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Prewarming Followed by Active Warming is 
Superior to Passive Warming in Preventing 

Hypothermia for Short Procedures in Adult Rats 
(Rattus norvegicus) Under lsoflurane Anesthesia 

Maxime Rufiange,1
,
2 Vivian SY Leung,1,2 Keith Simpson,3 and Daniel SJ Pang1,2,4• 

General anesthesia is a common procedure in laboratory rats; however, it impairs thermoregulation, rapidly leading to hy
pothermia as warm core blood is distributed to the cooler periphery. The protective strategy of prewarming before the onset 
of anesthesia delays hypothermia, but only for a short period. This prospective, randomized, cross-over, experimental study 
in adult male and female SD rats (n = 8) was designed to compare passive (fleece blanket) and active (temperature controlled 
heating pad) warming. Initial treatment order was randomized, with a cross-over after a minimum 5 d washout period. Both 
groups underwent a period of prewarming in a warming box to increase core temperature by 1 % (median 0.4 °C). At completion 
of prewarming, general anesthesia was induced and maintained for 30 min with isoflurane carried in oxygen. Core temperature 
was monitored for a further 30 min after anesthesia. Active warming resulted in higher core temperatures during anesthesia. 
During passive warming, hypothermia occurred after approximately 30 min of anesthesia and continued into recovery. In contrast, 
active warming prevented hypothermia. Prewarming followed by passive warming delayed hypothermia for approximately 30 
min, but active warming was more effective at maintaining normothermia both during and after general anesthesia. 
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Core body temperature is normally tightly regulated in 
conscious animals through a variety of autonomic responses 
and behaviors. 12,29 Receiving afferent inputs from temperature
receptors widely distributed in the body, the hypothalamus 
mediates autonomic control, with effector responses altering 
cutaneous vascular tone to vary blood flow (and consequently 
the transfer of heat) through arteriovenous shunts by several or
ders of magnitude.12 Under general anesthesia, these regulatory
mechanisms are disrupted, and as a result, the hypothalamic 
threshold range (± 0.2 to 0.4 °C; defined as the temperature 
range that does not trigger a thermoregulatory autonomic 
response) increases 20 fold (4 to 8 °C) before an autonomic 
response is activated.10,13A1 Consequently, hypothermia is a
common complication of general anesthesia and a challenge 
for anesthetists.24·25·27A0

The most important promoter of hypothermia during anes
thesia is broadening of the hypothalamic threshold range, which 
allows warm core blood to redistribute to the periphery and sub
sequently lose heat to the environment.3·4•

20,32,41 Redistribution
accounts for 80% of the drop in core temperature that follows 
the induction of general anesthesia.8•20 Once hypothermia is
established, reversal can be difficult.32 Because relatively small 
reductions in core temperature (as little as 1 °C in humans) 
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are associated with important adverse effects (surgical site 
infections, altered drug pharmacokinetics, delayed recovery 
from anesthesia, prolonged hospital stay), the prevention of 
hypothermia is an important goal during anesthesia.14,16,17,33 

Prolonged recovery from anesthesia occurs in hypothermic 
dogs and rodents.6·23

,

31 

To minimize thermoregula tory dysfunction ca used by general 
anesthesia, instituting protective warming strategies before 
initiation of anesthesia has been shown to reduce heat redistri
bution.5-11 ,37,39 The strategy of warming patients to minimize the 
temperature gradient between the core and the periphery has 
been successfully implemented in humans.s,n ,37,39 Prewarming
prolongs the duration of normothermia after the induction of 
general anesthesia by limiting the initial redistribution of heat 
that occurs during anesthesia.5·11

•

37•39 A similar strategy was
unsuccessful in dogs, 1,26 but has been successfully employed
in rats.28,31 In rats, the duration of effect of prewarming was
relatively short (approximately 15 min) when used alone, and 
the contribution of active compared with passive warming in 
maintaining normothermia after prewarming has not been 
investigated. 28,31

This study was designed to explore the effectiveness of 
different warming strategies after a period of prewarming 
in rats. We hypothesized that prewarming to a target 1 % 
increase in core temperature, followed by passive warming 
(fleece blanket), would prevent hypothermia during 30 min 
of general anesthesia. 

Materials and Methods 
Animals. Female (n = 5) and male (n = 3) CD Sprague

Dawley rats aged (28 wk [14 to 28 wk]; median [range]) and 
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