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ORIGINAL ARTICLE
Thermal suits as an alternativ
e way to keep patients warm
peri-operatively: a randomised trial
Eila A. Hirvonen and Minnaliisa Niskanen
Background and objective Unintentional hypothermia of a
patient is a common adverse effect during surgical procedures.
Many strategies can be used to reduce heat loss. The aim of this
prospective, randomised, controlled study was to determine
whether the use of the thermal suit (T-Balance) could prevent
surgical patients from experiencing thermal loss better than
conventional measures.
Methods We examined a group of consecutive patients
undergoing transurethral resection of the prostate under spinal
anaesthesia. Forty patients were randomised to receive the
special textile clothing, thermal suit (group 1) or the conventional
clothing (group 2, control). Heated blankets and a forced-air
warming device (Bair-Hugger) were used when any patient felt
cold or body temperature decreased below 358C. Body
temperatures were measured via mouth using an infrared
right © European Society of Anaesthesiology. U
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thermometer and recorded at given points (T1–T10) during the
procedure.
Results The mean temperatures were higher (about 0.58C) in
group 1 than in group 2 at the entrance to the recovery room
(P¼0.03). The mean maximal decrease in temperature was
0.568C in group 1 and 1.318C in group 2 (P¼0.000 between
groups). One patient in group 1 and seven patients in group 2
needed warming with a Bair-Hugger, and 15 out of 20 patients
in group 2 needed extra blankets during surgery or recovery.
Conclusion The use of the thermal suit is a good alternative to
conventional measures of warming in reducing heat loss during
surgical procedure under regional anaesthesia.
Eur J Anaesthesiol 2011;28:000–000

Keywords: accidental hypothermia, body temperature, peri-operative care,
regional anaesthesia, surgery
Introduction
Humans attempt to maintain a constant body tempera-

ture to counteract changes in their environmental

temperature. Not only general anaesthesia, but also

extensive regional anaesthesia (spinal, epidural), though

to a lesser extent than general anaesthesia, can impair

normal thermoregulatory control in the patient because

the balance between heat production and heat loss is

disturbed. Therefore, hypothermia is a common compli-

cation of anaesthesia and surgery.

Many adverse effects of inadvertent peri-operative

hypothermia have been reported. Even mild hypother-

mia increases the incidence of wound infections1,2 and

post-operative myocardial events,3 as well as blood loss

during surgery.4,5 It prolongs post-operative recovery.6

Though the shivering threshold is decreased due to

anaesthesia, shivering-like tremor is commonly encoun-

tered in post-operative patients. It is a potentially serious

complication because of the increased oxygen consump-

tion of the patient. Furthermore, feeling cold and shiver-

ing during surgery or recovery is a distressing and unplea-

sant experience for a patient.

There are many methods used to reduce thermal loss in

the surgical patient, from cotton blankets and forced-air

warming devices to circulating-water garments and
energy-transfer pads. Pre-operative warming has also

been tried.2,5,7

In this study, we wanted to evaluate a new thermal suit in

peri-operative thermal care of patients. Thermal suits

have been developed for emergency care in order to

reduce thermal loss of injured patients during transpor-

tation, but, as far as we are aware, the suit evaluated in our

study is the first thermal suit developed especially for use

during surgical procedures.

The aim of this prospective, randomised, controlled

study was to compare temperature changes in patients

undergoing transurethral resection of the prostate under

spinal anaesthesia either using the thermal suit through-

out the surgical procedure or using conventional methods

of warming during surgery and recovery.

Methods
The present study was approved by the Ethics Commit-

tee of the Hospital District of Pohjois-Savo, Kuopio,

Finland (Chairman Professor Tuula Pirttilä) on 10 June

2008, approval number 78//2008.

The study was carried out at Kuopio University Hospital,

Kuopio, Finland, during the period from September 2008

to February 2009. The study was recorded to the institu-

tional register, not to any international register, for

randomised trials. Consecutive patients undergoing

transurethral resection of the prostate for prostatic hyper-

plasia were assessed for eligibility for the study. Patients

with serious comorbidities [the American Society of

Anesthesiologists (ASA) class IV], with neuropathies or

mental status with inability to give informed consent or
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with contraindications to spinal anaesthesia were

excluded from the study. Written informed consent

was obtained from each patient.

Patients were randomly allocated into two groups: 20

patients were clothed with the thermal suit (group 1) and

20 patients treated with conventional methods (group 2,

control) during the surgical procedure. The sequence of

the participants into the groups was randomised using

computer-generated random numbers, and a person not

engaged in this project allocated the groups to the envel-

opes labelled with consecutive numbers. The research

nurse opened the sealed envelopes in numerical order

after having inspected the written consent of the patient.

TelesPro Finland Ltd. (Kuopio, Finland) has developed

and manufactured the thermal suit (T-Balance) used in

this study. The suit has been constructed especially for

use during surgical operations. The fabric of the suit is

three-layer laminate and it is shaped like an overall and is

equipped with several concealed zippers enabling staff to

uncover parts of the patient’s body as required for anaes-

thesia, operation and post-operative care, and then the

zippers can be closed again. The suit is reusable and can

be washed in a hospital laundry at 728. The main colour of

the suit is blue. Five sizes of the suit (extra small, small,

medium, large and extra large) differ in the colour

of zippers. A diagram of the thermal suit is presented

in Fig. 1.
ight © European Society of Anaesthesiology. Una

Fig. 1

A diagram of the thermal suit (T-Balance). Front view on the left and back
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After randomisation and about 1 h before the scheduled

operation, the patients in group 1 were dressed in the

correct-sized thermal suits in the surgical ward. The

patients in group 2 were dressed in the usual garment,

pyjama trousers and jackets made up of one-layer cotton

textile. Before the routine premedication with diazepam

5–10 mg, the first temperature measurement was made in

all patients. The patients were then transferred to the

operating theatre. Patients in both groups were given a

heated blanket at entry into the operating room, as this is

the conventional procedure used in our operating theatre.

Thereafter, patients were provided with more blankets or

were treated with a forced-air warming blanket (Bair-

Hugger; Arizant Healthcare, Eden Prairie, Minnesota,

USA), when they felt cold or when body temperature

decreased to 358C or more. The use of extra blankets or

Bair-Hugger was recorded in the study form. Heated

intravenous infusions and irrigation solutions were used

during surgery. The amounts of infusions during surgery

and recovery were recorded as well as blood loss during

the procedure.

After the baseline measurement (T1) in the ward, body

temperature was measured and recorded within a few

minutes after transfer of the patient onto the operation

table (T2), after induction of spinal anaesthesia (T3), at

the beginning of surgical procedure (T4) and at the end of

the procedure (T5). The measurements were repeated a
uthorized reproduction of this article is prohibited.
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few minutes after transfer to the recovery room (T6), after

1 h of recovery (T7), before transfer back to the surgical

ward (T8), as well as after returning (T9) and at 1 h (T10)

in the ward.

All temperature measurements were made via mouth

with the same infrared thermometer (ri-thermo N;

Rudolf Riester GmbH & Co. KG, Jungingen,

Germany), and a thin disposable probe cover was used

for each patient. Room temperatures in the ward, in the

operating room and in the recovery room were also

measured using this thermometer. The same research

nurse made all the measurements. During the investi-

gation, the patients were asked about how much cold or

shivering they had felt during surgery, in the recovery

room and in the ward. The answers were recorded on a

5-point scale: 1, not at all; 2, slightly; 3, cannot answer,

4, to some extent; and 5, very much. There was a

question about the quality of the treatment they had

received in the operating theatre and in the recovery

room for preventing the thermal loss on a 5-point scale:

5, excellent; 4, adequate; 3, cannot say; 2, inadequate;

and 1, poor.

When planning the study protocol, we assumed that a

difference of 0.58C in body temperature between the

groups would be clinically relevant. A sample size calcu-

lation was made using a power analysis: probability of

0.05, a power of 0.8 for detection of a 0.5 (8C) difference

in groups’ means and a standard deviation (SD) of 0.5

(8C). This calculation led to the estimation that we would

need a sample size of 17 patients in each group.

Statistical analyses were performed using SPSS 16.0 for

Windows (SPSS Inc., Chicago, Illinois, USA). Data were

analysed by one-way and two-way analysis of variance for

repeated measurements. Statistically significant differ-

ences were isolated by means of the paired t-test (within

groups) and by means of the unpaired t-test (between

groups). Bonferroni’s correction was used for multiple

comparisons. Normality was assessed using the Kolmo-

gorov–Smirnov test. The Mann–Whitney test was used

for non-parametric data. The maximal change in

temperature (maxDT) was calculated for each patient

by subtracting the lowest temperature during the pro-

cedure from the baseline temperature (T1). Data are

expressed as means (SD) or as median (interquartile

range, IQR) or as means and 95% confidence intervals

for mean. Differences were considered significant, if a

P value was less than 0.05.

Results
A total of 42 patients was considered as eligible for the

study. Two patients refused to participate. Data of one

patient (number 11) randomised to group 1 were

excluded because of invalid temperature measurements

due to the patient’s poor cooperation in the recovery

room (flow chart, Fig. 2).
right © European Society of Anaesthesiology. U
Patient characteristics, durations of the procedure as well

as amounts of intravenous infusions and irrigation

solutions are presented in Table 1. There were no

statistically significant differences between the groups.

The recordings of body temperature are presented in

Table 2. A significant difference between the groups was

detected at arrival to the recovery room. The mean

maximal change in temperature (maxDT) was 0.568C
in group 1 and 1.318C in group 2; the 95% confidence

intervals of the means were 0.33–0.79 in group 1 and

1.02–1.60 in group 2 (P¼ 0.000 between groups).

Only two patients in group 2 estimated the quality of

thermal treatment in the recovery room as adequate

(scale¼ 4). All other patients in both groups stated that

the treatment had been excellent (scale¼ 5) in the

recovery room as well as in the operating theatre. The

extent of feeling cold or shivering during the procedure

and the need for extra blankets or a Bair-Hugger

are presented in Table 3. Only one patient in group 1

needed warming with a Bair-Hugger, because he had to

be temporarily undressed in order to make electrocardio-

gram recordings in the recovery room. Seven patients in

group 2 needed warming with a Bair-Hugger and 15 out

of 20 patients in group 2 needed one or more extra

blankets during surgery or recovery.

Discussion
In our study, the use of the thermal suit could not totally

prevent the decreases in body temperature during the

surgical procedure, but the temperatures decreased to a

lesser extent in the patients with these suits than in the

control group, in which the conventional measures of

treatment were used. When maximal temperature

decreases were calculated for the individual patients,

the patients with the suits preserved their temperatures

much better than the control patients.

The new thermal suit can be used in many surgical

procedures. We chose to recruit patients undergoing

transurethral resection of the prostate in our study,

because these patients have many risk factors for peri-

operative hypothermia: older age, spinal anaesthesia and

large amounts of irrigation solutions used during surgery.

There might have been greater differences in tempera-

tures between the study groups, if we had not used any

warming methods in the control group of patients. None-

theless, it was considered this would not be a clinically

relevant treatment. On the other hand, we did not use a

control group of the patients being ‘actively’ heated

throughout the surgical procedure, because the thermal

suit compared in this study is not an active warming

device, but a textile clothing designed to reduce heat loss

of the patient. It would have been interesting to deter-

mine whether a forced-air warming device for all the

control patients could have prevented the thermal loss as
nauthorized reproduction of this article is prohibited.
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Fig. 2

Enrollment Assessed for eligibility
(n = 42)

Refused to participate
(n = 2)

Patients who gave
informed written consent
to participate to study
were randomised (n = 40)

Group 1, Thermal suit
group (n = 20) Allocation

Analysis

Group 2, Control group
(n = 20)

Invalid measurements
(n = 1)

Analysed (n = 19) Analysed (n = 20)

The flow chart of the study (CONSORT 2010).
well as the thermal suit. These aspects could be con-

sidered as limitations of our study.

In our study, we followed the usual clinical practice in our

institution and used active warming ‘as needed’. Our

patients in both groups were quite satisfied with the

treatment, though several patients in the control group
ight © European Society of Anaesthesiology. Una

Table 1 Patients’ characteristics and comparisons between the group

Group 1 (with suit) (n

ASA class I/II/III (number of patients) 0/7/12
Age (years) 68.2 (8.8)
Weight (kg) 83.6 (19.7)
Height (cm) 174.5 (5.9)
BMI (kg m�2) 27.2 (4.9)
Body surface area (m2) 2.01 (0.25)
Duration of surgery (min) 58 (30)
Length of stay in the operation theatre (min) 102 (32)
Length of stay in the recovery room (min) 160 (55)
Total investigation time (min) 262 (61)
Intravenous infusions (l) 2.0 (0.5)
Irrigation solution (l) 19.6 (11.3)
Estimated blood loss (ml) 100 (450)

Values are mean (SD), except for intravenous infusions and estimated blood loss
Anesthesiologists.

European Journal of Anaesthesiology 2011, Vol 28 No 00
felt cold and there was occasional shivering. Seven

patients in the control group needed warming with a

forced-air warming device and 15 out of 20 patients

needed extra blankets during surgery or recovery.

Although we had given criteria for the use of extra

warming, application of warming blankets certainly

would have an effect on the patients’ temperature result-
uthorized reproduction of this article is prohibited.

s

¼19) Group 2 (control) (n¼20) P value

1/7/12
69.4 (9.0) 0.68
86.5 (16.9) 0.63

175.9 (6.6) 0.50
27.9 (5.1) 0.65
2.05 (0.21) 0.58

58 (17) 0.99
101 (21) 0.88
169 (62) 0.66
271 (64) 0.66
2.0 (0.4) 0.84

17.9 (5.3) 0.63
200 (275) 0.63

expressed as median (interquartile range, IQR). ASA, the American Society of



Copy

CE: Swati; EJA/200488; Total nos of Pages: 6;

EJA 200488

Thermal suit during surgery 5

Table 2 Body temperatures

Group 1 Group 2 P value

Baseline (T1) in the surgical ward 36.0 (0.4) 36.1 (0.4) 0.388
In the operating room (T2) 36.1 (0.3) 36.0 (0.5) 0.587
After induction of anaesthesia (T3) 36.0 (0.2) 36.0 (0.4) 0.933
At the beginning of surgery (T4) 36.0 (0.4) 36.0 (0.4) 0.946
After the end of surgery (T5) 35.8 (0.4) 35.6 (0.5) 0.077
After transfer to the recovery room (T6) 35.7 (0.4) 35.2 (0.5) 0.030M
After 1 h of recovery (T7) 35.6 (0.4) 35.1 (0.7) 0.060M
Before transfer from the recovery room (T8) 35.9 (0.4) 35.7 (0.8) 0.405
After transfer to the surgical ward (T9) 35.9 (0.4) 35.7 (0.7) 0.236
At 1 h in the surgical ward (T10) 36.1 (0.3) 35.8 (0.7) 0.163

Values are mean (SD). M ¼ P value with Bonferroni’s correction for repeated measurements. The other P values are expressed without Bonferroni’s correction.

Table 3 Cold or shivering and use of extra blankets or Bair-Hugger during the procedure

Group 1 Group 2

Operating theatre Recovery room Surgical ward Operating theatre Recovery room Surgical ward

Cold or shivering
Not at all 19 18 19 15 6 16
Slightly 1 4 9 3
To some extent 1 4 1
Very much 1

Extra blankets 5 13
Bair-Hugger 1 3 5

Numbers are numbers of the patients.
ing in a possible bias. Also patients and the hospital staff

attending were aware of the study grouping. Anyway,

more attention should be paid to temperature monitoring

and thermal care of the patients during regional anaes-

thesia in our institution. The report of the Thermoregu-

lation in Europe Monitoring and Managing Patient

Temperature Group, authored by Torossian,8 indicates

that 28% of the patients are actively heated during

regional anaesthesia as compared to 43% during general

anaesthesia, and body temperature is monitored in 6% of

the patients undergoing regional anaesthesia as compared

to 25% during general anaesthesia in Europe.

Core temperature is the best single indicator of body

temperature, and the measurement of central blood

temperature with pulmonary artery catheters is the gold

standard for measuring core temperature.9 Oesophageal,

nasopharyngeal, rectal, bladder or tympanic membrane

temperature measurements are also good estimates of

core temperature and widely used clinically during gen-

eral anaesthesia. However, there are not many con-

venient or comfortable sites available to monitor core

temperature in a conscious, lightly sedated patient during

regional anaesthesia. In our study, we decided to use

temperature monitoring via the mouth with an infrared

thermometer, although the oral route is considered to be a

‘near-core’ site of temperature monitoring.9,10 Possible

inaccuracies due to the site were at least partly overcome

by the fact that the same thermometer was used for all

measurements throughout our study.

It is routine to maintain intraoperative normothermia,

with the exception of when therapeutic hypothermia is
right © European Society of Anaesthesiology. U
induced to provide protection of vital organs against

ischaemic injury, for instance, during aortic aneurysm

repair. There is a good deal of clinical evidence showing

that even mild unintentional peri-operative hypothermia

causes multiple physiologic disturbances and leads to

adverse outcomes such as an increase in the incidence

of wound infections,1,2,11 an increase in post-operative

myocardial events3 and an increase in peri-operative

blood loss,4,5 probably as a consequence of hypother-

mia-associated coagulopathy. Furthermore, hypothermia

prolongs post-operative recovery6 and the duration of

hospitalisation.1 Recently, Oda et al.12 reported that

the extent of intraoperative hypothermia in patients with

severe burn injuries was significantly correlated with

development of acute lung injury.

Many strategies have been developed to decrease ther-

mal loss in surgical patients. These include cotton blan-

kets, surgical drapes, plastic sheeting, space blankets,

forced-air warming, electric and circulating-water mat-

tresses placed underneath the patient, circulating-water

garment systems wrapped around trunk and extremities,

warm water and pulsating negative pressure on one arm,13

as well as flexible adherent hydrogel matrixes.14 Pre-

operative warming using a forced-air warming device

and a conductive carbon polymer mattress has been tried

with varying degrees of success.2,5,7

According to Kurz,10 a blanket or another layer over the

patient reduces heat loss by approximately 30%. More

than one layer does not reduce heat loss any further.

Electric and circulating-water mattresses placed under-

neath the patient may be almost ineffective in warming,
nauthorized reproduction of this article is prohibited.
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because very little heat is lost from the back and per-

fusion of the skin is poor, increasing the probability of

pressure/heat necrosis. Leung et al.15 compared a forced-

air warming device and an electric heating pad, and found

that forced-air warming was more effective than a heating

pad in patients undergoing laparotomy. However, forced-

air warming cannot totally prevent thermal losses, as has

been reported during caesarean section and during total

hip replacement under spinal anaesthesia.16,17 In our

patients undergoing transurethral resection of the pros-

tate under spinal anaesthesia, the thermal suit could not

prevent mild hypothermia.

In conclusion, the thermal suit of the patient dressed

before surgical operation and used throughout the surgi-

cal procedure is a good alternative to warming measures

used during surgery and recovery in protecting the

patient from heat loss.
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