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Abstract

We studied the relative efficacy of small
volume resuscitation in induced hemorrhagic
hypotensive shock. Anesthetized dogs were bled
to maintain mean arterial pressure at 50 mmHg
for 30minutes and then treated with a single
bolus injection, 4m//kg, of a hypertonic saline
solution (7.5% NaCl: group HS) or a hyper-
tonic encotic saline solution (6% hydroxyethyl
starch 200 in 7.5% NaCl: group HH). The
efficacy of both therapies in maintaining the
hemodynamic variables and splanchnic blood
flow (liver, renal cortex, renal medulla and
pancreas) stable were investigated for 120 min.

After small-volume resuscitation, heart rate,
mean arterial pressure, and systemic vascular
resistance did not differ significantly between
the two groups. However, cardiac index, left
ventricular stroke work index, and maximum
rate of left ventricular pressure change were
maintained at a satisfactorily stable level in the
HH group as compared with the HS group.
Splanchnic organ blood flow decreased signifi-
cantly with hemorrhagic shock but increased
with each small-volume resuscitation. The
liver, renal cortex, and medullary blood flows,
however, were significantly greater in the HH
group than those in the HS group, except the
pancreatico blood flow.

These results suggest that the resuscitative
therapy using a hypertonic oncotic solution is
more effective than a hypertonic solution in
hemorrhagic hypotension. This is due to an
improvement in hemodynamic variables and
splanchnic organ blood flows.

Introduction

Resuscitative therapy using colloidal solu-
tions is known to be more effective than
crystalloidal solutions in hemorrhagic
shock'®. On the other hand, it has been previ-
ously shown that severe blood loss in dogs can
be successfully reverted to virtually normal
circulatory function and indefinite survival by
an intravenous bolus injection of a relatively
small volume (4~5ml/kg) of a hypertonic
NaCl solution. Many investigators' 'V have
found a protective effect of small volume resus-
citation with hypertonic NaCl solution in severe
hemorrhagic shock models. A small quantity of
hypertonic saline solution infused through a
small-caliber needle over a few minutes may be
a life-saving or life-supporting intervention in
severe hemorrhagic shock patients.

The purpose of the present study was to
examine the protective effects of small volume
resuscitation with a intravenous bolus injection,
4ml/kg, of hypertonic saline solution either on

e Zéregsnted by Medical*Online



A - AU

its own or together with hydroxyethyl starch
solution in dogs under hemaorrhagic hypotensive

shock.

Materials and Methods

Sixteen adult male mongrel dogs weighing
from 13 to 18kg, were randomly allocated to
either of 2 groups of animals, namely the hyper-
tonic saline (HIS) group, and the hypertonic
saline hydroxyethyl starch (HH) group.

The animals were anesthetized with sodium
(30mg/kg
bromide (0.2mg/kg) was administered after

pentobarbital i.v.). Pancuronium
imsertion of an endotracheal tube. The dogs
were placed in a supine position under anesthe-
sia with continuous intravenous infusion of
ketamine chloride at 5mg/kg/h. The animals
were ventilated with oxygen using a Harvard
respirator. The respiratory tidal volume was
adjusted to maintain an end-expiratory ETCO,
of 30~ 40mmHg, which was monitored with an
infrared CO, analyzer.

Both femoral veins were cannulated for infu-
sion of lactated Ringer’s solution with a mainte-
nance dose of 5m{/kg/h for blood withdrawal,
and by an intravenous bolus injection for resus-
citative therapy. The left femoral artery was
cannulated for continuously monitoring the
systemic arterial pressure and for blood sam-
pling. Left ventricular pressure (LVP) was
monitored with a 7-French pigtail catheter
cannulated via the right femoral artery. The
maximum rate of the left ventricular pressure
change (LV dp/dt max) was measured electri-
cally deriving from the LVP wave using an
electronic differentiator. A 7.5-French balloon
~tripped triple-lumen pulmonary catheter
(Swan-Gantz catheter) was inserted via the
right external jugular vein and its top was
positioned in a branch of the pulmonary artery
to measure the hemodynamic wvariables. Car-

diac output (CO) was determined using the

1999 VOL. 15

thermodilution technique (5m/ of 0.9% saline
at 0'C injected into the right atrium at the end
(HR) was
monitored from lead II of an electrocardio-

of expiration). The heart rate

graph using a cardiotachometer.

Splanchnic organ blood flow was determined
by the hydrogen gas clearance method. Lapar-
otomy was performed to permit insertion of
hydrogen gas clearance electrodes into the
liver, kidney (cortex and medulla), and pan-
creas, respectively.

The dogs were allowed to stabilize for at
least 60min after the surgical procedure when
the physiological measurements (baseline val-
taken. Thereafter
hypotensive shock was induced by withdrawal

ues) were hemorrhagic
of blood. Mean arterial pressure (mAP) de-
creased to approximately 50mmHg within 10
min and then stabilized at this level for 20min
on further withdrawal or retransfusion of
blood.

Thirty minutes after induction of hemorr-
hagic hypotension, resuscitation was started :
within 2min by an intravenous bolus injection
(4ml/kg) of either the hypertonic saline (118 ;
7.5% NaCl) or the hypertonic oncotic saline
solutions (HH ; 6% hydroxyethyl starch 200 in
NaCl; MW=200KDa).
were taken at baseline, end of hypotensive
shock (Shock), 5 (5R), 15 (15R), 30 (30R), 60
(60R), and 120 (120R) min after bolus resusci-
tation.

7.5% Measurements

The following parameters were measured for
the 2 groups: HR; mAP; LVP; CO; partial
pressure of arterial oxygen (PaQ,) ; and par-
tial pressure of arterial carbon dioxide
(PaC0,). Measurements of the following were
included to assess splanchnic organ blood
flows: liver blood flow, LBF; renal cortex
blood flow, RCBF ; renal medullary blood flow,
RMBF ; and pancreatico blood flow, PBF. The

cardiac index (CI), systemic vascular resis-
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Table |. Hemodynamic variables in response to Shock and at 5, 15, 30, 60, and 120 min after
resuscitation with NaCl 7.5% NaCl/6% hydroxyethyl starch 200 (HH),
respectively

Variable Group  Baseline Shock 5R 15R 30R 60R 120R

‘ HR HS 172+ 9 17014 171411 1T1£11 17311 180+12 17714
HH 170+ 9 169+11 167+ 17 169+ 5 174+ 7 174+ 8 171+ 9

mAP HS 14245 S1+1" 886" 966" 98+5* 88+0" 88+12"
HH 13247 501" 95+6* 935" 026" 99+ 5" 108+6"

c1 HS 1. 740.1 0.60. 1" (B[ ) 6 L W) R LOE0. 1% 0,90 1™ 0.740.1"
HH L 7+0. 1 0.5+0.1 1. 6£0. 1° 1. 5+0.1° 1601 La+01* [3+0.1%

SYR HS 85024767 8348787 84914664 9899+848 102694845 1111041304 13820-+2215
i 9190+748 10086+482 6937480 7030547 8093+:781"  8539+618 100984892

LVSWI HS 16.9+1. 2 2.2:£0. 2 6.90. 7 T7.440. 9% 7.440.8% B 40.9™ 4.5+1 1™
i 16.8%+1.5 1.9%0. 2" [1.3+0.9" 10.5+0. 6" 10. 9+0. 9" 9.7+0.9" 10.2+1. 1%

Lvdp/dt N 29574229 9144116 2000199 1886+213™  1800+238™ 1643+238™ 1643+256™

max HH 2843+306  1057-195" 2586+ 195"  2414+212 2343+261" 23144240 23294251
(n=7)

Data are expressed as mean + slandard error (SE)

HR: heart rate (beats-min '); mAP: mean arlenal pressure (mmHg); CI: cardiac index (l-min '-m?);

SVR: systemic vascular resistance (dyn-sec-cm®); LVSWI: left ventricular strnke work index (g-m-beat '-m?);
LY dp/dt max: maximum rate of left ventricular pressure change (mmHg-sec™

Baseline: after surgical procedure

Shock: end of hemorrhagic hypotensive shock

5R, 15R, 30R, 6OR, and 120R: 5, 15, 30, 60, and 120 min after bolus resuscitation

*P<0.05: {rom Baseline

"P<C0. 05: from Shock

“P<0.05: between groups HS and HH

Table 2. Splanchnic organ blood flows in response to Shock and at 5, 15, 30, 60, and 120 min
after resuscitation with NaCl 7.5% (HS) or 7.5% NaCl/6% hydroxyethyl starch 200
(HH), respectively
Yariable Group Baseline Shock 5R 15R 30R 60R 120R
LBF HS 66+1 312 4243 483" 482 4] 4™ 355"
m 68+1 34410 5543 573" e = 7% L 54+1"
RCBF HS 129+3 63+ 3 823" 8B+ 4™ 895" 197 62+17"
i) 12443 6643 105+6" 1105 10944" 105+4" 101 £4»
RMBF HS 64+1 28+3" 4240 46£2™ 474+ 2™ 462" 33+4"
it 62+1 121" 513" 552" 552" 54+3" 5243"
PBF HS 35+1 171" 23+2" 81" 2742 2443 2143
HH 36+l 18+1" 25+2" 28+2" 282" bh b 262"
(n=7)

Data are expressed as mean + standard error(SE)
LBF: liver blood flow(ml-min '-100g ') ; RCBF: renal cortex blood !Iuw(ml 'min~'-100g ') ; RMBF: renal medullaly
blood flow(ml-min™'-100g™'); PBF: pancreas blood flow(ml-min '-100g *)
Baseline: after surgical procedure
Shock: end of hemerrhagic hypotensive shock
5R, 15R, 30R, 6OR, and 120R: 5 15 30, 60, and 120 min after bolus resuscitation
*P<0. 05: from Baseline
*P<0.05: from Shock
"P<0.05: between groups HS and HH

left ventricular stroke work test, with P<0.05 considered as statistically

index (LVSWI), and LV dp/dt max were calcu-
lated using the standard formulas.

Data are expressed as mean+standard error
(SE).
differences within groups between the baseline

The data were analyzed for significant

values and those for the subsequent phases
(Shock ; R 5~R 120), using Student’s paired t-

significant. Differences between both groups
were analyzed in terms of variance using
Student’s unpaired t-test, with P<(.05 consid-

ered as statistically significant.

Results
Blood hemoglobin (Hb) did not differ signifi-

=08 —
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cantly between the HS and HH groups under
the baseline conditions (12.2+2.4 and 12.1=+
1.4g/dl, respectively). Similarly, the volume of
blood withdrawn did not differ significantly
between the 2 groups (HS group=490+173m/,
HH group=484+121m/).

Hemodynamic variables are shown in Table
1. Under the bhaseline and hemorrhagic condi-
tions, the hemodynamic variables did not differ
significantly between the two groups. In both
groups the post shock mAP, CI, LVSWI, and
LV dp/dt max values showed a significant
decrease as compared with the pre-hemorr-
hagic shock data, The CI and LV dp/dt max
values in the dogs of group HH returned to the
baseline values, but those of group HS animals
did not when small-volume resuscitative ther-
was in both
groups, the mAP and LVSWI were significantly
decreased as compared with the baseline condi-

apy administered. However,

tion despite resuscitation. After resuscitation,
the CI, LVSWI, and LV dp/dt max values in
group HH were significantly greater than those
in group HS.

With regard to the respiratory variables,
Pa0., and PaCO. under the baseline control
condition did not differ significantly between
two groups: In group HS, Pa0, was 513£23
mmHg and PaCO, was 35+2mmllg, whereas
in group HH the corresponding values were
508-+22 and 35+ 1 mmHg, respectively.

Splanchnic organ blood flow data are shown
in Table 2. Under the baseline and hemorrhagic
shock conditions, splanchnic organ blood flows
did not differ significantly between the two
groups. All splanchnic organ blood flow values
showed a significant decrease after as compar-
ed with before the hemorrhagic shock, in the
two groups. In both groups, all splanchnic blood
flow values were significantly decreased as
compared with the baseline condition, despite
resuscitation. After resuscitation, LBF, RCBF,
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and RMBF in group HH were significantly
greater than those in group HS, except for
PBF.

Discussion

Hypertonic NaCl solution, 7.5%, 2,400
mOsm/liter, has been shown to cause rapid
improvement in circulatory functions even
when given in very small volumes of only 4m//
kg*®*1213) In the present study, a bolus injection
of hypertonic saline (group HS) significantly
increased mAP, CI, LVSWI, and LV dp/dt max
as compared with the corresponding values in
hemorrhagic shock. Traverso et al.'” reported
that survival was significantly greater after
replacement of 25% of the shed blood with 7.5
9, but not with 0.9%, 5.0%, or 10.0% NaCl. In
the present study, the animals were administer-
ed a 4mi/kg, 7.5% NaCl either on its own or
together with 6% hydroxylethyl starch 200 for
hemorrhagic hypotensive shock. This restora-
tion of cardiovascular function has been
attributed to a neurogenic reflex®”, but it may
also result from an osmotically induced redistri-
bution of intracellular water into the extracel-
lular space®. However, Velasco et al. report-
ed that intravenous infusions of hypertonic
NaCl in hemorrhagic hypotensive shock rapidly
restore blood pressure and acid base equilib-
rium toward normality in despite of no appre-
ciable plasma volume expansion, indicating
that fluid shift into the vascular bed plays no
essential role in this response. Similarly, Ogata
et al.'V showed that hematocrit values did not
decrease markedly after administration of
hypertonic saline solution.

Some investigators®'? have reported that
increase of arterial pressure as well as restora-
tion of organ blood flow have been demonstrat-
ed upon small volume administration of hyper-
tonic NaCl for severe hemorrhagic shock. In
our result, the splanchnic organ blood flow
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values were significantly increased by small-
volume resuscitative therapy using hypertonic
saline (group IS) as compared with those in
Thus,
hypertonic NaCl infusions increase the dynamic
efficiency of the circulatory system, enabling it
to achieve an adequate organ blood flow,
despite a critical reduction of blood volume".

the hemorrhagic hypotensive shock.

On the other hand, the main reason for using
colloidal volume replacements is to maintain
the circulating blood volume by stabilizing
plasma oncotic pressure. For reasons of safety,
efficiency and practicability, colloidal solutions
should be used rather than crystalloidal solu-
tions for hemorrhagic shock. Kramer et al.'®
reported that a small volume of hypertonic
saline dextran restored cardiovascular and
metabolic function. Similarly, some
investigators'®'” have indicated that the resto-
ration of central hemodynamics after small
volume resuscitation with hypertonic saline
dextran depends largely on a rapid augmenta-
tion of ventricular preload due to plasma vol-
ume expansion and cannot be attributed to
inotropic stimulation. With regard to oncotic
pressure, Kreimeier et al.'® demonstrated that
for the purpose of small-volume resuscitation,
a hypertonic hyperoncotic solution of 10% dex-
tran 60 in 7.2% saline appears to be most
effective in improving organ perfusion during
hemorrhagic hypotension. In the present study,
in group HH, the mAP, CI, LVSWI, LV dp/dt
max, and the splanchnic organ blood flow val-
ues showed a significant increase after the
small-volume resuscitative intervention as
compare with the data before. Moreover, CI,
LVSWI, LV dp/dt max, LBF, RCBF, and
RMBF in group HH were significantly greater
than those in group HS after the resuscitation.

If a hypertonic saline, such as hypertonic
decreases intracranial

mannitol, pressure

(ICP), it might be useful for the resuscitation of
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shock patients with either increased ICP or
reduced intracranial compliance. In contrast to
the effective improvement in circulatory func-
tion achieved with colloidal plasma substitutes
in the hypertonic saline, Gunnar et al.'” demon-
strated that resuscitation from hemorrhagic
shock using a colloidal solution elevates ICP
and hypertonic saline prevents elevated ICP.
One the other hand, Gross et al.*® suggested
that hypertonic saline treatment of hemorr-
hagic shock increases blood loss due to a rise in
blood pressure, cardiac output, and peripheral
vasodilation. Moreover, Kobori et al*" reported
that platelet agglutination was reduced by a
bolus hypertonic saline injection. These risks
should be considered in resuscitation of hemorr-
hagic shock.

These results suggest that small-volume
resuscitation therapy using hypertonic oncotic
saline solution (group HH) is more effective
than hypertonic saline solution (group HS) in
hemorrhagic hypotensive shock. This is due to
an improvement in the hemodynamic variables
and splanchnic organ blood flow.

Acknowledgment

The authors thank Doctor Akiyoshi
Hosoyamada for his valuable comments on the
contents of this manuscript.

Reference

1) Need JE, Hauser CJ, Shippy C, et al.: Com-
parison of cardiorespiratory effects of crystal-
line hemoglobin, whole blood, albumin, and
Ringer's lactate in the resuscitation of hemorr-
hagic shock in dogs. Surgery 83: 639-647,
1978

2)  Shoemaker WC, Schluchter M, Hopkins JA, et
al.: Comparison of the relative effectiveness
of colloids and crystalloids in emergency
resuscitation. Am J Surg 142 : 73-84, 1981

3) Kobori M, Negishi H: A comparative study

Presented by Medical*Online



5)

)

10)

11)

12)

13)

P - UL

of crystalloid and colloid solutions for volume
replacement in hypovolemic shock. J Soc Res
Body Fluid Meta 13: 33-38, 1997
Velasco IT, Pontieri V, Rocha-e-Silva M, et
al.: Hypertonic NaCl and severe hemorrhagic
shock. Am J Physiol 239 : H 664-673, 1980
Lopes OU, Pontieri V, Rocha-e- Silva M, et
al.: Hypertonic NaCl and severe hemorrhagic
shock : Role of the innervated lung. Am ]
Physiol 241 : H 883-890, 1581
Nakayama S, Sibley L, Gunther RA, et al.:
§mall volume resuscitation with hypertonic
saline (2,400 mOsm/liter) during hemorrhagic
shock. Cire Shock 13: 149-159, 1984
Younes RN, Aun F, Tomida RM, et al.: The
role of lung innervation in the hemodynamic
response to hypertonic sodium chloride solu-
tions in hemorrhagic shock. Surgery 98: 900~
906, 1985
Smith GJ, Kramer GC, Perron P, et al.: A
comparison of several hypertonic solutions for
resuscitation of bled sheep. J Surg Res 39 517
528, 1985
Bitterman H, Triolo J, Lefer AM: Use of
hypertonic saline in the treatment of hemorr-
hagic shock. Circ Shock 21: 271-283, 1987
Kreimeier U, Brueckner UB, Schmidt J, et al:
Instantaneous restoration of regional organ
blood flow after severe hemorrhage: Effect
of small volume resuscitation with hypertonic
“hyperoncotic solutions. ] Surg Res 49: 493
503, 1990
Ogata H, Luo XX: Effects of hypertonic
saline solution (20%) on cardiedynamics dur-
ing hemorrhagic shock. Circ Shock 41: 113-
118, 1993
Rocha-e-Silva M, Negraes GA, Soares AM, et
al.: Hypertonic resuscitation from severe
hemorrhagic shock : Patterns of regional cir-
culation. Cire Shock 19: 165-175, 1936
Rocha-e-Silva M, Velasco IT, Nogueira-de-

1999 VOL. 15

14)

16)

17)

18)

19)

21)

Silva RI: Hyperosmotic sodium salts reverse
severe hemorrhagic shock : Other solutes do
not. Am J Physiol 253: H 751-762, 1987
Traverso LW, Bellamy RF, Hollenhach S], et
al.: Hypertonic sodium chloride solutions:
Effects on hemodynamics and survival after
hemorrhage in swine. J Trauma 27: 32-39,
1987

Kramer GC, Perron PR, Lindsey DC, et al.:
Small-volume resuscitation with hypertonic
saline dextran solution. Surgery 100 : 239-247,
1986

Jeffrey-Smith G, Kramer GC, Perron P, et al.:
A comparison of several hypertonic solutions
for resuscitation of bled sheep. | Surg Res 39:
517-528, 1985

Welte M, Goresch T, Frey L, et al.: Hyper-
tonic saline dextran does not increase cardiac
contractile function

during small volume

resuscitation from hemorrhagic shock in
anesthetized pigs. Anesth Analg 80: 1099-
1107, 1995

Kreimeier U, Brickner UB, Niemezyk 5, et
al.: Hyperosmotic saline dextran for resusci-
tation from traumatic hemorrhagic hypoten-
sion: Effect on regional blood flow. Circ
Shock 32 : 83-99, 1990

Gunnar WP, Merlotti GJ, Jonasson O, et al.:
shock :

Alterations of the intracranial pressure alter

Resuscitation from hemorrhagic
norimal saline, 3% saline and dextran 40. Ann
Surg 204 : 686-692, 1986

Gross D, Landau EH, Assalia A, et al.; Is
hypertonic saline resuscitation safe in un-
controlled hemorrhagic shock?. J Trauma 28:
751-756, 1988

Kobari M, Negishi I1: Effects of hyperos-
motic solution on platelet aggregation and
ATP secretion. ] Soc Res Body Fluid Meta
12 84-87, 1996

“Prebbnted by Medical*Online



