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Isovolaemic haemodilution decreases the shivering threshold
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Summary
Background and objective: The inhibition of thermoregulatory control by anaesthesia is manifested by reduced
vasoconstriction and shivering thresholds. As intraoperative bleeding can result in haemodynamic changes,
including vasoconstriction, we investigated the effect of experimental bleeding on the shivering threshold in
rabbits. Methods: Twenty-four rabbits were randomly assigned to one of three treatment strategies: (1) no blood
removal (control), (2) 5 mL kg21 isovolaemic blood removal and (3) 10 mL kg21 isovolaemic blood removal.
After tracheal intubation under isoflurane anaesthesia, anaesthesia was maintained with 50% nitrous oxide in
oxygen. The removed blood volume was replaced with the same volume of warm hydroxyethyl starch colloid
solution. Oesophageal temperature was measured as a core temperature at 1-min intervals. After blood removal,
the animal’s body was cooled at a rate of 2–38C h21 by perfusing water at 108C through a U-shaped thermode
positioned in the colon. Hypothermic shivering was evaluated by visual inspection, and the core temperature at
which shivering was triggered was identified as the thermoregulatory threshold for this response. Results: Just
before the cooling, the body temperature of the animals was around 38.68C in all of the three groups. The
shivering threshold in the control group was 37.2 6 0.28C (mean 6 SD). The shivering thresholds in the
5 mL kg21 (36.98 6 0.38C) and 10 mL kg21 (36.58 6 0.58C) blood removal groups were significantly lower and
in proportion with the volume of blood removed than that in the control group. Conclusion: Isovolaemic
haemodilution decreased the shivering threshold in rabbits in proportion with the volume of blood removed.
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Introduction

Core hypothermia following induction of general
anaesthesia results from an internal core-to-peripheral
redistribution of body heat (known as redistribution
hypothermia) and a net loss of heat to the envir-
onment [1]. The inhibition of thermoregulatory
control by anaesthesia is manifested by reduced
vasoconstriction and shivering thresholds [2,3].

Unexpected bleeding during surgery is a perioperative
complication that can cause postoperative hypother-
mic shivering. Haemodilution due to excessive
bleeding also affects vasoconstrictive status, and thus
even with isovolaemia [4]; we surmise, therefore, that
haemodilution changes the hypothermic shivering
threshold. In the present research we investigated
the effect of experimental bleeding with volume
replacement on the shivering threshold in rabbits.

Methods

With the approval of the Committee on Animal
Research at the Faculty of Medicine, University of
Yamanashi, we studied 24 male Japanese white
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rabbits, weighing 2.6–4.0 kg (mean, 3.4 kg). Day-
time core temperature in such rabbits is usually
approximately 398C. Ambient temperature was
maintained around 248C throughout the study.

Animal preparation was performed according to
a previously described method [5–7]. Briefly, the
animals were anaesthetized by inhaled isoflurane
(1.0–2.5% end-tidal concentration) and nitrous
oxide (67% in oxygen) (NORMAC AA-102; GE
Healthcare Inc., Andover, MA, USA). A femoral
venous catheter was inserted and 2–3 mL kg21 h21

lactated Ringer’s solution was infused throughout
the protocol. Each rabbit had a 3-mm endotracheal
tube inserted and then isoflurane was discontinued.
Animals were loosely restrained in an experimental
chamber and allowed to breathe spontaneously
under 50% nitrous oxide in oxygen during the
study. Other anaesthetics, such as isoflurane, were
not used after the preparation because volatile
anaesthetics have an inhibitory effect on the shi-
vering threshold [3,5]. The animals were randomly
assigned to one of three treatment strategies: (1)
no blood removal (control), (2) 5 mL kg21 isovolaemic
blood removal and (3) 10 mL kg21 isovolaemic
blood removal. The removed blood volume was
simultaneously replaced with the same volume
of warm hydroxyethyl starch colloid solution
(approximately 398C) (HespanderTM; Kyorin Phar-
maceutical Co., Tokyo, Japan). The hydroxyethyl
starch colloid solution contained (in g 100 mL21)
6.0 hydroxyethyl starch (mean molecular weight 5
70 000, substitution rate for hydroxyethyl base 5
0.55), 0.5 NaCl, 0.03 KCl, 0.02 CaCl2 and 0.224
lactate sodium.

Distal oesophageal temperature was monitored as a
core temperature [8] (MGA 3-219; Nihon Kohden,
Tokyo, Japan) and recorded at 1-min intervals on a
laboratory computer. The animals’ bodies were slowly

cooled at a rate of 2–38C h21 by perfusing water
at 108C through a U-shaped thermode positioned in
the colon [5–7]. Hypothermic shivering was eval-
uated by inspection by an observer blinded to treat-
ment. Sustained, vigorous shivering was considered
physiologically significant. The core temperature
at which significant shivering was triggered was
identified as the thermoregulatory threshold for this
response. Arterial blood was sampled for gas analysis
(ABL 700TM; Radiometer, Tokyo, Japan) at the
shivering threshold in each rabbit. To exclude the
effects of circadian variation of body temperature, all
studies were started around 10.00a.m., with shivering
generally starting between 2.00p.m. and 3.00p.m. At
the end of the experiment, each animal was killed
by exsanguination.

Data are expressed as raw data and/or mean 6 SD.
All data were analysed by one-way ANOVA with
Student–Newman–Keuls tests. Statistical signif-
icance was established at the P , 0.05 level.

Results

General, haemodynamic and respiratory character-
istics at the time of shivering in the three groups are
shown in Table 1. No significant difference in mean
weight was observed among the three groups.
Except for haematocrit and heart rate (HR), hae-
modynamic and respiratory responses at the time of
shivering were also comparable. Just before the
cooling, the body temperature of the animals was
around 38.68C in all of the three groups.

Shivering thresholds (raw data and mean 6 SD) in
the three groups are shown in Figure 1. The shivering
threshold in the control group was 37.2 6 0.28C.
The shivering thresholds in the 5 mL kg21 (36.9 6
0.38C) and 10 mL kg21 (36.5 6 0.58C) blood removal
groups were significantly lower and in proportion

Table 1. General, haemodynamic and respiratory characteristics at the time of shivering.

No blood removal
(control)

5 mL kg21 isovolaemic
blood removal

10 mL kg21 isovolaemic
blood removal

Body weight (kg) 3.3 6 0.2 3.4 6 0.2 3.6 6 0.3
Haematocrit (%) 43.4 6 0.2 41.5 6 6 1.8* 36.5 6 2.7*y

Mean arterial pressure (mmHg) 100 6 12 96 6 14 94 6 14
Heart rate (min21) 262 6 14 282 6 23 247 6 26y

Respiratory rate (min21) 50 6 10 57 6 13 69 6 20
Arterial pH 7.48 6 0.06 7.48 6 0.05 7.45 6 0.05
PaCO2 (mmHg) 31 6 5 30 6 6 28 6 6
PaO2 (mmHg) 245 6 18 238 6 25 239 6 22

PaCO2: partial pressure of arterial carbon dioxide; PaO2: partial pressure of arterial oxygen. Data are expressed as mean 6 SD,
n 5 8 in each group.
*P , 0.05 vs. control group, yP , 0.05 vs. 5 mL kg21 isovolaemic blood removal group.
Haematocrit decreased significantly and in proportion with the volume of blood removed, whereas haemodynamic (except for
heart rate) and respiratory characteristics did not change among the three groups.
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with the amount of blood removed than that in the
control group.

Discussion

The results of the present study have clarified that
experimental isovolaemic haemodilution significantly
lowered the shivering threshold in proportion with
the volume of blood removal.

First of all, in the present study, it was important
to establish consistent experiment conditions. The
objective of the present study was to measure hypo-
thermic shivering thresholds during experimental
bleeding. In the present study, 5 or 10 mL kg21 of
blood was removed and the same amount of hydro-
xyethyl starch colloid solution was administered.
Because the circulating blood volume of rabbits
is about 56 mL kg21 [9], blood removal of 5 or
10 mL kg21 equals about 10% or 20% of the circu-
lating blood volume. Next, regarding supplementa-
tion using the hydroxyethyl starch colloid solution,
as shown in Table 1, no marked differences in
circulation dynamics were observed, thus suggesting
sufficient intravascular supplementation for blood
removal. Furthermore, in animal studies, it is
necessary to use a certain amount of an anaesthetic.
Inhalation anaesthetics [3,5], including nitrous oxide
[10], are known to lower the shivering threshold.
Nitrous oxide, however, has the least impact on the
shivering threshold, when we used similar anaesthetic
potencies [10], and the animals were well sedated and

breathed spontaneously under 50% nitrous oxide
in this study. Lastly, in terms of respiratory and
circulatory conditions, including haemodilution, the
anaesthetic potency of nitrous oxide was not altered
within the range of the present study [11,12];
accordingly, the decreases in the shivering threshold
for each group appeared to have been dependent on
the degree of isovolaemic haemodilution.

Next, it is necessary to ascertain how isovolaemic
haemodilution significantly lowered the shivering
threshold. Increased anaesthetic depth results in
a decreased tolerance to acute haemodilution, as
reflected by a significant increase in critical hae-
moglobin concentration [13]. However, the present
mild isovolaemic haemodilution condition was
not dependent on increases in cardiac output [13],
which was supported by the lack of intergroup
differences in mean arterial pressure. Although HR
in the 10 mL kg21 blood removal group was sig-
nificantly lower than that in the 5 mL kg21 blood
removal group, it did not suggest the ‘increase’ in
cardiac output. Moreover, hypothermia lowers car-
diac output [14] and shifts the oxygen dissociation
curve to left [15]. Hence, under the present
experimental conditions, the actual oxygen supply
to tissue was believed to have been reduced.
Respiratory rate tended to increase by isovolaemic
haemodilution in this study (P 5 0.056); however,
metabolic acidosis did not occur because neither pH
nor PaCO2 differed among the groups. It has been
reported that hypothermic shivering for maintain-
ing body temperature is equivalent to 300–400%
of oxygen consumption at rest [16]. Therefore,
shivering during hypothermia further lowers oxygen
supply to important organs by an increase in oxygen
consumption in muscles, thus greatly stressing the
body. By taking the above findings into account,
the reason for the reduced hypothermic shivering
threshold dependent on isovolaemic haemodilution
was that some of the body’s defense mechanisms
for maintaining tissue oxygen supply had a higher
priority than the thermoregulatory control mechan-
ism to suppress shivering. On the other hand,
oxygen delivery might be increased by the muscle
activity of shivering, and therefore it would be a
matter of some speculation at present as to how the
haemodilution affects the shivering threshold.
There are some evidence that amino acid solution
can increase the body core temperature [17,18]. It is
not known at present, however, whether hydro-
xyethyl starch colloid solution per se has some effect
on the shivering threshold. Further studies are
needed to clarify this point.

When applying the above findings to clinical
settings, if haemodilution caused by blood loss
increases, hypothermia is exacerbated [18] due to
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Figure 1.
Shivering thresholds in each group. Data are expressed as raw
data and mean 6 SD, n 5 8 in each group. **P , 0.01 vs.
control, yyP , 0.01 vs. 5 mL kg21 isovolaemic blood removal group.
Shivering threshold decreased significantly and in proportion with
the volume of blood removed.
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suppression of hypothermic shivering while awaken-
ing from anaesthesia, thus making it difficult for
the thermoregulatory control mechanism to work.
When this phenomenon occurs, patients themselves
feel uncomfortably cold [19] but do not shiver.
Under such a condition, re-warming takes even
longer and can lead to delayed awakening [20]. It is
necessary to manage anaesthesia in order to prevent
hypothermia due to massive bleeding and intrave-
nous fluid administration [18]. According to the
present findings, if a patient is awakening from
anaesthesia in a state of hypothermia due to blood
loss, active warming is recommended even when the
patient is not shivering, because haemodilution
suppresses the shivering threshold.

In conclusion, isovolaemic haemodilution signif-
icantly decreased the shivering threshold of rabbits
in proportion to the volume of blood removed. In
a clinical setting, if bleeding causes hypothermia,
active warming is recommended even in the absence
of shivering.
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