
RESUS, Use of HBOC-201. 

Major technical concerns: 
1) AlVrnmy of the studies in pigs (excluding the 2 in Tats) used anesthesia, 

ventilation, paralysis, splcncctomy, laparotomy, ventilation with oxygen at 
differeat times and to different end-points and especially used atropine (I suspect 
to block trachea secretions from the anesthesia) which b marked efieds on 
heart rate (tachycardia) and circulating cotecholamines. 

2) The hemorrhage was almost always sterile unlike RESUS. 
3) The fluid administerad was ofkn wanned and the pig was warmed. 
4) Measunments of cardiac output and heart rate were variable prior to hemorrhage 

due to anesthesia, atropine and variability in use of thermodilution (wen though it 
is used longitudinally in each animal, see range of cardiac outputs and CI in 
studies). 

5) It is obvious that all hemoglobin solutions are not the same, This includes 
r-mbinant HB, Diasprin hemoglobin, 70% poly hemoglobin etc. Those studies 
indicate caution but the outcomes can not be directly artrapolated to HBOC-201. 
In fact the one study using HBOC-301 should also be viewed separately. 

6) The nature of the invasin measurements (mostly to examine mechanisms) during 
the preclinical phase (from hemorrhage to blood, simulated in hoepital, support) 
not only confounds the conclusions but will not be used in RESUS. 

7) The removal of blood limn the abdomen in cxpwimental studies to measure total 
hemorrhage volume is unlike RESUS (may build up and suppress bleeding). 

8). In many instances (most) HBOC-201 is administered to a f ixd volume and 
certainly not to a high systolic pressure. 

Major conclusions with HBOC-201 
1 ) In general the use of HBOC-201 increased survival to simulated hospital arrival 

and for longer periods 
2) The results are uniform m s s  many models including hemorrhage and injury to 

a) the brain,b) the Liver, 3) the lung, 4) the abdomen (iliac bleeding) and 5) recrus 
crush (skeletal muscle). 

3) The results are applicable to varying times to treatment and times to simulated 
hospital anival. 

4) Generally the use of HBOC to suppod pressure to various levels (50 mmHg, 60 
mmHg and above) after hemorrhage is beneficial. 

5) Generally lcss fluid is needed for resuscitation when giving HBOC-201. 
6) Generally, &ere appears to be vsceonstriction after HBOC-201, either pressure 

Ges more M calculated resiotancc rises more than with LR (or other fluids) 
7) 'There may be Eome utiliry in measuring lffit~te or tissue oxygen levels (non- 

invasively) if the time to hospital is long (and tffihnidly feasible). 
8) 'Ihe histology seems to indicate minimal damage and the immu~ologic response 

is smal l  and not organized (selative for IL-10 for htmce) .  
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Henderson et a1 ECMO Study 1 section 2. 

Summary: The overall goal of th is  study was to determine whether HBOC-201 could 
replace blood during prolonged ECMO in a model of ARDS caused by oleic acid 
infusion in neonatal swine. Oleic acid was administered prior to placement on ECMO 
wl\nthout HBOC-201., or blood. Arterial pressure rose in all animals on ECMO and was 
higher in both HBOC and RBC. All animals (11-24.3 groups) survived 8 hours. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? 
'There i s  no similarity betwcen RESUS and the current study. Specifically, all RESUS 
participants will be 18 years old. ECMO is not to be given prehospital. Animals were 
paralyzed, ventilated and anesthetized. They were given oxygen and heparin. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
trial7 Except for the safety of HBOC-201 compared to blood, these data do not address a 
significant question in RESUS. Blood is not an option in the preclinical setting. 

2) Is the study well designed? Yes the study is well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing does apply to RESUS, blood pressure was titrated to 
lOOmmHg whereas RESUS will titrate systolic blood pressure between 90 and 150 
mmHg. 

4) Does the type of monitoring simulate the RESUS prehospital truma setting? The 
monitoring is invasive and more addresses mechanisms than prehopsital setting. 

5) Doas the experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS phosp i td  wauma setting? The outcome 
is survival of neonatal pigs for up to 8 hours comparing HBOC to blood. Because there 
was no mortality in 3 groups swival  was not an endpoint. Blood and HBOC were 
equivalent to no treatment. 

6) Can all animals entered into the study be accounted for? Yes d l  the animals are 
accounted for. 

7) Are there aspecrs of the model that confound interpretation and/or relevance to the 
prehospital resuscitation? This is a technical study which related to in hospital e a m e n t  
not prehospital. 
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R )  Is the absence of similar adverse events reported in preclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? There was no adverse 
effects of HBOC-201, it was equivalent to no treatment and to blood. 

9 )  Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducred, and rhe 
information derived from those studies and related evidence suppon thc potential for the 
intervention to provide a direct benefit to the individual subjects. Thcrc is no evidence of 
a direc~ benefit, HBOC-201 performed in a manner similar to blood or to no treatment. 
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McNeil et a1 study 2 section 2. 
The purpose of this study was to determine whether resuscitation from severe 
hemorrhage with HBOC-201 was different from LR or LR plus blood. Another objective 
was to determine whether resuscitation to 60 mmHg with HBOC was different from 50 
rnmHg. There was no difference in the mortality in the 5 groups tested (4 hours 
obscwdtion). Animals were hemorrhaged to 40 mmHg and held there for 45 minutes. 
HBOC resuscitated to 50 mmHg died (not powered for small differences). Cardiac output 
reduced in HBOC groups, Figure 1. perhaps due to vasoconstriction . Lactate production 
reduced in groups except LR. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
model does simulate the RESUS protocol with respect to the lower blood pressure due to 
blood withdrawal. The blood pressure end points are low. HBOC are tibate to 50 or 60 
mmHg not SBP greater than 90 as in RESUS. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
trial? Supports use of HBOC in patients due to lack of mortality. Animals are 
anesthetized and pmalyzed. 

2) Is the study well designed? The studies are well designed to generate potential 
markers for in hospital setting and to investigate mechanisms. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedule and rates of infusion are designed to a low blood 
pressure, not to SBP geater than 90mmHg. However data indicate that resuscitation to 
60 rnmHg with HBOC is bettcr than 50 rnmHg. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is more invasive than prehospital setting. 

5) Docs the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be usaj in the RESUS prehospital trauma setting? The only 
marker besides blood pressure is blood lactate which fell with HBOC. 

6) Can all animals entered into the study be accounted for? Yes. all of the animals are 
accounted for. 

7) Are there aspects of the model that confound interpretation and/or relevance to the 
prehospital resuscitation? The usc of anesthesia. ventilation, paralyzed pigs is not 
relevant to RESUS protocol. All pigs were female. 

8) 1s the absence of similaz adverse events reported in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma settjng? The only possible concern 
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is the HBOC to 50 mmHg resulted in one deatb (ns). There wm no change in plasma free 
hemoglobin w/HBOC, table 5? 

8) Have the preclinical requirements for exception from informed consent been met? 
Appmpriate animal and other preclinical studies have heen conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. In terms of the 5 hour 
experiment, HBOC was neutral compared to the other protocols. 
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Fikpatick et al paper 3 section 2. 

This project mvesiigated the comparison between heiastarch and HBOC-20 1 in pigs 
hemorrhaged to a pressure of 30 mmHg for 45 minutes. Either Hetastarch or HBOC were 
given to increase MAP to 60 mrnHg. All animals survived the initial 8 hours but 418 
survived with hetastarch while 718 survived with HBOC for 5 days. Less volume was 
given with HBOC and MAP of 60 was achieved. At 8 hours, hetastarch animals given LR 
plus blood but HBOC animals given only LR (no blood). HBOC required less total fluid. 
Cardiac output was lower in both groups but slighrly higher in HBOC. Resistance 
maintained higher in HBOC. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
model does approximate RESUS protocol since HBOC will be given at 45 minutes of 
hemorrhagic shock. Blood pressure was only titrated to 60 mmHg not SP greater than 90 
mmHg as in RESUS. In addition only rerzived LR a h  8 hours (not RBC as in hospital). 
M o d i t y  was 418 with hetastarch and 118 with HBOC (and might be catheter induced not 
HBOC induced). 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? Suppofi the use of HBOC since mortality was low at 8 hours. 

2) Is the study well designed? Except for the use of anesthdized animals the study is well 
d e s i m .  

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedule dose not simulate RESUS since MAP was titrated to 
60 mmHg not SP greater than 90 mmHg. 

4) Does the type of monitoring simulate the RESUS prehospital wauma setting? The 
monitoring prehospital is not simulated by this experiment. The experiment is more 
technical and invasive. 

5) Docs the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital muma setting? Both 8 hours 
survival @rehospital time long) and 5 day survival correlate with favorable outcome. 

6) Can all animals entered into thc study be accounted for? Yes, 16 animlas aare 
accounted for. 

7) Are there aspects of the model that confound interpretation andfor relevance to the 
prehospital resuscitation? The technical nature of the studies using invesive 
instrumentation and anesthesia may confound interpretation of the data. 
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8) Is the absence of similar adverse events reponed in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma setting? Yes, the outcomes are 
reassuring since 100% survived for 8 hours and 118 died at 5 days (perhaps unrelated to 
HBOC). 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and 0 t h ~  preclinical studies have been oonducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct bcnefit to the individual subjects. Yes, these studies 
support a potential benefit, only 118 died before 5 days in the HBOC group, while 4/8 
dird in the hetastarch gmup. 
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York er al paper 4 section 2 
lh is  study compared resuscitation with blood versus HBOC-201 to diffaentpressure 
end-points. Hemorrhage to MAP of 30 mmHg was followed by holding for 45 minutes. 4 
Froups were studied: 1) returned blood to original pressure; 2)shed blood to MAP of 60 
mmHg; 3) shed blood and LR to control MAP; and 4) HBOC-201 to MAP of 60 mrnHg, 
all for 4 hours, Animals kept for 3 days. Only one (-blood A LR) died before 3 days. 416 
HBOC had liver enzyme elevation. Laparotomy ro insert catheter. 

Questions to be addressed. 
la) Does the animal model adequately simulate USUS prehospital trauma setting? The 
initial animal protocol does simulate RESUS protocol, Severe hemorrhage followed by 
45 minutcs sustained hypotension. Blood givcn at 45 minutes is appropriate but blood not 
given to HBOC is not per RESUS.. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
trial? Facept for some indidion of mild liver dysfunction in 4/6 HBOC-201, results 
support use of HBOC. No mortality with HBOC. 

2) Is the study vell designed7 The study is well designed and the end-points are S U N ~ V ~  

for 4 hours and 3 days. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedules do not represent RESUS since HBOC given to only 
MAP of 60 mmHg not systolic pTessure greater than 90 mmHg as in RESUS.. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setring? The type 
of monitoring is much more invasive and designed to exmine mechanisms. 

5) Docs the experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? The potential 
biomarkers are limited by the relatively untechnical nature of the prehospital 
environment. Blood pressurc and heart rate can be measured. 

6) Can all animals entered into the study bc accounted for? All of the animals are 
accounted for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? The use of anesthetized, ventilated, paralyzed animals is a 
confounding influence (including PEEP). Unlike other studies the amou11t of HBOC was 
not less than other groups (Table 2). 

8) Is the absence of similar adverse events reported in preclical studies with HBOC-201 
reassuring in terms of the RESUS prehospital muma setting? Yes, there was no 
additional mortality with HBOC. 
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9) Have the pclinical requirements for exception fiom informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct bmefir to the individual subjects. The study performed is 
appropriate and the fact that all lived 3 days is reassuring. 
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Fitzpatrick et a1 study 5 section 2 

This study examined vascular reactivity especially the role of NO, with hemorrhage to 30 
mmHg for 45 minutes followed by resuscitation with shed blood, LR or HBOC201. Iliac 
artery diameter changes to acetylcholine were measwed st baseline, 1 and 4 hours after 
resuscitation. All fluids supported function. Ach response reduced at 4 hours. Nihc oxide 
levels in plasma were not different. The amount of HBOC-201 needed for resuscitation 
was lowest. No indicauon of resuscitation endpoint in HBOC p u p .  NO measurements 
are useless. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? Yes 
simulates the RESUS pmtocol except for invasive nature of the experiments. Animals 
were anesthetized etc. 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? There is no difference in sunival for 4 hours of resuscitation thus neutral in respect 

to LR or blood. 

2) Is the study well designed? The study is well designed to determine the role of NO in 
response to HBOC. Many technicel problems. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
uaurna setting? The rate of dosing of HBOC not actually given 

4) Does the type of monitoring simulate the RESUS prehospital trams setting? The type 
of monitoring is much more invasive than RESUS. 

5 )  Does the experiment identify endpoints andlor biomarkers thst correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? The markers 
except pressure and heart rate are too technical for RESUS, 

6) Can all animals entered into the study be accounted for? No, there is no indication of 
mortality. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? The use of ventilated, anesthetized and instrumented animals is 
a problem. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
m s h g  in terms of the RESUS prehospital trauma setting? HBOC-201 was at as 
effective as LR or blood. Smaller volumes of HBOC needed. 
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9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted and the 
information derived from those studies and related evidence sup13 the potential for the 
intervention to provide a direct benefit to the individual subjects. The lack of presentation 
of mortality data is a problem. 
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Sampson et a1 paper 6 section 2 
This study wm designed to compare survival and hernodynamics follouing hemorrhage 
to 45 mmHg MAP and resuscitation with 6 different solutions including HBOC-201. 
Resuscitation was designed to keep MAP at 60 mmHg (or above). The control s o u p  and 
hypertonic saline group had high mortality rates whereas the pcntastarch, hexastarch, LR 
and HBOC-201 had no mortality at 4 how..  Resuscitation volumes were lowest with 
HBOC-201 group. Cardiac output lowest in HBOC-201 a was urine volume. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? Yes, 
the initial model of hemorrhage and resuscitation for 4 hours simulates the RESUS 
protocol. Comparison with LR also resembles RESUS. 

lb) To what extent do the preclinical data support use in humans i t  the RESUS 
trial? These was no monality up to 4 hours in the LR and HBC groups indicating that 
HBOC had no disadvantage. 

2) Is the study well designed? Yes, the study is technically well designed. The cardiac 
ouputs are variable across all the studies. 

3 )  Da the dosing schedules end rates of administration simulate the RESUS prehospital 
trauma setting? Yes, the dosing to a prescribed MAP is important in principle, but the 
end-point for RESUS is systolic pressure greater than 90 rnmHg. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is much more technical. 

5 )  Does the experiment identify endpoints andlor biornarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? No the 
endpoints are technical. 

6) Can all anlmds entered into the study be accounted for? No, it seems there arc animals 
missing @age 749). 

7) Arc there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? The use of anesthetics, pdy t i c s ,  ventilation etc are 
confomding influences. 

8) Is the absence of similar adverse events reported in pieclinicat studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma setting? Yes, there is no difference 
between LR and HBOC. 
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9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those srudies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. There is no increase in 
monality. 
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Klng et a1 Paper 1 section 3. 
Swine underwent brain injury and hemorrhage of 30 mlkg. After 30 minutes LR or 
HBOC-301 or both were tibated to MAP greater than 100 mmHg and HR less than 100 
blmin. After 60 minutes other fluids were given to maintain MAP greater than 70 mmHg 
alone or with mannitol if at 90 minutes intracranial pressure was grcatcr than 20 rnmHg. 
RBC were also given. In second part, animals underwent hemorrhage and resuscitation 
with LR * Mannitol * RBC or HBOC-301. Animals were weaned from the pump and 
1 00% of HBOC survived 72 hours whereas none of the LR & Mannitol * RBC survived. 
Suggest that HBOC is best but U P  and HR are not good endpoints. Authors talk about 
anehthesia limiting applicabtility. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? Yes, 
this model does simulate RESUS in that pressure was restored to 100 mmHg and HR less 
than 100 blmin. This model also deals with patients who potentially have brain injury. 

I b) To whet extent do the preclinical data suppon use in humans in the RESUS 
trial? Pmlinical data indicate that HBOC-301 prolongs survival to 72 hours with no 
mortality (a reasonable behavioral score) and little need for additional LR or mannitol. 

2) Is the study well designed? The study is well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedule does simulate RESUS since the endpoints are 
pressure greater than 100 mmHg and HR less than 100 blmin. 

4) Does the type of monitoring simulate the RESUS prehospital bauma setting? The type 
of monitoring is more sophisticated compared to RESUS prehospital. 

5) Does the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospitai trauma setting? No new 
endpoints were developed and in fact the authors question the use of MAP and HR as 
endpoints. 

6) Can all animals entered into the study be accounted for? Yes a l l  the animals are 
accounted for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehusp~tal resuscitation? The use of anesthesia and invasive nature of the hernodynamic 
studies may confound interpretation (as pointed out by the authors). However, swkval at 
72 hours with HBOC-301 is the best endpoint. 
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8) Is the absence of s i d a r  adverse events reported in preclinical studies with HBPC-201 
reassuring in tenns of the RESUS prehospital trawna setting? Yes, the survival at 72 
h o w  is important. 

9) Have the preclinical requirements for exception from informed consent been met7 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. The lack of ability to 
recover the Mannitol A LR group after 6 hours is in marked contrast to survival of 100% 
of HBOC-301 animals at 72 hours. 
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Malhotra paper 2 section 3. 
This study compared 4 groups of swine randomized after hemorrhage to a systolic 
pressure of 3 5  mmHg. Animals received LR, Blood, rHB (recombinant hemoglobin) or 
DCLHB (diasparin cross linked hemoglobin) based on volume for 15 minutes. AAer 2 
hours animals returned to cage and tedosed with resuscitation fluid and killed after 5 days 
(for 6 days total). Blood pressure after resuscitation was 128 and 108 mmHg in rHB and 
blood groups. Lower in DCLHB and LR group, Death includes: 016 in blood; 116 in rHB; 
416 in LR and 616 in DCLHB (figure 8). Conclusion is that rHB is snfe. Splenectomy, 
anesthesia and Fi02 of 50% are all complications. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting7 The 
model does simulate the hemorrhage phase but the resuscitation is based on volume of 
fluid not pressure as in RESUS. Followed for total of 6 day!. The 2 HBOC used 
recombinant and aspirin cross linked will not be used in RESUS. 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? The use of rHB was beneficial whereas the use of DCLHB was not. Since DCLHB 
is no longer being tested and rHB is another HBOC, these data support the use of HBOC 
in principle. 

2) Is the study well designed? The study is well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? Dosing schedule is to fixed volume not pressure or HR. 

4) Docs the type of monitoring simulate the RESUS prehospital trauma setting? The type 
of monitoring is very invasive. 

5 )  Does the experiment identify endpoints andfor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS phospital trauma setting? The only new 
endpoint would be lactate and SVO2 via hemoglobin saturation. 

6) Can all animals entered into the study be accounted for? Yes, all animals are accounted 
for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? Use of anesthesia is confounding. 

8) Is tbe absence of similar adverse events reported in preclinical studies with HBOC-201 
reassuring in tern of the RESUS prehospital trauma setting? There is no use of HBOC- 
201 in these studies. 
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9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have bem conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. Unless the toxicity of 
DCLHB can be explained (related tn cardiac dysfunction) then the data are equivocal 
since rHB was bcncfi cia1 and DCLHB was not. 
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Malhotra er a1 paper 3 section 3 

In this study animals received head kauma followed by 45% blood volume hemorrhage. 
After 60 minutes animals were randomized to 3 goups: saline, or 250 or 500 mls 
DCLHB (DCLBH lor 2). Animals were observed for 210 minutes. 5/20 with saline had 
brain death and one dead of shock.0/13 of DCLHB had brain death, one died of heart 
failure. DCLHB had higher cerebral perfusion pressure and cerebral vasodilation (to 
pC02) was maintained in high DCLHB group. Cardiac output was lower and pulmonary 
pressures higher with DCLHB. 

Questjons to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital kauma setting? Head 
trauma followed by hemorrhage for 60 minutes does simulate RESUS, resuscitation with 
saline versus DCLHB roughly follows RESUS but products differznt. Observed for 210 
minutes. DCLHB given to futed volume not to MAP of 100 initially only after initial 
infusion. 

I b) I o what extcnt do the preclinical dam suppori use in humans in the RESUS 
trial? Does simulate RESUS in duration of hemurrhage (although much shorter in 

RESUS), Does not in combined use of saline and DCLHB. HBOCs are different. 
DCLHB has been withdrawn from testing. 

2) Is the study well designed7 The study is well designed. 

3) Do the dosing schedules and rates of adminiskation simulate the RESUS prehospital 
trauma setting? The initial use of DCLHB to fixed volume does not simulate RESUS 
however, later titration of fluid to MAP=100 and HR less than 100 does. 

4) Does the type of monitoring simulate the RESUS prehospital traume setting? 
Monitoring is more invrclive in pursuit of mechanisms. 

5) Docs the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? No new 
endpoints are found. 

6) Can all animals entered into the study be accounted for? Yes, all arc acconted for. 
Some confusion in how many DCLHB died (either 1/8 or 3/8). 

7) .&re there aspects of the model that confound interpretation andlor relevance to the 
prehcnpital resuscitation? Yes, anesthesia, surgery etc confound interpretation (fentanyi, 
ketamine, xylazinc . . .). 
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8) Is the absence of similar adverse events reported in preclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? These studies did not use 
HBOC201. 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervation to provide a direct benefit to the individual subjects. Did not use HBOC-201. 
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Maxwell et a1 Paper 4 section 3. 

These studies examined a model of lung trauma and 25% blood volume hemorrhage. 
Treaknents were with 4 hemoglobins 60 minutes &ex the hemorrhage followed by 6 
hours observation, Swine were given 250 mls: 1) polynitroxlated (PnaaHB); 2) aaHB; 3) 
Polynitroxylated (70%) hemoglobin; 4) Polymerized HB; or 5 )  saline. All hemoglobins 
reduced volume requirements; a l l  hemoglobins were pressors, mortafity less with 
polymerized hemoglobins. Saline given to maintain pressure at 100 mmHg and heart rate 
less than 100 blmin. All animals with polymerized HB (2 groups) survived 480 minutes 
(see table I). Fluid needed lowest for HB compared to saline. 

Questions to be addressed. 
1 a) Does the animal model adequately simulate RESUS phospiral trauma setting? The 
initial insult and resuscitation do simulate RESUS except the HBs given are different 
h m  HBOC-201. In general polymerized HB (70%) reduced mortality. Keeping MAP = 
100 mrnHg and heart rate less than 100 b\mh with saline does not resemble RESUS. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
aial? The preclinical data with polymerized HB dies simulate RESUS. The duration of 
the low pressure is within guidelines. No long term recovery studied (480 minutes). 

2) Is the study well designed? The study is well designed. 

3) Do rhe dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedules are initially only 250 mls of polymerized HB. 
Multiple doses are not given rather support is with saline. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is more invasive than RESUS prehospital. 

5) Does the experiment identify endpoints andfor biomarkcrs that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? There are no 
new endpoints. 

6) Can all animals entered into the study be accounted for? Yes, all animals are accounted 
for. 

7) Are there aspects of the model that confound interpretation and/m relevance to the 
prehospital resuscitation? The use of anesthesia etc are confounding influences. 

8) Is the absence of similar adverse evcnts reported in prcclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? HBOC-201 was not used 
in this protocol. Use of polymerized HB supports use of HBOC-201. However, for 
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whatever reason, use of aaHB does not support HBOC-201 use in people. There does not 
appear to be a general action but rather a product specific action (see also studies with 
DCLZIB). 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived h r n  those studies and related evidence support the potential for the 
inmention to provide a direct h c f i t  to the individual subjsts.  The lack of death in the 
2 polymerized hemoglobin groups at 480 minutes support the use of HBOC-201. 
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Ciney  Paper 1 section 4 

The goal of the study was to determine the relative effects of HBOC-201, Hex or no 
resuscitation in 24 swine for 4 hours f o l l o d  by iv fluids and blood transfusions (to 
maintain pressure above 60 mmHg end hem rate near nonnal). HBOC-201 had 718 
swlvors to 240 minutes and to 72 hours after severe liver injury whereas only 118 with 
Hex or 118 with w resusitation survived. MAP was higher and cardiac output maintained 
lower with HBOC. HBOC had lower fluid requirements, h i &  given to keep presswe 
greater than 60 rnmHg and reduce the tachycardia. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS phospital trauma setting? 
RESUS prehospital crirerea are like the liver injury with uncontrolled bleeding in these 
studies. Hemorrhage was held for 30 minutes and then resuscitation fluids given, studies 
were performed at 240 minutes and 72 hours. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
hid?  The HBOC-201 reduced mortality at 240 minutes and at 72 hours. Also reduced 
bleeding and amount of fluids needed. HBOC given to maintain pressure greater than 60 
mrnHg and HR nesr normal. 

2) 1s the shldy well designed? The study is well designed. 

3) Do the dosing schedules and rates of administration simulate thc RESUS prehospital 
traurne setting7 Dosing is to lower endpoint than RESUS since MAP is only back to 60 
mmHg and heart rate near normal. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The type 
of monitoring is very invasivc compared to RESUS. 

5) Docs the experiment identify endpoints andlor biomarkm that correlate with favorable 
outcome and which can bc used in the RESUS prehospital trauma setting? The most 
wfd endpoint may be lactate but this is difficult to mcaswe in U S U S .  MAP and HR 
are useful. 

6 )  Can all animals entered into the study be accounted for7 All the animals are accounted 
for. 

7) Are k e  aspects of the model that confound interp&on a d o r  rclcvance to the 
prehompital resuscitation? The anesthesia etc are confounding. The use of atropine 
eliminates the significance of heart rate conuol in the study entirely. 
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8) Is the absence of similar adverse events reported in preclinicd studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma setting? Since only 118 died at 4 
hours or 72 hours with HBOC-201, this study supports the use of HBOC-201 in humans. 

9) Have the prcclinical requirements for excepuon 6om informed consent been met7 
App~opriate animal and other pralinical studies have been conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. 1/8 survived in Hex or 
non resuscitated groups compared to 7/8 for HBOC-201. 
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Arnaud et a1 paper 2 section 4. 

This study compared HBOC-201. Hex and non resuscitation o v a  4 hours prehospital 
phase and 72 hour recovery with a 40% blood loss (BP+!6 mmHg) following crushing of 
the rectus abdominus muscle.. Hemorrhage was held for 20 minutes and then fluid given 
at 10 mlkg and an additional 5 mVkg every 30 minutes to keep MAP greater than 60 
mmHg and no tachycardia. At 4 hours hospital care was begun (animals kept for a total 
of 72 horns). Survival was 8/8 in HBOC-201, 7/8 in Hex and 5/8 in not treated. (not 
splenectornixd so that HCT rose with hemorrhage). 

Qurstioos to be addressed, 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
model does simulate early RESUS protocols with severe hemorrhage and soft tissue 
damage. Fluids were infused afier 20 minutes at 10 m l k g ,  not to an initial pressure 
endpoint. Later the goal was to maintain pressure at 60 mmHg and eliminate tachycardia. 

Ib) To what extent do the preclinical data support use in humans in the RESUS 
hid? Since there was no mortality at 72 hours with HBOC-201 these data support the 
use of HBOC-201 in humans. 

2) Is rhe study well designed? The study is well designed 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma &? The dosing does not support the RESUS protocol since a &ed volume of 
HBOC was given and not titrated to restore arterial pressure and heart rate initially. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is invasive and technical. 

5 )  Does the experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? No new 
endpoints or biomarkers are evidenced. 

6) Can all animals entered into the study be accounted for? AU of the animals are 
accounted for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehoapital resuscitation? Anesthesia is a confounding influence as is acute surgery. 

8) Is the absence of similar adverse events rcported in preclinical studies with HBPC-201 
reassllring in terms of the RESUS prehospital muma setting? The 100% survival at 72 
hours in the HBOC-20 1 group is important. 
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9) Have the preclinical requirements for exception fium informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
infomation derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. Since HBOC was 
comparable to Hex for death, these studies support the use of HBOC in the clinical trial. 
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Dong et a1 Paper 3 section 4 

I'hjs is a project to determine the potential immune repsonse to HBOC-201 during and 
after hemorrhage. Pigs were anesthetized, ventilated and hemorrhaged 40% of blood 
volume after rectus abdominus crushing. Animals were monitored 4 hours and then 
resuscitated , observation continuted for 72 hours. Animals were divided into 3 groups. 
HBOC-201 , or no resuscitation. Hemorrhaged over 15 minutes then given fixed 
volume of Hex M HBOC-201. Additional fluids were given to keep MAP greater than 60 
mmHg and eliminare the tachycardia. After 4 hours blood was given and the animals kept 
for 72 hours. No mortality or hemodynamics were presented IL-10 was elevated in the 
HBOC group but TNFa was not. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
endpoint for infusion was 10 mlkg not to a fixed pressure initially. Afterwards, fluids 
given to keep pressure greater than 60 mmHg and eliminate tachycardia. Resuscitation 
kept for 4 hours and then blood given. This is an extended peroid of rime compared to 
RESUS. 

lb) To what extent do the preclinical data support use in humans in the RESUS 
trial? The preclinical data indicate a lack of specific immune stimulation by HBOC. 
Hernodynamics or survival not reported. 

2) Is the study well designed? The focus on white cell activation and immune stimulation 
and is well designed. 

3) Do the dosing schedules and rates of adminimtion simulate the RESUS prehospital 
trauma sening? The dosing schedule is to a fixed volume not to maintain MAP 100 and 
eliminate tachycardia. 

4) Docs the type of monitoring simulate the RESUS prehospital haurna sening? There is 
no monitoring of the hemodynamics only blood and tissue samples. 

5) Does the experiment identify endpoints andlor biomarkers that comlatc with favorable 
outcome and which can be used in the RESUS prehospital kauma setting? No new 
hiomarkers are defined in this study. 

6) Can all animals entered into the study be accounted for? No, mortality is not discussed. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? Anesthesia, ventilation ctc do not fit the RESUS protocol. 
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8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma setting? The study is largely 
irrelevant to RESUS prehospital~ 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived horn those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. There does not appear 
to be a major difference between Hex and HBOC in this model. Only that there were 
fewer transfusion with HBOC in the discussion, no data presented. 
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Philbin et a1 paper 4 section 4. 

This study used 24 pigs to determine the relative effects of HEX, HBOC-201 or no 
resuscitation on hemodynamics and survival. Hemorrhage was performed by 40% of 
blood volume along with rectus abdominw crushing. Resuscitation was begum 40 
minutes and animals kept for 4 hours. Finally, additional fluids and blood were given and 
animals maintained for 72 hours. 818 HBOC-201,718 Hex and 518 not resuscitated 
animals survived for 72 hours. Fluids \uere initially given at 10 mlkg and again if 
pressure was less than 60 mmHg or heart rate higher than control. Transcutaneous tissue 
monitoring showed that Tc02 was higher with HBOC-201 and could be measured 
prehospital. Lower volume of HBOC needed. 

Questions to be addrcsscd. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? This 
mod41 docs resemble RESUS except for the 4 hour resuscitation time, should be shorter 
for RESUS. Invasive monitoring is unlike RESUS. R- crush and hemorrhage by 40% 
reasonable with soft tissue injluy included. Short time, 5 minutes until Hex or HbOC 
administered is also reasonable. 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? Given that there wacl no mortality with HBOC-201 at 72 hours these data do 
support the use of HBOC-201 in humans. 

2) Is the study well designed? The study is well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? Initially the HBOC was given at 10 mllkg, fixed volume, and additional 
fluids given to keep MAP greater than 60 mmHg and eliminate the tachycardia. 

4) Docs the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is more invasive and technical than RESUS. The use of oxygenation 
measurements is non-invasive these may be important as an end-point. 

5) Docs the experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? The only new 
measurement is tissue 0 2  measurements. 

6) Can all animals entered into the study be accounted for7 All of the animals are 
accounted for. 

7) Arc there aspects of the model that confound interpretation andfor relevance to the 
prehospital resuscitation? Usc of atropine greatly confounds HR and Cardiac Index data. 
Use of anesthetics may alter results. 
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8) Is the absence of similar adverse events reported in preclinid studies with HBPC-201 
reassuring in t m s  of the RESUS prehospital trauma setting? The high survival. 100%,in 
the HBOC-201 group gives confidence to the studies. The study was not powered for 
survival. 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been condukttd, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. Lack of mortality in 
HBOC-201 p p  is an important end-point. 

Review #2



Johnson et d paper 5 section 4 

This is a study to determine survival and the difference in 3 models of hemorrhagic 
shock: 40,55% and uncontrolled in swine. Swine were heated with HBOC-201, Hex or 
nothing. Cardiovascular funaon, histology and survival to 72hours was monitored. 
(Rectus crushing was also used). Hemorrhage occurred over 1 5 minutes and then at 20 
minutes HBC-201, Hex or nothing were given. Additional fluids were given for 
hypotension or tachycrudia. At 4 hours animals wm given blood and hospital like 
treatment initiated. Survival (Table 1) was 718 to 818 for HBOC-201, 118 to 718 with hex. 
and I I8 to 5/8 with nothing. HBOC-201 received less fluid. MAP better maintained with 
HBOC in all models (figure 2). Some renal papillary and hepatic changes noted as mild. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma s e w ?  
Three models are described and all are relevant to RESUS. Hemorrhage was studied for 4 
hours. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
bid? Survival data support use of HROC-201 in RESUS. 

2) Is the study well designed? Thc study is well designed. 

3) Do the dosing schedules and rates of administrntion simulate thc RESUS prehospital 
trauma setting? The doses are initially a fixed volume and then titrated to prevent 
hypotension and tachycardia. 

4) Docs the type of monitoring simulate the RESUS prehospital trauma setting? 
Monitoring is more invasive and technical. 

5) Does the experiment identify endpoints andlor b i o m k e n  that correlate with favorable 
outcome and which can be used in the RESUS prchospital hauma setting? No new 
biomarkers or endpoints are evident. Figure 2 (MAP) should be made into a nomogram. 

6) Can all animals entered into the study be accounted for? All animals am accounted for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? Anesthesia end especially atropine confound the results. The 
small N, even though survival was statistically different, is potentially a problem. 

8) Is the absence of similar advene events reported in preclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? The high survival in the 
HBOC-201 group is impoltant. 
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9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
infonnation derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. The fact that pressures 
are higher and survival better arc both important. 
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Knudson MM Paper 1 section 5. 

This is perhaps the best RESUS model, the study wm entirely blinded. Animals were 
splenectornized and hemorrhaged ro a MAP=40mmHg over 20 minutes, kept for 20 
minutes and then randomized to HBOC-201, LR or HSD to fixed small volume. Animals 
were monitored to 2 hours. HSD maintained CO better. MAP returned best with HBOC- 
201, then HSD and then LR. 9/10 HBOC animals had systolic pressure greeter than 90 
mmHg compared to 11 10 LR and 4/10 HSD. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma sening? This 
is probsbly the best for current RESUS prehospital protocol since kept for 20 minutes and 
then 2 hours to ho.spital. 

lb) To what extent do the preclinicd data support use in hum= in the RESUS 
trial? 'here  was no mortality with HBOC-201 thus data do support the use in humans. 

2) Is the study well designed? The study is well &signed. 

3) Do the dosing schedules and rates of administration simulate the lZESUS prehospitd 
trauma setling? The design is to test a small volume of resuscitation fluid nor to a MAP 
end point. Thus somewhat unlike RESUS. 

4) Docs the type of rno~toring simulate the RESUS prchospital trauma setting? The 
monitoring is more invasive and rechnical for prehospital. 

5) Docs thc experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? No new 
endpoints are presented. 

6) Can all animals entered into the study be accounted for? Yes, all animals are accounted 
for. 

7) An there aspects of the model that confound interpretation andlor relevance to the 
prchospltal resuscitation? Anesthdcs, paralytics and oxygen 100% may complicate 
interpretation. Splenedomy is also a confounding influence. 

8) Is the absence of similar ndveme events reported in preclinical studies with HBPC-201 
reassuring in terns of the RESUS prehospital trauma setting? There was no momlity for 
2 hours with HBOC-201, 

9) Have the prcclinieal requirements for exception from infor~ned consent been met? 
Apprapriate animal and othu preclinical studies have been conducted, and thc 
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information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. The use of less fluid, 
and no mortality in 2 hours supports use of HBOC-102 in patients. 
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Lee paper 2 section 5 .  

A single group of 7 pigs was hemorrhaged to 40 mmHg and then given a small dose of 
HBOC-201 (6mlkg). Observations were continued for 2 hours. Cardiac ouput and MAP 
returned to near control and brain 0 2  increased. Hemorrhaged to 40 mmHg for 20 
minutes. 100% 0 2  gieven. 

Questions to be addressed. 
1 a) Does the animal model adequately simulate RESUS prehospital trauma setting? This 
is a close simulation of REUS except that HBOC-201 is given as a fixed small volume. 

1 b) To whet extent do the preclinical data support use in humans in the RESUS 
trial? T h m  is no mortality at 2 hours, no comparison made to other solutions. 

2) Is the study well designed? The study is a single group and as such well designed. 

3) Do the dosing schedules and rates of adminhation simulate the RESUS prehospital 
t r a m  setting? The single dose of HBOC-201 does not simula~e RESUS. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? f i e  type 
of monitoring is more invasive. 

5) Doas the experiment identify endpoints andlor biomarkm that comlate with favorable 
outcome and which can be used in the RESUS prehospital wuma setting? No new end 
points ere obvious. MAP appears to be useful. 

6) Can all animals entered into the study be accounted for? Yes all the animals are 
accounted for. 

7) Arr: there aspects of the model that confound interpretation andlor relevance to the 
pnhoapitsl resuscitation? Anesthesia, paralytics and splenectomy arc confounding, use of  
100% 0 2  also potentially confounding. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in tcnns of the RESUS prehospital trauma stting? No adverse effect for 2 
hours is encouraging, 

9) Have the prcclinical requirements for exception from informed consent been met? 
Appropriate animal and other prcclinical studies have been conducted, and the 
information derived h r n  those studies and related evidence support the potential for the 
intervcotiou to provide a direct benefit to the individual subjects. Study indicates that 
MAP and CO arc near normal, heart rate is lower and there is no mortality over 2 hours. 
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Manley et al. Paper 3 section 5. 

Six pigs were hemorrhaged to 40 mmHg over 20 minutes, held for 20 minutes and then 
given 4 mUkg HBOC-201 with recording for 2 hours. Cardiac output increased ELS did 
MAP. Mortality is not reported. MAP not held to any goal. Given 100% 02.  There wrn 
some restoration of brain oxygen with 10Ph 0 2  and HBOC-201 resuscitation. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESIJS pho?rpital trauma setting? The 
loss of blood to MAP of 40 mmHg and holding for 20 minutes represents RESUS. The 
administration of HBOC-201 to a fixed volume (4mVkg) does not. No pressure end 
points. 

lb) To what extent do rhe preclinical data suppon use in humans in the RESUS 
trial? The preclinical data presented suggests that HBOC-201 maintains arterial pressure 
and cardiac output during resuscitation for 2 hours and supports brain oxygenation. 

2) Is the study well designed? The study is limited, no mortality discussed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
muma setting? The dosing schedule is not like RESUS no pressure or heart rate endpoint 
only a fixed volume. 

4) Dots the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is v a y  invasive. 

5) Does the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting7 No new 
endpoints are evident, MAP is useful. 

6) Can all animals entered into the study be accounted for? 
AU of the animals can be accounted for. 

7) Arc k e  aspects of the model that confound interpretation andlor rclcvancc to the 
pmhospital resuscitation7 Amsthetized and paralyzed pigs were used, these are 
confounding influences. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassllring in terms of the RESUS prchospital trauma setting? Racordings of 
hernodynamics and maintenance of arterial pressure and heart rate indicate favorable 
effects of HBOC-201 in the preclinical settiy. 

9) Have the prcclinical requirements for exception fmm informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
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information derived from those studies and related evidence support the porential for the 
intervention to provide a direct benefit to the individual subjects. The only direct benefit 
of low volume HBOC-201 is maintenance of arterial pressure and heart rate. 
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Katz et a1 Paper 1 section 6. 

Ths was a study of the effect of hemorrhage (50 mllkg) followed by liver bleeding via 
laceration of the liver in 22 swine randomized to no fluid, hetastarth or HBOC-201. All 
HBOC-201 lived 60 minutes whereas non of the other groups swived. Imponantly 718 
of the HBOC-201 swine survived 96 hours. Resuscitation held for 60 minutes (figure 1). 
HBOC-201 maintained MAP and cardiac index during 90 minutes. Infusions ar 6 
ml/kg/hr and then reduced to 3 mlk& not to a constant pressure. Hematocrit increased 
after 60 minutes perhaps due to conlraction of the spleen. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting7 
Hemorrhage and liver damage for 60 minutes does resemble RESUS prehospital. HBOC- 
201 given to fixed volume not to pressure endpoint. 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? 818 HBOC-201 swived 60 minutes. 018 with no fluid and Oi8 with hetastarch. 

2) Is the study well designed? The study i s  well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? No the dosing schedule is to a fixed volume or rate (6mltkm) and then 
3 ml/kg/hr. 

4) Docs the type of monitoring simulate the RESUS prehospital ttawna setting7 The type 
of monitoring is more invasinve. 

5) Does the experiment identify endpoints and/or biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting7 Only MAP can 
be used prehospital. 

6) Can all animals entered into the study be accounted for? Yes all animals are accounted 
for. Jnterestmgly, at 96 hours the one pig in thc HBOC-201 goup t h  died had ascaris 
antigen. 

7) An there aspects of the model that confound interpretation and/or relevance to the 
prehospital msucitation7 Initial anesthesia, warming, change in ~CSthesia are all 
complicating factors. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma sating? The 100% ssunrival at 1 
hour is the best endpoint, there is some statement that the groups are not big enough for 
statistical comparisons. 
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9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. There were 018 deaths 
in the HBOC-201 group and only 118 (ascaris antigen?) at 96 hours. 
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Manning et a1 Paper 2 section 6. 

This study used a model of liver injury and 2 hours bleeding to study the relative effects 
of HBOC-201 or LR in resuscitation, 2 h o w  survival was 1/10 with LR and 718 with 
HBOC-201. 9/10 with LR died at 36a10 minutes. Blood pressure was held at 60 mmHg 
during resuscitation instead of 100 mmHg as in RESUS. Fluids were given after 9 
minutes. 1 HBOC-201 died during hemorrhage and thus really 717 survived. Time to 
increase pressure back to 60 mmHg for IFBOC-201 and 7.4 minutes for LR. Blood loss 
measured as 40 mlkg. 100% oxygen used during resuscitation phase. 1/10 survived with 
LR in comparison to 718 with HBOC-201. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
initial hemorrhage and resuscitation phase do. The 2 hour resuscitation is probably too 
long. 

I b) To what extent do the preclinical data support w e  in humans in rhe RESUS 
trial? There was 100% survival during the resuscitation phase with HBOC-201 despite 

keeping MAP at 60 rnmHg. There wa4 1/10 survival with LR. 

2) Is the study well designed? The shady was well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing schedule is to a MAP of 60 mmHg so not fixed volume but 
fixed low pressme compared to RESUS. 

4) Dots the type of monitoring simulate the RESUS prehospital trauma setting? The type 
of monitoring is much more invasive and technical then RESUS prehospitel. 

5) Does the experiment identify endpoints andlor biomarLers that wmlate with favorable 
outcome and which can be used in the RESUS prchospital trauma setting? The best 
correlste would be pressure. 

6) Can a l l  d s  entered into the study be accounted for? Yes, ill animals are accounted 
for. 

7) Are there aspects of the model that confound interpretation and/or relevance to the 
prehospitel resuscitation? Anesthesi4 warming fluid and 100% oxygen are all 
confounding influences. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prchospital trauma settiug7 Yes, s d v a l  after 
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hemorrhage (during resuscitation) was really 100% if we leave out the 1 that died during 
the hemorrhage. 

9) Have the preclinical requirements far exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived h m  those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. Survival at 129 minutes 
was conservatively 718 with HBOC-20 1 and 11 10  wid^ FR. 
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Manning et a1 paper 3 section 6 

This study as designed to incorporate both the use of an aortic belloon catheter and either 
HBOC-201 or LR in hemorrhage induced cardiac standstill. 13 pigs underwent 
hemorrhage induced cardiac standstill, catheter placement and resuscitauon. HBOC had 
616 s w i v e  with MAP greater than 60 mmHg for 60 minutes whereas 016 swivcd with 
LR. 

Questions to be addressed. 
I a) Does the animal model adequately simulate RESUS prehospital trauma setting? No 
this is very invasive, highly technical and of very limited scope. 

1 b) To what extent do the p~eclinieal data support use in humam in the RESUS 
trial? The swiva l  of 616 in this extreme hemorrhage example and technically 
sophisticated approach is encouraging for RESUS. 

2) Is the study well designed? The study is well designed to answer a specific question 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The d~s ing  to establish a fixed pressure, 60 mmHg, is like RESUS but 
the endpoints are very different. 

4) Docs the type of monitoring simulate the RESUS prehospital trauma setting? The 
whole approach is very technical. 

5) Does the experiment identify endpoints andlor biornarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? MAP 1s the 
only prehospital endpoint to be identified. 

6) Can all animals entered into the study be accounted for? Yes, dl of the animals are 
accounted for. 

7) Are ihcre aspects of the model that confound interpretation andlor relevance to the 
prehospital resuscitation? This is a very technical protocal and way beyond the RESUS 
prehospital setting. 

8) Is the absence of similar adverse events reported in preclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? Thc 100% swiva l  is 
important 

9) Have the prcclinid alquirements for exception from informed consent been met? 
App-ate animal and other prcclinical studies have been conducted, and the 
information derived h m  those studies and related evidence support the potential for the 
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intervention to provide a diiect benefit to the individual subjects The high level of 
survival is encouraging but this is a ver technical, almost unrelated study. 
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Handrigan et a1 Paper 1 section 7. 

This study examined the effects of hypotensive resuscitarion in awake rats following 
hemodage to MAP of 40 mmHg for 4 hours. Six groups were compared including 
control hemorrhage; no hemorrhage; HBOC- polyhem; hex; LR and regular pressure 
resuscitntion with LR. LR or Hex with hypotensive resuscitation performed better than 
control and as well as LR with normal pressue. HBOC performed only as well as 
control. (There was no hospital arm). The total infusion to keep volume was greatest with 
LR-normal and least with HBOC. However, HBOC suFival no greater than non- 
resuscitated. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? Yes, 
in that the hemorrhaged occurred in the conscious state and mobile, In addition the 
endpoint was to infuse fluid to keep MAP at 60 mmHg and then at 80 mmHg (still 
hypotensive). End point \uas set pressure not volume. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
trial'? The data do not support HBOC-201 in that polyhem did not increase survival 
although there does not seem to be much mortality early (figure 3) with any treatment. 

2) Is the study well designed7 The study is well design4 with clear blood pressure goals 
and survival over 24 hows. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing is to a blood pressure endpoint not volume. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? Blood 
pressure and heaxi rate arc monitored as with RESUS. 

5) Does the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the ReSUS prehospital trsuma setting? Blood pressure 
LR plus standard pressure seem to be best, Therefore MAP is important. No new 
endpoints. 

6) Can all animals entered into h e  study be accounted for? Yes all of the animals are 
accounted for. 

7) Are there aspects of the model that confound inteqnetation and/or relevance ro the 
prehospital resuscitation? The use of recent surgery and lidocaine may be confounding 
influences however, the use of conscioup animals is very important. 
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8) 1s the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in t e rn  of the RESUS prehospital trauma setting? HBOC-201 was not used 
in these studies only a polyhem from Northfield. Thus the comparisons are different. 

9) Have the prcclinical requirements for exception from informed consent been met7 
Appropriate animal and other preclinical studies have been conducted, and the 
informntion derived h m  those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. There do not appear to 
be any differences in survival early (see figure) and thus neuhal. However, mortality waa 
high in polyhem group over 24 hours. Thus not encouraging. 
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Hayward and Lefer. Paper 2 section 7. 

The purpose of this srudy was to examine the effects of varying mounts of HBOC-201 
in a model of traumatic shock in pentobarbital anesthetizd rats. Rats were placed in a 
drum for 500 revolutions and quickly the carotid artery and jugular vein were cannulated. 
Rats were given 10% HBOC done (sham), or &r kauma 5. 10. 15% HBOC (with 
comparable withdrawl of blood). Rats were monitored for 5 hours. Control time to 45 
mmHg or death was 102+20 minutes. A second group with no hemomhage was was 
designed to determine h e  role ofNO (no comment). Adminisbation of HBOC-201 at 5, 
10 and 15% of BV enhanced swival although only the 10% was statistically siguificant 
(figure 2). 10?4 HBOC-201 increased survival time to 228f31 minutes. All the HBOCs 
increased arterial pressure (figure 3). 

Questions to be addressed, 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
animal model represents non-hemorrhagic shock with unknown and unmeasured 
bleeding. The use of fixed volumes of HBOC is unlike RESUS. 

1 b) To what extent do the preclinical data support use in humans in the RESUS 
trial? There was an increase in survival -&fmm approximately 100-200 minutes with 

HBOC. 

2) Is the study well designed? The study is well designed to determine the role of No in 
this model. The trauma studies are straightforward. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
muma setting? The dosing schedules are to a fixcd volume with removal of blood ro 
keep the animal~nonnovolemic. 

4) Does the type of monitoring simulate the RESUS prehospital Imurna setting7 The 
hernodynamic monitoring is simple MAP and HR, like RESUS. 

5) Does the experiment idenhfy endpoints andlor biomarkers that comlate with favorable 
outcome and which can be used in rhe RESUS prehospital trauma Setting? NO. in all 
cases blood pressure increased but there was only one significant (10% HBOC) in time to 
death, due to small sample size. 

6) Can all animals entered into the study be accounted for? Yes, all animals are accounted 
for. 

7) Are there aspects of the model that confound intupretation and/or relevance to the 
phospital resuscitation? Pentobarbital anesthesia and rcccnt surgery are confounding 
influences. 
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8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reassuring in terms of the RESUS prehospital trauma setting? HBOC-201 to replace 
fluid which was removed, prolonged survival. 

9) Have the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
informdon derived from those studies and related evidence support the potential for the 
intewemion to provide a direct benefit to the individual subjects. The time to death (or 45 
mrnHg) wss prolonged. 
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Rotoccl K004-02 
Using anesthetized and ventilated pigs, three hemorrhage models were studied: 1) 40% 
hemorrhage with rectus crush; 2) 55% hemonhage and rectus crush; and 3) uncontrolled 
hemorrhage with liver injury. HBOC-201, Hex or no fluid were. administered and the 
animals kept prehospital of 4 hours. Animals were monitored for 72 hours total. All 
animals were given atropine, but no splenectomies performed. HBOC-201 and Hex were 
given as 10 mYkg over 10 minutes and more if MAP< 60mmHg or there was tachycardia. 
In all animals heart rate is high (140s) and MAP is low (67 mmHg) before hemorrhage. 

Ln mobel 1.40% hemorrhage. Less HBOC was required to maintain pressure. 018 
wilh HBOC-201 got fluid in the hospital. 818 in hex and HBOC-201 survived 4 hours. 818 
in HBOC, 718 in Hex and 518 in non survived 72 hours. MVO2 may be non invasive 
measure if technically simple. 

In 55% hemorrhage model, HR was high but MAP 78 before hemorrhage. HBOC 
required less fluid to restore MAP to guideline, less so with hex and MAP very low with 
NON (19 mmHg). 72 hours survival 818 with HBOC. 618 with hex and 218 with non 
Average swive l  time is 72, 55 and 19 hours respectively. Four hour survival best with 
HBOC, less with hex and worst with non (sce figure). 

In liver injury model, HR high before hemorrhage (atropine). Less fluid used in 
HBOC group. Blood loss lower in HBOC group. MAP restored by HBOC but not hex or 
non. Sunival to 4 hours was 718 in HBOC, 318 in hex and 118 in non. Sumval at 72 
hours was 718 with HBOC, 118 with Hex and 118 with non. 

Compiled sumival across all three protocols was highest for HBOC (96%), 58% for hex 
and 33% for Non @age 2689). 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? The 
animal model with anesthesiq atropine, ventilation does not simulate RESUS. The time 
course docs. 

1 b) To what extent do the praclinical data support w e  in humans in the RESUS 
hal?  Survival in each group and across groups for 4 hours with HBOC was equal or 

better than Hex. Survival to 72 hours was superior with HBOC-201. 

2) Is the study well designed? The study is well designed but to look at mechanisms. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting7 The MAP endpoint above 60 mmHg and reduced tachycardia is less than 
the 100 mmHg for RESUS. 

4) Doas the type of monitoring simulate the RESUS prehospital muma setting? The type 
of monitoring is more invasive as is the use of anesthesia. 
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5) Das the experiment identify endpoints andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? Measurement 
of MV02 non-invasively may be a useful end-point. 

6) Can all animals entered into the study be accounted for? Yes, all animals are accounted 
fm. 

7) Are there asuects of the model that confound in-retation andlor relevance to the 
pkhoapital reskcitation?The use of anesthetics, v&tilator, and especially atropine 
confound intmrctdon of the data. The withdrawinp of blood from h e  abdomen in the 
severm hemorrhege study may confound interpretation of the data. 

8) Is the absence of similar adverse events reported in preclinical studies with HBPC-201 
reawning in terms of the RESUS prehospital trauma setting? The survival in the 
preclinical studies with HBOC both to hospital and for 72 hours is encouraging. 

9) Hwe the preclinical requirements for exception from informed consent been met? 
Appropriate animal and other preolinical studies bave been conducted, and the 
infonuation derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. The reduced intergroup 
rnortelity is encouraging. 
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Section 8. 
This is the most conhing and inconsistent of all the studies. Three groups of studies 

were performed in ancsthetizcd, ventilated (if needed) with 0 2  pigs. Unwntrolled 
abdominal bleeding was created using the iliac artery a d  vein and hemorrhage controlled 
to 50% of estimated blood volume. Hemorrhage occurred over 3 0  minutes, resuscitation 
to 4 hours and hosnital like treahent for 2 more hours. Hemodynamics were recorded 
and the animals terminated at 6 hours after hemorrhage. In one group no resuscitation 
was used. In the second poup resuscitation to 50 mmHg was used (hypotmsive) and in 
the third resuscitation to nomotension performed. Three fluids were administered: a) 
saline, b) hex, c) HBOC-201 initially at fixed volumes (10 or 5 m l / k g )  and then to 
pressure endpoint, The total blood loss wu highest in the nonnotensive HBOC and Hex 
groups. Total volume infused was lowest in the hyptensive hem and normotensive hem 
for HBOC-20 1 @age 3 187). 
S w i v d  in the hypotcnsive hemorrhage p u p  was: 
50% for HBOC: 71% in the sal and 87% in the hex groups. 
Swival  times were 5.1 (sal), 4.6 (HBOC) and 5.9 (Hex) Hours. 
Survival in the normotensive hemorrhage groups was: 
50% in HBOC, 37.5% in Hex, and 75% in sal 
Survivll times in Mrm hemorrhage was: 
4 hour8 in HBOC, 3.3 hours in Hex and 5.2 hours in sal 

The authors believe that there are lots of technical problems. 

Questions to be addressed. 
la) Does the animal rnodcl adequately simulate RESUS prehospital trauma setting? This 
is a model of uncontrolled abdominal bleeding over 3 0  minutes and does simulate 
RESUS. The technical nature of the study (anesthesia) docs not simulate RESUS. 

1 b) To what extent do the pnclinical data support use in humans in the RESUS 
trial7 These data do not indicate i n c r e d  or cven (except for small N) the same survival 
as with Hex or Saline cornparted to HBOC. 

2) Is the study well designed? The study is well designed. 

3 )  Do the dosing schedules and rates of adminisbation simulate the RESUS prehospital 
eauma setting? The normotensive rcsuscitation does simulate RESUS whereas the other 
2 groups do not. 

4) Docs the type of monitoring simulate the RESUS prehospital trauma sating? The 
monitoring is more invasive and the presence of anesthesia is problematic (although 
necessary). 

5) Doss thc experiment idcntlfy endpoints andtor biomarkm that correlate wirh favorable 
outcome and which can be wed in the RESUS prehospital trauma setting? No new 
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biomarkers are seen. Pressure is slightly better but the survival with HBPC is not better 
than Saline. 

6) Can all animals entered into the study be accounred for? Yes all 59 animals are 
accounted for. 

7) Are there aspects of the model that confound interpretation andlor relevance to the 
prehospital ~esuscitation? Anesthesia, some variability in arsessing hemorrhage volume 
as indicated by the authors, the use of ventilation. 

8) Is the absence of similar adverse events reported in preclinid studies with HBOC-201 
reassluing in terms of the RESUS prehospital uauma setting? These shldies do not 
suppat the use of HBOC, it is not as good as saline regardless of the potential 
mechanisms. 

9) Have the preclinical requirements for exception from informed cansent been met? 
Appropriate animal and other preclinical studies have been conducted, and the 
information derived from those studies aad related evidence support the potential for the 
intervention to provide a k t  benefit to the individual subjects. The lack of equal or 
enhanced survival with HBOC does not add contidence. 
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Pmtowl 9: 
This seems to be an update of previous data using severe hemorrhage with liver 

crush end bleeding to 50 mlkg .22 animals were anesthetized and ventilated and 
insbumented for the measurement of pressures and cardiac output. Blood was removed 
for 15 minutes and then resuscitation was performad using no fluid, hex or HBOC-201 to 
60 minutes. transferred to a hos~ital like txatment and then for total of 96 hours. The 
most important data indicate that survival was @age 11 of 289) 818 at 24 hours and 718 
for 96 hours in the HBOC group. On page 33 of 289 mean survival time (minutes) was 
2114.7 in no fluid; 3 U . 2  in HES; and 5249i1444 in HBOC-201. Arterial pressure rose 
above 1 00 mmHg in the HBOC group but not in the HES gmup 71 mrnHg. 

Questions to be addressed. 
la) Does the animal model adequately simulate RESUS prehospital trauma setting? 
Acute hemorrhage Yes the acute hemorrhage in 15 minutes. 60 minutes to hospital and 
survival does simulate RESUS. The technical nature of these studies is beyond that of 
RESUS prehospital. 

I b) To what extent do the preclinical data support use in humans in the RESUS 
trial7 Survival at both 24 hours and 96 hours as well as the average nwival support the 

use of HBOC-20 1. 

2) Is the study well designed? The study is well designed although there was some 
discussion of in the data sets. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
t r a m  setting? The dosing schedule is to a fixed volume (6ml/kg/min or 3ml/kg/rnin) but 
did increase MAP to 109 mmHg with HBOC as is the goal of RESUS. 

4) Does the type of monitoring simulate the RESUS prehospital trauma setting? The 
monitoring is more invasive. 

5) Docs the experiment identify d p o i n t s  andlor biomarkers that correlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting7 No new 
endpoints are identified. 

6) Can all animals entered into the study be accounted for? Yes, although some difficulty 
due to early death. 

7) Arc there aspects of the model that confound intapretation andfor relevance to the 
phorpital resuscitation? The anesthesiq ventilation and use of 0 2  does confound 
interpretation of data. The presence of Ascaris in pigs is a problem in determining the 
cause of death. 
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8) Is the absence of similar adverse events rtpolted in preclinical studies with HBOC-201 
rrrrssuring in terms of the RESUS prehospital trauma setting? The good survival with 
HBOC does add confidence to the use of HBOC. 

9) Have the pwlinical requirements for exception h m  informed consent been met? 
Appropiate animal and other p l i n i c a l  studies have been conducted, and the 
informdon derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. The low mortality with 
HBOC is important. 
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Protocol 10. 
This is a project using 17 pigs to examine the relative effects of lactated rings or 

HBPC-201 in resuscitation of pigs after severe hemorrhage caused by laceration of the 
liver. h o r r h e g e  occumd over 9 minutes and resuscitation was continued for another 
120 minutes. HBOC was initially given as fixed amount there aAer LR and HBOC were 
administered to keep MAP above 60 mmHg. The pigs were anesthetized, paralyzed and 
warmed. They were ventilated with 100% 02. The amount of hemorrhage resulted in an 
estimated 50% loss of blood volume. Infusion of HBOC increased MAP to 60 mmHg in 
1.6 minutes whereas infusion of LR took 7.4 minutes to increase pressure to that same 
level. Only 1/10 pigs given LR sunived 129 minutes, while 717 pigs given HBOC 
survived @age 40 of 165). Heart rate was very high (page 37 of 165). 

Questions to be addressed. 
la) Docs the animal model adequately simulate RESUS prehospital trauma setting? Yes, 
although the technical measurements are more sophisticated. 

lb) To what exrent do the preclinical data s u m  use in humans in the RESUS 
trial? The increased survival to 129 minutes support use of HBOC in humans. 

2) Is tk study well designed? Yes it is well designed. 

3) Do the dosing schedules and rates of administration simulate the RESUS prehospital 
trauma setting? The dosing sehedule is initially to a Axed volume and to maintain MAP 
above 60 mmHg. The pressure goal is less then RESUS. 

4) Does the type of monitoring simulate the RESUS prehospital eauma setting? The type 
of monitoring is more invasive than RESUS. 

5 )  Does the experiment identify endpoints andlor biomarkers that comlate with favorable 
outcome and which can be used in the RESUS prehospital trauma setting? No new 
endpoints were examined nor was survival beyond 129 minutes. 

6) Can all animals entered into the study be accouuted for? No new endpoinrs were 
evident. 

7) Arc there aspects of the model that confound i n u ~ p ~ t a t i o n  a d o r  relevance to the 
prehospital resuscitation? The use of paralytics, anesthesia and ventilation along wirh 
100% 0 2  is problematic. 

8 )  Is tk absence of similar adverse events reported in preclinical studies with HBOC-201 
reassuring in terms of the RESUS prehospital trauma setting? The increased survival to 
129 minutes with HBOOC is important. 
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9) Have the preclinical requirements for exception from informed consent been ma? 
~ppmpriatc animal and other prcclinical studies have been ~onduckd, and the 
infonuation derived from those studies and related evidence support the potential for the 
intervention to provide a direct benefit to the individual subjects. Tbe inmased survival 
to 129 minutes support tat HBOC may be useful. 
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