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for consultative review of efficacy of HBOC-201 vs, lacbkd Ringer's 
solution in a porcine hypsvolemic shock model 

&& ex~mined: 

Protocol K004-04: A RESUS clinieoll trial 1Nbcnabling study to compare the efficacy and 
safety of HBOC-201 (HBOC) and lactated Ringer's (LR) raalutian in a qwine hemorrhagic 
shock model with uncontrolled hemorrhage and blunt traumatic brain i n j u v  (TBI). 

Executive summary, and rccommendsfions: 

Model: The subject study was done in a lethal model of acute hemorrhage and ? B I  in which 
provision of definitive resuscitative care was delayed 30 (Sltad Defay: SD) or 75 minutes 
(Longer Delay: LD) until simulated arrival to E W R A U U .  Entedm "field" treament with 
HBOC (10 ml/Kg/i&ion); LR (20 mVkg/ infusion) or no fluid (control) was provided during 
these delays (SD: 1 infusian; LD: 4 infusions), Survival md cardiovascufar (CV) status were 
monitored far 6 horn following trauma, It is a model particularly vulnerable to right --sided 
owloarl, and the pulmonary vascular hypertension provoked by whole blood during d e m ~ v e  
resuscitation necessitated a confounding prophylactic use nf kcterolac 

Results: In the SD scenario, survival to 30 minutcs was 100% in all cohorts, In the LD scenuio, 
survival to 75 minutes was significantly improved by intervention with 4 infusions of either 



f-XI;30C or LR (78-90% vs. 30% absent fluid intervention; appreciably prolonged me&% survivd 
times vs. control, as well). 

However, 1 was not able to evaluate, unconfoundedly, relative survival to 6 hours (HBOC: 62% 
vs. approx, 10% far LR or control) - or the value of any of the multiple CV pammetess 
monitored throughout this study. That is, a different population was monitur~d aItcr "%oospiuil 
arrival", namely only the sub-set of pigs which received keterolac (a patent md long-actlx~g 
thromlboxme synthase inhibitor) after such mi\ral.The prognosticltherapeutic itnplic&ons 02 
changes in CV shhs was also indeterminate, to me, since only trajectories of ~urvivors was 
plotted in this study (a retrospective segregation to decedents vs. survivors and their reldtive r 
status aver rime was not perk~med). As noted, only a subset of the original populaxions 
continued to be tracked after '%hospital arrival". 

Keterolac was used to prevent lethal pulmonary artery hypertension (I'AH) mid cwdiovasculrtr 
collapse provoked by whale blood transfusions during definitive resuucitalion. As argued h ~ l o w  
(see Keterolac issue) it is expected to blocks most, if not all, of any residual pulmonary pressor 
and other vzll3constrictor activity of previously inhsed HBOCI, Accordingly, the ostensibly 
impressive superiority of emergency treatment with f lBOC over LR or ctmtrol on s w i t a l  to 6 
hrs [62% vs. 10% as noted above (p< 0.01); mean survival time: 4.2 holnvs vs, 1-2 horn 
Q.%O.OO l)] is suspect. 

Reco~nmendations: It is recommended that -since use of keterolac i s  not enyisioncd for the 
proposed clinical tr ial- this model not be conqidered as support for emergerrey use of HH3i)C: pel 
S L ~ .  Effect of HBOC, absent kcterolac pretreatment, on survival @or newcrlagic scqamelae at 6 
hours, w ~ d  beyond, remains unknown, It does suggest superiority o f  IIBOC' f keterolac aver LK 
+ keterulac iis emergency fflerapy prior tu definitive treatment if - absent d a t ~  on longer-term 
survival/ neurologic status - survival time to 6 hrs is the only criterion, 

Aithough in my opinion the study does not st~pport clinical testing ttf HB06-201 per ,Te, it cc 
be hformatively revisited for the purposes of 

1, Deriving pulmonary vascular resistance (since cardiac output, PAP, md PA capiilasy wedge 
pressures determinim@ were all periodically monitored), and determining status of p ~ o n a r y  
and systemic vascular resistance prior to and after ketcrolac. The study regart i s  silent on 
vwiability of effect, if any, of Keterolac, at the dosagc used, on total systemic or pulmonary 
resistance. Since timing of keterolac and whole blood transfusions varied f m n ~  pig trt pig, it is, 
furthermore, not appropriate to exclusively plot mean of data at fixed post-trauma time poinb at 
sponsor has previously done. 

2. Segregating pigs into surviving and decedent cohorls and plotting the trajectories of &eir 
cardiovascular and physiologi~ paramctcrs to infonn prognustic/thertlpe11ti~ impIicatsljoarns of 
chmges in cardiovascular starus. 

Overview: I 

-round: 
EIBOC-201 is an investigational. hetnoglobin-based axygerl carrier, narnely uitrapunficd, 
glutaraldehyde-polymerized, modified bovinc hemoglobin (hemoglobin concentrariun 13h1 
g/dL) carried in a balanced electrolyte solution. It is intended 10 replaec RBCs fox emergency 



"field"" treatment of hemorrhagic shock, Naval Medical Research Center, in cullaboraGon with 
Biopurc: Corp, proposes to evduate HBOC-201 as a resuscitation fluid ir% the pre-hospital setting 
in the urban trauma situation. Thcir rarionale is &at a henloglobin substieulc u ,uicl ser+ c ti, 
restore both effective vascular volume and, unlike normal salinc or LR, 02-erur).1a1g eapacaky, 
Sponsor hypothesized that HBOC-201 would - relativc to 1,R - improve hemodynmics, t i ssw 
oxygenation, and s w i v d  while decreasing the ovetaI1 fluid and blood transfusion volume 
requirements for such. To increase likelihood h t  parity or even superiority to LR wt>uld be 
en~ountered in the context of a smaller total resuscitation vwlume, the intravenous bolus inl'a~,%xon 
"dosages" of HBOC were 5'2 that of I,R, namely 10 mlKg vs. 20 mKg,  respectively, 

They submitted a Phase 3 trauma trial, to be conducted under 550.24. It would compare pre- 
hospitd resuscitation with 1-1BOC-201 vs. normal saline (standard of care), 
'To try to address CBER clinical hold issues, sponsor submitted the subject study of the behavior: 
of HBOC-201 vs. LK vs. neither in a pig I~emorshagic/traumatic brain injury ITB1) shock model 
of high mortality absent timely and ;tppropriate resuscitation. 

Tbe Model: 
Features: 

This is a m{pdel of acute scverc hemorrhagic shock RBI in which definitive resuscitative 
treatment was delayed for 30-minutes (Short Delay: SU) or 75-minutes (Longer Delay: 1,131 uniil 
simulated anival at a hospital ER/OK/ICU. Either HBOC or LR was infused during the delays, 
The trajectory was lethal if blceding was dowed to persist for 75 rnjnutcs with only oxygen a 
support, Upon "hospitai arrival'" standard rnedical/surgical carc for hemorrhagic shock was 
administered to ssurvivors (optimized mechanical ventilation; normal saline, whole blood, andlow 
rnannitol pm; hemostasis of the lacerated liver), 

In addition to survival and fluid requirements for resuscitation, a variety of cardinal CV ~nld 
physialagiic parmeters were monitored to 6 hours post-trauma. nese included; mean arterial 
pressure; pulmonetry arteryfcapiilary wedge pressures; cardiac output; total peripheral vaculu  
resistance; tissue oxygenation; inm-cerebral pressure; lactic acid and base excess; md PT, P7T, 
and fibrinogen. Brdin histopathology was also assessed. Conspicuously absent was veterinary 
fallaw-up beyond 6 hours- although survival in the LD scenario controls is only about 18% 
despite standard normal saline or whole blood restitution and surgical repair, it vvas over 50% for 
the HBOC~ohort. 

Central venous pressure and pulmonary vascular rcsista~ce (PVR) were not monitored, 
However, all the parameters needed ta derive PVR were periodicidly or conexxluuusiy rccotd~d 
(j.e,) cardiac output, PAP, and pulrn. &.capillary wedge pressure). It is rccammeaded that 
sponsor re-visit data and derive PVK. Stroma-fiee Hgb preparations have verjY appreciwblc rend, 
pulmonary, and - as evident in the large increase in SVR4 in the subiect study - other sysacrnic 
vasoconsbictor activity. It should be expected that, bascd on the literature, t%liit zadrrxixmislrati~rn or 
a hmboxane inhibitor e.g., keterolac, would block most, if no% all, of w y  residual puin~u~igary 
pressor and other vaoconsaictar activity of previously infused HBOC, 



Induction /extent of trauma: 

In the hands of the sponsor, this is a model of reavonabIy reproducible trauma since blood loss 
and hernodynamic status at 15 minutes - when pre-hospital intervention wit11 IIBOC or LR was 
initiated - were comparable across the six treatment cohorts based on the small ~oefficients of 
variation. At such time, cardinal pressures (arterial, cerebral perfusion and pulmanruy 
arterylcapillary wedge) as well as total periph.vascular resistance, cardiac output, transutaneom 
tissue oxygenation, and mixed venous oxygen saturation were deprcsscd 20-50% and end-tidal 
C02; mixed venous oxygen saturation; and cerebral cortex tissue oxygen by up $0 775%. As 
expected, certain parameters e,g., heart rate and lactate, were uniformly elevated as seyelae of 
the exsanguination 

Csrdiavascular monitoring: 

11 bears recognizing that this is an anesthetized model and a variety of physiological C'V 
parameters and homeostatic reflexes to preserve such are undoubtedly affected. However, in my 
experience and to my understanding, isoflurane, in that regard, is preferred over pcntobarbial 
anesthesia (and is what I used in developing/monimfing a rat model of heart failure secondary to 
acute massive MI.: DeFelice, A. et al. 1989. Am. J Physiol257:H289-96). 

The cardinal CV parameters monitored included: cisdi:ic c~utput; ctrehmi hfood flow, blood 
gaseslpH; total peripheral vascular resistance; huse excess, and end-tidal carbon dla)~id~; brait? 
tissue oxygenation; and critical pressures (i,c., systemic and pulmonary; LV end-diastolic; 
cerebral perfusion; and intracranial). Central venous pressure: and blood volume were, however, 
prornincntly absent. Pre-resuscitation blood Iass and volumes of nuid adminiskercdfri:q&f:cd 
prior to and during hospital simulation were recorded, Surprisingly, central venous presstire 
and blood volume were not monitored, which may be just as well since neither would be tracked 
" in the field" to guide intravenous therapy, X~ljectian of labeled microsphere into tfic; left 
venldcle for monitoring cerebral blood flow is valid only if thwe is adequate mixing in the LV. 
Evidence of such was not provided. Cardiac ourput was reliably monjitored via the pulmonasy 
artery by themd dilution. I note, in passing, that blood flow to a variety of other ~ssues  could 
also hive been readily monitored with the microsphere technique (DeFelicc et A. dhi@,ht~l 
evidently were not. 
X am not familiar with the combined oxygen sensor/ Doppler flow probe used to monitor brain 
tissue (cerebral cortex) oxygenation/blood flow at, and contralateral to, the injury sitc via 
craniotomies. 1 note that the changes in both parameters are sn slight and variablc as to be 
uninformative, to me at lcast, 

The vasadilatory response to adding C02 tu the inhalation unit, as mcawrcd by chmges in 
Sagita4. Sinus O 2 saturation and laser Doppler cerebrai blood ilow, was evaluated prriodicaliy 
(0, 120, 360 rnin). Sponsor acnawledges that this was not especially infornative given the small 
a d  sta~stically insignificant changes in SS 0 2 sat, 'The C82 chalferagc causer1 ,acute a p r u  &:I.! 
hypotension in some eases, and significant unrelated ~mta~mlity prior tu h e  s ~ f ~ ~ d u l e r r  L dild o it: 
time points yielded few time pints  on which to base mean behavior. 

Importantfy, prothrombin and partial rhrsmboptastin timcs (YS; PTT) us well as fibrinogc~n and 
platelets/ platelet function were monitored 
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Utility of Trajtxtury CV parameters as portrayed: 

It would have been more informative to compare trajeclories of cardinal CV pwmeks rn 
surviving vs expiring pigs -. in both SD and LD scenarios, and regardless of expcrimen&l 
resuscitation regimcn - far insight into factors associated with mortality, and with protection. 
However, the data were not retrospectively segregated into surviving and temirlal sub-poups, 
Rather, the less informative mean vdue (A SD) of survivors as a function of time: and treatment 
was depicted, and does not afford impressions of prognostic parameters, viewed in isolation or as 
sets. 

Blinding: 

As noted above, this was not performed. However, there appear to have been relatively discrete 
objective clinical criteria triggering nced for supplemental IIBOC or LR illfusions prior to 
sirnufated hospital arrival, and need for normal safine or whole blood inmeweaxlions ~ % r  ''xrivai9' 

Statistical AnalysisPower: 
Sponsor caleulatcd sample size to addrcss the primary outcome of interest is., survival to 

6 hours. Given an aipha of 0.05 (one-sided), with 8 animals per group, sponsor asserts that study 
kad sufEcient power to detect only Ieuge (e,g., 75%) differences between treatment goups, 
Accordingly, this study was under-powered to detect very impomnt difkrcnces in swvival $e.g , 
25-50s). Two separate analyses were conducted: Fisher's Exact Test for praportio~i sw.~ r i  ilrg 1,) 
6 hours; and time to event (Kaplan-Meier, Cox proportional hazards regression), and sponsor 
asserts results were "highly consistent". 

Sponsors assert that, based on prior research, the sample size was adequate to detcct modemxet: to 
large (e.g., 2 25%) bemeen group differences for secondary hemodyrramic and physiologic 
outcomes including cerebral blood flow, C02 reactivity, brain tissue oxygenation, This seems 
reasonable. However, as I have noted data was not segregated to compare the CV trajectory of 
survivors vs. terminal pig sub-sets. 

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

"PE- hos~ital": After ten minutes of exsanguination, pigs werc randomly alluciited $0 one of'six 
treatment p u p s .  Two delays tu hospital arrival were simulated: 30 minutes (Sbort Delay) md 
75 minutes (Longer Delay). 'l3ere were three cohorts in each simul~tion based on fluid received 
(h;rBOC-201; LR) or not received (controls) prior ro simulated ""IWOK/I(FtI" %rival, interim 
resuscitation with either HBOC-201 at I0  mlKgJinfusion ar I,R at 20-ml/Kg ~nlksiua) began ae 
15 minutes. In the Lf) cohort, additional infusions were provided at 30,45, andor 60 minutes as 
dictated by the animals clinical condition per discrete "trigger points9* namely MAP< 60 mrnNg; 
andlor HR > baseline (time 0) value. l'hus SD pigs received 1 infusion, and LD pigs up to 3 
more. Controls received no fluids until simulated hospital arrival. All pigs were ventilated wi& 
100% oxygen from IS minutes until sirnulalcd hospital arrival, 

"Arrival at hosxriw, Definitive stabilizatiun care was implcmer~ted YKN upvsa "hospital ar.r:i al" 
(Sponsor's table I .), namely: to increuse Fi02, infuse norm4 saline; infuse whole blood (up io 
three times, and proceeded by administration of keterolac), adjust ventilation, a~Przd administer ~p 
to 2 doses mannitol. Such care was ripplied prior to and after repair o f  the livcr md userted to 



depend on status of blood pressure, kart rate, hemoglobin, lactic acid, CQ2, und cerebrd 
pressures (intrammial; perfusion). 

Resuscitation a b r  simulated hospital mival was not blinded. Howevci, t%zc tinutag yipprm. 30- 
minute intervals) and volume of normal saline andlor whole blood (10 mlKg; a totwl of three 
maximum) appear to have been dictated by the veterinary status of the pig (vital signs, blood 
gases, lactic acid and hemoglobin), As I am neither veterinarim nor physicitul, I earlnot cornnncti 
on what care is ""consistent" with veterinary or clinical ERlGILilC'Sf practice, a ~ d  
appropriateness of the trigger points used. [In the pivotal. 1.D cohort there %ere also objective 
criteria, as noted, for kriggering supplemental infusions of'HNOC or I,W at 30,45, andor 60 
minutes prior ta definitive resuscitation]. 

The model was intended to compare effects of HROC vs. LR on survival md, secondxity, 
hernodynamic status when administered prior to a delayed definitive resuscitation attempt. Thrc( 
cohorts were used in both SD and fAD scenarios according to fluid reccivcd or not received jn ah4 
"field" - namely HBOC (10 mVKg) or LK (20 mlKg) vs. none - all on a bxkground of 
mandatory oxygen support. Neither was given as part of subsequent standard resuscitative 
treatment. In the SU scenario, one HBOC or LR infusion was adsmrifist~red 15 minutes prior to 
hospital ""arrival" at 30 minutes. In the LD scenario, up to three more iinl"usion?s of eitf-rer fltkid 
could be delivered at 38,15, and/or 60 minutes biised on veterinary cribria. 3i.n~ psrrnrssy end- 
point in both the SD and LL) scenarios was survival to simulated hospital arrival (SD: 30 min 
LD: 75 mi), and to 6-hours. Cardiovascular trajectories, as well as tissue oxygenation (brain; 
thoracic and thigh sc.) and markers of brain neuronal and gliai injury were secondary as noted. 

The Ketexolac Issue: Keteralac was needed to prevent lethal pulmonary hypertension (PAW) ant - 
cafdiovascular collapse otherwise secn after the: MI-hole blood transfusion (triggered if' 
hemoglobin was 5 7 mg/UI), All pigs needed vdhole blood ~anfusiom (up ao two, the lnav rli 

Allowed). The PAH was attributed by sponsor to RBC-provoked thfamboxane generation by 
pulmonary WBCs. The expected blocking effect of kctorolac on the dose-related pressor 
(vasoconstrictor) activity of EiSOC but not lactated ringer's in the LD scenario irt tllis s&dy 
canfounds any interpretation of relative activity of emergency XXBOC vs. LR pre-~ea,tmcrst on 
subsequeni definitive resuscitation. Both thc marked reilal vasoconstrscrlon and fdl m (iQ2R 
provoked by stsoma-hc hemoglobin in isolated kidneys were blocked 70% by prc-mating &e 
rats with the thromboxane synthetase inhibitor OKY-046 (Lie"n&al et al., Biomal Artif Cells 
Immobil biatechnot 1992.20 (2-4): 663-7). These authors absented these deleterious rend 
effects with unmodified, glyoxalated, or pyridaxyalated Hgb preparations at concentrations '%ell 
below that necessary to effectively improve oxygen content" (Lieberthal el  a2 Life Sci, 1987 
41 (23): 2525-33.) 

Liebertha1 et ul(1987; 1992) reported that unmodified and modified strorna-free hemoglobin ma 
vasoconstrictor activity at concentrations less than necessary to effectively improve blood 
oxygen content; and demonstrated, both directly and by use of a thromhoxme-synhqe inhibitar 
that this acivity is thromboxane--mediated. Furthemare, Rabinavici el ~l(1992) rep~~ff$cd, i11 a 
head to head study, that Hgb produced vasoconstrictian under conditions wllere LR or nomal 
saline rcveated no such activity 

Z coMne my comments primarily to behavior in both thc 81) and LI) cohortsprlor fo simulated 
hospital arrival where results are not confounded by use of  Kekrolac, Thc relaf.ivc ~drdiovacda 
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status and sufvival after such '"ivd'' was monitored in die cuntoxtof the pr;r-v;lsi%a: 1 1 1  

ketarolae since all pigs received at least orte wkolc blood amsibsioin arid Kcterol~c 
propt~yiactically. 

A. Dload lorssss and fluid reuuirennent: SD and LD 
Blood losses:SD. Blood loss at 15 minutes, just prbr to inlcrdm trcatrr~ex~t rwif.h either I81%3(' ilr 

LR was approx. 22 ml/Kg in all cohorts. Blood loss was &so csmpaabl~ at 30 mirn in thc: SD 
scenario. 
Blood Losses: I,I).'l'otal blood loss in the Long Ilelny scenario was newly iderrtical far pigs 
resuscitated with ETBOC or LR (bath approx.75 rnllKg), 'Bis was nearly twice ehal lost by 
controls (mean : 40 ml/Kg) - not surprising, since the cxsmguinaxions at the liver rcmaincd 
uncontrolled, and many of tlie controls were dead by the t ime the other coho&$ wme due for 
their third (45 minute)-or fourth (50 minutes) infusion o f  HRQC or 1 .R 

Pre-hospital fluid requirements: Xn the LD scenario, the LR a d  the WBOC cohorts each eceived 
4 infusions at 20 and 10 mllinflrsion, respec~vely, i.e,, Ihe m&ximum psssible, Acesrdingly, t h ~  
total of approx 80 mlKg of LR and the 40 mll kg of IBOC, affcrrded full or pa-tial rcstihition, 
respectively, for the 75 mlKg af blood last by pigs in each cohort, and i t is ira that contat that 
definitive resuscitation was aeempted. 
Pigs were oliguric at time of '*hospital arrival" as expected given the marked fasolensio~. 

B, Survival and Hemadynamic sbtus 

SD Scenario: 

Behavior before "hos~itdization"~ 

Survival: 

There was-100% survival to start of definitive resuscitalion at 30 minutes, even in &he conk01 
cohort, which xeccived no fluid intervention 

Hernodynamic status: 

' h x e  were sume apparent improvements in CV parameters of HBOC-txeated pigs relative to that 
observed in the control ,and LR groups. 'These prominently included appreciable reutoratic~ans in* 
cerebral perfusion pressure; contxalateral brain oxygen partial pressure; mean systemic asla 
pulmonary artery pressures; end-tidal COz; transcutaneous tissue oxygenation; and sagittal sinus 
02 saturation. Cardiac output, however, remained depressed in ali cohorts. Syskmi~ vasc.;ilar 
resistance at 30 minutes approached  re-trauma values, even in controls, and in the HBOC: group 
actually exceeded baseline. 

Behavior after ""ho~pitdization" 

X make no attempt to tie pre-"hospital" to post-"hospital" trajectories because of diilkrenccs in 
population and treatment. That is, only pigs that received kcterolac were tracked both prior to 
and aAer hospital "arrival" and attempted definitive resuscitaian. Their earlier bchavior is 
collapsed with rhat of pigs monitored only up *lo hospital arrir at, pigs which, prcsu;nabl!. 
subsequently died afeer whole blood tra~sfusican absent protection with keteroll-c. 'f rajt-cwrles of 
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pigs that survived vs, pigs, which expired, were not segregated relrospuctivcly lrrltl plolkcd 
Consequently, I could not determine prognostic utility of any parmctea - and salwrarg: ctfccas, it 
my, uf kreatment on such. 

I can note, however that by 6 hours and despite attempts at resuscitutiurz via si;pndard 
interventions pm, suwival was down to approx 50% in both ttnc ZXBOC and IdK cohorts .es. k 00% 
in the control cohort. Lack of  significance at the p 4 . 0 5  Ievcl S P C ~ ~ S  $0 the lack o f  power to 
detect such a clinically important difference in relative survival (n- only 3 for control pig 
cohor&). This can be compared b the 6 hour HBOC sunrival in the LD scenario (see immediat~ly 
below) wherc pigs received four infusions prior to hospilal. arrival: 62% vs ca. 10% for control ox 
LR cohorts. Ostensibly, emergency treatment with four HBOC infusions tends to be only slighs3y 
better, in terns of survival to 6 hours, &an one; however extent md duration of hcmamhagc a d  
untreated survival differ in the SD and LD scenarios, and study design docs not afi"brd lxlsighr 
into I)ose-Response for EmOC (if such applies to fluid replacement in hypovolemic shock), 

1 9  Scenario: 

Bchavior befbbg+ ~ospitalization", 

Survival 

Emergency field treatment with 4 infusions of HBOC and LR in the 75 mbirrute interval prior $0 

'"hospital rlsfival" significantly prolonged survival to such time: 94% (1 5/16); 7 1% (1 0/14); md 
30% (3/10) for HBOC, LR, and cantrol cohorts respcctively @ 0.01). A rniijority of the cantrnX 
pigs succumbed in the 30-50 minute interval. 

Nernodynanic status --." 

Insights into the prognostic utility of m y  CV parameter - w d  salutary effects? if any, o f  
treatment on such vis a vis survival - could have been provided by plotting, re&ospectively, the 
trajectories of pigs which survived vs. pigs which expired rather than the "Kaplm-Meyer" type 
of survivor portrayal provided. This c m  be informative in models of Ict3.1al C:V ce~mpro1r11t~ 
(DeFeIice el al. Echscardiogrsphy of aortic regwgitant rabbits FASEB J 7(3-4) A Z 2 .  1993). 
Iiowever, %his WBS not done even in this pre-hospital interval where there was a strikirlg 
difference in swivsf,  and results were not compromised by Keterolac. A less infirnative (to 
me) view of the trajectory of survivors in the 0-75 minute interval - especially the 30-50 minute 
interval of highest lethality in thc controls- nevertheless revealed rather nbnupt inflection points 
and or slope changes far cardiac indcx; mean arterial, plmonaay merial wedge (a suuogatt: for 
LV end-diastolic filling), intra-cranial and cercbml perfusion pressures; sceggtval sillgas oxkgen 
sat,and lactate; and serum lactale/base delicit. I interpret tlxe changes in slope of those pEU:mcter 
in that le&d 20-minute as reflecting an 'kunmasking" of llre status of pigs at less immediate risk 
of imminent dcath vs, those dropping out during this interval. And suggest skt~la parameters aw 
prognostic in this model, but, again, pigs were not reb>spectively stratified t~s $to suwivdl. 

"Lhe relative CV stiitus of the survivors (which is all that is plotted) at 75 minurcs (1 5, 'n 0, and 3 
pigs in the HBOC, LR, and controls, respectively) i s  not especially informative to me. Only the 
status of survivors is platted, and it does not obviously distinguish either h e  surviving (f3BOC 
and 1,K) from the nearly depleted (control). I wc~uld recommend that sponsor re-visit data and do 
a retrospective plot of stwivors vs. nan-swivors in all cohorts to more accmtefy identify 
prognostic markers and relative effects, if any, of HROC: vs. LH urr such. 



Huha~ ior al'ler '-hospi~alizaion" 

Stir\ i \  al: 

tl-hour ~ur\ival of pips receiving ellwrgcncy trwtment with HBOC in this LD scenario was 
<ignitic,antly greater lhan that of ~ h c  LR or control cohorts (HBOC;.62%; mean survival time 
3.lhw11.s. LR and control: ca. IO'I!. and rnean survival time of ca. 1-2 hrs). Two observations 
~r~rdcnnintt I he conficiencc I place in this therapeutic superiority : all pigs received keterolac prior 
10 subsuquunt whole blood tr;lnsfusions: and the fluid requirements during detinitive 
~.csuscicution (both) of 1 he HBOC: cohori were. based on mean number of saline and whole blood 
int'usio~rs were 2-4 times greater than those associated with the LR and control cohorts. Again, 
d;tti~ for- survivors vs. drcedents vis a vis fluid requirements was not segregated to inform 
whuthcr- survival was inferior in LR and control cohorts despite comparable atterrlpts to restore 
ct'fccti\o blood volunle. Of course. LR and control may have received fewer tluids during 
i~ttelnp~cd definitive resuscitation simply because they were dying off more quickly than pigs in 
I he HHOC-treated cohort. 

Since sponhor n~onitored cardiac output. and pulmonary artery/ capillary wedge pressures 
~hrouglioul the study. it i s  recommended that the sponsor re-visit the primary data, and derive 
pulnmnary vascular resistance. It is critical to determine - especially in this LD scenario where 
HBOC showed ostensibly impressive survival benetit - whether keterolac reversed, partially or 
I'ullj. the aclversc pulmonaiy vasooonstric~or activity of the latter. Clearly, HBOC promoted 
lllezln puln~onary artery pressure appreciably ( to approx 16 mmHg vs. 8 mmHg in control: 
Sponsor's Fig; 12. p. 28701) Incidentally, this is the same mean 8 mmHg pressor activity 
asst'cin~ed with Ik lethal whole blood rransfusions in pigs unprotected with ketorolac (Sponsors 
Figure 3.p 2858). Evidently, these pigs are prone to right-sided failure, as normally, these would 
no1 bc ~onsiderd, a1 least by me. to be egregious inc~ases.  

Recommendations: 
These are provided in the Executive sumrnary. 

It ih uacdinal that we know. in this mudel, not only effect of HBOC-210 per se on hernodynamic 
\tatus and survival before detinitive veterinary resuscitation of hemorrhagic shock, but after 
such. including effec~ on neurologic stalus. The only neurological status monitored in the subject 
study was histopathology at aut0psy.e.g. neuronal necrosis (NN). Since histopath. does not 
r~n~nediately follow injury sponsor concedes NN is skewed by survival and does not accurately 
~~cpresent true differences in incidence and severity of N N  (and 1 might add all other biomarkers 
rnonitnred . including white matter degcnerat ion. WBC inhltmtes, and the several 
in~munuhistochernistries (GFAP; MAP-?), none of which distinguished, to me. the various 
~'0hl)Tflr 

'I'hc sludy does suppon pt.i t t~ujur.i~ the enlergency use of HBOC-210 prior to definitive 
resuscitation with whole blood and norn~al saline if preceded by treatment with keterolac. 
Howc~cr, it is not at all clear from the he~nodynarnic status, as depicted, which parameters - 
~ncludinp tissue oxygenation - were prognostic, and effect, if any, of HBOC on such parameters. 
Thai iz. at study end. there was no segregation into surviving and decedant cohorts to identify - 
~.etrospc.cti\c.ly. and by re-playing their trajectories side-by side - those parameters whose 
presen at ion. or reversal. had survival beneti t .  




