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Diaspirin Cross-Linked Hemoglobin Infusion Did Not Influence 
Base Deficit and Lactic Acid Levels in Two Clinical Trials of 

Traumatic Hemorrhagic Shock Patient Resuscitation 

Edward P. Sloan, MD, MPH, Max D. Koenigsberg, MD, Nora B. Philbin, MSc, and Weihua Gao, PhD,· for the 
DCLHb Traumatic Hemorrhagic Shock Study Group and the European HOST Investigators 

Background: Diaspirin cross-linked hemoglobin (DCLHb) has demon­
strated a pressor effect that could adversely affect traumatic hemorrhagic 
shock patients through diminished perfusion to vital organs, causing base 
deficit (BD) and lactate abnormalities. 
Methods: Data from two parallel, multicenter traumatic hemorrhagic shock 
clinical trials from 17 US Emergency Departments and 27 European Union 
prehospital services using DCLHb, a hemoglobin-based resuscitation ftuid. 
Results: In the 219 patients, the mean age was 37.3 years, 64% of the 
patients sustained a blunt injury, 48% received DCLHb resuscitation, and the 
overall 28-day mortality rate was 36.5%. BD data did not differ by treatment 
group (DCLHb vs. normal saline [NS]) at any time point. Study entry BD 
was higher in patients who died when compared with survivors in both 
studies (US: -14.7 vs. -9.3 and European Union: -11.1 vs. -4.1 mEq/L, 
p < 0.003) and at the first three time points after resuscitation. No differences 
in BD based on treatment group were observed in either those who survived 
or those who died from the hemorrhagic shock. US lactate data did not differ 
by treatment group (DCLHb vs. NS) at any time point. Study entry lactates 
were higher in US patients who ultimately died when compared with 
survivors (82.4 vs. 56.1 mmoi/L, p < 0.003) and at all five postresuscitation 
time points. No lactate differences were observed between DCLHb and NS 
survivors or in those who died based on treatment group. 
Conclusions: Although patients who died had more greatly altered perfusion 
than those who survived, DCLHb treatment of traumatic hemorrhagic shock 
patients was not associated with BD or lactate abnormalities that would 
indicate poor perfusion. 
Key Words: Diaspirin cross-linked hemoglobin, Traumatic hemorrhagic 
shock, Base Deficit, Lactate, Resuscitation. 
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Despite optimal resuscitation efforts, patients sustaining 
traumatic hemorrhagic shock have had an unacceptably 

high mortality rate. The search for a hemoglobin-based oxy­
gen carrier (HBOC) that could be used as a resuscitation fluid 
both in the battlefield and civilian settings has as of yet not 
produced a solution that improves outcome.1·3 Many of these 
solutions have demonstrated a pressor effect that is mani­
fested by increased blood pressure (BP).4·1S 

The study of diaspirin cross-linked hemoglobin 
(DCLHb) in traumatic hemorrhagic shock patients included 
two parallel studies in the US Emergency Departments and in 
the European Union (EU) prehospital setting. 16·17 In the US 
study, DCLHb resuscitation was associated with increased 
mortality, and in the EU study, DCLHb was not associated 
with improved patient outcomes. 14 Resuscitation BPs from 
these two studies did not demonstrate a consistent DCLHb 
pressor effect. 18 Despite this lack of observed pressor effect, 
DCLHb and other HBOCs could have a deleterious effect on 
patient outcome if these solutions adversely alter perfusion to 
vital organs as manifested by a worsening of serum base 
deficits (BDs) and elevated lactate levels, both of which have 
been shown to correlate with morbidity and mortality in 
traumatic hemorrhagic shock.1 9·3J 

This study determined if DCLHb use in traumatic hem­
orrhagic shock resuscitation was correlated with BD and lactate 
(LA) abnormalities based either on treatment group (DCLHb vs. 
normal saline [NS]) or on patient outcome (28-day mortality). 
The presence or absence of any adverse perfusion effects based 
on treatment group will provide a better understanding if the 
suspected pressor effect of solutions such as DCLHb should 
limit future study of the HBOCs in the setting of uncompensated 
traumatic hemorrhagic shock. 

METHODS 
The clinical trials of DCLHb in traumatic hemorrhagic 

shock occurred between February 1997 and January 1998 in 
the US study, and from July 1997 to May 1998 in the EU 
study.t6,t7 Because of an observed increased mortality in the 
DCLHb-treated patients in the US study, the study was 
terminated by the Data Safety Monitoring Board after the 
enrollment of 98 patients. At that time, the EU study was 
also halted and analysis of the EU data demonstrated no 
benefit with the use of DCLHb, resulting in the final termination 
of this EU study after the enrollment of 121 patients. 
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The database for the cutTen! analysis of BDs and lactic 
acid levels after DCLHb use in traumatic hemorrhagic shock 
came from the original datasets that were collected by Baxter 
HcalthCare for the US and EU studies. BD data were ob-

TABLE 1. Patient Demographics and Clinical Variables in 
the US and EU DCLHb Clinical Trials 
Age (yrs) 
Gender 

Male 
Female 

Study setting 
us 
EU 

Resuscitation nuid 
DCLHb 
NS 

Injury mechanism 
Blunt 
Pcnetrati ng 

Blunt injury type 
Motor vehicle cmsh 
Fall 
Others 

Penetrating injury type 
Gun shot wound 
Stab wound 
Others 
Motor vehicle crash 
Fall 

Injury severity score 
28-d outcome 

Survived 
Died 

The values given in the parentheses represent p~rccntngc. 

37.3 :!: 17.2 

159 (72.6) 
60 (27.4) 

98 (44.7) 
12 1 (55.3) 

106 {48.4) 
113 (51.6) 

139 (63.5) 
so (36.5) 

94 (67.6) 
32 (23.0) 
13 (9.4) 

35 (43.8) 
27 (33.8) 
II ( 13.8) 
6 (7.5) 
I ( 1.3} 

30.4 :!: 18. 1 

139 (63.5) 
80 (36.5) 

tained at five-time points in both the US Emergency Depart­
ment and EU prchospital studies and are reported in mil­
liequivalent per liter. In the US trial, serum lactate levels were 
also obtained at five-t ime points and are reported in mill igram 
per deciliter (mg/%). Data presented are mean values :!: SO 
for all patients based on treatment group (DCLHb vs. NS) 
and 28-day outcome status (survived vs. expired). 

The stat ist ical analysis of the BD and lactic acid data 
included the comparisons of mean and SO data and the 
distributions of these two perfusion markers. Regression 
analysis was used to test the association among BD, lactate, 
the usc of DCLHb, and other demographic and clinical 
variables at each of the five-time points. 

The protocols used in US and EU cl inica l tria ls were 
approved by the insti tutional review board of each participat­
ing institution before the enrollment of any subjects. Trials 
were conducted in compliance with all regulations for good 
cli nical trials and practice. The US study was conducted 
under federal regulations governing emergency research with 
an exception to informed consent. The current analysis of the 
data was conducted with insti tuti onal review board approval 
from the University of Ill inois at Chicago. 

RESULTS 
There were a total of 219 patients studied, with 45% 

coming from the US Emergency Department study (Table I). 
The mean age was 37.3 years, 64% of the patients sustained 
a blunt injury, 48% received DCL Hb resusci tation, and the 
overall 28-day mortality rate was 36.5%. 

When analyzed by survival status in the combined US 
and EU dataset, BD was significantly greater in patients who 
died when compared with those who survived at the firs t 
four-t ime points: BD I ( -1 3.0 vs. -7.0 mEq/L, p = 0.00 1), 
BD 2 (-9.7 vs. -4.2 mEq/ L, p = 0.005), BD 3 (-8.5 vs. 

Combined Base Deficit Data by Survival Status 

:J -5.0 
0' 
w 
E 
0 -10.0 +--+-
0) 

801 (256 1 1087 min) 802 (597% 1U1 min) 803 (1 478% 1729 mini 804 (2708 12633 min) 805 (4707 1 4381 min) 
Survivors n.: 114 SutvivotS n = 102 Sutvivors n z 93 Sutvrvors n = 86 Surwvors n = 72 
NonsurvtVors n = 53 Nonsurvivors n : 25 Nonsutvivors n : 15 Nonsurvivors n :: 8 Nonsurv1vors n = 6 

Figure 1. Combined US and EU base deficit data based on survival status. 
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601 (•111 93 min) 
OCLHb n • 47 

HS n • 43 

602 (2061179 min) 603 (4731319 min) 604 (870 1 585 m•n) 605 (1563 1630 min) 
DClHb n • 39 DCLHb n • 32 OCLHb n • 27 OCLHb n • 23 
NSn•35 NSn•Jl NSn•l1 NS n • 25 

B 
10.0r--------------------------------------------------~====~ 

601 (484 1 1529 min) 602 (1072 1 1565 min) 603 (2837 t 1925 min) 604 (53731 2107 mm) 605 (9280 13317 m•nl 
DCLHb n • 36 DCLHb n • 2• OCLHb n • 17 OCUtb n • 13 OCLHb n • 13 
NS n • 49 NS n •31 NS n • 27 NS n • 20 

Figure 2. (A) US base deficit data by treatment group. (8) EU base deficit data by treatment group. NS, normal saline. 

-2.3 mEq/L, p = 0.00 1), and BD 4 (-7.8 vs. -0.6 mEq/L, 
p = 0.016; Fig. 1). 17 

In the US clinical trial , BD did not differ by treatment 
group at any time point (Fig. 2, A). No differences in BD 
based on treatment group were observed in either those who 
survived or those who died from the hemorrhagic shock (Fig. 
3, A and 8, Table 2). 

When s trati fying the US BD data into four ranges (>0, 
0 to -4.9, -5.0 to - 9.9, and -10 mEq/L or worse) and into 
dichotomous BD ranges (< -4.9 vs. -5 mEq/L or worse) , 
there were no BD differences at any of the five-time points 
based on treatment group (Table 3) . The overall BD distri­
butions were noted to be different based on 28-day survival 
status at the first, third, and fourth time points. The distribu­
tions were a lso noted to be different based on survival s tatus 
when dichotomized to < -4.9 versus -5 mEq/L or worse at 
the first and th ird time points. 

In the EU prehospital clinical tria l, BD again did not 
differ by treatment group at any time point (Fig. 2, B). No 
differences in BD based on treatment group were observed in 

1160 

either those who survived or those who died from the hem­
orrhagic shock (Fig. 4, A and 8 , Table 4). 

When stratify ing the EU BD data in to four ranges (>0, 
0 to -4.9, -5.0 to -9.9, and - I 0 mEq/L or worse) a nd into 
dichotomous BD ranges ( < - 4.9 vs. -5 mEq/L or worse), 
there were no BD differences at any of the five-time points 
based on treatment group (Table 5). The overall BD distri­
but ions were noted to be different based on 28-day survival 
status at every time point. The d is tribut ions were a lso noted 
to be different based on survival s ta tus when d ichotomized to 
< -4.9 versus -5 mEq/L or worse at the first, third, fourth, 
and fifth time points. 

Lactate values in the US study were comparable in the 
two treatment groups in all but the second time point, which 
occurred at an average of 519 minutes a fter the in fus ion of 
DCLHb or the NS control solution (Fig. 5, A), When ana­
lyzed by survival status, lactates were s ignificantly greater in 
patients who died when compared wi th those who survived at 
all of the time po ints: LA I (82.4 vs. 56.1 mg/dL, p = 0.003), 
LA 2 (73.8 vs. 33.5 mg/dL, p = 0.004), LA 3 (68.1 vs . 28.2 

© 2010 Lippi11COII Williams & Wilki11s 
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A 

B 

801 (411 93 min) 
DCLHb n • 26 
NS n • 33 

801 (41 t 93 min) 
DCLHb n • 20 
NS n • 7 

802 (206 1 179 min) 803 (473 1 319 min) 804 (870 1 585 min) 805 ( 1563 1630 min) 
OCLUb n • 2.4 OCLHb n • 24 OC Lttb n • 22 OCUtb n • 19 
HSn •H NS n•27 NSn•26 N5n •22 

802 (206 t 179 min) 
DCLt~ b n • 14 

803 (473t319 min) 804 (870 1585 min) 805 (1563 1 630 min) 
OCLHb n • 8 OCU tb n • 5 OCLHb n • 4 

HS n •l NS n • 3 NS n • 2 NS n • t 

Figure 3. (A) US base deficit data by treatment group in survivors. (8) US base deficit data by treatment in nonsurvivors. NS, 
normal saline. 

TABLE 2. US DCLHb Clinical Trial Base Deficit Data Based 
on Treatment Group and Survival Status (mEq/ L) 

Time Point DCLI Ib NS I' 

Survival slatus: survivors 

BD I -8.4 :!: 7.8 - 10.1 .!: 7.5 ns 

BD 2 -6.0:!: 5.2 -7.2 = 5.2 ns 

BD 3 -4.3 :!: 3.9 - 4.6 = 5.1 ns 
BD 4 -2.7 :!: 3.3 -2. 1 :!: 4.7 ns 

BD 4 -0.3 ± 2.6 0.3 ± 3.7 ns 
Surviva l slatus: nonsurvivors 

BD I - 14.4 :!: 7.8 - 15.6 ± 4.4 us 

BD 2 -9.6:!: 8.5 - 12.8:!: 3.3 ns 

BD 3 -10. 1 ± 3.3 -9.2 :!: 2.8 liS 

BD 4 -6.2 ± 4.9 - 13.1 :!: 10.5 ns 

BD 5 -0.7:!: 5.9 - 0.9 ± 0.0 ns 

NS. nonnal saline: ns. no1 signofican1. 

© 2010 Lippinco/1 Williams & Wilkins 

mg/dL, p s 0.00 I), LA 4 (83. 7 vs. 24.1 mg/dL, p = 0.00 I), 
and LA 5 (33.7 vs. 18. 1, mg/dL, p = 0.03; Fig. 5, B). In the 
US study, lactate values did not differ based on survival 
status in both of the DCLHb and NS treatment groups (Fig. 6, 
A and 8 , Table 6). 

When strati fying the US lactate data into five ranges 
(> 90, 61-90,3 1- 60, 10- 30, and < 10 mg/dL) and into dichot­
omous lactate ranges (;:::::45 and < 45 mg/dL), there were no 
differences at any of the five- time points based on treat­
ment group . The overall lactate distributions were noted to 
be different based on 28-day survival status at each time 
point (Table 7). The distributions were also noted to be different 
based on survival status when dichotomized to ;:::::45 mg/dL and 
< 45 mg/dL at the first , second, third, and fourth time points. 

Regression analysis did not demonstrate any relation­
ship between treatment group and the observed BD or lactate 
values from either study except at the second time point for 
lactate in the US study where DCLHb patients had a lactate 

1161 
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TABLE 3. US DCLHb Clinical Trial Base Deficit Distribution Data Based on Survival Status 

Base Deficit (mEq/L) 

Time Point >0 0 to -4.9 

8DI 

Died 0 (0.0) I (3.7) 
Survived s (8.S) 10 (16.9) 

8D2 

Died I (S.9) I (S.9) 
Survived 4 (7.5) IS (28.3) 

8D3 

Died 0 (0.0) I (9.1) 
Survived 10 (19.6) 19 (37.3) 

8D4 

Died 0 (0.0) 3 (42.9) 
Survived IS (31.3) 22 (4S.9) 

8D5 

Died 2 (40.0) 2 (40.0) 
Survived 19 (46.3) 19 (46.3) 

>0 to -4.9 -S or worse 
8DI 

Died I (3.7) 26 (96.3) 
Survived 15 (25.4) 44 (74.6) 

8D2 

Died 2 (11.8) IS (88.2) 
Survived 19 (3S.8) 34 (64.2) 

8D3 

Died I (9.1) 10 (90.9) 
Survived 29 (S6.9) 22 (43.1) 

8D4 

Died 3 (42.9) 4(S7.1) 
Survived 37 (77.1) II (22.9) 

8DS 

Died 4 (80.0) I (20.0) 
Survived 38 (92.7) 3 (7.3) 

The values given in the parentheses represent percentage. 
OR, odds ratio; CI, confidence interval. 

level of 49 mg/dL ± 32 mg/dL and NS resuscitated patients 
had a lactate level of 34 mg/dL ± 24 mg/dL. Otherwise, the 
observed BD and lactate values were more likely to be related 
to clinically relevant variables such as Glasgow Coma Scale, 
Injury Severity Score, mechanism of injury, Revised Trauma 
Score, time to study entry, total amount of blood transfused, 
or the preinfusion Hb level. 

DISCUSSION 
Development of a HBOC that could improve traumatic 

hemorrhagic shock patient outcomes both in the civilian and 
military setting continues despite previous setbacks. 34-40 
There is a continuing effort to develop a solution that can be 
carried by medics or paramedics that is stable at room 
temperature and could be easily used in a broad population of 
traumatic hemorrhagic shock patients. The development of 
such a solution has been hampered in part by concerns based 
on the DCLHb experience regarding the pressor effects of 

1162 

-s to -9.9 -10 or Worse p 

6 (22.2) 20 (74.1) 0.03 
19 (32.2) 2S (42.4) 

7 (41.2) 8 (47.1) 0.13 
22 (41.S) 12 (28.3) 

s (4S.S) s (4S.S) 0.02 
IS (29.4) 7(13.7) 

I (14.3) 3 (42.9) 0.01 
9 (18.8) 2 (4.2) 

I (20.0) 0 (0.0) 0.64 
3 (7.3) 0 (0.0) 

OR 9S% Cl 

4.43 1.1-190 0.03S 

2.SO 0.78-29.7 0.11 

6.47 1.51-296 0.011 

2.09 0.69-31.0 O.IS 

0.01 O.OO-SS.4 0.91 

HBOCs, with the belief that these solutions could cause poor 
perfusion to vital organsJ.IS.41-46 

The use of DCLHb and other oxygen-carrying hemo­
globin solutions with a pressor effect could possibly hinder 
successful patient resuscitation through impaired perfusion to 
vital organs and a worsening acid/base balance with worsen­
ing BDs and higher lactate levels.2-31 ·47 These products could, 
as a result of an adverse pressor effect, alter perfusion to vital 
organs in a way that could cause the occurrence of multisys­
tem organ failure after the acute resuscitation, which would 
then increase mortality during the first 28 days.20.24-26,32.4s-n 
The suspected HBOC pressor effect could also complicate the 
resuscitation of traumatic hemorrhagic shock patients be­
cause systolic BP (SBP) elevations with HBOC use lead 
clinicians to under-resuscitate these patients, either with crys­
talloids or with blood, causing worsening perfusion over time 
due to inadequate intravascular volumes, again leading to 
worsening BDs and higher lactate concentrations. 

© 2010 Lippincott Williams & Wilkins 
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A lo OCL111J Su"''""' a NS SurvNUr j 

:J 
]' -5.1>+-----' 

.s 

901 {484 ~ 1529 rnrn) 8 02 {1072 i 1565 fllln ) 903 (2837: 1925 rnrn) 904 (5373 • 2107 rnrn) 805 {9280 • JJ 17 mrn) 
OCltlb n a 2-4 OCUtbn • 10 OCLHb n • 1S OCLHb n • t2 DCLHb n• t2 
NS n • 31 NSn •2t NSn •27 NS n •2tli NSn • 19 

EU Base Deficit Data by Treatment Group in Non-survivors 

501 {~ 1 1529 m"') 
OCLHDn • 11 

502 (1072 i 1565 min) 503 (<S37 i 192~ "'"') 5<H (53D 1 2107 Mill) S:l5 {92ZO! 3317 m10) 
DCLHDn•' OCLHDn • t OCLrton • O OClHDn•O 

usn= 1s IISn•S 1Un=3 tUn • I tUn• I 

Figure 4. (A) EU base deficit data by treatment group in survivors. (8) EU base deficit data by treatment in nonsurvivors . 

TABLE 4. EU DCLHb Clinical Trial Base Deficit Data Based 
on Treatment Group and Survival Status (mEq/L) 
Time Poinl DCLI-Ib NS Jl 

Survival slatus: survivors 
BD I -3.3 :!: 5.0 -4.7 :!: 4.7 NS 
BD 2 -2.4:!:4.9 -2.3 :!: 5.6 NS 
BD 3 0.7 :!: 4 .0 -0.2 :!: 2.9 NS 
BD 4 2.1 :!: 1.6 1.1 :!: 3.0 NS 
BD 4 1.9 ::!: 2.3 1.7 :!: 3.0 NS 

Survival slatus: nonsurvivors 
BD I - 11.5 :!: 6.4 -10.9:!: 9.0 NS 
BD 2 -11.3 :!: 9.7 -7.3 :!: 10.6 NS 
BD 3 - 6.0 - 4.7 :!: 4.5 NS 
BD 4 - 5.6 
BD 5 - 5.5 

Although this is a post-hoc analysis from studies con­
ducted over I 0 years ago, these data arc still important to 
further research into HBOCs because BD and lactate de­
rangements are critical considerations during blood substitute 

© 2010 Lippincou Williams & Wilkins 

clinicaltrials.t. 1H The lack of an observed BD or lactate effect 
in the DCLHb clinical trials supports further HBOC clinical 
trials that search to obtain a safe and efficacious product. The 
use of these two DCLHb studies as a model for perfusion 
effects is an important one, given that this pure tetrameric 
DCLHb solution was tested as a therapeutic because of its 
consistent pressor effect and purported improved perfusion to 
vital organs.I3.4I.S4 Although pressor effects are thought to be 
more consistently observed with DCL Hb, a pure solution of 
hemoglobin tetramcr, these pressor effects might also occur 
with other hemoglobin solutions, such as HBOC-20 I, Poly­
Heme, or Hemolink, such that the risk of a worsening 
acid/base balance must be studied first using the data from 
these two DCLHb traumatic hemorrhagic shock clinical tri­
als.s.Jo.42.ss-6t HBOCs have exhibi ted pressor effects thought 
to be due to nitric oxide scavenging.11 ·

45
•62 Nitric oxide is a 

key vasodilator in the bloodstream, which is synthesized by 
blood vessel wall endothelial cells and aids in stimulating the 
relaxation of nearby smooth muscle cclls.63 DCLHb is a pure 
tetramcric hemoglobin solution thought to have the greatest 
pressor effect of the clinically tested HBOCs. Other HBOCs 

11 63 
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TABLES. EU DCLHb Clinical Trial Base Deficit Distribution Data Based on Survival Status 

Base Deficit (mEq/L) 

Time Point 

8DI 
Died 
Survived 

8D2 
Died 
Survived 

BD3 

Died 
Survived 

8D4 

Died 
Survived 

BDS 
Died 
Survived 

8DI 
Died 
Survived 

8D2 

Died 
Survived 

8D3 

Died 
Survived 

8D4 

Died 
Survived 

8D5 

Died 
Survived 

>0 

2 (7.7) 

8 (13.6) 

I (12.5) 

18 (34.0) 

0 (0.0) 

23 (52.3) 

0 (0.0) 

29 (74.4) 

0 (0.0) 

24 (75.0) 

>0 to -4.9 

5 (19.2) 

37 (62.7) 

4 (50.0) 

41 (77.4) 

2 (50.0) 

42 (95.5) 

0 (0.0) 

38 (97.4) 

0 (0.0) 

32 (100) 

The values given in the parentheses represent percentage. 
OR, odds ratio; Cl, confidence inlerval. 

0 to -4.9 

3 (11.5) 

29 (49.2) 

3 (37.5) 

23 (43.4) 

2 (50.0) 

19 (43.2) 

0 (0.0) 

9 (23.1) 

0 (0.0) 

8 (25.0) 

-5 or worse 

21 (80.8) 

22 (37.3) 

4 (50.0) 

12 (22.6) 

2 (50.0) 

2 (4.5) 

I (100) 

I (2.6) 

I (100) 

0 (0.0) 

such as PolyHeme, which are composed of mostly nontet­
rameric hemoglobin molecules, have been suggested to have 
less of a pressor effect. Despite different chemical modifica­
tions, such as synthesis with glutaraldehyde, a-raffinose, 
activated dextran, and molecular cross-linking, all HBOCs 
have been shown to exhibit some hemodynamic effects re­
sulting from likely endothelial nitric oxide scavenging.64 

Regardless of the differences of the hemoglobin solu­
tions with regard to pressor effects, the absence of adverse 
pressor effects with DCLHb use suggests that all HBOCs 
may be safely used in the treatment of traumatic hemorrhagic 
shock patients, especially if these effects are thought to be 
related to the presence of pure tetrameric Hb. 12 

As has been seen previously, patients who ultimately 
died in these clinical trials had more derangements in their 
BDs and lactates, illustrating worsened perfusion. 10 The im­
portant question related to the use of HBOCs is whether any 
proposed pressor effect will be the cause of worsened perfu­
sion, abnormal acid/base status, and higher mortality. In the 
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-s to -9.9 -10 or Worse p 

6(23.1) IS (57.7) 0.001 
18 (30.5) 4 (6.8) 

2 (25.0) 2 (25.0) 0.001 
9 (17.0) 3 (5.7) 

2 (50.0) 0 (0.0) 0.004 
2 (4.5) 0 (0.0) 

I (100) 0 (0.0) 0.001 
I (2.6) 0 (0.0) 

I (100) 0 (0.0) 0.001 

0 (0.0) 0 (0.0) 

OR 95% Cl 

11.97 2.10-25.2 0.001 

1.46 0.55-20.0 NS 

4.86 1.22-537 0.027 

0.037 

0.0054 

BP effect analysis of DCLHb, patients who died did not 
exhibit elevated BPs. 18 Elevated BPs were actually more 
often observed in patients who survived. As such, there is no 
suggestion of a significant correlation between DCLHb­
induced elevated BPs and worsened BDs and lactates, 
suggestive of poor perfusion. If there is no clinically 
measurable acid/base imbalance due to impaired perfusion 
with DCLHb use from these studies, it might be possible to 
infer that perfusion problems will also not be observed 
with the other hemoglobin solutions that are studied for 
use in the resuscitation of traumatic hemorrhagic shock 
patients. 

The use of patient data from both the US and EU 
studies effectively balances the study of shock in penetrating 
and blunt trauma victims, as well as those who had minimal 
fluid resuscitation in the prehospital setting before DCLHb 
use (EU protocol) and those with the infusion of crystalloids 
by Emergency Medical Services (EMS) paramedics before 
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Figure 5. (A) US lactate data by treatment group. (8) US lacta te data by survival status. 

DCLHb usc (US protocol). 13 The patients in this study arc 
similar in mechanism of injury, inj ury severity, and mortality 
rate to trauma populations from other traumatic hemorrhagic 
shock studics.6H 7 

80 and lactate elevations were correlated with patient 
outcome in these trials, consistent with data that suggest that 
worse 80s are associated with higher mortality in traumat ic 
hemorrhagic shock.22·2•·26·2S·52·6S·71 The data from these stud­
ies also confirm the mortality predicting power of 80 and 
lactate levels in traumatic hemorrhagic shock patients.6 As 
such, the potential adverse effect of DCLHb treatment on 
perfusion can be analyzed by measuring BDs and lactates 
during the shock resuscitation. 

There were no differences in 80 mean values or 
distributions both in the US and in the EU studies based on 
treatment group. 3 This suggests that there were no adverse 

© 2010 Lippinco/1 Williams & Wilkins 

perfusion effects to vital organs with the usc of DCLHb, a 
finding that is consistent wi th the lack of observed BP effects 
from these two clinical trials. 1x The FDA concern that the 
vasoactivity and potential toxicity of HBOCs are the cause of 
worsened patient outcome due to impaired perfusion is not 
supported by the data from these two DCLHb cl inical trials.• 
BD and lactate levels, which correlate wi th perfusion, dem­
onstrated no difference based on treatment with DCLHb.5 

Freilich et al. , 72 in an orthopedic clinical trial, also found no 
difference in vasoactivi ty with a hemoglobin solution, 
HBOC-20 I, in young, stable trauma patients who experi­
enced a hypotensive episode. 

There were also no observed di ffcrences in the mean 
lactate or the distribution of lactates in the US study based on 
treatment group. This again suggests that there were no 
adverse perfus ion effects to vital organs with the use of 
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Figure 6. (A) US lactate data by treatment group in survivors. (8) US lactate data by treatment group in nonsurvivors. NS, 
normal saline. 

DCLHb, even though mortality rates were higher in patients 
treated with DCLHb in this study.'" As wi th the BD findings, 
there were lactate differences based on patient outcome, 
consistent with data that suggest that higher lactate levels are 
associated with higher mortality in traumatic hemorrhagic 
shock patients.26M.70.73·76 

Because HBOCs have been observed to reduce the 
measured lactate levels, it is possible that the lack of observed 
difference in lactates from the US study is due to thi s 
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laboratOJy assay problem causing all lactate levels to be 
reduced and the di ffcrcnces to be lessened, especially wi th 
higher serum concentrations of DCLI-I b. 77 Jahr ct al. found 
that the average di ffercnce between measured and calculated 
(actual) lactate levels could be an underestimation of between 
- 2.2 mg/dL and -12 mg/dL when measured in the presence 
of an oxidizing hemoglobin agent outside the protective red 
blood cell . At cl inically relevant concentrations of HBOC 
infusions ( 1-2 g/dL), the average difference was -2.2 mg/dL. 
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TABLE 6. US DCLHb Clinical Trial Lactate Data Based on 
Treatment Group and Survival Status (mg/dL) 

Time Point DCLHb NS 

Survival status: survivors 

LA I S2.9 ::t 3S.I S8.4 ::t 34.S 

LA 2 38.S ::t 21.S 29.4 ::t 17.3 

LA 3 29.0 ::t 22.2 21.S ::t 13.0 

LA 4 22.S ::t 18.1 2S.S ::t 18.0 

LAS 16.0 ::t 8.0 19.S ::t 17.7 

Survival status: nonsurvivors 

LA 1 80.8 ::t 39.2 87.0 ::t 43.4 

LA 2 74.1 ::t 42.8 73.0 ::t 41.6 

LA 3 69.0 ::t 23.6 66.4 ::t 29.1 

LA 4 60.S ::t 22.8 130.2 ::t 117.8 

LAS 32.3 ::t 9.4 39.6 ::t 0.0 

p 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Adjusting for this difference in the measured lactate levels of 
DCLHb-treated patients still yielded no significant difference 
in lactate levels between treatment groups at any time point. 

It has been suggested that the BD and lactate response 
be analyzed with respect to volume of DCLHb infused. 7•9 A 
stratified analysis based on DCLHb volume is not possible, as 
the majority (86%) of patients received only two units of 
DCLHb during their resuscitation. 

This work is consistent with the BP analysis from these 
two DCHLb clinical trials, which suggests the lack of an 
adverse pressor effect as seen by the absence of consistently 
or markedly elevated BP values with DCLHb resuscita­
tion.14·22 Several important facts were observed in the 
DCLHb BP publication. Although mean SBP and diastolic 
BP values differed at 2 of the I 0 measured time points, BP 
curve analysis showed no SBP, diastolic BP, or mean arterial 
pressure differences based on treatment. Although SBP val­
ues ~160 and ~120 mm Hg were 2.2X and 2.6X more 
frequently noted in survivors, they were not more common 

TABLE 7. US DCLHb Clinical Trial Lactate Distribution Data Based on Survival Status 

Time Point >90 61-90 

LA I (p == 0.03S) 

Died 8 (29.6) II (40.7) 

Survived 10 (17.S) 10 (17.S) 

LA2 (p == 0.001) 

Died 3 (23.1) s (38.S) 

Survived 0 (0.0) s (9.4) 

LA3 (p == 0.001) 

Died 2 (22.2) 3 (33.3) 

Survived 0 (0.0) 3 (S.9) 

LA4 (p == 0.001) 

Died 2 (33.3) I (16.7) 

Survived 0 (0.0) 3 (S.9) 

LAS (p == 0.007) 

Died 0 (0.0) 0 (0.0) 

Survived 0 (0.0) 2 (4.7) 

2:4S <4S 
LAI 

Died 24 (88.9) 3(11.1) 

Survived 27 (47.4) 30 (S2.6) 

LA2 

Died 11 (84.6) 2 (1S.4) 

Survived 13 (24.S) 40 (1S.S) 

LA3 

Died 7 (77.8) 2 (22.2) 

Survived 7 (13.7) 44 (86.3) 

LA4 

Died s (83.3) I (16.7) 

Survived 6 (11.8) 4S (88.2) 

LAS 

Died 0 (0.0) s (100) 

Survived 3 (7.0) 40 (93.0) 

The values given in the parentheses represent percentage. 
OR, odds ratio: Cl, confidence interval. 
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Lactate (mgldL) 

31-60 

7 (2S.9) 

2S (43.9) 

3 (23.1) 

21 (39.6) 

3 (33.3) 

IS (29.4) 

3 (SO.O) 

13 (2S.S) 

3 (60.0) 

3 (7.0) 

OR 

11.S6 

13.79 

14.1S 

13.36 

0.13 

10-30 

I (3.7) 

10 (17.S) 

2 (1S.4) 

24 (4S.3) 

I (11.1) 

27 (S2.9) 

0 (0.0) 

24 (47.1) 

2 (40.0) 

24 (SS.8) 

9S% CI 

2.18-42.0 

2.91-128 

3.13-197 

3.18-1018 

0.00-2S.7 

<10 

0 (0.0) 

2 (3.S) 

0 (0.0) 

3 (S.7) 

0 (0.0) 

6(11.8) 

0 (0.0) 

11 (21.6) 

0 (0.0) 

14 (32.6) 

0.001 

0.001 

0.001 

0.001 

NS 
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with DCLHb use, nor in DCLHb patients who expired, in US 
study nonsurvivors, or in any EU study patients. SBP values 
~160 and ~120 nun Hg were 2.8X and 1.3X more fre­
quently noted in DCLHb survivors when compared with NS 
survivors. Only 3% of the BP variation noted could be 
attributed to DCLHb use, and as expected, injury severity and 
baseline physiologic status were stronger predictors. 18 

It is noteworthy that the times at which these BD and 
lactate values were obtained varied substantially, reflecting 
the variable clinical use of these laboratory tests, even in 
clinical trials.8•16 This time variability is not thought to have 
caused the study of potential adverse perfusion effects to be 
altered in a way that renders the conclusions of this post-hoc 
analysis to be erroneous. 

It has been suggested that the real adverse consequences 
of the proposed pressor effects associated with HBOC use in 
trauma resuscitation are the possibility that elevated BP may 
cause clots to be disrupted, leading to accelerated hemorrhage 
and higher mortality.20 Two findings are of note from these 
DCLHb clinical trials. First, markedly elevated BPs were neither 
uniquely observed in patients treated with DCLHb nor was 
mortality related specifically to elevated BPs. 18 Second, analyses 
of hemorrhage adverse events and severe adverse events at the 
time that these clinical trials were halted did not demonstrate a 
greater frequency of hemorrhagic complications in DCLHb­
treated patients (unpublished data). 

Further work will analyze the effect of DCLHb use in 
these clinical trials on the ability of the shock index (heart 
rate/SBP) to predict the need for continued resuscitation as 
well as its relationship with mortality. Preliminary data sug­
gest that the performance of the shock index is not adversely 
affected by DCLHb use. 78 This shock index analysis will 
augment our understanding of how DCLHb and other 
HBOCs might improve patient outcomes due to being able to 
optimally fluid resuscitate trauma patients using readily avail­
able clinical parameters such as heart rate and SBP. 

In summary, DCLHb, a tetrameric HBOC, was not 
associated with adverse perfusion as measured by BD and 
lactate data. This finding, when considered with the observation 
that there was not a measurable pressor effect or hemorrhage 
complications with DCLHb use, suggests that future study of 
HBOCs in the resuscitation of traumatic shock patients should 
not necessarily be prevented due to pressor effect concerns. 

APPENDIX 

United States (US) DCLHb Clinical Efficacy 
Trial 

Lead Investigators: University of Illinois at Chicago, 
Chicago, IL: Edward P. Sloan, MD, MPH, FACEP and Max 
D. Koenigsberg, MD, FACEP. Collaborating Centers, Num­
ber of Patients Enrolled (in parentheses), and Investigators: 
Albert Einstein Medical Center, (5) Philadelphia, PA: Wil­
liam C. Daisey, MD, Mark Kaplan, MD and Pamela Taggart, 
RN, PhD; Allegheny University Hospitals, (0) Philadelphia, 
PA: Thomas A. Santora, MD; Carolinas Medical Center, (II) 
Charlotte, NC: Jeffrey Runge, MD, Lucinda A. Edwards, RN 
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and Michael A. Gibbs, MD; Christiana Medical Center, (6) 
Newark, DE: Glen Tinkoff, MD, Patty McGraw, RN, MS, 
and Robert O'Conner, MD; Cleveland Metro Health, (3) 
Cleveland, OH: Rita K. Cydulka, MD, William F. Fallon, 
MD, and Brian Plaisier, MD; Hershey Medical Center, (3) 
Hershey, PA: J. Stanley Smith, Jr, MD, Robert N. Cooney, 
MD, and Margaret Shand, RN; Lehigh Valley Hospital, (14) 
Allentown, P A: Mark D. Cipolle, MD, PhD, Michael D. 
Pasquale, MD, and Wendy J. Robb, MSN, RN, CCRN; 
Memorial Medical Center of Georgia, (5) Savannah, GA: M. 
Gage Ochsner, MD, FACS, Frank E. Davis, MD, FACS, and 
Joseph Rondina, MD; Methodist Hospital of Indiana, (9) 
Indianapolis, IN: George H. Rodman, Jr, MD, Charles Miral­
gia, MD, and Maureen Misinski, RN; Oregon Health Sci­
ences Center, (8) Portland, OR: Patrick H. Brunett, MD, 
FACEP, James H. Bryan, MD, PhD, FACEP, and Colleen 
McDevitt, BA; Parkland Medical Center, (3) Dallas, TX: 
David Provost, MD, Mary Jane Colpi, RN, MS, and Russel 
Stoltzfus, RN; Palmetto Richland Memorial Hospital, (7) 
Columbia, SC: Raymond P. Bynoe, MD, FACS, Jay D. 
Hamm, BSN, RN, EMT-P, N. John Stewart, MD, FACEP, 
Dave Amsden, PharmD, and Christine Walukewicz, RN, MSN; 
St. Anthony's Medical Center, (I) Denver, CO: Thomas 
Wachtel, MD, FACS, Ray Coniglio, RN, MSN, and Lee 
Hemminger, RN, MS, NP; University of Louisville, (9) 
Louisville, KY: Mary Nan S. Mallory, MD, Eddy Carillo, 
MD, Richard L. Miller, PhD, DDS, and Ashlee Miller, RN; 
University of Maryland Medical Center, (16) Baltimore, MD: 
David R. Gens, MD, Laura A. Joseph, MA, and Mehrunissa 
H. Owens, MA; University of Pittsburgh, (3) Pittsburgh, PA: 
Andrew B. Peitzman, MD, Marilyn J. Borst, MD, and Randy 
J. Woods, MD; Vanderbilt University, (7) Nashville, TN: 
John A. Morris, MD, and Judy Jenkins, MSN; Washington 
Hospital Center, (2) Washington, DC: J. Duncan Harviel, 
MD, Marion Jordan, MD, Dennis Wang, MD, Lisa Beylo, 
MT (ASCP), and Kristin Y. Brandenburg, RND, EMT. 

Other Contributing Centers: Akron General Medical 
Center, Akron, OH: James A. Dougherty, MD, FACEP, Lynn 
J. White, MS, and Farid Muakkassa, MD, F ACS; Allegheny 
University Hospitals, Pittsburgh, PA: Fred Harchelroad, MD, 
F AAEM, and Kris Potts, CRNP; Almeda County Medical 
Center, Oakland, CA: M. Andrew Levitt, DO, Ed Portoni, 
and Eva Hirvela, MD; Ben Taub General Hospital, Houston, 
TX: Mathew J. Wall, Jr, MD, Kenneth L. Mattox, MD, and 
Alex Mendez, MD; Christ Hospital, Oak Lawn, IL: Michele 
Holevar, MD, MBA, Gary Merlotti, MD, and Sue Berry, RN; 
Cook County Hospital, Chicago, IL: Edward P. Sloan, MD, 
MPH, FACEP, John Barrett, MD, Kim Nagy, MD, and Steve 
Stapleton, RN; East Carolina University, Greenville, NC: 
Juan A. March, MD, Susan Copeland, and Paul Catrou, MD; 
Hartford Hospital, Hartford, CT: George A. Perdrizet, MD, 
PhD, Donna Rescrol, RN, and Lenworth Jacobs, MD; Henry 
Ford Hospital, Detroit, MI: Terry Kowalenko, MD, Barry 
Dereczyk, RN, BSN, and Emanuel P. Rivers, MD; Hurley 
Medical Center, Flint, MI: Pascal Nyachowe, MD, and Judy 
Mikhil, RN, MSN; Illinois Masonic Medical Center, Chi­
cago, IL: Richard Fantus, MD, and Sharon Ward, RN, MS; 
UC Irvine Medical Center, Orange, CA: Mark Langdorf, 
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MD; Jacobi Medical Center, Bronx, NY: Ronald Simon, MD; 
Kern Medical Center, Bakersfield, CA: Dennis Martinez, 
MD, and Kate Botner; Kings County Trauma Center, Brook­
lyn, NY: Patricia Ann O'Neill, MD, Richard Sinert, MD, 
Karen Sue Eisenberg, RN, MPS, and Joan H. Howanitz, MD; 
Medical College of Virginia, Richmond, VA: Dennis C. 
Gore, MD, Sherry Lockhart, RN, and Heather Chibelski, RN; 
Mount Sinai Hospital, Chicago, IL: Les Zun, MD, and An­
nette Kinsela; Rockford Memorial Health System, Rockford, 
IL: Dennis Uehara, MD, and Jeffrey Maves, RN; St. Francis 
Medical Center, East Peoria, IL: George Z. Hevesy, MD; 
Temple University Hospital, Philadelphia, PA: Michael 
Badellino, MD, and Robert Buckman, MD; Truman Med 
Center-West, Kansas City, MO: Steven Go, MD, FACEP, 
Ginger Morse, RN, and Bema Sue Casper; Tulane University 
Medical Center, New Orleans, LA: Norman McSwain, Jr, 
MD and Ruth Ann Wanstrath; University of Cincinnati, 
Cincinnati, OH: Fred A. Luchette, MD, Richard D. Branson, 
BA, RRT, and Kenneth Davis, Jr, MD; University Medical 
Center, Las Vegas, NV: John J. Fildes, MD, Connie A. 
Clemmons-Brown, RN, BSN, and Cindy Roehr; University 
Medical Center, Tucson, AZ: Harvey Meislin, MD, and 
Cheryle Gomez, RN, BSN; LA County/USC Medical Center, 
Los Angeles, CA: George C. Velmahos, MD, FACS, FRCS, 
FRCPS, and Raymond Tatevossian, BS. 

Data Monitoring Committee: Roger J. Lewis, MD, 
PhD, (Chairman), Harbor-UCLA Medical Center, Torrance, 
CA; Donald Berry, PhD, Duke University, Durham, NC; 
Henry Cryer, III, MD, PhD, UCLA Medical Center, Los 
Angeles, CA; Norman Fost, MD, MPH, University of Wis­
consin Children's Hospital, Madison, WI; Ronald Krome, 
MD, Detroit Receiving Hospitai!UHC, Detroit, MI; Geral­
dine Washington, PhD, Los Angeles Chapter NAACP, Los 
Angeles, CA. 

Statistical Data Analysis Center: Department of Biosta­
tistics and Informatics, University of Wisconsin, Madison, 
WI: Marian Fisher, PhD, Robin Bechhofer, Tom Cook, PhD, 
and Melissa Schultz, MS. Baxter Healthcare Corporation: 
Hemoglobin Therapeutics, Round Lake, IL: Robert Przybel­
ski, MD, John Blue, PharmD, Cynthia Goldberg, MS, Kath­
leen Stem, PhD, Jaime Houghton, MS, Maulik Nanavaty, 
PhD, Timothy Estep, PhD, Michael Saunders, MD, and Tom 
Schmitz, PhD. 

European Union (EU) DCLHb HOST Clinical Effi­
cacy Trial 

Lead Investigator: Ulrich Pison, MD 

Collaborating Centers and Investigators 
Spain: Doctor Alted, MD (Principal Investigator, Hos­

pital 12 de Octubre, Madrid); Belgium: Docteur Todorov, 
MD, PhD (Prinipal Investigator, CIU Hopital Ambroise Pare, 
Mons); Docteur Vanderpas, MD (Lab Coordinator, CIU Ho­
pital Ambroise Pare, Mons); Docteur Fox, MD (Principal 
Investigator, Centre Hospitalier Regional de Namur); Doc­
teur Decroix, MD (Study Co-Coordinator, Centre Hospitalier 
Regional de Namur); Docteur Schtickzelle, MD (Principal 
Investigator, Hospital Civil de Charleroi); Doctor Beaucourt 
(Principal Investigator, Universitair Ziekenhuis Antwerpen); 
France: Professor Bouletreau, MD, PhD (Principal Investiga-
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tor, Hospital Edouard Herriot, Lyon Cedex 03); Professor 
Collombel, MD, PhD (Lab Coordinator, Hospital Edouard 
Herriot, Lyon Cedex 03); Dr. Samii, MD (Principal Investi­
gator, Centre Hospitalier Bicetre, Le Kremlin Bicetre); 
Professor Maziere, MD, PhD (Lab Coordinator, Centre Hos­
pitalier Universitaire Amiens Nord); Professor Ossart, MD, 
PhD (Principal Investigator, Centre Hospitalier Universitaire 
Amiens Nord); Professor Dabadie, MD, PhD (Principal In­
vestigator, Centre Hospitalier Universitaire Pellegrin, Bor­
deaux); Professor Bertrand, MD, PhD (Principal Investigator, 
Centre Hospitalier Universitaire St Etienne, Saint-Etienne); 
Professor Coriat, MD (Principal Investigator, Groupe Hospi­
talier Pitie-Salpetriere, Paris Cedex 13 ); Docteur Guerrini, 
MD (Principal Investigator, Hopital A. Mignot, Le Chesnay); 
Professor Chauvin, MD, PhD (Principal Investigator, Hopital 
Ambroise Pare, Boulogne Billancourt); Docteur Bladier, MD 
(Lab Coordinator, Hopi tal A vicenne, Bobigny Cedex); Doc­
teur Delacoux (Lab Coordinator, Hopital Beaujon, Clichy 
Cedex); Professor Marty (Principal Investigator, Hopital 
Beaujon, Clichy Cedex); Docteur Berner, MD (Principal 
Investigator, Hopital Bel Air, Thionville); Professor Des­
moots (Principal Investigator, Hopital Bichat, Paris Cedex 
18); Docteur Poussel, MD (Principal Investigator, Hopital 
Bon-Secours, Metz); Docteur Stoessel, MD (Lab Coordina­
tor, Hopital Bon-Secours, Metz); Professor Freysz, MD, PhD 
(Principal Investigator, Hopital GeneraVHopital Bocage, 
Dijon Cedex); Docteur Duvaldestin, MD (Principal Investi­
gator, Hopital Henri Mondor, Creteil); Professor Goossens, 
MD (Lab Coordinator, Hopital Henri Mondor, Creteil); Pro­
fessor Payen (Principal Investigator, Hopiatl Lariboisiere, 
Paris Cedex 1 0); Docteur Rouvier, MD (Principal Investiga­
tor, Hopital Percy, Clamart); Professor Cathala, MD, PhD 
(Principal Investigator, Hopital Purpan, Toulouse); Docteur 
Adenet, MD (Principal Investigator, Hopital R. Salengro, 
Lille); Professor Rousseaux, MD, PhD (Lab Coordinator, 
Hopital R. Salengro, Lille); Docteur Ducasse, MD (Principal 
Investigator, Hopital Rangeuil, Toulouse Cedex); Docteur 
Pasteyer, MD (Principal Investigator, Hopital Raymond Poin­
care, Garches); Professor Feiss, MD, PhD (Principal Investi­
gator, Hopital Universitaire Dupuytren, Limoges Cedex); 
Germany: Professor Reinhart, MD, PhD (Principal Investiga­
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