
Introduction

Perioperative hypothermia is frequently found
and is associated with several complications, which
can adversely affect the patient is outcome,expecially
in high risk patients (1).

Both general and regional anesthesia markedly
affect thermal omeostasis by influencing central ther-
moregulation mechanisms, reducing the sympathetic
tone with inhibition of peripheral vasoconstriction

and consequent redistribution of body heat from core
to the peripheral compartment.

During general anesthesia normal regulatory re-
sponses are inhibited until 2-3°C below physiological
temperature (2), while during regional anesthesia the
regulatory responses are effective only in unblocked
areas of the body (3).

The association of the two techniques further
emphasize these negative effects, resulting in an even
more severe degree of central hypothermia (4).
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In spite of this, a survey conducted in Europe by
the TEMMP (Thermoregulation in Europe, Monito-
ring and Managing Patient Temperature) group in 2004
showed that central temperature, although very impor-
tant for a correct management of a surgical patient, is a
parameter that is rarely monitored: in a total of 8083
surgical procedures only 19.4% received temperature
monitoring. Body temperature was registered in 25% of
patients undergoing general anesthesia, and only in 6%
of patients who received regional anesthesia (5).

The aim of this review is to make an up-to-date
on complications, monitoring techniques, prevention,
and treatment of mild perioperative hypothermia, and
their effects on the outcome of surgical patients.

Clinical consequences of mild hypothermia

Cardiovascular complications

In a randomized controlled trial in 1997 Frank et
al (6) reported a higher prevalence of myocardial
ischaemia and ventricular tachycardia in hypothermic
patients, who were three times as likely to develop ad-
verse myocardial outcomes in the presence of a 1.3°C
hypothermia under physiological values.

These results are in agreement with the findings
reported in other previous non-randomized trials,
which demonstrated that even mild hypothermia fa-
vours the occurrence of tachycardia, hypertension, sy-
stemic vasoconstriction and an imbalance between
myocardial oxygen supply and demand due to increa-
sed levels of circulating catecholamines (7, 8).

On the other hand it is unlikely that shivering, as
a cause of increased oxygen consumption, can provoke
myocardial ischaemia, also because this regulatory re-
sponse is unusual in patients at high risk for cardiac
complications such as elderly or defedated patients.

Haemorrhagic complications

Hypothermia increases blood losses during surgi-
cal procedures impairing platelet function and clotting
factor enzyme function. It is still unclear if fibrinoly-
tic activity is also involved, but preliminary data sug-
gest that it is not.

This higher haemorrhagic risk was well demon-
strated for patients undergoing colo-rectal (9) and hip
replacement (10) surgery, where hypothermic patients
required allogenic blood transfusion more frequently
than normothermic patients.

In 1999 Johansson et al. (11) excluded correlations
between mild hypothermia and haemorrhagic compli-
cations; however, a more recent trial showed that a re-
duction in central temperature as little as 0.5°C may be
enough to increase surgery-related blood losses (12).

Infectious complications

In contrast with usual surgeons’ belief, hypother-
mia facilitates surgical wound infection by two diffe-
rent mechanisms: firstly it induces a regulatory pe-
ripheral vasoconstriction with a significant reduction
of subcutaneous oxygen tension (13), which is strictly
correlated with an increased incidence of surgical
wound infection (14, 15). Secondarily, hypothermia
directly impairs the immune function inhibiting T-cell
mediated antibody production (16, 17), and the non-
specific oxidative bacterial killing of neutrophils (18),
whose activity also depends on oxygen supply (19, 20).

In agreement with those findings, Kurs et al. (9)
reported more frequenty infections of the surgical
wound in patients developing mild perioperative hy-
pothermia when compared to those actively maintai-
ned as normothermic, and this was associated with a
delayed wound healing and longer hospital stay.

Other complications

In a randomized, controlled trial Lenhardt et al.
(21) demonstrated that mild  perioperative hypother-
mia delayed the discharge from the post anesthesia ca-
re unit (PACU) even when core normothermia was
not included as a discharge criterion.

Moreover, central temperature can markedly af-
fect the pharmacokinetic and pharmacodynamic pro-
perties of several drugs, including muscle relaxants.
The duration of the effect of vecurnium is more than
doubled in patients with a 2°C reduction in core tem-
perture (22); while the effect of atracurium on nicoti-
nic receptors is prolunged by 60% by a reduction in
core temperature of 3°C (23).
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Postoperative shivering is an expression of oxygen
debt developed during the intraoperative period and
paid at awakening. As stated above, the increased oxy-
gen consumption produced by shivering is unlikely to
provoke cardiovascular complications by itself, but it
can act as a co-factor in patients with borderline myo-
cardical perfision. Furthermore, thermal discomfort
associated with shivering in the awakening period can
be considered as a complication by itself, being often
described by patients as the worse and most stressful
experience of the whole hospital stay, and can result in
a relevant increase in circulating levels of catecholami-
ne, resulting in a higher incidente of tachycardia and
hypertension (7).

Other consequences of mild hypothermia are hy-
pokalemia and hypomagnesemia (24), whose  clinical
effects still need to be clarified, and an increased car-
diotoxicity of local anesthetics (25).

It has been also hypothesized that hypothermic
patients may be more prone to deep venous thrombo-
sis due to peripheral vasoconstriction, venous stasis,
and hypoxia; such as effect still needs to be demon-
strated, but may potentially interact with the already
existing platelet disfunction and coagulopathy.

Temperature monitoring

In 2004 the TEMMP (Thermoregulation in Eu-
rope, Monitoring and Managing Patient Temperatu-
re) group conducted a multicenter survey collecting
information in a single day on the clinical practice of
temperature monitoring and management from a re-
presentative sample of all hospitals in 17 European
countries (5). The questions addressed the number of
surgical procedures performed, type of anesthesia pro-
vided, type and site of temperature monitoring and
method of patient warming. The survey collected
information from a total of 8083 surgical procedures.
Patient temperature was monitored in 19.4% of the
cases, while active patient warming was applied in
38.5%. Interestingly, body temperature was monitored
in 25% of patients receiving general anesthesia, but
only 6% of cases during regional anesthesia
(P=0.0005). The nasopharynx was the monitoring si-
te mostly used in patients with general anesthesia,

while the tympanum was preferred with regional
anaesthesia. Fourty three% of patients with general
anesthesia were warmed compared to 28% with regio-
nal anaesthesia (P=0.0005). for active warming, for-
ced-air warming was mostly used irrespectively of the
anaesthesia technique.

These findings demonstrated that intraoperative
temperature monitoring is still widely uncommon in
Europe, while active patient warming is not a standard
of care. This is even more relevant if we consider that
there is already sufficient evidence demonstrating that,
if not correctly treated, patients become hypothermic
during anesthesia; all ptients should receive an accura-
te perioperative management aimed at preventing the
development of even mild hypothermia.

It is well known that the initial reduction in core
temperature due to heat redistribution from the core
to the shell is almost 1°C in the first 40 minutes after
anesthesia induction (1, 2, 4).

Accordingly, it can be reasonable to monitor the
patient’s temperature in all patients undergoing surgi-
cal procedures longer than 30 minutes.

When deciding for the site of temperature moni-
toring, we can differentiate between central and pe-
ripheral compartments (26).

The central compartiment includes all highly
perfused tissues , mostly consisting in head and trunk,
whose temperature remains almost stable. Accordin-
gly, central compartment temperature can be monito-
red in either the pulmonary artery, the nasofarinx, the
tympanic membrane, or in the distal third of the oe-
sophagus (28, 27).

The best monitoring site should be chosen based
on the characteristics and site of the surgical procedu-
re the patient is undergoing.

Nonetheless, clinicians frequently use other more
peripheral monitoring sites. When comparing pe-
ripheral sites of temperature monitoring, Cattaneo et
al. (29) clearly demonstrated that intermediate moni-
toring sites, such as bladder and rectal monitoring, re-
present the most accurate estimate of true core tempe-
rature. Their main pitfall is that they need longer
equilibration times if compared to tympanic tempera-
ture monitoring, and can be markedly affected by sur-
gery in patients undergoing abdominal or urologic
procedures.
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Prevention and treatment of mild hypothermia

As already mentioned, in the initial period after
induction of anesthesia hypothermia is mostly caused
by the redistribution of heat from the core to the shell.

The amount of re-distributed heat is a function
of the gradient between the two compartments, whi-
ch depends on operating room temperature, vasomo-
torial status of the patient, and his adiposity, and, fi-
nally, on the effect of the anesthetic drugs.

A very simple and effective, though underused,
strategy to prevent perioperative hypothermia can be
based on the reduction of this gradient by a pre-war-
ming the patient’s skin surface before surgery.

It has been demonstrated that pre-warming pa-
tients with active forced-air warming systems before
they arrive in the operating room can prevent or at
least minimize re-distributive hypothermia during
both general (30) and regional (31) anesthesia, al-
lowing good results with minimal economic and logi-
stic cost, and also improving subjective patient
comfort.

Another strategy of prevention the initial re-di-
stribution hypothermia is based on the reduction of
the heat gradient between the core and the shell by in-
creasing the heat content in the peripheral compart-
ment. This effect can be obtained by administering
vasodilators.

Oral nifedipine ( 20 mg 12 hours before surgery
followed by other 10 mg 1 houre before inducing ane-
sthesia) has been reported to significantly reduce re-
distributive hypothermia in surgical patients (32).

During the intraoperative period, heat is mainly
lost by radiation and convection from the skin surfa-
ce.

The easiest system to reduce heat loss would be
manteining a sufficiently high temperature in the ope-
rating room; however, this is usually not possible be-
cause of the thermal disconfort complained by opera-
ting room team when room temperature exceeds
23°C.

Other strategies for maintenance of perioperative
normothermia include passive insulation and active
warming. Several studies indicate that active methods
are more efficient than passive insulation in mantei-
ning perioperative normothermia (5, 9, 33-35.)

Passive Insulation

Several devices are avaliable to minimize heat di-
spersion and insulate the patient from the environ-
ment, including surgical draping, cotton blankets, and
metallized plastic covers. All these systems of passive in-
sulation have the same efficiency in minimizing ther-
mal dispersion, which is reduced by about 30% (36).

The mechanism of action of passive insulation is
based on insulation of the air layer between insulating
covers and patient’s skin surface, and efficiency of this
system is directly proportional to the covered surface
area.

Increasing the number of insulating layers, as well
as actively warming insulating blankets do not increa-
se the efficiency this system of passive insulation be-
cause of this very heat capacity (37).

Active cutaneous warming systems

The forced-air warming devices are the most
used and efficient active warming systems (33, 35, 38,
40). They consist in an electrically powered heater-
blower unit and a plastic, or paper patient cover, and
provide heat by convection also reducing the loss due
to radiation.

These devices are able to maintain normothermia
even in patients undergoing large surgical procedures
(40), and if employed in the intraoperative period, they
increase central temperature by almost 0.75°C/hour.

Resistive heating blankets are as efficient and chea-
per than forced-air system because they do not requi-
re a disposable cover (38). They are particulary useful
for accidental hypothermia treatment (39) because of
their efficacy in transferring a large fraction of the
heat generated by the device to the patient.

Circulating water mattresses, used for decades for
the intraoperative warming, have the disadvantage of
being placed under the patient. The back is a relatively
small fraction of the total surface, that is already well
insulated by the foam of covers placed on the opera-
ting table; on the other hand, most of the heat is lost
from the anterior surface of the body (40), which is
not sheltered by the device.

Finally, it must be considered that blood flow of
the patient’s back is reduced by compression produced
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by the body weight, and this further reduces the ratio
between transferred and dissipated heat. Accordingly,
these system are less effective than other systems,
especially in the adult patient. On the contrary, these
system maintain an acceptable efficiency in pediatric
patient, due to the more favorable proportion of war-
med skin surface, and the reduced effects of body wei-
ght on the back’s blood flow.

Radiant warmers generate infrared radiation and
have the advantage of avoiding direct contact between
the device and the patient’s skin. This is especially
useful for neonatal intensive care units (ICU) and pe-
diatric surgery, facilitating the access to the patient.
The efficiency of radiant warmers depends on the di-
stance between the device and the skin of the patient,
as well as its direction.

For the same reasons this approach can be parti-
cularly useful also in ICU and trauma patient. Trauma
patients are always hypothermic and  have a high hae-
morragic risk; accordingly, radiant warmers can repre-
sent a very useful tool, allowing to effectively warm
the patient without affecting the diagnostic and thera-
peutic process.

The main limit of this method is that it is not
able to stop heat losses by convection; and we know
that most of the heat is lost with convective rather
than with radiant mechanism (40, 41). This limit
makes the method not usable in most clinical situa-
tions, with the exception of neonatal intensive care
units and pediatric surgery.

The Negative-Pressure Warming is a recently in-
troduced method involving the creation of a vacuum
applied to the hand and forearm. The aim is to allow
heat shift from peripheral to central compartment by
preventing the hypothermia-releted vasoconstriction
(42), which provokes the postoperative insulation
between central and peripheral compartment.

The theoretical basis of this system seems trivial
both because the central compartment represents
about half of total body mass (43, 44), and because
thermoregulation mechanisms usually maintain the
peripheral to central temperature gradient between 2
and 4°C (45, 46).

Two initial studies showed a great efficacy of this
device in increasing central compartment heating, al-
most 10°C/hour (47, 48); however, otherinvestigations

failed to confirm true benefits in using this technique
(49, 50).

Internal Warming Systems

Intravenous Fluid Warming reduces heat loss due
to the infusion of room temperature solutions.

One litre of crystalloid solution or a unit of refri-
gerated blood decrease body temperature approxima-
tely 0.25°C (51).

Nevertheless, although fluid warming is useful in
preventing the reduction of core temperature when
large volumes of fluids are administered (38), it is not
able to maintain normothermia by itself, and should
not be considered as an alternative method to actively
warm the patient.

Less than 10% of heat production is lost in the
airways (52, 53) to warm and humidify inspiratory ga-
ses (54).

Although several studies indicate that active
airway heating and humidification slightly contribute
to the mantenance of central normothermia (40, 54),
these techniques are useful to preserve cilial function
and prevent bronchospasm (55), and are easily and
economically obtained by using heat and moisture ex-
changing filters (“artificial noses”) (56).

Other technique of active warming have been de-
scribed, such as peritoneal dialysis, arteriovenous shunt,
and cardiopulmonary bypass, which is the most effecti-
ve system to actively warm a patient (57); however, it
is clear that these systems cannot be routinely applied
to prevent and treat mild perioperative hypothermia.

Amino Acid Intravenous Infusion has also been de-
monstrated to increase the metabolic heat production
in patients under general anesthesia. Sellden et al. (58)
reported that patients receiving an intravenous infu-
sion of an amino acid solution during surgery mantei-
ned a core temperature almost 0.5°C higher than tho-
se receiving crystalloid.

Conclusions 

Perioperative hypothermia is a frequent finding
in surgical patient, increasing the incidence of cardio-
vascular, hemorrhagic and infectious complications,
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which can adversely affect final outcome of surgical
patients. In spite of this central temperature seldomly
monitored in the clinical practive.

Based of whether surgical patients receive general
or regional anesthesia, they all develop perioperative
hypothermia when surgical procedure lasts more than
30 minutes. Accordingly, physicians in charge of the
patient should monitor core temperature and actively
prevent and/or minimize its reduction using a multi-
modal approach, which can include active pre-war-
ming before surgery, as well as passive insulation, fluid
warming, and forced-air skin warming during the sur-
gical procedure.

This  simple and easy therapy has been demon-
strated to be associated with a significant reduction of
surgery-related costs by reducing the incidence of
complications and accelerating hospital discharge.
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