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Shivering has been proposed as an etiology of postopera- 
tive hypoxemia. The difficulty with this theory is that hy- 
poxemia inhibits shivering in unanesthetized cats, rats, 
and humans. However, anesthesia inhibits many protec- 
tive reflexes, including the ventilatory response to hypox- 
emia. We therefore tested the hypothesis that arterial hy- 
poxemia fails to inhibit shivering in lightly anesthetized 
rabbits. Rabbits were intubated and instrumented during 
exposure to surgical concentrations of anesthesia, and an- 
esthesia was then maintained with 0.2 minimum alveolar 
anesthetic concentration isoflurane. The core was cooled 
at a rate of 2-3”C/h by perfusing water at 10°C through a 
colonic thermode. Core temperatures were recorded from 
the distal esophagus. Sustained, vigorous shivering was 
considered physiologically significant. The core tempera- 
ture that triggering significant shivering identified the 
thermoregulatory threshold for this response. Arterial 

blood was sampled for gas analysis at the shivering 
threshold in each rabbit. Hypoxemia linearly reduced the 
shivering threshold from 36.7”C at 130 mm Hg to 35.4”C 
at 50 mm Hg (threshold = Pao, * 0.019 + 34.3; ? = 0.49). 
We failed to confirm our hypothesis: instead, even mild 
hypoxemia reduced the shivering threshold >l”C. A 1°C 
decrease in the shivering threshold is likely to prevent or 
stop most postoperative shivering because it exceeds the 
reduction produced by many effective anti-shivering 
drugs. These data do not support the theory that shivering 
causes postoperative hypoxemia. Implications: Shiver- 
ing has been proposed as an etiology of postoperative hy- 
poxemia. Our data, in contrast, show that mild hypox- 
emia inhibits shivering. Shivering is thus unlikely to be a 
cause of postoperative hypoxemia. 

(Anesth Analg 1998;87:1408-11) 

S hivering is a common postanesthetic complication 
(1). It can increase metabolic rate impressively (2); 
however, the typical increase is modest (3) espe- 

cially in the elderly (4). Shivering has been proposed as 
an etiology of postoperative hypoxemia (5,6). The diffi- 
culty with this theory, however, is that hypoxemia in- 
hibits shivering in unanesthetized cats (7), rats (8), and 
humans (9,lO). 
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Inhibition of shivering by hypoxemia seems to be an 
appropriate protective response, because inhibition of 
shivering reserves a limited oxygen supply for the 
vital organs and promotes hypothermia, which ame- 
liorates the adverse effects of tissue hypoxia (11-13). 
Consistent with this theory, even fish chose a cooler 
environment when they are hypoxic (14), thus using 
behavioral regulation to reduce metabolic rate. 

Hypoxemia, therefore, normally inhibits shivering, 
rather than being caused by it. However, anesthesia 
inhibits many protective reflexes, including the venti- 
latory response to hypoxemia (15), baroreceptor re- 
flexes (16), and thermoregulatory control (17). If the 
normal hypoxemia-induced inhibition of shivering 
was impaired by residual anesthesia, shivering may, 
indeed, cause hypoxemia in postoperative patients. 
We therefore tested the hypothesis that arterial hypox- 
emia fails to inhibit shivering in rabbits maintained 
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with concentrations of isoflurane similar to those used 
in postoperative patients (18). 

Methods 
With approval from our committee on animal re- 
search, we studied 21 male Japanese White rabbits, 
weighing 2.8-3.8 (mean 3.4) kg. Daytime core temper- 
atures in these rabbits is usually near 39°C. Ambient 
temperature was maintained near 24°C throughout 
each study. 

The animals were anesthetized by inhalation of 
isoflurane (1.0%2.5% end-tidal concentration) and 
67% nitrous oxide in oxygen. A femoral venous cath- 
eter was inserted, and 2-3 mL * kg-r * h-r lactated 
Ringer’s solution infused throughout the protocol. 

Each rabbit was tracheally intubated with a 3-mm 
endotracheal tube and subsequently allowed to 
breathe spontaneously. Nitrous oxide was discontin- 
ued, and the end-tidal concentration of isoflurane was 
adjusted to 0.4%, which is 0.2 minimum alveolar an- 
esthetic concentration (MAC) in this species (19). This 
MAC-fraction is typical for the initial postoperative 
period, and shivering is rare at higher concentrations 
(18). Pao, was adjusted to 60, 80, or 10 mm Hg by 
adding nitrogen to the inspired gas. This partial pres- 
sure was then maintained for the duration of the 
study. Each rabbit was thus tested at only a single 
concentration. The animals were loosely restrained in 
an experimental chamber during the study. The core 
was cooled at a rate of 2-3”C/h by perfusing water at 
10°C through a U-shaped thermode positioned in the 
colon. We have previously described this method 
(20,21). 

Core temperatures were recorded from the distal 
esophagus at 1-min intervals with a laboratory com- 
puter. Shivering was evaluated by inspection, as pre- 
viously reported (20,21). Sustained, vigorous shiver- 
ing was considered physiologically significant. 
Shivering was evaluated by a single investigator 
blinded to arterial oxygen tension and core tempera- 
ture. The core temperature that triggered significant 
shivering identified the thermoregulatory threshold 
for this response. Arterial blood was sampled for gas 
analysis at the shivering threshold in each rabbit. 

Morphometric characteristics and hemodynamic 
and respiratory responses at the time of shivering 
were compared by using one-way analysis of variance 
and Student-Newman-Keuls tests. Pao, values and 
the shivering thresholds were similarly compared. 
The relationship between arterial oxygen tension and 
the shivering threshold was evaluated by using least- 
squares linear regression. Data are expressed as 
means -t SD. P < 0.05 identified statistically significant 
differences. 

Results 
Weight did not differ significantly among the rabbits 
assigned to target oxygen tensions of 60, 80, and 
100 mm Hg. Hemodynamic responses at the time of 
shivering were also similar, as were pHa and Pace,. 
Pace, values in the three groups were 33 + 9,33 % 6, 
and 32 2 5 mm Hg, respectively. 

The shivering threshold in the rabbits assigned to 
target oxygen tensions of 60, 80, and 100 mm Hg all 
differed significantly: 35.1 t 0.5,35.9 t 0.4, and 36.5 ? 
0.6”C, respectively (Table 1). Hypoxemia linearly re- 
duced the shivering threshold from 36.7”C at 
130 mm Hg to 35.4”C at 50 mm Hg (Fig. 1). 

Discussion 
We failed to confirm our hypothesis that hypoxemia 
would not inhibit shivering during very light anesthe- 
sia. Instead, even mild hypoxemia (a Pao, near 
60 mm Hg) reduced the shivering threshold >l”C. A 
1°C decrease in the shivering threshold is likely to 
prevent or stop most postoperative shivering because 
it equals or exceeds the reduction produced by effec- 
tive anti-shivering drugs such as clonidine (22), 
dexmedetomidine (23), and tramadol (24). These data 
thus do not support the theory that shivering causes 
postoperative hypoxemia (5,25). 

The effects of hypercarbia on shivering are contro- 
versial, with inhibition being identified in some stud- 
ies (26) but not others (27,28). We therefore confirmed 
that Pace, remained normal and comparable in rab- 
bits assigned to each target oxygen partial pressure. 

A limitation of our study is that we evaluated only a 
single anesthetic, although the one we chose, isoflurane, 
is most commonly used. Isoflurane-induced thermoreg- 
ulatory inhibition is concentration-dependent in humans 
(29) and rabbits (20). Other volatile anesthetics (30) 
also produce concentration-dependent reductions in the 

Table 1. Weight and Hemodynamic and Respiratory 
Responses at the Time of Shivering 

Target Pao, (mm Hg) 

(nf 7) (n f 7) 
100 

(M = 7) 

Weight (kg) 3.6 +- 0.4 3.3 2 0.1 3.3 -t 0.4 
MAP (mm Hg) 78 -i- 14 79 t 17 90 5 17 
Heart rate (bpm) 237 5 27 250 ? 27 246k 20 
Arterial pH 7.43 2 0.09 7.47 2 0.04 7.46 ? 0.14 
Pace, (mm Hg) 32 2 5 33 2 6 33 -t 9 
Pao, (mm Hg) 59 2 7 80 2 8% 113 ? 13*t 
Shivering threshold 35.1 ? 0.5 35.9 2 0.4* 36.5 ? 0.6*t 

C’C) 
Data are reported as means t SD. 
MAP = mean arterial pressure. 
* Significantly different from a target Pao, of 60 mm Hg. 
t Significantly different from a target Pm, of 80 mm Hg. 
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Figure 1. The shivering threshold in rabbits anesthetized with 
0.2 minimum alveolar anesthetic concentration isoflurane was sig- 
nificantly reduced at low arterial oxygen partial pressures (Pao,). 
Threshold = Pao, * 0.019 + 34.3; r* = 0.49. 

shivering threshold, as do IV anesthetics (31) and sed- 
atives (32,33). The shivering threshold during nor- 
moxia would thus certainly be reduced if larger doses 
of anesthesia were administered. Although it seems 
unlikely that hypoxia at different anesthetic concen- 
trations or with alternative anesthetics would alter the 
linear shape of the inhibition curve, the slope may well 
differ. 

Shivering in our rabbits was induced by core cool- 
ing and was thus, presumably, mostly normal thermo- 
regulatory shivering. There is, however, increasing 
evidence that some rhythmic postoperative muscular 
activity is not thermoregulatory (34). Whether these 
tremors are of sufficient magnitude to cause postop- 
erative hypoxia remains to be determined, as does the 
extent to which hypoxia may inhibit nonthermoregu- 
latory shivering-like activity. Finally, the effects of 
hypoxia on shivering may differ in humans. However, 
the magnitude of the response is more likely to vary 
than its general shape and character. 

In summary, even mild hypoxemia reduced the 
shivering threshold >l”C. A 1°C decrease in the shiv- 
ering threshold is likely to prevent or stop most post- 
operative shivering because it exceeds the reduction 
produced by many effective anti-shivering drugs. 
These data thus do not support the theory that shiv- 
ering causes postoperative hypoxemia. 
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