes (Short Delay: SD) or 75-minutes (Longer Delay: LD) until 
>iniula~ed drri\aI at a hospital ER/OR/ICU. Either HBOC or LR was infused during the delays. 
Thc tri~lectory was lethal if bleeding was allowed to persist for 75 minutes with only oxygen as 
 upp pol-^. Cpnn "hospital arrival". standard rnedicallsurgical care for hemorrhagic shock was 
adrnin~\tered to surbivors copti1ni7.ed mechanical ventilation; normal saline, whole blood, andlor 
manni~vl pm: henlostasis of the lacerated liver). 

In add~tior~ to survival and fluid rcquircmcnts fc7r resuscitation, a variety of cardinal CV and 
ph)sic>logic parameters were monitored lo 6 hours post-trauma. These included: mean arterial 
pressure; pulnronar) arterylcapillary wedge pressures; cardiac output; total peripheraI vascular 
resrstance. tissue oxygenation: intra-cerebral pressure; lactic acid and base excess; and PT, PTT, 
and tihrinogen Brain histopathology mas also assessed. Conspicuously absent was veterinary 
iollom-up beyc~nd h hours although surbival in the LD scenario controls is only about 10% 
despitc standard normal saline or whole blood restitution and surgical repair, it was over 60% for 
the HHOCcohort. 

('entl;~l vcnouh pressure and pul~nonary vascular resistance (PVR) were not monitored 
Howc\er, all the paratrreters needed to derive PVR were periodically or continuously recorded 
( I  c.. cardiac output. PAP. and pulrn. art.capillary wedge pressure). It is recommended that 
,pc>nhi>r re-visit data and derive PVK. Stroma-free Hgh preparations have very appreciable renal, 
pulmonan. and -as  evident i n  the large increase in SVRI in the subject study - other systemic 
\asocons&ictor acti\ity. It should be expected that, based on the literature, that administration of 
.I thro~lrbo.tane inhibitor e.g.. keterolac. would hlock most, if not all, of any residual pulmonary 
pl-c.;sor and other vaoconstrictor activity of previously infused HBOC. 
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Induction lextcnt of trauma: 

I r r  thc Ilancl\ ol'the sponsor. this is a model of reasonably reproducible trauma since blood loss 
and hctrrodynarr~ic status at 15 minutes when pre-hospital intervention with HBOC or LR was 
~nitiatctl - \\ere conlparablc across the six treatrrlent cohorts based on the small coefficients of 
\ ~ t r i a t ~ o ~ ~ .  ,\I such tirnc. cardinal pressures (arterial, cerebral perfusion and pulmonary 
aitcrylcapillary wedge) as well ah total 1)eriph.vascular resistance, cardiac output, transutaneous 
li>sue ~~xygenation. and rnixed venous oxygen saturation were depressed 20.50% and end-tidal 
( '02: 111ixcJ verlous oxygen saturation; and cerebral cortex tissue oxygen by up to 75%. As 
cxpeclcd, certain parameters e.g.. heart rate and lactate, were uniformly elevated as sequelae of 
lhc c.x\anguinalion 

C'ardiovascular monitoring: 

11 hear\ recogni7.ing rhat this is an anesthetized model and a variety of physiological CV 
~p:~r;~~neter\ and homeostatic reflexes to preserve such are undoubtedly affected. However, in my 
cxpericnce and to my understanding. isoflurane. in rhat regard, is preferred over pentobarbital 
anesthesia (and is what I used in developinglmonitoring a rat model of heart failure secondary to 
acule illas\l\.e MI.: 1)eFeIice. A. et al. 1989. Anl. J Physiol 257:H289-96). 

l'hc c%~rdinal CV parameters monitored included: cardiac output: cerebral blood flow; blood 
yscslpH; ~otal peripheral vascular resistance: base excess. and end-tidal carbon dioxide; brain 
I issue i ~xygenation: and critical prcssurcs ( i s . .  systemic and pulmonary; LV end-diastolic; 
ccrebl-;)I perfusivn; and inrracranial). Crntral venous pressure and blood volume were, however, 
~pro~ninently absent. Pre-resuscitation blood loss and volumes of fluid administeredlrequired 
prior ant1 during hospital simulation were recorded. Surprisingly, central venous pressure 
and blood volume were nor monitored, which may be just as well since neither would be tracked 
.- in thc field" to guide intravenous therapy. Injection of labeled microsphere into the left 
\?nrricle for monitoring cerebral blood flow is valid only if there is adequate mixing in the LV. 
b.videnie olsuch was not provided. Cardiac output was reliably monitored via the pulmonary 
xnery hy iherrnal dilution. I note. in passing, that blood flow to a variety of other tissues could 
~ l s o  have heen readily monitored with the microsphere technique (DeFelice et al, ibid).but 
cbicicntly ucrc not. 

I am nor familiar with the combined oxygen sensor1 Doppler flow probe used to monitor brain 
tlssue icercbral cortex) oxygenatiodblood llow at. and contralateral to, the injury site via 
c.ranioiomies. I note that the changes in both parameters are so slight and variable as to be 
uninformative. to me at least. 

The bahod~latory response to adding CO? to the inhalation unit, as measured by changes in 
Sagiral Sinus C) 2 saturation and laser Doppler cerebral blood flow, was evaluated periodically 
10. 120. 360 min). Sponsor acnowledges rhat this was not especially informative given the small 
and slalis~icall) insignifican~ changes in SS 0 2 sat. The COL challenge caused acute apnea and 
hypotrnsion in some cases, and significant unrelated mortality prior to the scheduled 2 and 6 hr 
lime point. yielded few rime points on which to base mean behavior. 

I~rrporlantly. pruthrombin and parlial thrornboplastin times (PT; PTT) as well as fibrinogen and 
platele~sl platelet function were monitored 
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Iltilitj of Trajectory CV parameters ah portrayed: 

11 M O I I I L I  h.~ve heen more informative I<% compare trajectories of cardinal CV parameter in 
,ur\.l\.lng \ \  expiring pigs - in both SD and LD scenarios. and regardless of experimental 
~cusc~ta t i (>n rc:inien - for- insight into lactors associated with mortality. and with protection. 
H~)we\ er, I he data were not retrospecti\ely segrcgated into surviving and terminal sub-groups. 
K;~thci. the less informative rrlean value (? SD) of survivors as a function of time and treatment 
uaa dcpictctl. and does not afford imprcssions vf prognostic parameters, viewed in isolation or as 
WT\. 

Blinding: 

.4s notcd nhove. this was not perl'or~ned. However. there appear to have been relatively discrete 
ohlccr~\e clinical criteria triggering need ror supple~nental HBOC or LR infusions prior to 
\~mulatcd hospital arrival. and need for norrrral saline ur whole blood interventions after "arrival" 

Statistical AnalysisPower: 

Thc bponsor calculated a sample sire to address the primary outcome of interest i.e.. 
> u r \  i \ . ~ l  to 6 hours. Given an alpha of 0 . 0  (one-sided), with 8 animals per group, sponsor asserts 
{hat study had aufiicient power to detect only large (e.g.. 75%) differences between treatrnent 
?roup\ Ac~wrdingly. this study was under-powered to detect very important differeirces in 
\ur\i\;ll (e F.. 25-50'?.). Two separate analyses were conducted: Fisher's Exact Test for 
proporllon s u r ~ i v i n  to 6 hours: and time to event (Kaplan-Meier, Cox proportional hazards 
rcgre\,lon~. and sponsor asserts results were "highly consistent". 

Sponsorsaacsen that. based on prior research. the sample size was adequate to detect moderate to 
large (r'g.. L 25'XI between group differences for secondary hernodynamic and physiologic 
outconres including cerebral blood tlou. C 0 2  reactivity, brain tissue oxygenation. This seems 
ieasonoblc However. as I have noted data was not segregated to compare the CV trajectory of 
u I . tcrrninal pig hub-scts 

'Trial Design (Dosing, Resuscitation, End-Points): 
Kesuscitation: 

"Prc hosp~tal": After ttsn n~inutes ofex,sanguination, pigs were randornly allocated to one of six 
treatrncnt groups. Two delays to hospital arrival were simulated: 30 minutes (Short Delay) and 
7 5  ininuteh (Longer Delay). There were three cc3horts in each simulation based on fluid received 
I HHO('-20 1 ; LK I or not received ~conlrols) prior to simulated "ERIORIICU arrival. Interim 
w>usciration with either HBOC-201 at I0 mVKglinfusion or LR at 20-mVKg/ infusion) began at 
I i ~ninuter In the LI) cohort. additional infusions were provided at 30, 45, and/or 60 minutes as 
tllctated b\ the animals clinical condition per discrete "trigger points" namely MAP< 60 mrnHg; 
a~ltllor H R  z baseline (time 0) value. Thus SD pigs received 1 infusion. and LD pigs up to 3 
rriore. Controls received no fluids until simulated hospital arrival. All pigs were ventilated with 
l O O q  \lxygen fronl IS rrlinutes until sin~ulated hospital arrival. 

' . .Arr~~al .- at hos~ital" Ueiinirivc stabili~ativn care was implemented PRN upon "hospital anival" 
(Sponhor'a table I .), namely: to increast: Fi02. infuse normal salilie; infuse whole blood (up to 
three t i ~ ~ r e ~ .  and proceeded by administration of keterolac), adjust ventilation, and administer up 
I(, Z do\es ~rlannitol. Such care was applied prior to and after repair of the liver and asserted to 
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tlcpcntl on ,lalu\ of hlood prcssurc. h u t  ratc. hcrnoglobin. lactic acid, C02,  and cerebral 
~ ~ V C \ \ \ I I L . S  (~nlracraninl: pcrt'usion I .  

Krws~Ilatlon alter s~nlulated ho5p1ral a~ribal was not blinded. However, the timing (approx. 30- 
nilnulc ~ n t ~ , r \ a l \ ~  and volul~~c of normal saline and/or whole blood (10 mVKg; a total of three 
I I I : I X ~ I I I U ~ I  iippcar I O  have heen dictated hy the beterinary status of the pig (vital signs, blood 
:;l\c\. I;lctii ;icid and hemoglobin). A> I am neither veterinarian nor physician, Icannot comment 
on w h ; ~ ~  care ib  'consislenl" with veterinary or clinical ERIORIICU practice, and 
;~l)p~-op~.~at~,ncs\ of the trigger point.; ust,d. [In the pivotal LD cohort there were also objective 
cr.itcti;~. 3 b  110ted. for triggering supplen~ental infusions of HBOC or LR at 30,45, and/or 60 
I I ~ ~ I I U ~ L , \  prior to definitive resuscitati~)n 1 .  

1-hr 111t1del war intended to compare effects of HBOC vs. LR on survival and, secondarily, 
t~c~ni)~l!nal~~ic rlatus when administered prior 10 a delayed definitive resuscitation attempt. Three 
~ . ~ ) h o n \  were used in both SD and LD scenarios according to fluid received or not received in the 
"lield" nar r~el  HBOC ( I0 rnVKg) or I,R (20 inVKg) vs. none - all on a background of 
~ n a n d a k ~ ~ q  oxygen suppofl. Neither was given as part of subsequent standard resuscitative 
Ireatnlcnt. In the SD scenario. one HBOC or LR infusion was administered 15 minutes prior to 
ht) \ l ) i l ;~l  "arrical" at 30 minutes. In the 1-11 scenario, up to three more infusions of either fluid 
could hc dclicered ar 30, 45, andlor 60 minutes hased on veterinary criteria. The primary end- 
pt)inl in  borh the SD and LD scenarios was survival to simulated hospital arrival (SD: 30 min; 
LI): 71 mi I. and to 6-hours. Cardiovascular trajectories, as well as tissue oxygenation (brain; 
~ h o r a c ~ i  and thigh sc ) and markers of brain neuronal and glial injury were secondary as noted. 

f h e  Kc~erolac Issue: Keterolac was needed to prevent lethal pulmonary hypertension (PAH) and 
c;lrdio\ascular collapse otherwise seen after the whole blood transfusion (triggered if 
hcrnoglobin was 5 7 rng/lIl). All pigs needed whole blood tranfusions (up to two. the max. no. 
Alloucd). The PAH was attributed by sponsor to RBC-provoked thromboxane generation by 
~)ul lno~lan WBCs. The expected blocking effect of ketorolac on the dose-related pressor 
(\aboconsrriclor) activity of HBOC but not lactated ringer's in the LD scenario in this study 
confounds any Interpretation of relative activity of emergency HBOC vs. LR pre-treatment on 
\ubsyuenl delinitivc resuscitation. Both the marked renal vasoconstriction and fall in GFR 
~xovohcd by strorna-free hemoglobin in isolated kidneys were blocked 70% by pre-treating the 
rats bith the thromboxane synthetase inhibitor OKY-046 (Lieberthal et al.. Biomat Artif Cells 
11n111ohil b~otechnol 1992. 20 (2-4): 663-7). These authors observed these deleterious renal 
c,t'l'ect\ with unmodilied. glyoxalated, or pyridoxyalated Hgb preparations at concentrations "well 
helow (hat necessarq to effectively improve oxygen content" (Lieberthal et ul Life Sci. 1987 
41 (23 I 2515-31.) 

121ehenhal rr (11 (1987: 1992) reportcd that unmodified and modified stroma-free hemoglobin has 
\ asoconstrlclor activity at concentrations less than necessary to effectively improve blood 
oxygen content: and dernonstrated. both directly and by use of a thromboxane-synthase inhibitor, 
I ha1 1 h 1 5  ac~vity is thro~nboxane~-rnediated. Furthermore. Kabinovici et a1 (1992) reported, in a 
I~ead to he;id study. that Hgb produced vasoconstriction under conditions where LR or normal 
5;llinc rcvcaled no tuch activity 

I conline 111) comnlents primarily lo behavior in both the SD and LD cohortsprior to simulated 
h(~rpil:~l ai~ival where results arc not conlbunded by use of Keterolac. The relative cardiovascular 
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,talus ;lnd rurv~val alier such "arri\aI" was ~nonitored in the context of the pervasive use of 
herorc~l;~c hince all pigs received at leas1 one whole blood transfusion and Keterolac 
proph lacricallj 

4. Blood losses and fluid requirement: SD and LD 

Hlood los5cs:SI). Blood loss at I5 minutes, just prior to interim treatment with either HBOC or 
LK wn, approx ?? rnl1Kg in all cohofls. Blood loss was also comparable at 30 min in the SD 

Hlood I.ob\es: Ll).Total blood loss in the Long Uclay scenario was nearly identical for pigs 
rcsusc~iatcd with HBOC or LK (hoth approx.75 mVKg). This was nearly twice that lost by 
i,ontrolr (n~ean : 40 rnl1Kg) - not surprising. since the exsanguinations at the liver remained 
uncon~rollcti. and many of the controls were dead hy the time the other cohorts were due for 
(heir- ih~rd 145 111inute)-or ihuflh (60 minutes) infusion of HBOC or LR 

Pr-c-hoipiral lluid requirenrents: In the 1,D scenario, the LR and the HBOC cohorts each received 
4 int'uh~ons ar 20  and I0 rnllinfusion. respectively. i.e., the maximum possible. Accordingly, the 
1111al olapl~rox X0 ml1Kg of LR and the 40 mll kg of HBOC, afforded full or partial restituition, 
I-espec~~velq. I'or ihe 75 ml1Kg of hlood lost by pigs in each cohort. and it is in that context that 
delinii~ve ~esuscitation was attempted. 

Pigs \\<.re $~ligur-ic a~ time of "hospital arrival" as expected given the marked hypotension 

H. Survival and Hemodynamic status 

SI) Scenario: 

Hehav~or before "hos~italization". 

Survi~al:  

There was 100'7 survival to start of dciinitive resuscitation at 30 minutes, even in the control 
iohon. which received no fluid intervention. 

Helr~otlvnarnic status: 

Ihcrc were some apparent improve~nents in CV parameters of HBOC-treated pigs relative to that 
ohser~cd in the control and LR groups. Thesc prominently included appreciable restorations in: 
ccrchr.i~l perfusion pressure; contralateral brain oxygen partial pressure; mean systemic and 
pulmonaq artery pressures: end-tidal C'O?; transcutaneous tissue oxygenation; and sagittal sinus 
0: sat~~r-ation. Cardiac output. however. remained depressed in all cohorts. Systemic vascular 
resistance at 30 minutes approached pre-trauma values, even in controls, and in the HBOC group 
~~ctually exceeded baseline. 

&lor alier "hospitalization" 

I makc no attempt io lie pre-"hospital" Lo posi-"hospital" trajectories because of differences in 
populaiion and ireatrnent. That is, only pigs that received keterolac were tracked both prior to 
rind aficr hospital "arrival" and attempted definitive resuscitation. Their earlier behavior is 
collaphed uith that of pigs monitored only up to hospital arrival, pigs which, presumably, 
\uhsecluenrly died after whole blood transfusion absent protection with keterolac. Trajectories of 
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p~gh rt1.11 surviv~.d \ s .  pigs. which cxpired. were not segregated retrospectively and plotted. 
('onsecl~~ently. I could not (letermine prognostic uti l i ty of any parameter - and salutary effects, if 
;III!. ot trealrllenl on such. 

I rlote. however (hat by 6 hour  and dcspite attempts at resuscitation via standard 
inre~.vciltions prn, survival was down to approx 50%. in both the HBOC and LR cohorts vs. 100% 
In the cont~ol coho~t.  Lack of significance at the p 4 . 0 5  level speaks to the lack of power to 
dctcct \uch 3 clinically important dit'fercnce in relative survival (n= only 3 for control pig 
I I Thih can be compared to the 6 hour HBOC survival in the LD scenario (see immediately 
hclow) where p ~ g s  received ftrur infusions prior to hospital arrival: 62% vs ca. 10% for control or 
1.R coh{rrts Osrensibly. crnergency treatment with four HBOC infusions tends to be only slightly 
hcttcr. In tcrlns ol'sur-viva1 to 6 hours, than one; however extent and duration of hemorrhage and 
unlrea~ed hurvi\aI differ in the S1) and 1.L) scenarios, and study design does not afford insight 
Into Dose-Response for HBOC (if such applies to fluid replacement in hypovolemic shock). 

1,L) Scenario: 

Hehacror bcforc "ho\~italiration". 

E~nergcnc! field treatnienl with 3 infusions of HBOC and LR in the 75 minute interval prior to 
.hnhpitnl arrival" significantly prolonged survival to such time: 94% (1 5/16); 71% ( 10/13); and 
3 0 ' 1  17!IO) for HBOC. L.K. and control cohorts respectively ( p l 0 . 0 0 .  A majority of the control 
prgh succurnhed in the 30-50 n~inule interval. 

Hcrnodvna~r~ic status 

In\ight\ into the prognostic ut i l i t )  of any CV parameter - and salutary effects, if any, of 
t r c a t ~ ~ ~ t ~ n t  on such vih a vis survival -could have been provided by plotting, retrospectively, the 
trajeclol-ies of  pigs which survived vs. pigs which expired rather than the "Kaplan-Meyer" type 
o l  s u n  ~vor  portrayal provided. This can he informative in models of lethal CV compron~ise 
e e c e  1 I I .  Echocardiography of aortic regurgitant rabbits FASEB J 7(3-4) A752. 1993). 
Howe~cr, this has not done even in this pre-hospital interval where there was a striking 
differcnce in  survival. and results were not compromised by Keterolac. A less informative (to 
me) view ol' the trajectory of survivors in the 0-75 minute interval - especially the 30-50 minute 
interval of highest lethality in the contr~,ls- nevertheless revealed rather abrupt inflection points 
and or dope changes for cardiac index: mean arterial, pulmonary arterial wedge (a surrogate for 
l.V mtl-diastolic tilling). intra-cranial and cerebral perfusion pressures; saggital sinus oxygen 
\al.and lactate: and seruln lactate/base deficit. I interpret the changes i n  slope of those parameter 
in that lethal 20-minute as reflecting an "unnlasking" of the status of pigs at less immediate risk 
5iI ilnrl~inent death cs. those dropping out during this interval. And suggest such parameters are 
prrync~\tic in t h ~ s  model. but, again, pigs were not retrospectively stratified as to survival. 

The relative CL status of the survicors (which is all that is plotted) at 75 minutes (15, 10, and 3 
pigs in [he HBCIC. LR, and controls. respectively) is not especially informative to me. Only the 
>tat~rs ol'sur-\ivors is plotted, and it doe not obviously distinguish either the surviving (HBOC 
and LK I from the nearly depleted (control). I would recommend that sponsor re-visit data and do 
;I I-etr-opective plot of sur~ivors vs.  non-survivors in all cohorts to more accurately identify 
pro:no\tic rnarkers and relative effects. if any. of HBOC vs. LR on such. 
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Hcha\~or alter 'hospi~alizaion" 

h ~ h ~ r u ~  ,ur\ ival of pigs receiving elnergcncy treatment with HBOC in this LD scenario was 
'igniticantly greater than that o f ~ h c  LR or control cohorts (HBOC: 62%; mean survival time 
-I.?ho~~i\.  LR and control: ca. 10'F'. and rnean survival time of ca. 1-2 hrsj. Two observations 
~indcnlllne the confidencc I place in this therapeutic superiority: all pigs received keterolac prior 
1i1 subscqucnt whole blood transfusions: and the fluid requirements during definitive 
~.csusci~~tion (both) of ihe HBOC cohon were. based on mean number of saline and whole blood 
~nfusiol~s &ere 2-4  ti~nes greater than those associated with the LR and control cohorts. Again, 
data for survivors vs. decedents vis a vih fluid requirements was not segregated to inform 
whcthcr sur\ival wab inferior in LR and control cohorts despite comparable attempts to restore 
cl'fccti\c blood volume. Of course. LR and control may have received fewer fluids during 
at te~np~cd definitive resuscitation simply bccause they were dying off more quickly than pigs in 
Ihe HHOC-treated cohort. 

Since .ponwr monitored cardiac output. and pulmonary artery1 capillary wedge pressures 
I hrougliout the study. it is recomrrlended that the sponsor re-visit the primary data, and derive 
pulmonuq vascular resistance. It is critical to determine - especially in this LD scenario where 
HBOC hhowed ostensibly impressive survival benefit - whether keterolac reversed, partially or 
l 'u l I> .  the ailverhc pulmonary vasoconstric~or activity of the latter. Clearly, HBOC promoted 
Itlean pulmonary artery pressure appreciably ( to approx 16 mmHg vs. 8 mmHg in control: 
Sponsor's Fig I?, p. 28701) Incidentally. this is the same mean 8 mmHg pressor activity 
ahsociated l r i t h  the lethal whole blood iransfusions in pigs unprotected with ketorolac (Sponsors 
Figure 1.p 2858). Evidently, these pigs are prone to right-sided failure, as normally, these would 
no1 bc iimhiderd. a1 least by me. to be egregious increases. 

Recommendations: 
Thehe are probided in the Executive surnrnary. 

I t  i h  cat-ciinal that we know. in this model. not only effect of HBOC-210per se on hemodynamic 
,tatus and survival before definitive veterinary resuscitation of hemorrhagic shock, but after 
\uch. including effect on neurologic status. The only neurological status monitored in the subject 
study was histopathology at aut0psy.e.g. neuronal necrosis (NN). Since histopath. does not 
~ln~nedlately follow injury sponsor concedes NN is skewed by survival and does not accurately 
rcpresent true differences in incidence and severity of NN (and I might add all other biomarkers 
monitored . including white matter degeneration, WBC infiltrates, and the several 
in~r~~unohis~ochernistries (GFAP: MAP-'), none of which distinguished, to me.  the various 

l'hc study does support pr.irrrcrtuc.ie the emergency use of HBOC-210 prior to definitive 
resusci~ation with whole blood and normal saline if preceded by treatment with keterolac. 
HowcbCr, i t  is not at all clear frorn the helnodynamic status, as depicted, which parameters - 
~ncludil~g tissue oxygenation - were prognostic, and effect, if any. of HBOC on such parameters. 
That ih .  at htudy end. there was no segregation into surviving and decedant cohorts to identify - 

retrospccti\cly. and by re-playing their tr;ijectories side-by side - those parameters whose 
preserbation. or reversal. had survival benefit. 
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