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Effects of Nitric Oxide on Hemodynamic Change by Administration of
Hypertonic Saline Dextran in Canine Hemorrhagic Shock

Fumihiko KIMURA

It has been widely known that a small bolus injection (4ml/kg) of hypertonic saline dextran
(HSD) increases cardiac output (CO). Some mechanisms such as an increase in in-
travascular volume expansion, dilatation of blood vessels, and an increase in cardiac contractility

have been reported. However, the mechanisms of the remarkable decrease in systemic vascular
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resistance (SVR) and the temporary decrease in mean blood pressure (mBP) immediately after
injection, remain unclear. ~We hypothesized that nitric oxide (NO), an endothelium-derived
relaxing factor (EDRF), may contribute to the decrease in SVR  just after the bolus injection of
HSD, and clarified whether L-NMMA, a NO synthase inhibitor, reversed the hemodynamic change
in a canine model of hemorrhagic shock.

Twelve dogs were divided into two groups : an L-NMMA group (n = 6 )and a control group (n
= 6 ). In both groups, hemorrhagic shock was achieved by drawing blood from the femoral artery
and mBP was maintained at 50 mmHg for 30 min. The animals in the L-NMMA group were
administered 5 mg/kg of L-NMMA. Then, all the animals in both groups received HSD (4 ml/kg)
for 30 seconds. Hemodynamic data were obtained periodically, and were statistically analyzed using
the repeated measure ANOVA.

After administration of HSD, mBP immediately decreased, and then CO remarkably increased
in both groups. There was a significant difference in SVR between the two groups. In the control
group, SVR decreased to 20% of pre-injection, and a steady recovery was achieved after 90
seconds. In the L-NMMA group, SVR decreased more slowly between 40~ 120 seconds than that
in the control group, then it rose to 60% of pre-injection.

Since the decrease in SVR was not completely reversed by L-NMMA, we concluded that NO
may play partial role in the hemodynamic change induced by HSD. (Accepted on October 29, 2002)
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Panel A shows the schema of the ESPVR. The horizontal axis is left
ventricular volume and the vertical axis is left ventricular pressure. One
pressure-volume loop (P-V loop) is a cardiac cycle. Multiple P-V loops are
obtained sequentially during preload reduction. A regression line, drawn by
following the points with the maximal pressure-volume ratio in each cardiac
cycle is called ESPVR. ESPVR is expressed as the following formula ; Pes
= Ees (Ves-V,), where Pes is end-systolic pressure, Ees is end-systolic
elastance, Ves is end-systolic volume, and V, is the volume axis intercept of
the ESPVR . Panel B shows a practical ESPVR drawn by typical P-V loops
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Table 1. Hemodynamic parameters at pre-hemorrhagic shock

Control (n=6) L-NMMA (n=6)
weight (kg) 223 +45 205+36
HR (beats/min) 125+ 143 143 £ 145
mBP (mmHg) 102 = 10.1 115+ 16.9
CO (I/min) 2.37 £1.37 2.16 = 0.61
SVR (dynesec/cm5) 4141 + 1658.9 4526 + 1267.6
EDV (ml) 59.2 £ 27.9 51.4+9.7
dp/dt max (mmHg/sec) 1852 = 463.8 2024 + 361.9
EF (%) 205+4.8 252+ 105
Ees (mmHg/ml) 6.53 = 3.87 591 +1.68
V, (mi) 215290 178119
ESVgy (ml) 425224 34.0+13.3

(#29% # 1% 2003)
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Values are shown as means = SD. There was no significant difference between
the L-NMMA group (n = 6 ) and the control group (n = 6 ). HR : heart rate,
mBP : mean blood pressure, CO : cardiac output, SVR ! systemic vascular
resistance, EDV : left ventricular end-diastolic volume, EF : ejection fraction,

dp/dt max : maximal rate of left ventricular pressure rise,

ESPVR (end-systolic pressure-volume relationship), V, . volume axis intercept
of the ESPVR, ESVy : end-systolic volumes measured at 90 mmHg of the end-

systolic pressure in order to confirm the ESPVR.
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Fig. 2. Percent changes from pre-HSD injection
Values are shown as means + SD. All parameters were plotted every 10
seconds after initiation of HSD. (a, b) There was no significant difference in
mBP and CO (NS ! no significance). (c) In SVR, there was a significant
difference between the two groups (p<<0.05 by repeated measure ANOVA).
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Fig. 3. Percent changes in hemodynamic parameters from pre-Shock values
Values are shown as means + SD. There was no significant difference
between the L-NMMA group and the control group in heart rate (HR), mean
blood pressure (mBP), cardiac output (CO), systemic vascular resistance
(SVR) and left ventricular end-diastolic volume (EDV).
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confirm the ESPVR (ESV ).
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