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In the current study, swine were hemorrhaged 60% of estimated
blood volume (EBV) exponentially over 1 h and then given P188 or
its citrate vehicle. A target survival time of 180 min  was  specified
by the DARPA program since it is anticipated that during military
operations, recovery and transport of injured Soldiers or patients
to trauma treatment areas and the first OR table could take at
least 180 min. Based on previous studies, we hypothesized that
small volume administration of P188 following severe hemorrhage
would prolong survival time.

2. Materials and methods

This  investigation and the previous model development pro-
tocol [6] were approved by the Institutional Animal Care and Use
Committee of the U.S. Army Institute of Surgical Research, Fort Sam
Houston, TX. All animals received care in strict compliance with the
1996 Guide for the Care and Use of Laboratory Animals by the National
Research Council and were maintained in an Association for Assess-
ment and Accreditation of Laboratory Animal Care International
accredited facility. Also, blood was drawn from five healthy human
volunteers for thromboelastogram (TEG) validation of swine TEG
data with human blood, was in accordance with U.S. Army Institute
of Surgical Research Command Policy 07-0008 (15 August 2007)
using a Brooke Army Medical Center Institutional Review Board
approved protocol.

Fourteen  healthy, sexually mature, male Sinclair miniature
swine with a mean weight of 41.0 ± 0.6 kg (±SEM) were obtained
from Sinclair Research Center, Inc., Columbia, MO.  Health of the
animals was determined with a physical exam by a veterinarian,
a lung CT scan and a blood sample for basic laboratory parame-
ters (CBC/blood chemistry). The animals were acclimated to human
activity, transport cages, laboratory procedures and being in a sling.
The fourteen swine were given either P188 (7 swine) or citrate vehi-
cle (7 swine) by i.v. infusion 2–3 min  following hemorrhage with
no additional resuscitation.

2.1.  Experimental preparation

The  experimental preparation has been described in detail
previously [6]. Briefly: following 0.05 mg  kg−1 of buprenorphine,
4–5 mg  kg−1 of telazol, and isoflurane anesthesia, the animals were
catheterized in a small branch of the right carotid artery with a
Data Sciences International (DSI, St. Paul, MN)  telemetry trans-
ducer for arterial blood pressure; the right external jugular vein
for the continuous infusion of midazolam; the right femoral artery
for hemorrhage and blood samples and the right femoral vein for
blood samples and resuscitation. The catheters were tunneled sub-
cutaneously to the dorsum over the shoulders and exteriorized.
The incisions were closed with staples and infiltrated with bupiva-
caine. Isoflurane was discontinued and the animals were placed in a
sling with feet on the floor and allowed to recover from anesthesia.
Limb ECG electrodes were attached and BIS electrodes (Bispectral
Index; Aspect Medical Systems, Newton, MA)  were placed across
the forehead. Midazolam infusion was started at 1.25 mg  kg−1 h−1

and adjusted throughout the study to maintain a BIS sedation level
of 80–90 [18]. After 30 min  of stabilization, baseline hemodynamic
data (systolic, diastolic and mean blood pressure and heart rate)
were collected and baseline arterial and venous blood samples
were taken for the following parameters: pO2, sO2, pCO2, HCO3,
base excess (BE), pH, Hct, Hb, glucose, lactate, differential WBC
and platelets, using standard CBC, blood gas co-oximetry and clin-
ical chemistry techniques. The combined volume of arterial and
venous blood taken for analysis was 26 ml  per sample. The ani-
mals were then hemorrhaged 60% of their estimated blood volume
(65 ml  kg−1) exponentially over 1 h [6,19] using a computer con-
trolled withdrawal system.

2.2. P188 (n = 7) or citrate vehicle (n = 7) resuscitation

P188  was  obtained as Flocor (SynthRx Inc., Bellaire, TX;
150 mg  ml−1) in an integral citrate buffer vehicle of 3.08 mg  ml−1

sodium chloride, 2.38 mg  ml−1 sodium citrate and 0.366 mg ml−1

citric acid (pH = 5.505; mOsm l−1 = ∼467). The P188 that we used
was previously shown to prolong survival and reduce tissue injury
in rats [16]. We  also evaluated the citrate vehicle separately
(pH = 5.631; mOsm l−1 = 126).

Immediately following hemorrhage, arterial and venous blood
samples were collected over 2–3 min  and either P188 (200 mg  kg−1;
from Ref. [16]) or citrate vehicle was  infused at 1.33 ml  kg−1 over
2 min  (3.4% of shed blood volume) with no additional resuscita-
tion. The animals were observed and blood sampled at 15, 30, 60,
90, 120, 150, 180, 240, 300 and 360 min  or until the animal expired.
Hemodynamic data were sampled continuously. Death was defined
as respiratory arrest. Any animal that survived beyond 360 min
was euthanized with 10 ml  of Fatal Plus (Vortech Pharmaceuticals,
Dearborn, MI), i.v.

2.3.  Thromboelastogram (TEG)

To evaluate whether P188 had an effect on coagulation, addi-
tional arterial blood samples (5 ml/time point) were taken from the
pigs for TEG analysis at baseline before hemorrhage, immediately
following hemorrhage and at 1 h following hemorrhage. The swine
TEGs were abnormal following P188 administration. Therefore, to
confirm the swine TEG values, 25 ml  of blood was taken from each
of 5 healthy human volunteers (3 males, 2 females) and treated
with normal saline, the citrate buffer vehicle or P188 at the calcu-
lated dilution dose used in the swine and at one-half the calculated
dose.

The whole blood coagulation assays were run at 37 ◦C using the
TEG Hemostasis Analyzer 5000 (Hemoscope, Niles, IL). Swine blood
was collected from the femoral artery silastic catheter and trans-
ferred into 3.2% sodium citrate Vacutainer tubes. The human blood
was collected via venipuncture through a 19 g butterfly needle into
3.2% citrated syringes following a 3 ml  waste. Swine and human
blood samples were equilibrated at room temperature for 30 min
to 1 h prior to analysis. Clotting was initiated by adding 20 �l of
0.2 M CaCl2 and 10 �l of human recombinant tissue factor (Innovin,
Dade Behring, Marburg, Germany diluted 1:200 with saline for
swine or 1:500 with saline for human) to 340 �l of the sodium cit-
rated blood samples. Triplicate samples were run at each time point
and allowed to continue until at least 30 min  after maximum clot
strength was  achieved. TEG parameters measured included: clot
reaction time (R, time of initial fibrin formation detection); angle
(˛, rate of clot formation or clot kinetics); maximum amplitude
(MA, maximum clot strength); and time to maximum amplitude
(TMA, time needed to form a stable clot).

P188 and vehicle data were compared to each other and to a
previously obtained untreated severe hemorrhage (60%) control
model (n = 16) [6]. All 30 swine used in these comparisons (control,
P188 and vehicle) were treated identically from baseline through
the 60 min  of hemorrhage.

2.4. Statistical analysis

Data  are presented as mean ± SEM or median (95% CI), as appro-
priate. A within groups repeated measures analysis of variance
was used to examine the difference among the control group and
the P188 and vehicle resuscitation groups, including change over
time and the interaction of time and group. The hemorrhage and
the resuscitation/recovery periods were considered separately in
the analysis. If the repeated measure ANOVA showed a signif-
icant difference between groups over time, a post hoc analysis
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Fig. 1. Kaplan–Meier survival plot of control vs. P188 vs. citrate vehicle data. *Same
symbol significant (p < 0.05) difference. At the target time of 180 min there were no
significant differences among the three groups. Numbers in ( ) = number of survivors
at 180 min  for each group.

was performed to determine which time points were significantly
different using an independent t-test between the groups (or non-
parametric equivalent, as necessary). A Kaplan–Meier estimate of
survival was constructed to compare the control vs. the P188 vs.
the vehicle groups via the stratified log rank test. A p ≤ 0.05 was
considered statistically significant.

3. Results

3.1. Hemorrhage volume and survival

The 60% hemorrhage volume (ml  kg−1) of control, P188 and
citrate vehicle swine was 38.8 ± 0.1, 39.1 ± 0.08 and 39.0 ± 0.2,
respectively. The larger ml  kg−1 volume for the P188 and citrate
vehicle swine was the result of additional blood taken for TEG.
Median (95% CI) survival time for the 16 control swine (no resus-
citation) was 55.8 (36.5–86) min  with a 6% (1/16) survival rate at
the target time of 180 min. Median survival time of 161 (80–180)
min for P188-treated swine was significantly greater than control
(p = 0.0186; Fig. 1). However, the P188 survival rate of 43% (3/7) at
180 min  was not significantly different than the control survival of
6% at 180 min  (p = 0.067). The median survival time of 91 (32–180)
min or survival rate (2/7; 29%) of animals administered vehicle was
not different from control or P188.

3.2. Hemodynamics

Systolic blood pressure (SBP) from the P188 swine decreased
from a baseline of 139 ± 8 mm Hg to 45 ± 6 mm Hg at the end of
hemorrhage (similar to the data from the untreated control ani-
mals), and then significantly (p < 0.05) increased over control at
15 min  and 30 min  following P188 infusion, and remained higher
than control through 90 min  post hemorrhage (Fig. 2). Citrate vehi-
cle SBP response was similar to P188 but was not significantly
different from control or P188. MAP  and diastolic pressure followed
the same pattern. Heart rate was not different among the three
groups during the entire study.

3.3. Respiratory and metabolic data

Hemorrhage resulted in a characteristic metabolic acidosis in all
animals. In the P188 group, arterial pCO2, HCO3 and base excess (BE)
decreased during hemorrhage (51 ± 2 to 31 ± 3 mm Hg; 33 ± 1 to
22 ± 2 mmol  l−1; and 7.9 ± 0.7 to −1.0 ± 0.9 mmol  l−1, respectively)

but  recovered significantly following P188 infusion compared to
control (Fig. 2). Vehicle infused swine responded similarly to P188
with a recovery following infusion, but improvements in BE and
HCO3 were not sustained at 150 min. Although there were signifi-
cant improvements in arterial pCO2, HCO3 and BE following P188
and vehicle infusion neither arterial nor venous pH showed any sig-
nificant improvement following P188 or vehicle infusion and were
not different than control.

There  were no significant differences in arterial pO2, sO2, lac-
tate, respiratory rate, Hct or Hb among control, P188 or vehicle
animals during hemorrhage or recovery (Table 1). Although P188
and vehicle arterial glucose concentrations were significantly lower
than control at baseline the magnitude of the change was similar
through 30 min  of recovery.

3.4. Coagulation

Control, P188 and vehicle values for PT (prothrombin time),
aPTT (activated partial thromboplastin time), platelets and fibrino-
gen are presented in Table 2. Vehicle PT was significantly shorter
than control and/or P188 throughout the study. P188 aPTT was sig-
nificantly shorter than control and vehicle at baseline, remained
shorter at end of hemorrhage, and then trended longer than con-
trol and vehicle throughout recovery, while vehicle platelet counts
were significantly higher than control throughout the studies. Fib-
rinogen was  not different among the three groups at any time
(Table 2).

3.5.  TEG data

Swine  TEG values for the time to initiation of clot (R), the maxi-
mum rate of clot development (˛) and the maximum amplitude of
clot strength (MA) were similar at baseline and end of hemorrhage
for P188 and the vehicle, but the P188 data changed dramatically
at 1 h post-P188 infusion, whereas the vehicle data remained rel-
atively unchanged (Table 3). Table 4 illustrates the R, ˛, MA  and
time to MA (TMA) from the TEG of human blood treated with saline,
vehicle and P188 at the calculated swine dilution factor (1.0) and
at one-half the dilution factor (0.5). Saline and the vehicle had no
effect on the TEG data. However, P188 at 0.5 had a dramatic effect on
the clotting mechanism, and clotting was non-existent with P188
at 1.0, even after an average of 141 min. The human blood TEG data
supported the swine data indicating that the anti-coagulant activity
observed is related to the P188 and not the vehicle.

4. Discussion

A severe controlled hemorrhage model with no resuscitation has
been previously developed [6] specifically to evaluate small volume
resuscitation products such as P188. In this study, P188, given as a
small volume resuscitation product, significantly improved median
survival time after severe controlled hemorrhage compared to con-
trol (p = 0.0186; Fig. 1). However, a P188 survival rate of 43% (3/7) at
the target time of 180 min  was not significantly different than the
vehicle (29% or 2/7) or the control survival of 6% (1/16). These data
suggest that since the P188 product used in this study contained
both P188 and the citrate buffer vehicle, both components con-
tributed to the longer survival times observed in the P188 group,
but the mechanisms involved remain to be elucidated. However,
citrate is well known for its anticoagulation activity and previ-
ous studies have indicated that anticoagulants, such as heparin,
can improve survival from hemorrhage by improving microcircula-
tory flow [20]. Although we observed a significant increase in P188
median survival time compared to control, the primary end point
of the study was  not powered to detect significant differences in
survival rate at the 180 target time. A power analysis based on the
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Table 1
Respiratory and arterial metabolic data.

Baseline EOH Post-hemorrhage recovery

15 min  30 min  60 min 90 min

pO2 (mm  Hg)
Control 85.4 ± 1.8 97.8 ± 2.7 99.2 ± 4.0 100.4 ± 4.2 98.8 ± 5.6 93.4 ± 6.9
P188 80.5 ± 2.0 91.6 ±  5.0 96.5 ±  4.7 95.2 ±  4.3 94.2 ±  3.9 91.8 ± 4.0
Vehicle 84.9 ± 2.0 95.7 ± 7.9 94.8 ± 7.0 82.0 ± 9.6 88.6 ± 6.9 101.5 ± 5.6

sO2 (%)
Control 96.9 ± 0.3 97.9 ± 0.2 97.6 ± 0.4 97.7 ± 0.3 97.5 ± 0.3 97.4 ± 0.6
P188 96.3 ± 0.3 97.0 ± 0.6 97.0 ± 0.5 97.0 ± 0.3 96.8 ± 0.2 96.9 ± 0.2
Vehicle 96.4 ± 0.6 96.1 ± 1.2 95.6 ± 1.5 94.8 ± 2.0 94.8 ± 1.6 96.1 ± 1.5

Resp. Rate (breaths min−1)
Control 26 ±  1.2 22 ±  2.0 24 ±  3.1 27 ±  3.9 33 ±  4.0 29 ± 5.3
P188 22 ± 2.8 21 ± 3.5 21 ± 4.0 28 ± 3.9 26 ± 5.0 22 ± 3.8
Vehicle 25 ± 2.4 18 ± 2.3 17 ± 2.3 21 ± 4.3 22 ± 4.5 20 ± 6.1

Lactate (mmol l−1)
Control  1.0 ± 0.1 8.3 ± 0.9 11.4 ± 1.1 12.1 ± 1.3 12.5 ± 2.2 14.9 ± 3.4
P188 1.2 ± 0.1 7.2 ± 0.6 9.7 ± 1.6 9.7 ± 1.7 11.5 ± 2.3 8.8 ± 1.8
Vehicle 1.0 ± 0.1 7.9 ± 1.1 9.7 ± 1.7 9.2 ± 1.8 9.5 ± 2.1 10.4 ± 2.6

Glucose (mmol l−1)
Control  5.1 ± 0.1*,# 11.9 ± 1.0* 11.5 ± 1.0* 10.8 ± 1.1* 7.3 ± 1.1 7.2 ± 0.7
P188 4.2 ± 0.3* 7.9 ±  1.2* 6.7 ±  1.0* 5.8 ± 0.7* 6.0 ± 1.1 7.1 ± 1.4
Vehicle 4.2 ± 0.2# 9.6 ± 1.3 8.1 ± 1.2 7.8 ± 1.3 9.2 ± 1.2 8.8 ± 0.8

Hct (%)
Control 41.6 ± 1.2 41.8 ± 1.4 41.4 ± 1.6 39.8 ± 1.5 40.4 ± 1.8 39.6 ± 1.4
P188 37.4 ± 1.3 44.3 ± 2.7 35.3 ± 1.6 34.7 ± 1.1 37.4 ± 1.0 38.6 ± 1.3
Vehicle 38.1 ± 0.8 41.6 ± 1.2 41.7 ± 1.1 42.7 ± 0.3 43.0 ± 0.8 43.3 ± 0.9

Hb (g dl−1)
Control 12.1 ± 0.3 12.1 ± 0.5 11.8 ± 0.5 11.5 ± 0.5 11.7 ± 0.6 11.2 ± 0.5
P188 11.0 ± 0.3 12.7 ± 0.6 10.2 ± 0.5 10.0 ± 0.4 10.7 ± 0.3 11.1 ± 0.4
Vehicle 11.3 ± 0.3 12.0 ± 0.3 11.6 ± 0.2 12.1 ± 0.1 12.0 ± 0.3 12.3 ± 0.3

Data are mean ± SEM; control (n = 16); P188 (n = 7); citrate vehicle (n = 7); EOH = end of hemorrhage; *,# = same symbol significant difference (p ≤ 0.05).

Table  2
Coagulation data.

Baseline EOH Post-hemorrhage recovery

15 min  30 min 60 min  90 min

PT (s)
Control 10.9 ± 0.2*,# 11.3 ± 0.2* 11.5 ± 0.2* 11.5 ± 0.2* 11.6 ± 0.3* 11.7 ± 0.5*
P188 10.8 ± 0.1# 11.1 ± 0.1 11.8 ± 0.2# 11.9 ± 0.2# 11.7 ± 0.2# 11.4 ± 0.2
Vehicle 8.9 ± 0.7*,# 9.5 ± 1.0* 9.4 ± 0.7*,# 9.1 ± 0.9*,# 8.3 ± 0.9*,# 8.5 ± 0.9*

aPTT (s)
Control 15.9 ±  0.1* 16.4 ± 0.4 18.3 ± 1.1 18.1 ± 1.0 17.3 ± 1.5 15.5 ± 0.5
P188 13.9 ± 0.2*,# 14.4 ± 0.2 21.9 ± 2.0 21.3 ± 3.1 19.4 ± 1.9 16.3 ± 0.6
Vehicle 15.6 ± 0.6# 16.5 ± 0.9 18.4 ± 1.4 18.0 ± 1.2 16.7 ± 1.3 15.9 ± 0.7

Platelets (103 �l−1)
Control 383 ± 14.4* 248 ± 12.4*,# 247 ± 15.0* 266 ± 10.9* 259 ± 14.1* 248 ± 17.7*
P188 458 ± 29.6 362 ± 23.6* 295 ± 19.5 306 ± 22.3# 320 ± 24.0 339 ± 22.2
Vehicle 493 ± 41.6* 390 ± 19.2# 368 ± 26.6* 378 ± 25.0*,# 376 ± 32.5* 388 ± 43.5*

Fibrinogen (mg  dl−1)
Control  348 ± 36.4 279 ± 25.7 269 ± 24.6 287 ± 28.5 240 ± 3.6 256 ± 30.1
P188 343 ± 8.9 259 ± 18.2 273 ± 24.5 251 ± 12.0 246 ± 16.7 263 ± 19.8
Vehicle 300 ± 20.7 243 ± 27.6 258 ± 30.5 241 ± 14.5 245 ± 18.2 247 ± 20.6

Data are mean ± SEM; control (n = 16); P188 (n = 7); citrate vehicle (n = 7); EOH = end of hemorrhage; PT = prothrombin time; aPTT = activated partial thromboplastin time;
*,#  = same symbol significant difference (p ≤ 0.05).

Each of the previous hemorrhage studies in experimental ani-
mals, although differing in protocol, showed survival improvement
with the use of P188 [13–16]. The study most similar to the cur-
rent small volume P188 study utilized anesthetized mongrel dogs
given an injection of 1 ml  kg−1 of a 5% pluronic F-68 (P188) saline
solution following hemorrhage to 50 mm Hg [13]. The only sig-
nificant observation over the 2 h recovery period in that study
was an increase in renal blood flow, considered to be a rheolog-
ical effect of the pluronic F-68. In contrast to the present small
volume P188 resuscitation study where P188 was used alone with-
out additional resuscitation, the anesthetized beagles [14] and
rabbits [15] and the unanesthetized rats [16] were resuscitated
with P188 in combination with blood, normal saline, LR or Hex-
tend.

Table 3
TEG  data.

Baseline EOH 1 h post

R (min)
P188 8.4 ± 1.0 9.1 ± 2.9 33.7 ± 13.2
Vehicle 5.6 ± 0.8 4.7 ±  0.5 7.2 ± 1.0

˛  (degree)
P188 53.3 ± 5.1 53.1 ± 9.5 10.0 ± 4.0*

Vehicle 66.7 ± 3.3 68.8 ± 1.8 59.9 ± 2.4
MA  (mm)

P188 75.3 ± 0.9 63.7 ± 3.4 7.0 ± 1.9*

Vehicle 74.7 ± 1.5 69.7 ± 1.7 66.1 ± 2.8

Data are mean ± SEM; P188 (n = 7); citrate vehicle (n = 7); EOH = end of hemorrhage;
R  = time to initiation of clot;  ̨ = maximum rate of clot development; MA = maximum
amplitude  of clot development.

* Significantly different than vehicle.
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Table 4
Human blood TEG data.

Saline (0.5) Saline (1.0) Vehicle (0.5) Vehicle (1.0) P188 (0.5) P188 (1.0)

R (min) 7.8 ± 0.5 7.4 ± 0.3 7.7 ± 0.4 7.8 ± 0.6 10.9 ± 0.9 141.2 ± 67.3
˛ (degree) 57.0 ±  1.7 58.2 ±  1.5 53.4 ±  1.4 55.4 ± 2.3 15.5 ± 5.7 –
MA  (mm) 60.1 ± 2.1 60.9 ± 1.9 58.6 ± 2.0 59.8 ± 1.9 6.7 ± 2.9 –
TMA  (min) 27.2 ± 1.4 27.2 ± 0.8 28.4 ± 0.4 28.8 ± 1.1 13.6 ± 0.4 –

Data are mean ± SEM; human blood (n = 5) treated with saline, citrate vehicle or P188 at the calculated dilution dose used in the swine (1.0; 6 mg  ml−1) and at one-half the
calculated dose (0.5; 3 mg  ml−1); R,  ̨ and MA are the same as Table 3; TMA  = time to maximum clot amplitude. The P188 (1.0) column indicates that there was no clotting,
even after an average of 141 min.

Severe hemorrhage often leads to acidosis and coagulopathy
[23,24], microvascular hypoperfusion and ischemia, with potential
end-organ damage. The protective mechanism of P188 follow-
ing hemorrhagic shock appears to be multifaceted through its
surfactant, cytoprotective, rheologic, anti-inflammatory and anti-
thrombotic properties [25,26]. The surfactant properties of P188
have been reported to reduce RBC adhesions, platelet aggregation
[27] and blood surface tension [14], increasing microcircula-
tion. In addition, P-188 may  have drag-reducing properties.
Several studies have indicated that drag-reducing polymers can
increase blood flow, tissue perfusion in ischemia/reperfusion mod-
els [28] and improve survival after hemorrhagic shock in animal
models [29].

The  TEG data in our study indicate that the P188 formulation
used had a negative effect on coagulation, possibly by interfer-
ence with the Hageman factor (coagulation factor XII) [27], and
prolongation of aPTT [30]. Although citrate has anti-coagulant
properties, the plasma concentration of the citrate buffer vehicle in
this study was apparently not great enough to have a systemic anti-
coagulation effect. Thus, the anti-coagulation effects illustrated in
Tables 3 and 4 are related to the current P188 formulation used,
and not specifically to the citrate buffer alone. Interestingly, rats
pretreated with 75 mg  kg−1 of P188 followed by 150 mg  kg−1 h−1

of P188 for 60 min  after 75% tail amputation showed no increase
in spontaneous bleeding [16]. TEG data were not collected. Pos-
sibly, with the additional resuscitation used, the P188 plasma
concentration was not high enough for anti-coagulation activ-
ity, or the rat response to P188 may  differ from swine and
humans. Additional experiments would need to be performed
in uncontrolled hemorrhage models to determine the physio-
logical significance of the anti-coagulation properties observed
by TEG.

4.1. Limitations

The animals in this study were sedated rather than anesthetized.
Consequently, we could not perform extensive invasive procedures
to investigate the hemodynamic, metabolic or other potentially
beneficial effects of P188 or its citrate buffer vehicle. Also, the
absence of concurrent controls is recognized as not being optimal.
However, the control data were collected over a 21 month period
and were highly consistent as to survival time, with a 6% survival
rate at the designated time of 180 min. In light of these data and
the need to reduce animal use, we have opted to employ histori-
cal untreated controls in the present study. Moreover, all animals
used in these comparisons were treated identically from baseline
through end of hemorrhage. This study was designed to screen
potential agents used in small volumes that can improve survival
time, with the intent to buy time to get the patient to a definitive
treatment facility. For the DARPA program, this time was 180 min.
The survival rates obtained indicated that much larger group sizes
would be required to power the study sufficiently to show a signif-
icant difference in survival rates, which was beyond the scope of
our study.

4.2. Summary

The previously developed sedated, sexually mature male minia-
ture swine model, designed as a screening tool to evaluate small
volume resuscitation following severe controlled hemorrhage, was
successfully employed in this study. The results support previ-
ous P188 studies with an increase in severe hemorrhage median
survival time using small volume P188 resuscitation, although
the majority of previous hemorrhage studies resuscitated with
P188 used additional fluids (shed blood, lactated Ringer’s, Hextend,
saline or larger volumes or higher concentrations) to maintain a
predetermined blood pressure for a specific time. Our results also
suggest that the citrate vehicle, a component of the P188 formu-
lation used, contributed to the improved survival time seen in the
P188 group.

Medical support personnel responding to trauma on the bat-
tlefield or in remote domestic locations may not have adequate
fluids for resuscitation, or may  only have a short time to stay with
the wounded (battlefield) and would benefit from a small volume
resuscitation product that could be given after hemorrhage con-
trol to sustain the wounded for extended time before evacuation
to a medical support facility. However, P188 may  have limited
potential, especially in the presence of uncontrolled hemorrhage,
due to its negative effect on coagulation. This aspect of its actions
would need additional study if P188 is to be developed further as
an adjunct to fluid resuscitation strategies.
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