DRAFT FOR CONSULTATION

10.3 ACTIVE WARMING AND THERMAL INSULATION IN THE PREOPERATIVE
AND INTRAOPERATIVE PHASES FOR THE PREVENTION OF IPH

CHARACTERISTICS OF CLINICAL STUDIES INCLUDED IN THE REVIEW (APPENDIX C)
Six studies were included in this pre and postoperative warming mechanisms review (Bock
1998; Buggy 1994; Sheng 2003; Smith 2007; Wong 2007; Wongprasartsuk 1998). The Sheng
(2003) study randomised the patients to four groups, with different interventions given in the
preoperative (silver hat and jacket versus none) and intraoperative (reflective blanket versus
cloth blanket) phases. However, results were not reported separately for the four groups, so
that the comparison, preoperative (reflective hats and jackets) plus intraoperative (reflective
blanket) versus usual care could not be accessed. Thus, Sheng (2003) became ineligible for
the pre and intraoperative review, leaving five included studies. An additional study (Horn
2002) was included as indirect evidence, and is presented separately: patients were pregnant
women undergoing elective Caesarean section under epidural anaesthesia. There were no

excluded studies for this review.

Study details

A total of 563 patients were included in five studies. Thirty further patients were included in the
indirect study, Horn (2002). One study was conducted in the UK (Wong 2007), one in Ireland
(Buggy 1994), one in Germany (Bock 1998), and one in Australia (Wongprasartsuk 1998);
Smith (2007) and the indirect study, Horn (2002), were conducted in the US. The Smith study

was funded by Smiths Medical ASD Inc (the manufacturers of the warming device).

Most studies were of small size, the total number of patients ranging from 26 (Wongprasartsuk
1998) to 336 (Smith 2007). Three of the studies had 20 or fewer patients in the intervention
arm (Bock 1998; Wongprasartsuk 1998; Horn 2002, indirect).

Participants

The age range of participants across studies was 14 (Buggy 1994) to 79 years, with the mean
age (where given) ranging from 32 to 46 years. Although the Buggy (1994) study of 68
patients had an age range from 14 years, the mean age was 35, so the inclusion of some
children was not considered important. One study was carried out exclusively in women (Horn
2002, indirect).

The ASA grade was stated to be | to Il in Buggy (1994). Four studies had patients of ASA
grades | to Ill (Bock 1998; Smith 2007; Wong 2007; Wongprasartsuk 1998). For the indirect
study, Horn (2002), the patients were said to be ‘healthy’.

A range of procedures was undertaken. Two studies included patients undergoing abdominal
surgery (Bock 1998; Wong 2007); one in orthopaedics (Wongprasartsuk 1998); one in
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orthopaedics and plastic surgery (Buggy 1994) and one in gynaecology, orthopaedics, urology
and general surgery (Smith 2007). The surgery grade was classified as 2/3 for Buggy (1994),
grade 4 for Bock (1998) and unclear in two studies (Smith 2007; Wong 2007).

Classification by magnitude of surgery was possible for the following studies:

e Patients in three studies had major surgery (Bock 1998; Wong 2007; Wongprasartsuk
1998)

e One study was classified as having intermediate surgery (Horn 2002, indirect)

e One study was mixed major and minor (Buggy 1994)

e One study was unclear (Smith 2007; gynaecological /orthopaedic/ urological/ general

surgery scheduled greater than 30 minutes: could be major or intermediate).

All patients received elective surgery under general anaesthesia, apart from the indirect study

Horn (2002), which used regional anaesthesia. Four studies gave premedication:

¢ One study gave 7.5mg midazolam (Bock 1998 oral route, 10 minutes before arrival in the
holding area)

e Smith (2007) gave 1 to 2mg midazolam (no details)

e One study gave 10mg oral temazepam or diazepam (Buggy 1994)

e The indirect study, Horn (2002), gave ranitidine 2 hours before surgery.

The other studies did not mention premedication, but it is not clear if the studies failed to
report this or if it was not given: Wong (2007) did give many details about the anaesthetic

drugs used; but Wongprasartsuk (1998) gave few details about the anaesthesia.

The duration of anaesthesia was between 30 and 60 minutes in one study (Buggy 1994) and
more than one hour for the other studies. The duration of surgery was 30 to 60 minutes for
one study (Buggy 1994); a mean of 1 hour for one study (Smith 2007); 1 to 3 hours for one
(Wongprasartsuk 1998); over 3 hours for two studies (Bock 1998; Wong 2007).

For the indirect study, Horn (2002), the patients received surgery under epidural anaesthesia.
Surgery started approximately 80 minutes after induction of anaesthesia and the duration of

surgery was 30 to 60 minutes.

Interventions
One study (Buggy 1994) gave the patients reflective blankets, four used forced air warming
(Bock 1998; Wongprasartsuk 1998; Smith 2007; Horn 2002) and one placed the patients on

heated conductive mattresses (Wong 2007).

The temperature settings and durations of forced air warming were:
e  Warm Touch® 40 to 42°C from 30 minutes pre-induction (Bock 1998);
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e  Bair Hugger® from at least 30 minutes pre-induction (mean 55 to 58 minutes)
(Wongprasartsuk 1998);

e  Snuggle Warm® convective warming system (SIMS) 40°C (SD 1) from about 30 minutes
preoperatively (mean 42, SD 38 min) (Smith 2007);

e Bair Hugger® 43°C from 15 minutes before insertion of epidural catheter (indirect Horn
2002).

Comparisons

The following comparisons were reported:

e Thermal insulation versus usual care (Buggy 1994);

e Active warming versus usual care (Wongprasartsuk 1998; Horn 2002, indirect);

e Active warming 1 + Active warming 2 versus Active warming 2 (Bock 1998; Wong 2007);

e Active warming + fluid warming (38 to 39°C) versus usual care + PRN active warming and
fluid warming (Smith 2007).

More specifically, the comparisons were:

A. Thermal insulation versus usual care (pre and intraoperative phases)

e Reflective blankets versus usual care (surgical drape), from before induction — duration
not specified:

0 No patients received IV fluids during anaesthesia (Buggy 1994).

B. Active warming versus usual care (pre and intraoperative phases)

e Upper body forced air warming versus usual care (cotton blanket), from 15 minutes before

insertion of epidural catheter (Horn 2002, indirect).

C. Active warming 1 (pre+intra) + active fluid warming (intra) versus active fluid
warming (intra)
e Pretintra: Upper body forced air warming versus usual care (two cotton blankets), for at
least 30 minutes before induction: mean 55 and 58 minutes:
o0 Intraoperatively, both groups received IV fluids warmed with a warming coil
(Wongprasartsuk 1998).

D. Active warming 1 (pre+intra) + active warming 2 (intra) versus active warming 2
(intra)
e PretIntra: Upper body forced air warming versus no intervention from 30 minutes before
induction:
0 Intraoperatively, both groups received circulating water mattress, blankets and fluid
warming (Bock 1998);

e Pre+Intra: warming mattress versus placebo warming mattress (switched off), from 30
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minutes before induction:
o0 Intraoperatively, both groups received forced air warming (40°C) and fluid warming;

0 The intervention group also had mattress warming in recovery (Wong 2007).

E. Active patient warming (pre+intra) plus active fluid warming (intra) versus usual care
(pre+intra)
e Forced air warming (pre+intra) plus Hotline fluid warming 1.13 litre (38 to 39°C;
intraoperatively) versus usual care (pre+intra):
o Control group had PRN active warming and fluid warming intraoperatively at the
discretion of the anaesthetist;

o0 Both groups had warmed blankets preoperatively according to need (Smith 2007).

The GDG decided to combine the results from comparison types (B), (C) and (D). This
assumes that the effects from different types of warming are additive. Smith (2007) was
treated separately because it was mainly a comparison of the combination of two types of

warming versus usual care.

Outcomes

The studies measured the following outcomes:

Primary outcomes:

Only one study (Smith 2007) reported the number of patients with IPH, but most recorded the
core temperature at different times. For this core temperature outcome, the GDG considered
an increase of 0.5°C over the control group temperature to be clinically significant for a control
group temperature above 36.0°C and a difference of 0.2°C to be clinically significant for

control group temperatures below 36.0°C.

Core temperature was measured at various times in different studies.

¢ In the intraoperative period (Bock 1998; Wongprasartsuk 1998; Smith 2007; Wong 2007;
Horn 2002, indirect);

e At the end of surgery (Buggy 1994; Smith 2007; Wongprasartsuk 1998; Horn 2002,
indirect);

e In PACU (Smith 2007; Wongprasartsuk 1998).

Shivering was measured in five studies (Buggy 1994; Bock 1998; Smith 2007;
Wongprasartsuk 1998; Horn 2002, indirect).

Three studies reported patient centred outcomes:
e Thermal discomfort (Buggy 1994; Smith 2007; Wongprasartsuk 1998);
e Pain (Wongprasartsuk 1998).
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Three studies measured core temperature at the tympanic membrane (Bock 1998;
Wongprasartsuk 1998; Horn 2002, indirect); one study (Buggy 1994) used a nasopharyngeal
temperature probe; one study measured core temperature at the distal oesophagus or
nasopharynx intraoperatively and sublingually otherwise (Smith 2007). In one study (Wong
2007), baseline and PACU core temperatures were measured at the tympanic membrane and

the nasopharyngeal temperature was recorded in the intraoperative period.

METHODOLOGICAL QUALITY OF INCLUDED STUDIES (APPENDIX D)

An adequate method of sequence generation was recorded in three studies (Smith 2007;
Wong 2007; Horn 2002, indirect: computer generated), and was not described in the other
studies. A partially adequate method of allocation concealment was reported in two studies
(Wong 2007: sealed opaque envelopes; and Horn 2002, indirect: sequentially numbered

opaque envelopes). The other studies did not report allocation concealment.

Blinding of the outcome assessors for shivering was stated in three studies (Buggy 1994;
Bock 1998; Smith 2007) and not stated in the other study (Horn 2002, indirect). In one study, a
blinded observer assessed criteria for discharge from PACU (Bock 1998). Blinding of the
outcome assessor for patients’ surgical wounds was carried out in one study (Wong 2007).
Temperature measurement was not blinded, except postoperatively in one study (Smith
2007).

Baseline comparability was demonstrated in all but one of the studies, at least for age, gender,
and duration of surgery. Smith (2007) reported a significant difference in the type of surgery,
with more patients having general surgery in active warming group; otherwise this study had
no baseline differences. The core temperatures at baseline were examined for both groups in

each study, where given, and are plotted below:

Figure 1: Core temperatures at baseline

Review: IPH
Comparison; 15 wearming ve other intevention/none (pre+intra, prevention)
Outcome: 03 Core temperature st baseline

Shudy Warming Device Placebo WD (fixed) Weight WD (fixed)
or sub-category ] Mean (500 M Mean (5D) 95% Cl % a5% Cl

02 hassline
Bock 1995 zo 0.00i0.15) 20 0.15(0.18] - 38,32 -0.15 [-0.24, -0.08]
Harn 2002 15 36.93(0.27) 15 36.8060.27) —_1 8.87 0.03 [-0.1&, 0.2Z2]
Stk 2007 191 36.50(0.40) 192 36.70(0.40} = 51.80 -0.10 [-0.18, -0.02]
‘Wongprasartsuk 1993 14 36.20(0.50) 1z 36.60(0.80] — l.z21 0.30 [-0.22, 0.82]

-1 -0.5 o 05 1

Favours placebo  Favours warming dey

The Wong (2007) study only gave the median and range core temperatures for each group.
The median was 36.5°C for each and the authors reported a p-value of 0.880 (i.e. not

statistically significant).

One study (Smith 2007) showed a significant difference in sublingual baseline temperature of
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0.1°C. Two studies (Wongprasartsuk 1998: Horn 2002, indirect) showed no significant
difference between groups. The Bock (1998) study showed an apparent statistically significant
difference in baseline temperatures of 0.15°C, but this is because the time zero for ‘baseline’
was at induction, i.e. 30 minutes after prewarming for one group. This study only reported
change scores from baseline, with their standard deviations, at all other times, and so all
values for the prewarmed group are overestimated by 0.15°C. Therefore, we only considered
the Bock (1998) study if the effect size was much larger than 0.15°C. In practice, this meant
that Bock (1998) was excluded from the analysis for durations up to 2 hours. In a similar way,

the baseline difference in Smith (2007) was compared with the effect size.

Three studies carried out a power calculation (Wongprasartsuk 1998; Wong 2007; Horn 2002,
indirect). In Wongprasartsuk (1998), in order to detect a difference in postoperative oxygen
consumption (VO,) of at least 20% between the warmed and the control group, the power
calculation estimated a sample size of 11 patients for each group. In Wong (2007), in order to
detect a 25% reduction in postoperative complications at the 5% level, 80% power calculation
estimated a sample size of 50 patients for each arm. In Horn (2002), in order to detect a
treatment effect of 1.0°C at the 5% level, 80% power calculation estimated a sample size of

30 for each group.

One control group patient in the Bock (1998) study was transferred to ICU and was not
included in the postoperative analyses. In one study (Wongprasartsuk 1998) 4/26 (15%)
patients withdrew from the study during baseline measurements complaining of
claustrophobia. Forced air warming was ceased in three patients because the core
temperature increased above 38.0°C, but data for these patients were included in the
postoperative analyses. In one study (Smith 2007), 35/191 (18%) active warming; 12/192 (6%)
routine care was excluded from the analysis, mainly for reasons unconnected to the

interventions. For the other studies, all patients were included.

Smith (2007) was considered to be partially confounded because 29% of patients assigned to
the routine care arm received forced air warming and 9% received warmed fluids at the
discretion of the anaesthetist. Although the study also reported results for subgroups of the
routine care group that did and did not receive additional warming, the GDG considered these
subgroups to be unrepresentative, as they were likely to bias the distribution of lower risk
patients. Consequently the GDG decided to use the full (intention to treat) results, which were

likely to underestimate the size of the effect.

As mentioned above, three of the studies had 20 or fewer patients in the intervention arm
(Bock 1998; Wongprasartsuk 1998; Horn 2002, indirect), although two studies

(Wongprasartsuk 1998; Horn 2002, indirect) carried out a power calculation.
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Bock (1998) was considered to be confounded at early times, and Smith (2007) had a
difference in baseline and was partially confounded, but otherwise no studies were thought to

have potential for bias.

RESULTS
We stratified the studies by type of warming mechanism into active warming and thermal
insulation, and treated separately the regional anaesthesia study (indirect Horn 2002).

Subgroup analyses were carried out by type of warming mechanism.
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|. General anaesthesia

A. Thermal insulation versus usual care

1. Core temperature at different intraoperative times (time after induction of
anaesthesia)

Buggy (1994) studied the effect of a reflective blanket in 68 patients, and recorded the
intraoperative temperature at 15, 30 and 45 minutes (Figure 2). The study also reported that
there was no difference in initial temperature between the groups (this is assumed to mean
at the start of the intraoperative period), despite thermal insulation in one group

preoperatively.

At 15 minutes the difference in core temperature was not statistically significant. At 30
minutes the thermal insulation patients had a significantly higher temperature than the
control group. MD 0.15C (95% CI 0.05, 0.25) for a control group temperature of 36.4 C; this
is not a clinically important difference. At 45 minutes, the core temperature was significantly
higher for the thermal insulation group; MD 0.21°C (95% CI 0.13, 0.29), for a control group

temperature of 36.3°C; this difference was not clinically significant.

Figure 2: Intraoperative core temperature (15 min, 30 min and 45 min); thermal

insulation versus usual care

Review: IPH
Comparizon: 05 Pre+intra thermal insulation v= none
Qutcome: ™ Core temperature

Stucly Thermal insulation Usual care WD (i) Wieight WD (i)
or sub-category M Mean (SD) ] Mean (500 95% CI % 95% CI
01 space blanket &t 15min

Buggy 1994 34 36.52(0.38) 24 36.43(0.87) 100.00 0.0% [-0.23, 0.41]
Subtotal (35% C1) 34 34 100.00 0.05 [-0.23, 0.41]
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.56 (P = 0.58)
02 space blanket st 30min

Bugay 1994 34 FE.EZ{0.17) 34 F6.37(0.23) - 100.00 0.15 [0.05, 0.2E5]
Subtatal (35% CIy 34 34 L 3 100.00 0.15 [0.05, 0.25]
Test for heterogeneity: not applicable
Test for overall effect: Z = 3.06 (P =0.002)
03 space blanket st 45min

Bugay 1994 34 FE.5440.17) 34 F6.33(0.17) k| 100.00 0.21 [0.1%, 0.23]
Subtatal (35% CIy 34 34 o> 100.00 0.2l [0.13, 0.29]
Test for heterogeneity: not applicable
Test for overall effect: Z =509 (P = 0.00001)

-1 05 0 035 1

Favours usual care  Favours thermal ins

2. Core Temperature — lowest Intraoperative temperature
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The lowest intraoperative temperature was reached at 15 minutes for the treatment group
and at 45 minutes for the control group. The result was statistically significant but not

clinically significant, MD 0.19°C (0.06, 0.32), for a control group temperature of 36.3 C.

Figure 3: Lowest intraoperative core temperature; thermal insulation versus usual

Review: IPH
Comparison: 05 Pre+intra thermal insulation vs none
outcome: 02 Core temperature lovwest temperature
Stucly Thermal insulation Usual care D (fized) Wyigight D (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
M space blanket
Buggy 1994 34 36.52(0.35) 34 36.33(0.17) - 100.00 0.19 [0.06, 0.32]
Subtotal (95% CI) 24 34 - 100,00 0.1% [0.08, 0.32]

Test for heterogeneity: not applicable
Test for overall effect: £ =285 (P =0.004)

-1 05 0 0s 1
Favours usual care  Favours thermal ins

3. Change in core temperature at the end of surgery
The mean difference in the temperature at the end of surgery (30 to 60 minutes) was not

statistically significant (Figure 4).

Figure 4: Change in core temperature at the end of surgery; thermal insulation versus

usual care
Review: IPH
Comparison: 05 Pre+intra thermal insulation vs none
outcome: 04 Change in core temperature at end of surgery
Stucly Thermal insulation Usual care D (fized) Wyigight D (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
M space blanket
Buggy 1994 34 0.03(0.29) 34 -0.09(0.29) e 100.00 0.1z [-0.02, D.26]
Subtotal (95% CI) 24 34 tolf- 100,00 0.1z [-0.02, 0.26]

Test for heterogeneity: not applicable
Test for overall effect Z=1.71 (P =0.09)

-1 05 0 0s 1
Favours ususl care  Favours thermal ins

4. Shivering

Buggy (1994) assessed shivering during the recovery period in 68 patients. Occurrence of
shivering was defined as ‘readily detectable fasciculations and tremor of the jaw, neck, trunk
and extremities lasting longer than 20 seconds and was assessed by recovery room nursing
staff blind to the treatment. There was significantly less shivering for the thermal insulation
group, although the confidence interval was wide. The relative risk was 0.24 (95% CI 0.10,
0.56), which indicates a 4 times higher risk of shivering for patients given no warming,
compared to a reflective blanket (Figure 5). This is a number needed to treat of 3 (95%CI 2,
4) for a control group risk of 21/34 (62%).

Figure 5: Incidence of shivering; thermal insulation versus usual care
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Feevigw: IPH
Comparison: 05 Pre+intra thermal insulation vs usual care
Dutcome: 03 incidence of shivering
Sty Thetmal ins! Usual care RR (fixed) W eicht RR (fixed)
or sub-catedory nm nm 95% Cl P 93% Cl
01 Space blanket
Buggy 1994 /34 z1/34 B 100.00 0.24 [0.10, 0.5&]
Subtotal (95% CI) 34 34 - 100.00 0.24 [0.10, 0.56]
Total events: S (Thermal insl), 21 (Ususl care)
Test for heterogensity: not applicakie
Test for overall effect: I = 3.30(P = 0.0010)
Total (95% Ch 34 34 - 100.00 0.24 [0D.10, 0.56]
Total events: 3 (Thermal insl), 21 (Usual care)
Test for heterogeneity: not applicable
Test for overall effect I = 3.30(P = 0.0010)
om 01 1 10 100

NB: Scale 0.01 to 100

Favours thermal insl

5. Thermal Discomfort (perception of cold)

Favours usual care

Buggy (1994) assessed patients’ perception of cold at any point since waking in recovery in

68 patients. Perception of cold was graded on a linear scale of 1 to 10, with a score of 1

indicating feeling pleasantly warm, and 10 representing colder than you've ever felt before.

The mean score was significantly lower for the thermal insulation group, and the effect was

large, a difference of -3.30 on a scale of 1 to 10 (Figure 6).

Figure 6: Patients’ perceptions of cold; thermal insulation versus usual care

Review: IPH
Comparison:

Qutcome: 11 Patient's perception of cold

Stuly Thermal insulation
Mean (S0

o sub-category M

06 Pretintra active warming device vs usual care

Usual care
Mean (500

D (fizeed) Wieight
95% 1 S

D (fizeed)
95% 1

™ mean cold score in recovery 1-10

Buggy 1994 34
Subtatal (35% Cly 22
Test for heterogeneity: not applicable
Test for overall effect: £=515 (P =0.00001)

Tatal (95% CI) 24
Test for heterogeneity: not applicable
Test for overall effect: Z=515 (P = 0.00001)

Z.4042.33)

34
34

£.704{z.92)

l00.00

- 100.00

L 2 100.00

-3.30 [-4.56, -Z.04]
-3.30 [-4.56, -2.04]

-3.30 [-4.56, -Z.04]

B. Active warming versus usual care

-10 -5 ) o 10
Favours thermalinsn  Favours usual care

Three studies reported active warming versus usual care (Bock 1998; Wong 2007;

Wongprasartsuk 1998).

e Wongprasartsuk (1998) compared in 26 patients, upper body forced-air warming versus

usual care in both the pre and intraoperative phases; intraoperatively, both groups

received IV fluids warmed with a warming coil.

o Wong (2007) compared in 103 patients, a warming mattress versus placebo warming

mattress in the pre and intraoperative phases; both groups had forced air warming and

fluid warming in the intraoperative phase.

e Bock (1998) compared in 40 patients, upper body forced air warming blanket used in

the pre and intraoperative phases with usual care, and both groups had a circulating

water mattress and fluid warming in the intraoperative phase.
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Two direct studies (Bock 1998; Wongprasartsuk 1998) were combined in a meta-analysis,
despite differences in duration, site of warming and other intraoperative treatments. The
results for Bock (1998) were included in a limited way because of baseline differences. The

results for Wong (2007) were not combined because the median and range were given.

1. Core temperature at different intraoperative times

Three studies (Bock 1998; Wongprasartsuk 1998; Wong 2007) reported a series of
intraoperative temperature measurements and data were extracted from graphs (as
appropriate for Bock 1998). The results for Wong (2007) are presented separately as

medians.

a) 20 minutes (Figure 7)

One study (Wongprasartsuk 1998) in 26 patients reported results on a small graph, for
which only the means, ranges and p values were given. It was unclear if the time was from
induction or the start of surgery. At 20 minutes, there was no significant difference between
groups; MD 0.33°C (p=0.20), for a control group temperature of 36.6°C. The confidence

interval was wide.

b) 30 minutes (Figure 7)

One study (Wong 2007) reported the intraoperative temperature at 30 minutes (this
appeared to be the time into surgery), as median values of 36.2°C and 36.0°C for the
warmed (conducting heating mattress + forced air warming + warmed fluids) and control
(forced air warming + warmed fluids) groups respectively, but the significance of this

difference was not given.

c) 40 minutes (Figure 7)
One study (Wongprasartsuk 1998) in 26 patients reported there was no significant
difference between groups; MD 0.17°C (p=0.25), for a control group temperature of 36.8°C.

The confidence interval was fairly wide.

d) 60 minutes (Figure 7)

Three studies reported intraoperative temperatures at 60 minutes (Bock 1998;
Wongprasartsuk 1998; Wong 2007). Bock (1998) was excluded from the analysis because
of the baseline difference, and Wong (2007) only reported the median values. The
remaining study (Wongprasartsuk 1998) in 26 patients reported results on a small graph, for
which only the means, ranges and p values were given. At this duration there was a
borderline significant difference favouring the warmed group; MD 0.50°C (p=0.053), for a

control group temperature of 36.6°C. The confidence interval was wide.

Wong (2007) reported median core temperatures of 36.2°C and 36.0°C for the warmed
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(conducting heating mattress + forced air warming + warmed fluids) and control (forced air
warming + warmed fluids) groups respectively, but the significance of this difference was not

given.

e) 2 hours (Figure 7)

Three studies reported the intraoperative temperature at 2 hours into surgery (Bock 1998;
Wongprasartsuk 1998; Wong 2007). Bock (1998) was excluded for the reasons stated
above and Wong (2007) only reported the median values. The remaining study
(Wongprasartsuk 1998) in 26 patients reported there was a statistically significant difference
favouring the warmed group; MD 0.75°C (p=0.002), for a control group temperature of

36.7°C. The confidence interval was fairly wide.

Wong (2007) reported median core temperatures of 36.1°C and 36.2°C for the warmed
(conducting heating mattress + forced air warming + warmed fluids) and control (forced air
warming + warmed fluids) groups respectively, but the significance of this difference was not

given.

f) 3 hours (Figure 7)

One study reported the change in core temperature 3 hours after induction of anaesthesia
(Bock 1998). The temperature difference was statistically and clinically significant, MD
0.92°C (95% CI 0.56, 1.28) for a change in control group temperature of -1.65°C. The GDG
decided that this difference was sufficiently large compared with the difference in ‘baseline’

(6 times) so that this outcome could be included.

Figure 7: Forced air warming at various times intraoperatively
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Reviewy: IPH
Comparison: 06 Pres+intra active warming device vs usual care
Outcome: 15 forced air warming pre+intra - prevention
Study WD ([fixed) Weight WD ([fixed)
or sub-category MO (SE) 95% CI kA 95% CI
01 20 min

‘Wongprasartsuk 1995 0.3300 (0.Z554) 100.00 0.33 [-0.17, 0.83]
Subtatal (95% CI) L 100.00 0.33 [-0.17, 0.83]
Test for heterogeneity: not applicable
Test for overall effect: Z =129 (P =0.20)
02 40 min

‘Wongprasartsuk 1995 0.1700 (0.1482) 100.00 0.17 [-0.12, 0.48]
Subtotal (95% CI) 100.00 0.17 [-0.12, 0.46]
Test for heterogeneity: not applicable
Test for overall effect: Z=115(P =025)
03 B0 min

Wiongprasartsuk 1998 0.5000 {0.ZEE7) HE- 100.00 0.50 [-0.02, 1.02]
Subtatal (95% CI) - 100.00 0.50 [-0.02, 1.0Z]
Test for heterogeneity: not applicable
Test for overall effect: Z=1.88 (P = 0.08)
04 120 min

Wiongprasartsuk 1998 0.7500 {0.2474) = 100.00 0.75 [0.27, 1.23]
Subtatal (95% CI) L 100.00 0.75 [0.27, 1.23]
Test for heterogeneity: not applicable
Test for overall effect: Z=3.03 (P =0.002)
05 1580 min

Bock 1935 0.9200 0.1837) E 3 1l00.00 0.9z [0.56, 1.28]
Subtatal (95% CI) & 100.00 0.9z [0.56, 1.28]
Test for heterogeneity: not applicable
Test for overall effect: Z=5.01 (P = 0.00001)
06 lovvest intraop

Wiongprasartsuk 1998 0.9200 {0.3481) B 100.00 0.9z [0.24, 1.60]
Subtotal (95% CN il 100.00 0.92 [D.24, l.&0]
Test for heterogeneity: not applicable
Test for overall effect: Z = 264 (P = 0.008)
07 end of surgery

Bock 1995 12900 (0.244%9) B 56.83 1.29 [0.81, 1.77]

‘Wongprasartsuk 1995 0.9200 (0.3481) —a— 33.11 0.92 [0.24, 1.60]
Subtctsl (5% Ch a9 100.00 1.17 [0.77, l.56]
Test for heterogeneity: Chi* = 076, df =1 (P =0.38), F=0%
Test for overall effect: £ =583 (P = 0.00001)

4 2 0 2 4

Favours cortral  Favours warm device

NB: Scale -4 to 4

2. Core Temperature - lowest intraoperative temperature recorded (Figure 8)

In Wongprasartsuk (1998), the lowest intraoperative temperature was recorded at 140
minutes for both groups. As discussed earlier, Bock (1998) was not included in this analysis
because of inadequate reporting of the results. The remaining study (Wongprasartsuk 1998)
in 26 patients reported there was a statistically significant difference favouring the warmed
group; MD 0.92°C (p=0.008), for a control group temperature of 35.9°C. The confidence

interval was wide.

In Wong (2007), the lowest median intraoperative temperature was recorded at 30 minutes

for the control group (36.0°C) and at 120 minutes for the warmed group (36.1°C).

3. Core Temperature - Final intraoperative temperature (Figure 8)

Three studies (Bock 1998; Wongprasartsuk 1998; Wong 2007) measured the core
temperature at the end of the intraoperative period. The duration of anaesthesia was over
one hour in all studies. Meta-analysis of the first two studies gave a statistically significant
difference, with higher core temperatures for the active warming group: WMD 1.17°C
(95%CI 0.77, 1.56), with no heterogeneity (I2=O%, p=0.38), but the confidence interval was

fairly wide.
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4. Core Temperature - PACU

One study (Wongprasartsuk 1998) in 26 patients reported the core temperature upon arrival
into the recovery room and at 20 and 40 minutes and at discharge from PACU. The mean
difference was clinically and statistically significant on arrival, in favour of the warming
group, 0.70°C (95% CI 0.13, 1.27) for a control group temperature of 36.20°C, although the

confidence interval was wide.

Figure 8: Core temperature - PACU; active warming versus usual care

Review: IPH
Comparison: 06 Pre+intra active warming device vs usual care

Outcome: 13 Core temperature in PACU
Stuly ‘Warming Device usual care WD (fized) Weight WD (fized)
o sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
01 forced air warming + usual care on artival in PACL

Wongprasartsuk 1993 14 36.90(0. 58] 1z 36.Z0(0.87) -, 100.00 0.70 [0.13, 1.27]
Subtotal (95% CI) 14 1z - 100.00 0.70 [0.1%, 1.27]
Test for heterogeneity: not applicable
Test for overall effect: Z=2.41 (P =0.02)
02 forced air wwarming + usual care after 20 minin PACU

Wongprasartsuk 1998 14 36.80(0.51) 1z 36.40(0.87) T 100.00 0.40 [-0.16, D.96]
Subtotal (95% Cly 14 1z L 100,00 0.40 [-0.16, 0.36]
Test for heterogeneity: not applicatle
Test for overall effect: =140 (P =0.16)
03 forced air warming + usual care after 40 minin PACU

Wiongprasartsuk 1998 14 37.0040.44} 1z 36.50{0.7&) mnn 100.00 0.80 [0.01, 0.93]
Subtotal £95% Cl 14 1z - 100.00 0.50 [0.01, 0.99]
Test for heterogeneity: not applicable
Test for overall effect Z=2.01 (P =0.04)
04 forced air warming + usual care &t dizcharge from PACU

Wongprasartsuk 1993 14 37.0060.52) 1z 36.50(0.72) mond 100.00 0.80 [0.01, 0.3%]
Subtotal (95% CI) 14 1z - 100.00 0.50 [0.01, 0.33]
Test for heterogeneity: not applicable
Test tor overall effect: 7= 2.00 (P = 0.05)

) 2 [ 2 4

Favours usual care  Favours warming ey

NB: Scale -4 to +4

5. Incidence of shivering

Three direct studies assessed shivering during the recovery period (Bock 1998;

Wongprasartsuk 1998). Bock (1998) had circulating water mattress plus warmed fluids

during the intraoperative period. The studies used different methods to measure shivering:

e Wongprasartsuk (1998) assessed the occurrence and duration of shivering. However,
the study did not provide details on categories of shivering;

e In Bock (1998), the presence or absence of shivering was assessed by an anaesthetist

blinded to the groups.

We dichotomised the categorical outcomes and included all patients with shivering

regardless of the severity.
Meta-analysis of two studies showed a statistically significant reduction in the rate of

shivering for the patients receiving forced air warming, but the confidence intervals were
very wide. RR: 0.20 (95% CI 0.04, 0.98), which corresponds to an NNT of 6 (5%CI 3, 34).

Figure 9: Incidence of shivering; active warming versus usual care
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Revienw: IFH

Comparison;: 08 Pre+intra active warming device vs usual care

Cutcome: 03 incidence of shivering

Stucky Warming device Usual care Peto OR Weight Peto OR
or sub-category i i 95% CI % 95% C1

01 forced air wwarming vs usual care (60 min preog)
Wongprasartsuk 1995 1714 171z ZEZ_53 0.85 [0.05, l4.53]
Subtatal (95% CI) 14 1z 2z.53 0.85 [0.05, 14.53]

Total everts: 1 (Warming device), 1 (Usual care)
Test for heterogeneity: not applicable
Test tor overall effect: Z=0.11 (P=0491)

03 farced alt warming vs usual care; Circulsting water mattress and warmed fluids in both groups intraoper iy

Biock 19938 1/z0 7fz0 —l— 77.47 0.16 [0.03, 0O.74]
Subtotal (95% Cl) zo zo —ei—— 77.47 0.16 [0_03%, 0O.74]
Total events: 1 (Warming device), 7 (Usual care)
Test for heterogeneity: not applicakle

Test for overall effect: Z=2.34 (P =002)

Total (95% CI) 34 az
Total events: 2 (Warming device), 8 (Usual care)

Test for heterogeneity: Chi*=1.03, df =1 (P=0.31), 7 = 2.6%

Test for overall effect: £=2.11 (P =003)

=
o
=1
o
o
o

.23 [0.0&, 0.20]

om o1 1 10 100
Favours warming dey  Favours usual care

NB: Scale 0.01 to 100

Secondary Outcomes in the intraoperative period

6. Blood transfusion

One study (Bock 1998) reported the number of patients receiving 2 units of packed red
blood cells during operation. The amount of blood loss and transfusion was estimated by an
anaesthetist not involved in the study. There were significantly fewer patients receiving

blood, but the confidence interval was very wide.

Figure 10: Blood transfusion —intraoperative period; active warming versus usual

care
Reevigw: IPH
Comparison: 06 Pre+intra active warming device vz usual care
Outcome: 14 Blood transfusion
Stucty WErTInG cevice Usual care Peto OR Wigiht Peto OR
or sub-category it i 95% CI % 95% Cl
03 forced air weanming + CWmifiuid warming s Cohiiuid (30 min preop)
Bock 1995 1/20 &/20 —B— loo.0o0 0.1 [0.04, 0.93]
Subitctsl (95% CI) z0 20 ~—eapin-— 100.00 0.1% [0.04, 0.93]

Total events: 1 Warming device), 6 (Usual care)
Test for heterogeneity: not applicable
Test for overall effect: Z=2.05(P =0.04)

oo o1 1 10 100

Favours warming dev  Favours usual care

NB: Scale 0.01 to 100

7. Duration of stay in PACU/Discharge from PACU

One study (Bock 1998) reported the time to discharge from PACU. A core temperature of
greater than 36°C and a score of 14 points (out of a total of 24 points) on a modified version
of Aldrete and Kroulik scoring system (Aldrete and Kroulik 1970) were the criteria for
discharge. Criteria for discharge on the Alderete and Kroulik scoring system was assessed
retrospectively by a blinded observer. The time to discharge was significantly lower for the
prewarmed patients (active + CWM/Fluid group) by 123 minutes, but the confidence interval

was fairly wide.

Figure 11: Time to discharge from PACU; active warming versus usual care
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Review: IPH
Comparison: 06 Pre+intra active wearming device vs usual care
outcome: 15 Time to discharge from PACL

Stucly
of sub-category N

Warming Device
Mean (S0) [}

Usual care
Mean (SD)

D (fized)
95% CI

Wyigight D (fized)
k- 95% CI

02 forced air varming + CUMAILIC warming s CWhI 30 min preop) - change from bassline

Bock 1998 20 94.000(4Z.00) zo
Subtotal (35% CI) 20 za
Test for heterogeneity: not applicable
Test for overall effect: Z =316 (P =0.002)

Tatal (95% CI) 20 zn
Test for heterogeneity: not applicable
Test for overall effect: Z =316 (P =0.002)

21l7.00i162.00)

.

>

l00.00
l00.00

-1zz.00
-1zz.00

[-193.3Z, -46.68]
[-193.32, -46.68]

100,00 -123.00 [-199 32, -46.68]

NB: Scale -1000 to +1000

-1000 -500 0
Favours usual care

Secondary outcomes in the postoperative period

500 1000

Favours warming dey

One study (Bock 1998) reported secondary outcomes in the postoperative period.

8. Blood products (PACU)

One study (Bock 1998) reported the volume of blood products (millilitres/patient) given on

admission to PACU. The volume of blood products was significantly less for prewarmed

patients by 210 ml/patient.

Figure 12: Volume of blood products infused (PACU); active warming versus usual

Review: IPH
Comparison: 06 Pre+intra active wearming device vs usual care
outcome: 16 Blood transfusion - PACU
Stuly Warming device Usual care WD (fized) Weight WD (fized)
o sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl

Bock 1998 20 30.00(134.00) zo 240.00i432.00) — 100.00 -Z10.00 [-408.23, -11.77)
Tatal (35% CI) z0 zo - 100,00 -210.00 [-408.23, -11.77]
Test for heterogeneity: not applicable
Test for overall effect: Z =208 (P =0.04)

-1000 -500 ) a00 1000
Favours trestment  Favours control

NB: Scale -1000 to 1000

9. Adverse effects

One study (Wongprasartsuk 1998), in 26 patients, reported the incidence of hyperthermia (a

temperature greater than 38°C), it was assumed in PACU. 4/14 patients in the intervention

group and 0/12 in the control group had overheating adverse effects.

Figure 13: Adverse effects (thermal overheating); active warming versus usual care

Review: IPH
Comparison: 06 Presintra active warming device vs usual care
Outcome 17 Adverse sffects (Thermal overhesting)

Stucty Warming device Usual care
oF sUb-Catsgory nm nm

Peto OR
5% CI

wisight
S

Peto OR
5% CI

01 forced air warming ve usual care
Wongprasartsuk 1998 4/14 0/1Z
Subtotal (35% CI) 14 1z
Total svents: 4 (Warming device), 0 (Usual care)

Test for heterogeneity: not applicable

Test for overall sffect Z = 1.97 (P = 0.05)

Tatal (95% CI) 14 1z
Total everts: 4 (Warming device), 0 (Usual care)

Test far heterogeneity: not spplicable

Test for overall etfect: I =1.97 (F = 0.05)

100.00
100.00

S E—
e ——

100.00

&.25 [1.01, &7.08]
8.25 [1.01, &7-08]

8.25 [1.01, &7.08]

NB Scale 0.01 to 100

om 01
Favours warming dev

1 10 100
Favours usual care
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a) Postoperative pain

One study (Wongprasartsuk 1998), in 26 patients, reported postoperative pain 20 and 40
minutes after arrival in PACU. Postoperative pain scores were assessed on a visual
analogue scale (0-10cm); however, the scale was unclear and there were no standard
deviations given. At 20 minutes, the mean pain score for the treatment group was 5.6 and it
was 5.5 for the control group (NS; p=0.74). After 40 minutes in PACU, the treatment group’s

mean pain score was 5.7 and it was 6.1 for the control group.

b) Thermal discomfort
One study (Wongprasartsuk 1998) reported postoperative thermal discomfort 20 and 40
minutes after arrival into PACU. Postoperative thermal discomfort was assessed on a visual

analogue scale (0-10mm), with the scale not described.

C. Active warming (pretintraoperatively) plus active fluid warming (intraoperatively)

versus usual care

One study (Smith 2007), in 336 patients, compared the combination of forced air warming in
both pre and intraoperative phases with actively warmed IV fluids versus routine care. The
routine care arm, however, included patients who were warmed at the discretion of the
anaesthetist (29% received forced air warming and 9% received warmed fluids). The
intervention and control groups respectively received a mean of 1.13 litres (SD 0.4) and

1.09 (SD 0.4) of crystalloid over a mean of 56 minutes anaesthesia time.

1. Incidence of IPH at the end of surgery

Smith (2007) reported the incidence of IPH at the end of surgery (56 minutes mean) for
definitions of less than 36.0°C and less than 35.5°C. There was a large statistically
significant difference for both definitions, with less IPH for the intervention group. For the
definition, less than 36.0°C, the relative risk was 0.32 (95% CI 0.22, 0.47), for a control
group rate of 53%. This corresponds to an NNT of 4 (95% CI 3, 5).

Figure 14: Incidence of hypothermia; active warming versus usual care

Review: IPH
Camparison; 22 Pre+intra active warming + fluid warming vs usual care

Outcome: 05 incidence of IPH

Stuhy Warming device Usual care OR (fixed) Weight OR (fixed)

or sub-category ni ni 95% CI % 95% ClI

01 T=36.0deg C

Smith 2007 277156 96/180 E 3 100.00 0.12 [0.11, 0.30]
Subtotal (5% CI) 158 180 <> 100,00 0.18 [0.11, 0.30]

Total events: 27 (Warming device), 96 (Usual care)
Test for heterogeneity: not applicable
Test for overall effect 7 =655 (P < 0.00001)

02 T=355 deg

Smith 2007 6156 45/180 —- 100.00 0.1z [0.08, 0.29]
Subtotal (95% CI) 158 180 - 100.00 0.1z [0.0%, 0.29]
Total events: B (Warming device), 45 (Ususl care)
Test for heterogeneity: nat applicable
Test for overall effect I =471 (P = 0.00001)

0.0 01 1 10 100

Favours warming dev  Favours ususl care
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2. Core Temperature - lowest intraoperative temperature recorded (Figure 15)

In Smith (2007), the lowest intraoperative temperature was recorded at 25 minutes for the
warmed group and 35 minutes for the control group. The core temperature was significantly
higher for the intervention group; MD 0.90°C (95% CI 0.78, 1.02) for a control group
temperature of 35.6°C. We note that this effect size is considerably larger than the

difference at baseline (0.1°C).

3. Core Temperature - Final intraoperative temperature (Figure 15)

The core temperature was significantly higher for the intervention group at the end of
surgery (mean duration 56 minutes; mean duration of anaesthesia 94 minutes); MD 0.60°C
(95% CI 0.48, 0.72) for a control group temperature of 35.8°C. This difference is much
larger than the baseline difference.

Figure 15: Core temperature — lowest and final intraoperative; active warming versus

usual care
Review: IPH
COMparison: 22 Prestintra active warming + fluid warming vs ususl care
Outcome: 01 Core temperature Iovest intraoperative and at end of surgery
Sty Faw and fluicis Lisual care WAMD (fiscect) Weight VWMD) (fixed)
ar sub-categary N Mean (S0) N Mean (3D) 5% ¢l % 95% ¢l
1 lowest intraoperative temperature
Simith 2007 156 36.50(0.50) 130 35.60{0.60) = 100.00 0.90 [0.78, 1.02]
Subttotal (5% C1) 156 180 + 10000 0,50 [0.78, 1.02]
Test for heterogeneity not applicable
Test for awerall effect 7= 1498 (P = 0.00001)
12 final core temperature
Smith 2007 156 36.40(0. 50 180 35.50(0.60) = 100.00 0.60 [0.48, 0.72]
Subtatal (5% C1) 156 130 + 100.00 0.60 [0.48, 0.72)
Test for heterogeneity: not applicable
Test for overall effect 7 =10.00 (P = 0.00001)

4 2 0 2 4
Favours ususlcare  Favours FAVW + fluids

4. Core Temperature — PACU

One study (Smith 2007) in 336 patients reported the sublingual temperature upon arrival
into the recovery room and at 30 and 60 minutes. The core temperature was significantly
higher for the intervention group on arrival, MD 0.4°C (95% CI 0.29, 0.51) for a control group
temperature of 36.0°C. This was similar after 30 minutes in PACU (MD 0.4°C [95%CI 0.3,
0.5]). At 60 minutes the difference was 0.2°C (95% CI 0.1, 0.3) and at discharge was 0.2°C
(95% CI 0.11, 0.29).

Figure 16: Temperature in PACU; active warming versus usual care
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Review: IPH
Comparison: 06 Pre+intra active wearming device vs usual care
outcome: 20 Sublingual temperature in PACL
Stucly Active warming Usual care D (fized) Wyigight D (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
01 On artival

St 2007 156 36.40(0.50} 180 36.00(0.50} —-— 19.84 0.40 [0.29, 0.51]
Subtotal (95% I 156 120 - 19.84 0.40 [0.23, 0.51]
Test for heterogeneity: not applicatle
Test for averall effect: 7 =7 31 (P = 0.00001)
02 After 30 minutes

St 2007 156 36.40(0.40} 180 36.00(0.50} - 2458 0.40 [0.30, 0.50]
Subtotal (95% I 156 120 L 3 z4.88 0.40 [0.30, 0.50]
Test for heterogeneity: not applicatle
Test for averall effect: 7 =314 (P = 0.00001)
03 After B0 minutes

St 2007 156 36.40(0.40} 180 36.20(0.50) - 2458 0.20 [0.10, 0.30]
Subtotal (95% I 156 120 - z4.88 0.z0 [0.10, 0.20]
Test for heterogeneity: not applicatle
Test for averall effect 7 = 4 .07 (P = 0.0001)
04 Discharge from PACU

St 2007 156 36.40(0.40} 180 36.20(0.40) = 31.00 0.20 [0.11, 0.29]
Subtotal (95% Cly 156 1e0 -+ 31.00 0.20 [0.11, 0.23]
Test for heterogeneity: not applicatle
Test for averall effect: 7 = 4 57 (P = 0.00001)
Tatal (95% CI) 6zd 7z0 + 100.00 0.23 [0.24, 0.34]
Test for heterogeneity: Chi® = 16 64, df = 3 (P = 0.0008), F = 32 0%
Test for overall effect: Z = 11.86 (P = 0.00001)

-1 05 ) 0s 1

Favours usual care  Favours active warm

5. Incidence of shivering

Smith (2007) reported shivering in 5/156 actively warmed patients and 36/180 patients
treated with usual care. Of these, 4 (2.6%) and 31 (17%) respectively were classified as
severe shivering. Significantly fewer patients had shivering in the intervention group

compared with the control group, but the confidence interval was wide.

Figure 17: Shivering; active warming versus usual care

Revigun: IFH
Comparizon: 22 Pre+intra active warming + fluid warming vz ususl care
Dutcome: 03 incidence of shivering
Study Warming device Control QR (fixed) Weight QR (fixed)
or sub-category it i 95% CI % 95% Cl
01 Mild =hivering
Smith 2007 17156 s/180 —B— loo.0o0 0.23 [0.03, 1.95]
Subtotal (35% CI) 156 120 e 100.00 0.23 [0.03, 1.35]
Total events: 1 (Warming device), 5 (Cortrol)
Test for heterogeneity: not applicable
Test for overall etfect: Z=1.35(P =018)
02 Severe shivering
Stnith 2007 4/156 215120 —.— 100,00 0.12 [0.04, D.27]
Subtotal (95% I 158 1a0 .- 100.00 0.13 [0.04, 0.37]
Total events: 4 (Warming device), 31 (Control)
Test for heterogeneity: not applicakle
Test for overall effect: Z = 3.80(P = 0.0001)
03 Total shivering
Smith 2007 E/158 26/180 —— loo.0o0 0.12 [0.05, 0.35]
Subtotal (95% 1) 158 120 - 100.00 0.13 [0.05, 0.35]
Total events: 5 (Warming device), 36 (Control)
Test for heterogensity: not applicatie
Test for overall effect: I =411 (P = 0.0001)
0.m o1 1 10 100

Favours warming dev  Favours control

NB Scale 0.01 to 100

Secondary Outcomes
6. Duration of stay in PACU

There was no significant difference in the time to discharge (1 minute).

Figure 18: Duration of stay in PACU (minutes); active warming versus usual care

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 338 of 536



~N o O B W DN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

DRAFT FOR CONSULTATION

Review: IPH
Comparison: 06 Pre+intra active wearming device vs usual care
Qutcome: 22 Duration of stay in PACU
Stuly Active wearming Usual care WD (fized) Weight WD (fized)
o sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
I

Smith 2007 156 114.00¢50.00) 1z0 1l5.00i&83.00) - 100.00 -l.00 [-l2.6&, 1l0.68]
Total (95% CI) 156 180 100.00 -1.00 [-12.66, 10.66]
Test for heterogeneity: not applicable
Test for overall effect: Z=017 (P =0.87)

-100 -50 ) a0 100

Favours treatment  Favours usual care

7. Thermal discomfort
Smith (2007) also reported significantly more patients assessed themselves to be too hot

postoperatively, but the confidence interval was wide.

Figure 19: Adverse effects (thermal overheating); active warming versus usual care

Reevigw: IPH

Compatison: 22 Pre+intra active warming + fluid warming vs ususl care

Outcome: 08 patients with thermal overhesting

Study Fau + fluids Coritrol OR (fixed) Weight OR (fixed)
or sub-category Mt M 85% Cl Yo 85% Cl

01 end of preoperative period
Smith 2007 15/156 2s1s80 —— 100.00 z.0z [0.86, 4.76]
Subtatal (35% CI) 156 1s0 ~renii—— 100.00 [0.88, 4.76]
Total events: 15 (FAW + fluids), 9 (Contral)
Test for heterogeneity: not applicakle

Test for overall etfect: Z=161 (P =011)

M
=1
5

02 thermal dizcomfort (too warm) after discharoe from PACU

Smith 2007 8/156 z/180 M 100.00 4.81 [1.01, 23.00]
Subtatal (95% CI) 156 120 — U] 4.81 [1.01, 23.001
Total events: 8 (FAW + fluids), 2 (Control)

Test for heterogeneity: not applicakle

Test for overall etfect: Z=1.97 (P =0.05)

03 thermal discomfort (too cold) after discharge from PACU

Smith 2007 z/158 s/180 +—B— loo.00 0.25 [0.05, 1.1%6]
Subtatal (95% 1) 156 180 o ——— 1l00.00 0.25 [0.05, 1.1€]

Total events: 2 (FAWY + fluids), 9 (Control)
Test for heterogeneity: not applicakble
Test for overall effect: £=1.77 (P =0.08)

01 o0z os A 2 S 10

Favours FAWIlids  Favours control

Il. Regional Anaesthesia

A. Active warming versus usual care
One indirect study in women undergoing Caesarean section under epidural anaesthesia
(Horn 2002) reported a series of intraoperative temperature measurements and data were
extracted from graphs. In Horn (2002), the same warming method was employed through

the intraoperative period as in the preoperative period.

1. Core Temperature at different intraoperative times

a) 15 minutes

Horn (2002) recorded the intraoperative temperature 15 minutes into the surgery. The core
temperature was significantly higher for the intervention group; MD 0.20°C (95% CI 0.03,

0.37) for a control group temperature of 36.62°C; this was not clinically significant.

Figure 20: Core Temperature intraoperative temperature at 15 minutes into surgery;

active versus usual care
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Review: IPH

Comparison: 06 Pre+intra active wearming device vs usual care

outcome: 05 Core temperature: 15 min (ndirect study)

Stucly Warming Device Usual care D (fized) Wyigight D (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
01 torced air wearming vs usual care (15 min preop) - measured at 15min and 120 min (contral)

Haorn 2002 15 36.820(0.27) 15 3E.6Z(0.20) - 100.00 0.20 [0.03, 0.37]
Subtatal (95% CI 15 15 it 100.00 0.z0 [0.0%, 0.37]
Test for heterogeneity: not applicable
Test for overall effect: Z2=2.31 (P =0.02)

Total (95% CI) 15 15 e 100.00 0.z0 [0.03, 0.37]
Test for heterogeneity: not applicable
Test for overall effect: Z=2.31 (P =0.02)

-1 05 0 035 1

Favours usual care  Favours warming ey

b) 30 minutes
In the indirect study, there was a significantly higher core temperature for the intervention
group, MD 0.40°C (95%CI 0.23, 0.57) (Figure 20)

Figure 21: Core Temperature intraoperative temperature 30 minutes into surgery;

active versus usual care

Review: IPH

Comparison; 06 Pre+intra active warming device vs usual care

Outcome: 10 Core temperature: 30 min (indirect study)

Stuly ‘Warming Device Usual care WD (fized) Weight WD (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
1 forced air wwarming vs usual care (15 min preop) - measured at 15min andd 120 min (control)

Horn 2002 1s 36.89(0.27) 15 36.49(0.20) —— 100.00 0.40 [0.23, 0.57]
Subtotal (95% I 15 15 <l 100.00 0.40 [0.23, 0.57]
Test for heterogeneity: not applicatle
Test for averall effect: 7 = 4 61 (P = 0.00001)

Tatal (95% CI) 15 15 - 100.00 0.40 [0.23, 0.57]
Test for heterogeneity: not applicable
Test for overall effect: Z =461 (P = 0.00001)

-1 05 0 0s 1

Favours usual care  Favours warming dey

¢) 2 hours
In the indirect study, with 30 patients (Horn 2002) there was a significantly higher core
temperature for the intervention group, MD 1.21°C (95% CI 0.97,1.45).

2. Lowest core temperature

The lowest intraoperative temperature measurement for the warming group was recorded at
15 minutes after induction. The control group showed a decline in core temperature 60
minutes after induction and reached its lowest point at 120 minutes. The core temperature
was significantly higher for the intervention group; MD 0.87°C (95% CI 0.65, 1.09), for a
control group temperature of 35.95°C (Figure 22).

Figure 22: Core temperature — lowest intraoperative temperature; active warming
versus usual care

Review: IPH
Comparison; 06 Pre+intra active warming device vs usual care
Outcome: 03 Core temperature intraoperatively - loweest temperature (indirect study)
Stuly ‘Warming Device Usual care WD (fized) Weight WD (fized)
of sub-category N Mean (S0) [} Mean (SD) 95% CI %o 95% CI
1 forced air wwarming vs usual care (15 min preop) - measured at 15min andd 120 min (control)
Horn 2002 1s 36.82(0.27) 15 35.95(0.34) | 100.00 0.87 [0.65, 1.09]
Subtotal (95% Cly 15 15 +* 100,00 0.87 [0.85, 1.03]

Test for heterogeneity: not applicatle
Test for averall effect 7 =7 76 (P = 0.00001)

Tatal (95% CI) 15 15 + 100.00 0.87 [0.65, 1.08]
Test for heterogeneity: not applicable
Test for overall effect: Z =776 (P = 0.00001)
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3. Shivering

The indirect study, Horn (2002), also recorded shivering, using a 4 point scale (0=none;
1=low; 2=moderate; 3=continuous) by an investigator blinded to core temperatures. There
were significantly fewer patients shivering in the intervention group, but the confidence

interval was wide.

Figure 23: Shivering (indirect study); active warming versus usual care

Reevigw: IPH

Comparison: 06 Pre+intra active warming device vz usual care

Outcome: 10 incidence of shivering

Stucty WErTInG cevice Control RR (fizxed) Wigiht RR (fized)

or sub-category it i 95% CI % 95% Cl

04 Indirect population: forced air warming vs usual care), epidural anaesthesia

Horn 2002 2/15 /18 —— loo.0o0 0.2z [0.06, 0.86]
Subtatal (95% CI) 15 15 . 100.00 0.22 [0.06, 0.86]

Total events: 2 (Warming device), 9 (Cortrol)
Test for heterogeneity: not applicable
Test for overall effect: =218 (P =0.03)

oo o1 1 10 100

Favours warming dev  Favours control

NB: Scale 0.01 to 100
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10.4 Adverse effects arising from warming devices used for the prevention or
treatment of inadvertent perioperative hypothermia

Introduction

The importance of avoiding perioperative hypothermia is well established. There are several
advantages perioperatively including reducing blood loss, wound infection, duration of
intensive care and hospital stay. Other great advantages also include reducing the risk of
cardiac ischaemia and increasing patients’ survival. This will, consequently, create comfort
and safety for the patient and reduce health care cost. In order to maintain normal
temperatures perioperatively a range of medical warming devices have been developed and
are currently used in most of the clinical institutions. However, there are a small number of
adverse effects relating to warming devices when used for the prevention or treatment of
inadvertent perioperative hypothermia.

Objective
To determine adverse effects arising from warming devices used for the prevention or

treatment of inadvertent perioperative hypothermia.

Selection criteria

Selection of studies

We sought all available published studies in which the adverse effects of warming devices had
been evaluated. We used reports previously retrieved for the effectiveness reviews (see
Appendix B) and ran a new search strategy in MEDLINE and EMBASE for adverse effects.
This included a combination of MeSH terms and search words as specified in detail in
Appendix B. We also checked the reference lists of relevant studies and review articles. A

total of 77 citations were retrieved of which full text of 49 published studies were screened.

Study Design: inclusion and exclusion criteria

We included studies of adults of eighteen years and over undergoing surgery or other
procedures under general or regional anaesthesia, published as randomised trials (RCTs) and
quasi-randomised studies. Observational studies (1) (prospective and retrospective), mainly
cohorts, were also to be included. Case reports and case series were permitted, but we note
that these tend to report more unusual experiences, making them more prone to reporting and
publication bias (selected interesting cases). Thus, these reports may not be very
representative of the general patient population. Studies were restricted to the English

language and there were no date restrictions.

We excluded studies in children, patients undergoing surgery under local anaesthesia,

patients undergoing therapeutic hypothermia and those with head injuries resulting in impaired
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temperature control. Studies in pregnant women and post-bypass patients could only be

included as indirect evidence.

Characteristics of studies
From 73 articles identified, we selected 46 potentially relevant studies. After exclusions, a total
of 21 studies were included. Characteristics of the studies included in this review are detailed

in Appendix C.

The studies were conducted in several countries including the UK (Batistich 2006; Huang
2003; Avidan 1997; Ayala and Coe 1997; Baker 2002; Tumia 2002), the USA (Zuokumor
2004; Frolich 2001; Husser 2004; Kressin 2004; Gali 2003; Zwkowski 1998; Sigg 1999;
Cheney 1994; Zink 1993), Canada (Hemmerling 2002), France (Guignard 2000), and China
(Ng 2006). Two studies did not report the country where they were conducted (Marders 2002;
no authors listed, 1990). The studies were generally small (N ranged from 1 to 60) and 50% of

these were case reports.

The following are the types of study included:

e Two observational retrospective insurance studies comprising claims from 28 patients
(Cheney 1994) and 64 patients (Kressin 2004)

e Two RCTs, which simply discussed adverse effects, not as a randomised comparison (Ng
2006; Camus 1997)

e Eight case reports (Zuokumor 2004; Guignard 2000; Frolich 2001; Ayala and Coe 1997;
Batistich 2006; Husser 2004; Gali 2003; Zukowski 1998)

e Three case series reports: one of 10 patients which included two sets of 5 individuals
(Hemmerling 2002) and two reports of two patients each (Marders 2002; no authors listed
1990).

e Five experimental cross infection reports. Two of the reports (Avidan 1997; Sigg 1999)
examined bacteria plates from Bair Huggers®. Avidan (1997) examined bacteria plates
from 10 patients, with 2 control plates; Sigg (1999) examined bacteria plates from 18
patients, with 10 control plates. Another study (Tumia 2002) examined samples from
bacteria tests performed on 4 patients, with control samples obtained from an empty
theatre. The fourth study (Baker 2002) collected swab bacteria samples from the interior
and the exterior of a forced air warming (FAW) device (WarmAir warming unit model
133A) routinely used during surgical procedures in an ultra clean orthopaedic theatre; and
from the distal end of the hose. The last study (Zink 1993) was used as indirect evidence
of the risk of infection. The study simulated a surgical site with healthy male volunteers
(indirect population). Bacterial culture plates were fastened to patients’ abdomen at the

start of each trial period.
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One prospective study (Huang 2003) investigated whether use of the Bair Hugger® FAW

during prolonged vascular surgery may lead to increased bacterial contamination of the

surgical field by mobilisation of the patient’s flora.

In the case reports and case series, information about gender was available from all but one

study (Marders 2002). There were more men (85%) than women (15%) among the twenty

patients reported. The mean age for all studies except for one study (Hemmerling 2002) was

62 years, with a range of 42 to 80 years. Only one study stated that it was carried out in an

African-American patient (Zukowski 1998) while the others did not state the ethnicity. Bair

Hugger® was the most frequently reported FAW device in these studies.

Warming systems

Forced-air warming systems were used in fifteen studies:

Bair Hugger® active warming system was used in four studies to cover the upper
body (Zuokumor 2004; Huang 2003; Ayala and Coe 1997; Guignard 2000) and in
other three studies to cover both head and lower body areas (Hemmerling 2002;
Marders 2002; No authors listed 1990). In two more studies, Bair Hugger® was
compared with electric heating pad blanket (Ng 2006) and with electric over blanket
(Camus 1997).

Forced air convection warming systems were used in five other experimental studies
to detect potential risk of infection (Baker 2002; Tumia 2002; Avidan 1997; Sigg 1999;
Zink 1993) one of which was included as indirect evidence (Zink 1993).

Another system, type not stated, was used in one study which used FAW to cover the
upper body (Frolic 2001)

Radiant heat was used in two studies:

The Suntouch (model PW820. Fisher and Paykel appl) was applied on the right
forearm of a patient in one report (Batistich 2006)

The Emerson system was applied on upper body areas in another study (Zukowski
1998)

A water garment was used in one study:

MTRE (advanced technologies) was applied to upper and lower body areas (legs,
thoracic and sacral) (Gali 2003)

Fluid warming was used in one study:

Infusion warming device Belmont (FMS 2000) was used for rapid inductive warming of

intravenous fluids (Husser 2004)

Various warming systems were reported in two observational retrospective studies
(Kressin 2004; Cheney 1994).

RESULTS

1. Observational retrospective insurance study
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An observational study reported on the American Society of Anaesthesiologists (ASA) closed
claims project database, a collection of closed malpractice claims, in which 89% of 3,000
claims were made from 1977 to 1987 (Cheney 1994). The study excluded dental damage
claims. Of the 3,000 claims, 28 patients presented burns as adverse anaesthetic outcomes.
Only 8 (29%) of these were related to warming equipment (electrically powered equipment to
treat hypothermia or provide localised heat) and 20 (71%) were from heated materials
(warming oven used for generalised or local warming). Characteristics of included studies are

detailed in Appendix C.

The rationale for application of heat varied among the studies, from the prevention/treatment
of hypothermia, to the maintenance of body temperature in major surgical procedures, to the

treatment of intravenous (V) infiltration or simple warming of patients.

All burns involved patients undergoing long operations. The burns seemed to be caused by a
combination of heat and pressure over bony prominences. Almost three-quarters of the burns
(20 of 28) were due to IV bags or bottle heated materials (Figure 1), 85% (17) of which
occurred in young and healthy women (mean age: 38117 SD and ASA I-1l). The majority of
these events (N=10) occurred in women undergoing gynaecologic surgical procedures and
the rest were in orthopaedic (N=5) or hernia (N=2) surgeries. Five patients presented burns of
second and third degree. The standard of care for this category is noted as less than

appropriate for all but one bag/bottle induced burn.

Burns due to electrically powered warming equipment (Figure 2) represented only one third
(29%) of the total burns from warming related devices (7 patients). Five of these were due to
circulating water blankets: in one, the device was defective and in the others, the patients
were over 60 years. Most had an ASA physical status of lll-IV and underwent major surgical

procedures. Standard care was noted as appropriate in all but one of the cases.

Another study (Kressin 2004) presented an update of the above data. By 2004, the total
claims in the ASA Closed Claims Project database had raised to 6,449 of which, 145 were
burn injuries. Of these, 84 burns were due to warming devices (N=33) and heated material
(N=51) which accumulated since 1985. New data added 31 burns due to warming devices and
33 burns due to IV bags or bottles since previously reported (Cheney 1994). Again in this
study, the most common cause of burns was due to heated material followed by warming

devices.

Heating blankets were the most common cause (N=16) of burns within warming devices
followed by heating pads (N=10). Of the 31 burns caused by warming devices, 16 were
located on buttocks, thighs, legs and feet. Location for the other 15 burns was not reported. Of

the 33 burns caused by heated material, 15 were located on axila or trunk. There were 18
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cautery burns including direct burning from the cautery or burns secondary to a faulty
grounding pad. It was not specified whether the cautery burns are from electric blanket or

another device.

Of the total 145 claims, nine were burns causing permanent or disabling injuries. Four were
attributed to warming blankets placed on abdomen, buttocks, legs and feet. Out of the four,
three happened during vascular surgeries. Another burn caused by warming blanket occurred
in a child who presented an abdominal burn with subsequent cardiac arrest. There was one
death in the 145 burn claims which occurred due to an airway fire during laser vaporisation of
tracheal stenosis with use of 100% oxygen. Claims for 82% of the burns by warming devices
and 80% of the burns by heated materials (IV bags or bottles) were paid. The largest
payments were for cautery burns and the least paid claims were for burns caused by non

warming devices.

There were a few discrepancies with the data reported in this study. The study states that 23%
of burns equates to 33 burns. However, when the types of warming devices causing these

burns are outlined, the figure is actually 35.

2. Forced-air warming

RCTs

One RCT was conducted in China (Ng 2006) on the efficacy of warming devices to maintain
normothermia. The study did not report any adverse effects, but discussed the potential for
adverse effects of warming devices. Ng (2006) compared FAW (Bair Hugger®; Augustine
Medical model 500/OR, Praire, MN) versus an electric heating pad (Operatherm 2002). The
study suggested that, in comparison to FAW, the electric heating pad would be expected to be
easier to disinfect since it does not have a hose or hidden spaces, consisting only of a

warming unit, an electric cable and a heating pad.

The authors also suggested that careful consideration should be given to potential sources for
the increase of bacterial colonisation and contamination when using FAW, including:

e Re-use on other patients

o Difficulty in cleaning the hose and both the interior and exterior of the warming units

e Temperature and air stream of the warming units.

Case reports and case series

One study reported a partial and full thickness burn of 2% of the surface and suggests that
this was indirectly caused by the FAW device (Zuokumor 2004). FAW raised the temperature
of a fluid filled axillary roll (normal constant temperature = 37°C). Patient’'s weight pressure on
hypothermic and vasoconstricted skin over time may have contributed to skin heat transfer.

The burn needed debridement and skin grafting.
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Another study related to the risk of bispectral index (BIS) signal alteration and thus
misinterpretation of BIS values. In a case series, 5 cases had falsely increased values and 5
had falsely decreased values linked with the concomitant use of upper-body Bair Hugger®
warming blankets (Hemmerling 2002). The high BIS indices did not match the clinical
assessment of the depth of anaesthesia and there was no indication of malfunctioning.
Artefacts and interference with other electrical devices may have influenced BIS alterations

and interpretation.

This case series is supported by a previous report in which the use of FAW blankets altered
the BIS signal (Guignard 2000). This third study investigated the effect of different settings of
the FAW device. When the FAW was on, the BIS increased; when the Bair Hugger® unit was
on but disconnected from the blanket, BIS returned to values of <60. Air circulation, due to
vibration of head wires, may have caused an artefact not visible on the raw
electroencephalographic trace. The study concluded that potential interference from FAW

systems must be taken into account when interpreting BIS.

Another case report described the risk of increased systemic fentanyl levels which led to
overdose symptoms when a transdermal fentanyl patch (TFP) was exposed to heat by an
upper body warming blanket in a 57 year old woman undergoing open reduction and internal
fixation of a right tibia stress fracture (Frolich 2001). It is suggested that exposure of the
patient’s skin which had a temperature of 34.9°C to the heating blanket increased cutaneous
skin perfusion. This resulted in an increase in the systemic absorption of fentanyl from the
intracutaneous fentanyl depot, leading to higher fentanyl levels and symptoms of opioid
overdose. Although the United States Food and Drug Administration (FDA) approved the use
of TFP in 1991, its labelling warns on the exposure of the TFP site to direct external heat

sources but no specific recommendations are provided for its use intraoperatively.

In an earlier study, the use of FAW gave a risk of tracheal tube obstruction and potential
damage to the patient’s lungs (Ayala and Coe 1997). The tube was moved from its original
vertical position after 35 minutes of surgery and high and low thresholds of pressure from the
ventilator alarm were set too wide to the peak inflation pressure. Consequently, ventilation
peak inflation pressures rose (from 18 to 35 cm H,0) and the tracheal uncut polyvinyl chloride
tube became soft. The problem was corrected by cutting the tube so none of it was outside the
mouth and not exposed to a temperature of 40°C. The study concluded that the use of PVC is
not recommended when a FAW system is used and tubing must be supported adequately.
The high and low thresholds of the pressure sensitive ventilator alarms should be set close to

the peak inflation pressure to give immediate warning of any obstruction.
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Another report describes two cases of burns with the use of the FAW Bair Hugger® system
(Augustine Medical) (No authors listed, 1990, Health Devices). In the first case of burn injury,
the wrong side, i.e. the top layer (plastic side) of the blanket was placed in contact with the
patient’s skin. Consequently, the blanket flexed in the opposite direction with its middle
channel covering legs and knees, causing burns. The second case involved a patient with
severe vascular disease who developed a large blistered area due to incorrect use of blanket.
The patient’s left leg was covered with a blanket for 1.5 hours with the device operating at its
maximum temperature. These two cases illustrate that:
e Maximum temperature is not safe in all circumstances, even when the device is used
correctly.
e Direct contact of patient’s skin with plastic heated to 120°F can cause thermal injury. The

extent of injury will depend on the duration of contact with patient’s skin.

The study recommends the use of FAW devices according to the manufacturer’s directions

and instructions.

Two additional cases acknowledged by the FDA as serious injuries due to free-hosing (when a
blanket is not attached to the hose) have been reported (Marders 2002). The first was a
surgical patient on whom the warm air was blown without attaching the blanket from the
warming unit, leading to second and third degree burns to lower extremities. In the second,
also a surgical patient, no blanket was attached to the hose. Instead, the hose was placed
under the patient’s blanket causing thermal injury and subsequent severe muscle necrosis
and further above-the-knee amputation. Report of adverse events involving medical devices
has been encouraged by the FDA in order to accurately identify problems with the devices and

desirable patient outcomes.

Concerns regarding patient safety when using FAW devices have been addressed in a report

(Augustine 2002) and a website (www.stophosing.com) as part of a campaign to raise
clinicians’ awareness about hosing. Both the risks associated with and the preventative
measures for the improper use of these have been reported. It has also been explained that
by not attaching the blanket to the hose, the warm air flow is concentrated on only one area of
the patient’s body for an extended period during surgical procedure, leading to traumatic
thermal injuries, e.g. above mentioned cases by Marders (2002). Also, a blanket not properly
put in place could consequently cause hosing. Following the manufacturer’s directions on
operating the units, the service manuals, printed instructions and labels on the devices are
recommended as a way to ensure that patients are not harmed.

Experimental cross-infection reports

Four studies explored the potential of cross infection when using FAW devices.

One study (Avidan 1997) investigated whether:
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e Two warming systems blow contaminated air
e The use of perforated blankets could prevent the detection of contamination

e Microbial filter on the end of the hose of warming device filters out organisms.

A vascular operating theatre was the site of experiments. Although the authors noted that
microbial filters are regularly changed and that detachable hoses are regularly
decontaminated, there seems to be a low risk of infection. The study detected a potential
source of nosocomial infection that may be due to colonisation in the machines distal to the
filters. It is stated that normally filters should protect against entrained bacteria and fungus but
microbial pathogens were detected in about 50% of the FAW tested devices when air was
sampled directly and without perforated blankets. Conversely, the use of perforated blankets
in the same experiment produced no contaminated sampled air. This study recommended
that:

e FAWs are used only when attached to perforated blankets

e Microbial filters are changed as the manufacturer specifies

e Detachable hoses are sterilised regularly

e Hoses are incorporated into the design of the warmer to reduce contamination.

A second study investigating the hazards of intraoperative FAW obtained similar results

(Baker 2002). Growth of bacteria was found in swab samples from the exterior and interior of

the warmer and from the distal end of the hose, suggesting that risk assessment should be

undertaken before using FAW. Although the perforated blanket was not analysed as a

microbial filter, the study suggested that even a small number of non-pathogenic organisms

from contaminated air may come into contact with the surgical area and cause serious

complications. The study recommends and advises on:

e The intraoperative use of sealed unit machines fitted with appropriate microbial filters
based on thorough risk assessments

e Following the manufacturers instructions for changing the microbial filters and for the use
of blankets

e Paying special attention to ensure that blankets are properly sealed to patient's skin in

order to prevent air contamination.

Another study also discussed the re-use of disposable blankets for other patients, suggesting
that bacterial contamination triples after use (Sigg 1999). In this study, FAW of used and new

commercial blankets were potential sources of nosocomial infection.

Another study in this category investigated the possible sources of contamination in laminar
airflow operating theatres (Tumia 2002). This found that the use of warm air convection
heaters increased the number of colonies in the ultra clean air but this was noted to be not
clinically significant.
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A comparative randomised cross-over study (Zink 1993) was included as indirect evidence to
the risk of infection. It raises the concern on the contribution of convective warming devices
(CWD) to high air flows in close proximity to the patient, consequently leading to a potential of
air-borne bacterial contamination when convective air coverlets are not used as recommended
by the manufacturer’s instructions. The study hypothesised that use of convective warming
therapy (CWT) is unlikely to increase a patient’s risk for wound contamination during surgery.
A surgical site was simulated with healthy male volunteers (indirect population) not taking
antibiotics within a month before the study who had bacterial culture plates fastened to their
abdomen at the start of each trial period (see Appendix C for details). Two groups of randomly
divided subjects were created:
e Control-therapy: convective cover in place but not inflated for the first 2 hour period with
blowers operational setting for the latter 2 hour period
e Therapy-control: convective cover in place initially on for the first 2 hour period with

blowers operational setting off the latter 2 hour period.

The authors noted that FAW with lower body commercial blanket did not increase the potential

for air-borne bacterial wound contamination and infection in the operating room. On the

analysis of bacteria, the number of colony-forming units recovered from operating rooms was

not increased by forced air blowers. There also were no signs of the worst pathogens for

serious wound contamination and infection (staphylococcus aureus). This may be due to

several factors:

e The singular use of warming coverlets

e The size of the floor mounted blower had a filter of an air intake much smaller (0.2 pm)
than the average size of bacteria carrying particles

e An adhesive strip on the warming cover which was applied at the waist helping to direct

air flow away from the surgical site and personnel.

Huang (2003), a prospective study, investigated the potential for prosthetic material infection
with prolonged exposure of the patients undergoing aortic surgery with prosthetic graft
insertion to the exhaust of the warming blanket Bair Hugger®, possibly by mobilising their
resident skin organisms into the theatre atmosphere then into the surgical field. Vascular
surgery was performed in a standard positive pressure theatre. Air samples from theatre
atmosphere, around the axillae and swab specimens were taken from the warming unit, hose
and from the wound edges from the abdomen. Readings were taken when the warming
blanket was first applied and at the end of the operation. None of the patients developed
postoperative wound or prosthetic infections during a 6 month follow-up period. Using the Bair
Hugger® patient warming system during prolonged abdominal surgery does not increase
bacterial contamination of the operating theatre atmosphere and is therefore unlikely to cause
contamination of the surgical field.
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2. Electric blankets

RCTs

In another RCT study, an electric blanket group using Electroconcept brand for legs to pubis

(model CB2) and for head, trunk and arms (CB3) is compared to a usual case control group

(Camus 1997). There were no thermal skin lesions detected but the skin temperature under

the blankets reached 38.4°C. Although this temperature is under the limit (41°C) allowed by

the international standards to avoid thermal lesions, the study speculates on the potential

adverse effects of using electric blankets. These include:

e Electrical hazards as a result of insufficient electric insulation, outer sheath breakage or
cutting by surgical instruments

¢ Risk of electrocution to the patient, surgeon or anaesthetist

e Burns due to the inefficient heat transfer resulting from limitation of skin warming to

guarantee thermal safety.

3. Radiant heat

Case reports

Two studies reported patients with burns caused by the use of radiant heat systems. One
applied radiant heat (Suntouch model PW820 of intra Fisher and Paykel appliances) to an 80
year old patient undergoing right hephrectomy (Batistich 2006). The patient’s arm burned

when placed too close to the device.

A second report in which radiant heat was also applied described a patient for whom the
device (Emerson warming light) caused second degree burns with skin blisters (Zukowski
1998). It was determined that nursing staff inadvertently pushed the light against the bed
during patient care manoeuvres leaving the light against the bed rail 32cm from the patient.
The authors concluded, from further investigations, that at 32cm from the patient, warming
lights can cause tissue compromise after 30 minutes for a focused beam and between 45 and
60 minutes of a defocused beam. The study emphasises to clinicians the importance of proper
patient positioning during postoperative care in the recovery room and ward when using

warming light therapy.

4. Water garment

Case reports

One study using a circulating water garment (ThermoWrap MTRE Advanced technologies)
reported a skin injury from second degree burns in a 67 year old male undergoing liver
transplantation (Gali 2003). The study found it difficult to discern the reasons for the burn.
Discussion of contributing factors included pressure and heat or a combination of these and

the patient’s risk factors (age, poor nutritional status, low serum albumin level and prolonged
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surgery). The study recommended that clinicians should consider circulating water garments

to be a potential risk for prolonged surgeries.

5. Fluid warming

Case reports

Finally, there is one report on the risk of dramatic haemodynamic damage caused by thermal
injury associated with malfunctioning of a Belmont FMS 2000 inductive fluid warming device
(Husser 2004). A 42 year old male patient undergoing highly invasive orthopaedic surgery
presented with hypotension (from 110/50 to 50/30 mmHg) and tachycardia (from 197 to 130
beats per min). Overheating caused damage and disfiguring of the toroid element of this
device during rapid infusion. The study drew attention to the potential physiological damage
due to thermal-mediated leukocyte free-radical production, complement activation and release
of vasoactive mediators (prostaglandins, leukotrienes, interleukins, cytokines, etc) from
thermally lysed or degranulated leukocytes. Generally, the temperature within the toroid itself
is not monitored suggesting the possibility that formed elements from the transfused blood
were exposed to non-physiological extreme temperatures (2100°C) lysing and releasing

vasoactive mediators, resulting in patient injury.

Conclusions

This review identifies some of the risks and adverse effects reported in the literature
associated with warming devices. The most common adverse effects were burns and
infection. Although many potential sources of adverse effects can be identified, there does not
seem to be empirical support that indicates that warming systems increase the risk of infection
if properly used. FAW systems are naturally built to eliminate bacteria. Similarly, FAW systems
if properly used by following the manufacturer’s instructions could prevent clinicians from

causing any harm or injury to their patients.
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Figure 1: Cheney (1994), sources of burns from heated material (IV bags and bottles)
Of 20 patients, 18 had burns, five of which were of second and third degree. 15 were due to
generalised warming and 3 were due to local heat.

18 burns caused
by bags & bottles

5 patients
15 by generalised | é—> with burns 3 by local heat
warming of 2" and on patient’s skin

| 3" degree

Placed by
5 by anaesthesiologist

Rationale for
application of heat:

Rationale for Placedby
application of heat: 1 by anaesthesiologist

5 to treat hypothermia 2 treated for sequealae 1 by operating room

1 by certified registered
nurse anaesthetist

of infiltrated iv infusion 1 unknown
1 to ease venous

dilatation and
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3 to maintain body

temperature 1 by operating room
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7 to just warm patients

8 unknown

Figure 2: Cheney (1994) sources of burns from warming devices
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10.5 FLUIDS

Characteristics of clinical studies included in the review (Appendix C)

Twenty studies are included in this review (Camus 1996; Cooper 1994; Dyer 1986; Ellis-Stoll
1996; Hasankhani 2005; Jaffe 2001; Kelly 2000; Kurz 1995; Monga 1996; Moore 1996;
Motamed 1998; Muth 1996; Patel 1996; Patel 1997; Pit 1996; Schmied 1996; Smith 1998;
Smith 1998b; Steinbrook 1997; Zhao 2005). The excluded studies are listed in Appendix E.

A total of 854 patients were included in the review. Nine studies (Cooper 1994; Camus 1996;
Moore 1996; Monga 1996; Patel 1997; Smith 1998; Steinbrook 1998; Kelly 2000; Zhao 2005)

had fewer than 20 patients in each arm.

Participants
The age range of participants across studies (where given) ranged from 18 to 89 years, with

the mean age (where given) ranging from 30 to 72 years.

One study was conducted in the UK (Cooper 1994), nine studies in the USA (Ellis-Stoll 1996;
Monga 1996; Moore 1996; Patel 1996; Patel 1997; Steinbrook 1997; Smith 1998; Smith
1998b; Jaffe 2001); two studies in Austria (Kurz 1995; Schmied 1996 ); one study in Canada
(Motamed 1998); one in Germany (Muth 1996); one in France (Camus 1996); one study in the
Netherlands (Pit 1996); one in Australia (Dyer 1986); one in China (Zhao 2005) and one study
was conducted in Iran (Hasankhani 2005). In one study (Kelly 2000) it was unclear in which

country the study was conducted.

One study included patients with ASA | status (Hasankhani 2005), two studies (Camus 1996;
Kelly 2000) reported ASA | and Il grade, and one study included patients with ASA 1l (Muth
1996). Six studies (Kurz 1995; Patel 1996; Patel 1997; Steinbrook 1997; Smith 1998; Smith
1998b) included patients with ASA |, Il and Il status. ASA status was not reported in the

remaining studies.

A range of procedures were undertaken. Four studies included patients undergoing
transurethral resection of the prostate (Dyer 1986; Monga 1996; Pit 1996; Jaffe 2001); three
undergoing abdominal surgery (Camus 1996; Steinbrook 1997; Zhao 2005); three in
gynaecological surgery (Cooper 1994; Moore 1995; Smith 1998); two studies in orthopaedic,
gynaecological or general surgery (Patel 1997; Smith 1998b); colon surgery (Kurz 1995);
laparoscopic cholecystectomy (Ellis-Stoll 1996); orthopaedic or gynaecological surgery (Patel
1996); hip arthroplasty (Schmied 1996); colorectal surgery (Motamed 1998); knee arthroscopy
(Kelly 2000); orthopaedic surgery (Hasankhani 2005); and abdominal aortic aneurysm (Muth
1996).
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Type of surgery was stated as elective in 12 studies (Cooper 1994; Kurz 1995; Camus 1996;
Muth 1996; Patel 1996; Patel 1997; Smith 1998; Smith 1998b; Moore 1997; Motamed 1998;
Hasankhani 2005; Zhao 2005) and not stated in the remaining studies.

Mean duration of surgery ranged from 30 to 60 minutes in two studies (Kelly 2000; Pit 1996); 1
to 3 hours in twelve studies (Camus 1996; Ellis-Stoll 1996; Moore 1996; Patel 1996; Patel
1997; Smith 1998; Smith 1998b; Schmied 1996; Motamed 1998; Jaffe 2001; Hasankhani
2005; Zhao 2005); more than 3 hours in six studies (Dyer 1986; Kurz 1995; Muth 1996;Patel
1996; Patel 1997) and not stated in the remaining studies.

Patients underwent general anaesthesia in ten studies (Kurz 1995; Camus 1996; Muth 1996;
Patel 1996; Schmeid 1996; Smith 1998; Smith 1998b; Moore 1997; Patel 1997; Hasankhani
2005); regional anaesthesia in three studies (Dyer 1986; Pit 1996; Kelly 2000); mixed
anaesthesia (epidural or general) in one study (Motamed 1998); general anaesthesia or
combined epidural-general anaesthesia in one study (Steinbrook 1997); general or regional

anaesthesia in one study (Monga 1996) and not stated in the remaining studies.

Type of premedication, dose and method of delivery were as follows:

e Diazepam (10mg) orally (Kurz 1995; Schmeid 1996: 1 to 2 hours before surgery);

e |V midazolam was administered to all patients just before leaving the preoperative holding
area (Kelly 2000);

¢ Midazolam and fentanyl IV (Steinbrook 1997: 1 to 4mg and 100 to 250ug respectively;
Smith 1998: 2mg and 100 to 200ug respectively);

e Atropine (0.2 to 0.4mg) (Hasankhani 2005);

e Hydroxyzine (100mg) orally 1 hour before surgery (Camus 1996);

e Flunitrazepam (1 to 2mg) orally (Muth 1996);

e Fentanyl, midazolam (Patel 1997);

e No premedication was administered in one study (Motamed 1998).

The remaining studies did not report on premedication.

Methodological quality of included studies (Appendix D)

The method of randomisation was adequate in seven studies (computer generated random
numbers table: Kurz 1996; computer generated codes: Schmeid 1996; random numbers table:
Patel 1996; Moore 1997; Smith 1998b; Kelly 2000; coin toss: Steinbrook 1997; Hasankhani
2005); inadequate method of randomisation (according to the day of surgery) in one study
(Muth 1996) and unclear in the remaining studies. Allocation concealment was partially
adequate in one study (sequentially numbered opaque envelope: Schmeid 1996), likely to be

inadequate in one study (Muth 1996) and not stated in the remaining studies. In one study
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(Cooper 1996) with 14 patients it was unclear how many patients were randomised into each
group; an equal distribution was assumed.

In four studies observers assessing shivering were blinded to the treatment group (Camus
1996; Motamed 1998; Hasankhani 2005; Zhao 2005). In two studies (Patel 1996; Smith 1998),
nurses recording postoperative data were blinded to the patient group. In one study (Kurz
1995) nurses and physicians administering pain management and the observer assessing
shivering were blinded to the patients’ group assignment and core temperatures. In one study
(Motamed 1998) patients and assessors were unaware of the group allocation. One study
(Jaffe 2001) stated it was a double-blind study.

One study (Schmeid 1996) reported conducting a power calculation. A pilot study indicated
that in order to detect a significant increase in blood loss induced by hypothermia (at 80%

power; p=0.05 two tailed), 60 patients were required.

Two studies (Patel 1996; Kelly 2000) reported that more than 20% of the patients dropped out

from any one group or overall:

e Patel (1996) reported that 10/49 patients were excluded from the analysis. There were
7125 (28%) in the Flotem Il group and reasons for exclusion included: warming mattress
used throughout surgery (n=3); failure to use warmer (n= 3); closed head injury with
perioperative temperature above 38.5°C (n=1). In the Hotline group there were 3/24 drop
outs; reasons for exclusion included: failure to use the warmer (n=2); surgery lasting 28
minutes (n=1).

e Kelly (2000) reported that 4/24 patients were excluded from the analysis. In the warming
group 3/9 (33%) dropped out; reasons were: tourniquet inflation required (n=2); warming
(n=1). In the control group 1/11 patients dropped out because warming was required and

this patient was not included in the analysis.

Five studies (Steinbrook 1996; Moore 1997; Patel 1997; Smith 1998b; Hasankhani 2005)

reported dropouts fewer than 20%:

e In Steinbrook (1996), 3/24 patients were excluded from the analysis due to deviations
from experimental protocol, changes in anaesthetic or surgical procedures or technical
problems with equipment.

e In Moore (1997), 6/35 patients did not require irrigation fluid and were treated as a
separate group. It is unclear into which groups these patients were originally assigned.

e In Patel (1997), 2/15 patients were excluded from the treatment group because: surgery
lasted more than an hour (n=1); fluid warmer malfunction (n=1).

e In Hasankhani (2005), 5/60 patients were excluded following randomisation: use of
epidural anaesthesia (n=3) and use of midazolam as premedication (n=3).

e In Smith (1998b), reported 5/61 patients were excluded after randomisation. In the

intervention group one patient (n=1/31) was excluded because the surgeon requested the
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convective warmer was turned off; in the control group, 4/30 patients were excluded:
anaesthesiologist’s decision to use enflurane instead of isoflurane (n=1); intraoperative
bleeding and decision to use fluid warmer (n=3).

One study (Schmied 1996) indicated an intention to treat analysis.

Comparabilities for the baseline core temperatures (Figure 1) and the volume of infused fluids

(Figure 2) are shown below.

Figure 1: Baseline core temperature

Review: IPH Fluic wearming

Cotmparisan: 09 Warmed fluids vs no watmingRT fids
Outcome: 01 Core tempersture- baseline
Shudy Treatment control WD (fixed) Weight WD (fixed)
or sub-category M Mean (500 M Mean (S0 95% C1 kS 95% C1
01 Baseline core temperature-GA,
Camus 1996 2 37.004{0.30) s 36.3060.30} T 2.97 0.10 [-0.1%, 0.38]
Cooper 1934 7 36.37(0.10} 7 36.01¢0.23} - 6.62 0.36 [D.17, 0.55]
Hazankhani 2005 20 37.031(0.18) 30 37.03(0.20) [ ] z7.zo Q.00 [-0.0%, 0.02]
Jafte 2001 z3 36.88(0.33) 27 36.78(0.38) = E.82 Q.10 [-0.10, 0.30]
Kelly 2000 1z 36.10(0.13) 1z 36.40(0.10} = Z6.54 -0.30 [-0.39, -0_Z1]
Kurz 1985 ) 37.3000.40) 35 37.2060.40) = -1 0.10 [-0.08, 0.28]
patel 1996 24 37.00{0.43) 43 37.20060.10} - £.72 -0.20 [-0.40, 0.00]
Patel 1987 1e 36.60(0.40) 13 36.300(0.44) - Z.98 -0.30 [-0.88, -0.02]
Schmigd 1996 =0 36.80{0.30) 30 36.3040.70} - 3.08 -0.10 [-0.37, 0.17]
St 1998 18 37.00(0. 40} 20 36.88(0.56] o= z.az 0.12 [-0.19, 0.43]
Smith 1895k 20 36.60(0.55) 28 36.80(0.51) - Z.98 -0.20 [-0.48, 0.08]
Steinbrook 1997 3 36.50{0.43) s 36.2060.50) -1 0.48 0.30 [-0.41, 1.01]
Zhao 2005 zo 36.50(0.30) 20 36.50¢0.30} * 661 0.00 [-0.19, 0.19]
02 Baseline core temperature- Epidural-General
Steinbrook 1997 5 36.50(0.45) 4 36.20(0.40} - 100,00 0.30 [-0.26, 0.88]
4 2 [i] ] 4
Fawours cortrol  Fawours treatment
Review: IPH Fluidd seearming
Comparison: 09 'Warmed fluids vs no warmingRT fluids
Outcome: 04 Baszeline CT
Stuchy SE (fixed) eight SE (fixed)
o sub-category SE(SE) 95% Cl % 95% Cl
Motamed 1995 0.2000 (0.1940) —E— 100.00 0.20 [-0.18, 0.58]
Total (35% CN =i 100,00 0.2z0 [-0.18, 0.E58]

Test for heterogeneity: not applicable
Test for overall effect: £ =1.03 (P =030)

-1 -0.5 1] 0.5 1
Favours usual care  Favours F2W+fluids

In one study (Ellis-Stoll 1996), baseline core temperatures were extracted from a graph, but
standard deviations were not provided; therefore, it is not included in Figure 1. In one study
(Muth 1996), baseline core temperatures were reported at the beginning of surgery. The core
temperature was above 35.5°C for both groups and there was no significant difference. We

note that baseline core temperature was measured at the sublingual site in study.

Baseline core temperature was not stated in the remaining studies.

The following studies had significant differences in baseline core temperature:
e 0.36°C higher for the actively warmed group (Cooper 1996);
e 0.30°C higher in the control group (Kelly 2000);

e 0.20°C higher for the active warming device 2 (countercurrent water heat exchange)
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(Patel 1996);
e 0.30°C higher for the forced air warming group (Patel 1997).

Results for these studies will be considered only if the baseline difference is less than 20% of

the effect size.

Figure 2: Differences in the volume of infused fluids

Reviewy: IPH Fluicd wearming

Comparison; 09 Warmed fluids vs no wearming/RT fluids

Outcame: 02 Fluicts-hazeline

Shudy Treatment Control WD (fixed) Weight WD (fixed)

or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl

01 Fluicks- GA

Camus 1996 L] 3.30(0.90} 9 3.60(0.90) —s 064 -0.30 [-1.13, 0.53]
Dryer 1986 2z 8.40i4.40) ] £.400(4.00] _—— 0.04 0.00 [-3.33, 2.33]
Hasankhani 2005 =0 0.92{0.12) 30 0.38{0.17) = 79.48 -0.06 [-0.1%, 0.01]
Jatte 2001 29 17.60(1.01) z7 17.33(1.23} - 1.26 0.27 [-0.32, 0.86]
Kelly 2000 1z 11.80{11.00) 1z 11.70410.70) 4 > 0.01 0.10 [-&.58, 2.78]
Kurz 1996 3 3.50{0.30) 35 3.401(1.00} - Z.33 0.10 [-0.34, 0.54]
Moore 1996 13 1.27(0.83) 16 1.48(0.92) —=— 1.08 -0.Z1 [-0.85, 0.43]
Muth 1996 43 1.78{0. 60} 43 1.38010.73) - 3.21 -0.0Z [-0.33, 0.35]
patel 1996 z4 3.87(Z.50) zs 2.60¢1.50) —_— 0.33 1.27 [0.11, 2Z.43]
Patel 1987 1e 2.e0il.20) 13 2.30(1.30} —_ 0.64 0.30 [-0.53, 1.13]
Schmigd 1996 =0 2.80{0. 50} 30 Z.301{0.560) - E.64 -0.40 [-0.68, -0.1Z2]
St 1998 18 1.27(0.42) il 1.39¢0.98) —= 1.98 -0.12 [-0.59, 0.35]
Smith 1895k 20 2.87i1.70) 28 1.77(1.29) —— 0.7z 1.20 [0.42, 1.238)
Steinbrook 1997 3 3.8041.22) s Z.601(1. 20} o e— o.z28 Q.20 [-0.35, Z.15]
Zhao 2005 zo 2.14(0.65) il 2.25¢0.74) —=— z.a37 -0.11 [-0.54, 0.32]
02 Fluicks - Epichural-GA

Motamed 1993 15 4.43i(1.77) 15 F.174(2.59) o Eg. 52 1.26 [-D.33, Z.85]
Steinbrook 1997 £ 4.30{1.57) 4 4.301(1. 20} — 43.48 -0.80 [-2.31, 1.31]

4 2 0 2 4
Fawours cortrol - Favours treatment

NB: Scale -4 to 4

In three studies the volume of infused fluids was significantly different:

e 1.27 litres (on 2.60 litres) higher in active warming device 1 group (countercurrent water
heat exchange fluid warmer) (Patel 1996);

e 0.40 litres (on 2.50 litres) higher in the control group (Schmied 1996);

e 1.20 litres (on 2.97 litres) higher in the actively warmed group (Smith 1998b).

The volume of infused fluids was not stated in four studies (Cooper 1994; Ellis-Stoll 1996;
Monga 1996; Pit 1996).

In one study (Motamed 1998), the body weight was significantly higher in the control group
and in one study (Patel 1996) the mean age was significantly higher in group 1

(countercurrent water heat exchange fluid warmer) group.

Summary

Overall, one study was considered to be at higher risk of bias (Muth 1996), which had an
inadequate method of allocation concealment. Six other studies were treated with caution, four
because of differences in baseline core temperatures (Cooper 1996, Kelly 2000, Patel 1996,
Patel 1997), and three studies had differences in the volume of fluid infused (Patel 1996,
Schmied 1996; Smith 1998b). All of these studies were considered in sensitivity analyses, and
the studies with baseline differences were not included in the analyses unless the outcome

had an effect size at least 5 times that of the baseline difference.
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Interventions

I. Intravenous fluid warming

A. Active fluid warming versus no fluid warming (room temperature fluids)

i. Active fluid warming versus no fluid warming (room temperature fluids)

Warmed IV fluids versus room temperature 1V fluids (Cooper 1994);

Warmed IV fluids (set point 42°C) versus room temperature fluids (Smith 1998);
Warmed IV fluids (flow rates and set point temperature at 3 settings) versus room
temperature IV fluids (Hasankhani 2005);

Warmed IV fluids (37°C) versus room temperature 1V fluids (21°C) plus prewarmed
blood products (37°C) (Muth 1996)

ii. Active fluid warming versus room temperature fluids (with active patient warming

in both groups)

Actively warmed IV fluids (37°C) versus room temperature IV fluids plus electric blanket
(40°C) in both groups (Camus 1996)
Actively warmed IV fluids (38°C to 39°C) versus room temperature 1V fluids plus forced

air warming (48.9°C) in both groups (Camus 1996).

B. Active fluid warming 1 versus active fluid warming 2

i. Active fluid warming type 1 versus active fluid warming 2

Dry heat exchange fluid warmer versus concurrent water heat exchange fluid warmer
(Patel 1997).

ii. Active fluid warming type 1 versus active fluid warming 2 (with active patient

warming in both groups)

Warmed IV fluid versus pre-warmed IV fluid (Ellis-Stoll 1996) + warmed blanket (upper
body) in both groups.

C. Active patient warming + active fluid warming versus usual care

Upper body forced air warming (40°C) + actively warmed IV solutions (37°C) versus
routine thermal care (Kurz 1995);

Lower body forced air warming (42 to 43°C) + actively warmed IV solutions including
blood (39°C) versus cotton sheet (Zhao 2005);

Upper body forced air warming(high) + warmed IV fluids (37°C) versus usual care
(Schmied 1996);

Forced air warming (set to maintain core temperature near 37°C )+ actively warmed IV
solutions (37°C) versus routine thermal care (Steinbrook 1997) (general; epidural-

general anaesthesia);
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e Upper body forced air warming + actively warmed IV fluids (37°C) versus usual care

(Motamed 1998) (epidural-general anaesthesia).

II. Irrigation fluid warming
A. Irrigation fluid warming versus no warming (room temperature fluids)
i. Passive fluid warming versus no warming (room temperature fluids)
e Pre-warmed saline irrigation fluid (40°C) versus room temperature saline irrigation fluid
(Kelly 2000);
e Pre-warmed glycine irrigation fluid (37°C) versus room temperature glycine irrigation
fluid (Dyer 1986).

ii. Active fluid warming versus no warming (room temperature fluids)

e Actively warmed irrigation fluid (>36.8°C) versus room temperature irrigation fluid (Pit
1996)

iii. Active or passive fluid warming versus no warming (room temperature fluids)
o Actively warmed irrigation fluid (37°C) or passively warmed (incubator) fluid (35°C)

versus room temperature irrigation fluid (Monga 1996).

iv. Active fluid warming versus room temperature fluids (with active patient warming

in both groups)

e Warmed irrigation fluid (33.1°C) versus room temperature irrigation fluid plus warmed
blanket in both groups (Jaffe 2001);

e Warmed irrigation fluid (39°C) versus ambient temperature irrigation fluid (20 to 22°C)

plus heating blanket in both groups (Moore 1996).

Ill. Other comparisons
A. Thermal insulation + Passive fluid warming versus usual care

o Reflective blankets plus passively warmed fluids (37°C) versus usual care

B. Thermal insulation + active fluid warming versus active patient warming
e Aluminium (Thermadrape) blankets, head covers & leggings plus actively warmed IV
fluids (42°C) versus Forced air warming plus room temperature |V fluids (Patel 1997)
0 This comparison changes two variables at once (FAW /thermal insulation and

temperature of IV fluids).

Primary outcomes
Four studies (Muth 1996; Patel 1997; Smith 1998; Smith 1998b) recorded the number of
patients with IPH, but most measured the core temperature at different times. For this

outcome, an increase of 0.5°C over the control group temperature was considered to be
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clinically significant for a control group temperature above 36°C and a difference of 0.25°C

was considered to be clinically significant for control group temperatures below 36°C.

Core temperature was measured:

e During the intraoperative period (Cooper 1994; Kurz 1995; Camus 1996; Ellis-Stoll 1996;
Patel 1997; Motamed 1998; Smith 1998; Smith 1998b; Jaffe 2001; Hasankhani 2005;
Zhao 2005);

e In PACU (Kurz 1995; Patel 1997; Steinbrook 1997; Smith 1998; Smith 1998b; Kelly 2000).

Other outcomes were:

e Shivering (Cooper 1994; Camus 1996; Patel 1997; Steinbrook 1997; Motamed 1998;
Smith 1998; Smith 1998b; Hasankhani 2005; Zhao 2005);

e Blood loss (Schmied 1996; Zhao 2005);
e Thermal comfort (Kurz 1995);

e Extubation time (Zhao 2005);

e Thermal discomfort (Pit 1996);

e Pain (Kurz 1995; Motamed 1998).

Core temperature was measured at the following sites:

e Tympanic (Kurz 1995; Camus 1996; Ellis-Stoll 1996; Moore 1996; Patel 1996; Schmeid
1996; Patel 1997; Steinbrook 1997 (PACU); Motamed 1998; Smith 1998; Kelly 2000; Jaffe
2001; Zhao 2005);

e Oesophageal (Cooper 1994; Steinbrook 1997 (intraoperative); Hasankhani 2005; Moore
1996; Smith 1998b*);

e Rectal (Pit 1996);

e Sublingual (Dyer 1986; Monga 1996).

* Core temperature was measured at the sublingual site for the pre and postoperative

periods.

RESULTS
The GDG originally decided to stratify only by presence/absence of comorbidities, trauma, and
hyperthermia. Perioperative phases were also to be considered separately, as were

intravenous and irrigation fluids.

However, a post-hoc decision was made to stratify by type of anaesthesia (general; regional;
combined), as these were expected to have different mechanisms of action. The GDG also
decided to combine active and passive forms of irrigation fluid warming because there was

likely to be rapid delivery of these fluids.
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Initially, the GDG decided to combine all comparisons of active fluid warming versus usual

care, regardless of the presence of other active patient interventions.

I. Intravenous fluid warming

A. Active fluid warming versus no fluid warming (room temperature fluids)

Al. General anaesthesia

Five studies (Cooper 1994; Camus 1996; Smith 1998; Smith 1998b; Hasankhani 2005)
compared the effectiveness of active IV fluid warming versus room temperature IV fluids. In
one study (Camus 1996) patients in both arms received electric blanket set at 40°C and in one
study (Smith 1998b) patients in both arms received forced air warming set at high setting
(48.9°C) (Figure 3).

In four studies, patients underwent general anaesthesia (Camus 1996; Smith 1998; Smith
1998b; Hasankhani 2005) and type of anaesthesia was not stated in one study (Cooper
1994).

One study utilised a dry fluid warmer (Hasankhani 2005), three studies used a concurrent
water heat exchange technique (Camus 1996; Smith 1998; Smith 1998b). One study did not
state the type of fluid warmer (Cooper 1994). The temperature at which fluids were infused
varied. Fluid warmers were set at the following temperatures: 37.5°C (Cooper 1994); 38 to
39°C (Smith 1998); 39.5°C (Hansankhani 2005); 40°C (Camus 1996); 42°C (Smith 1998b).

The volume of infused fluids was as follows (for the active warmed fluid and the room
temperature groups respectively):

e 3.3 litre (SD 0.9) versus 3.6 litre (SD 0.9) (Camus 1996);

e 1.27 litre (SD 0.42) versus 1.39 litre (SD 0.98) (Smith 1998);

o 2.97 litre (SD 1.7) versus 1.77 litre (SD 1.39) (Smith 1998b);

0. 918 litre (SD 0.12) versus 0.984 litre (SD 0.17) (Hasankhani 2005).

The volume of infused fluids was not stated in one study (Cooper 1996).

Flow rates of infused fluids were as follows (in some cases these were calculated from the
mean weight and flow rate):

e 8 to 10ml/kg/h (Camus 1996);

e 11 to 20ml/kg/h (Smith 1998);

e 6 to 11mg/kg/h (Hasankhani 2005).

In two studies (Cooper 1994; Smith 1998b) the flow rates were not stated.
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The type of IV fluids varied. In one study patients received sterile 1.5% glycine solution

(Cooper 1994); Ringer’s solution (Hasankhani 2005) and not stated in the remaining studies.

In one study (Cooper 1994) we note that there is a baseline difference in core temperature
(0.36°C higher in the group assigned to active fluid warming). Results from this study will be

considered only if the baseline difference is less than 20% of the effect size.

We note that in one study (Cooper 1994) it was unclear whether the error bars represented
standard deviations or standard error means. The study provided the p value (p=0.05) for the
change in temperature for the warmed group from baseline to 20 minutes. We extracted the
mean temperature from the graph at baseline and at 20 minutes (p=.02) which confirmed that

the error bars represented the standard deviations.

We note that in one study (Hasankhani 2005) in which data were extracted from graph the
authors stated that the error bars denote standard deviations and the difference was
statistically significant at p<0.05. However, the p values we obtained were much different
(p<0.0001). As the reliability of the graph was questionable, we opted to use the standard
deviation (0.50) reported in the text for the final core temperature for all intraoperative

temperature measurements. This assumption will be explored in a sensitivity analysis.

Results for Muth (1996) were considered in sensitivity analyse because the method of

randomisation was inadequate.

1. Incidence of hypothermia at the end of surgery

Three studies (Muth 1996; Smith 1998; Smith 1998b) with patients reported the number of
patients with a core temperature less than 35.5°C (Muth 1996; Smith 1998) or less than 36°C
(Smith 1998b) at the end of surgery. The results for Smith (1998b) are not included as
warming was ceased for n=10/30 and n= 3/26 patients in the intervention and control groups,

respectively and it was unclear if these patients were included in the analysis.

The results for Muth (1996) was considered in a sensitivity analysis (inadequate method of
randomisation), The Peto odds ratio for the Muth (1996) study was similar to that for Smith
(1998) and meta-analysis of the two studies in 88 patients showed no heterogeneity (1°=0%,
p=0.91). There was a significantly smaller incidence of hypothermia for the active fluid
warming group (Peto OR 0.10 [95% CI 0.04, 0.24]). This corresponds to an NNT of 3 (95% 2,
4) for a control group rate range 35% to 64% (Figure 3).

Figure 3: Incidence of hypothermia; actively warmed IV fluids versus room temperature

IV fluids; general anaesthesia
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Review: IPH Fluicd warming

Comparizon: 01 Active fluid warming va BT fluid wwarming

Cutcome: 05 Incidence of hypothermia

Stucy Active fluids RT fluids Peto OR Wigight Peto OF

or sub-category it M 5% Cl % 5% Cl

hduth 1996 2425 les25 —— £6.78 0.0% [0.02, 0.29]
Smith 1995 0/1% TFED —. 33.22 0.1l0 [0.0Z, O.52]
Total (35% CI) 43 45 - 100.00 0.10 [0.04, 0O.24]

Total everts: 2 (Active fluids), 23 (RT fluids)
Test for heterogenety: Chif =001, df =1 (P =091),F=0%
Test for overall effect: £=492 (P < 0.00001)

om 01 1 10 100
Favours Active fluid  Favours RT fluid

NB: Scale: 0.01 to 100

2. Core temperature at various intraoperative times

At 15 minutes, meta-analysis of three studies (Smith 1998; Smith 1998b; Hasankhani 2005)
with 154 patients showed a significantly higher mean core temperature for the active fluid
warming group: WMD 0.28°C (95% CI 0.11, 0.44) for a control group range of 35.6°C to

36.5°C. This difference is clinically significant. There was no heterogeneity (Figure 4).

At 30 minutes, meta-analysis of four studies (Cooper 1994; Camus 1996; Smith 1998; Smith
1998b; Hasankhani 2005) in 186 patients showed a significantly higher mean core
temperature for the group receiving warmed fluids: WMD 0.40°C (95%CI 0.26, 0.54) for a
control group temperature range of 35.5°C to 36.25°C. This is a clinically significant
difference. There was no heterogeneity. For this duration, we excluded Cooper (1996) from
the analysis as the effect size (0.48°C) is not more than 5 times the baseline core temperature
difference (0.36°C).

At 60 minutes, meta-analysis of four studies (Camus 1996; Smith 1998; Smith 1998b;
Hasankhani 2005) with 172 patients showed a significantly higher mean core temperature for
the group receiving warmed fluids: WMD 0.38°C (95% CI 0.21, 0.54) for a control group
range 35.8°C to 36.2°C. We note that in one study (Hasankhani 2005) for this time period we
have used the final intraoperative core temperature (possibly at 60 or 70 minutes duration of

surgery) as reported in the text.

At 2 hours, meta-analysis of two studies (Camus 1996; Smith 1998b) with 74 patients, showed
a significantly higher mean core temperature for the actively warmed fluids group: WMD
0.49°C (95% CI 0.18, 0.81) for a control group temperature of 35.8°C to 35.9°C. This

difference is clinically significant. The confidence interval is fairly wide.

At 3 hours, in one study (Camus 1996) with 18 patients the mean core temperature was
significantly higher for the warming group: MD 0.72°C (95% CI 0.17, 1.27) for a control group
temperature of 35.7°C. The difference is clinically significant, but the confidence interval is

wide.
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At 4 hours, in one study (Camus 1996) with 18 patients, the mean core temperature was
significantly higher for the warming group: MD 0.86°C (95% CI 0.11, 1.61) for a control group
temperature of 35.7°C. The difference is clinically significant, but the confidence interval is

wide.

3. Core temperature at the end of surgery

Five studies (Camus 1996; Muth 1996; Smith 1998; Smith 1998b; Hasankhani 2005) reported
the core temperature at the end of surgery. The mean duration of surgery was just over 1 hour
in two studies (Smith 1998; Hasankhani 2005), over 2 hours in one study (Muth 1996) and 6
hours in the other (Camus 1996) (Figure 4).

In one study (Smith 1998b) the mean duration of surgery was significantly longer by 68
minutes (p=0.01) for the warmed group compared to the control group which is likely to be
confounding. In addition, warming was ceased at 131 minutes (n=10/30) and 165 minutes
(n=3/26) in the intervention (forced air warming and warmed fluids) and control groups (forced
air warming and room temperature fluids) respectively. It was decided not to include this
outcome for the Smith (1998b) study.

The results for Muth (1996) were considered in a sensitivity analysis (inadequate method of
randomisation). The odds ratio for the Muth (1996) study was similar to that for Camus (1996).
There was no significant heterogeneity.

Meta-analysis of the four studies (Camus 1996; Muth 1996; Smith 1998; Hasankhani 2005)
with 166 patients showed a significantly higher mean core temperature for the actively
warmed group 0.66°C (95% CI 0.50, 0.81) for a control group range of 34.2°C to 35.9°C.

There was no significant heterogeneity.

Figure 4: Core temperature — intraoperative period; actively warmed IV fluids versus

room temperature IV fluids; general anaesthesia
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Rerviewy: IPH Fluid snesrming
Comparison: 01 Active fluid vwearming vs RT fuid warming
Outcome: 09 Core temperature . intraoperative period- & va RT; Hasankhani S0 0.5
Stucky Active fluid warming RT fluic VWMD) (fixed) Weight WD [ fixedd)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl
01 CT 15 min
Hasankhani 2005 30 36.83(0.50) 30 36.51¢0.50} = 47 94 0.32 [0.07, 0.57]
Smith 1898 1z 3E.63(0.53) 20 36.4160.42) = zz.z0 0.28 [-0.03, 0.52]
Smith 199Gk =0 35.290{0.72) ze 35.63(0.47) T z7.78 Q.21 [-0.10, 0.52]
Subtotal (95% CI) 78 76 L lo0.00 0.28 [0.11, 0.44]
Test for heterogeneity: Chi*=0.29,df =2(P=037), = 0%
Test for overall effect: Z=328(P =0.001)
02 CT 30min
Camus 1996 2 3E.TL{0.43) s 36.8040.32) - 15,44 0.21 [-0.14, 0.5&]
Hasankhani 2005 30 36.71(0.50) 30 36.24(0.50] - 3149 0.47 [0.2Z2, 0.72]
Smith 1898 1z 36.41(0.40) 20 36.00(0.38) = 34.98 0.41 [0.17, D.65)
Smith 199Gk =0 36.01{0.72) ze 35.55(0.53) - 17.11 0.43 [0.03, 0.77]
Subtotal (95% CI) 87 as + lo0.00 0.40 [0.Z6, 0.54]
Test for heterogeneity: Chi* =146, df =3(P=083), * = 0%
Test for overall effect: Z=551 (P < 0.00001)
03 CT B0 min
Camus 1996 2 36.43(0.43) s 36.25(0.43) - 17.88 0.18 [-0.22, 0.58]
Hasankhani 2005 30 36.40(0.50) 30 35.90¢0.50} = 4400 0.50 [0.2Z5, 0.75]
Smith 1898 1z 36.311(0.88) 20 35.810(0.63) —= 1z.04 0.80 [0.0Z, 0.238)
Smith 1895k 20 36.08(0.72) 28 35.820(0.53) = 26,11 0.2 [-0.07, 0.52]
Sultotal (95% Cl) 87 85 + 100.00 0.38 [0.21, 0.55]
Test for heterogenety: Chi® = 2,59, df =3 (P = 0.46), F = 0%
Test for overall effect Z=4.44 (P = 0.00001)
05 CT 2 haurs
Camus 1996 2 36.3Z1(0.64) El 35.820(0.43) = 4l.61 0.80 [0.00, 1.00)
Smith 199Gk =0 36.48(0.72) ze 35.33(0.88) —= £g.33 0.45 [0.06, 0.32]
Subtotal (95% CI) 39 35 L lo0.00 0.49 [0.17, 0.82]
Test for heterogeneity: Chi* =0.00,df =1 (P=098), ? = 0%
Test for overall effect: Z=298 (P = 0.003)
08 CT 3 hours
Camus 1996 2 36.43(0.54) s 35.7160.64) - 100,00 0.72 [0.17, 1.27]
Subtotal (953 CI) a El L 100.00 0.7z [0.17, 1.27]
Test for heterogeneity: not applicakble
Test for overall effect: Z=258 (P =0.010)
07 CT 4hours
Camus 1996 2 36.57(0.98) s 35.7160.64) . 100,00 0.86 [0.11, 1.61]
Subtotal (95% Cl) ] 9 e 100,00 0.86 [0D_11, 1.61]
Test for heterogeneity: not applicakble
Test for overall effect Z=224 (P =0.03)
08 CT Final
Camus 1996 2 36.70{0.80) s 35.8040.60) — 8.04 0.30 [0.35, 1.45]
Hasankhani 2005 30 36.40(0.50) 30 35.90¢0.50} - 38.61 0.50 [0.2Z5, 0.75]
huth 1986 23 35.1010.45) ZE 34.2060.70) - 23.23 0.%0 [0.587, 1.23)
Smith 1898 1z 36.Z01(0.45) 20 35.600(0.45] - 30.11 0.60 [0.31, 0.389)
Sultotal (95% Cl) 82 84 + 100.00 0.66 [0.50, 0.81]
Test for heterogenety: Chi* =450, df =3(P=0.21), F = 33.3%
Test for overall effect Z=817 (P = 0.00001)
4 2 i 2 4

Favours RT fluid  Favours Active fluid

NB: Scale -4 to 4

A sensitivity analysis was conducted to examine the assumption that for Hasankhani (2005)
the standard deviation for the end of surgery could be used at 15 and 30 minutes; Hasankhani
(2005) has been excluded in the forest plot (Figure 4b)

At 15 minutes, in the remaining two studies (Smith 1998; Smith 1998b) with 99 patients the
mean core temperature was significantly higher for the warmed group: MD 0.24°C (95% CI
0.03, 0.46) for a control group temperature range 35.6°C to 36.5°C, which is similar to the
meta-analysis including Hasankhani 2005 (0.28°C (95% CI 0.11, 0.44).

At 30 minutes, for a meta-analysis of three studies (Camus 1996; Smith 1998; Smith 1998)
with 117 patients the mean difference was significantly higher for the group receiving actively
warmed fluids (0.37°C [95% CI 0.20, 0.54]) for a control group range 35.5°C to 36.5°C. This
was similar to the meta-analysis that included Hasankhani (WMD 0.40°C [95%CI 0.26, 0.54]).

At 60 minutes, meta-analysis of three studies (Camus 1996; Smith 1998; Smith 1998b) with
117 patients gave a borderline significant difference, favouring fluid warming: WMD 0.29°C
(95% C10.06, 0.51) for a control group temperature range 35.8°C to 36.2°C. This is fairly
similar to the meta-analysis including Hasankhani 2005 (0.38°C [95% CI 0.21, 0.54]).
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Figure 4b: Core temperature —intraoperative period; actively warmed IV fluids versus

room temperature IV fluids; general anaesthesia; sensitivity analysis

Review: IPH Fluic wearming
Cotmparisan: 01 Active fhiid wearming vs RT fluid warming
Outcome: 10 Core tempersture | intraoperstive period- & vs RT, sensitivity analysis; Hasankhani excluded
Shucy Active fluid warming RT fluict VD (fixed) Weight WD (fixed)
or sub-category ] Mean (500 M Mean (5D) 95% Cl % a5% Cl
01 CT 15 min
Smith 1898 1z 3E.63(0.53) 20 36.4160.42) — El.38 0.28 [-0.03, 0.52]
Smith 199Gk =0 35.290{0.72) ze 35.63(0.47) o 48,65 Q.21 [-0.10, 0.52]
Subtotal (953 CI) ag 46 =i 100.00 0.25 [0.03, 0.47]
Test for heterogeneity: Chi =010, df =1 (P=075), = 0%
Test for overall effect: Z=220(P =0.03)
02 CT 30min
Camus 1996 2 3E.TL{0.43) s 36.8040.32) —_ z4.00 0.21 [-0.14, 0.5&]
St 1998 18 36.41(0.40) il 36.00¢0.35) —a— 51.02 0.41 [0.17, 0.65]
Smith 1895k 20 36.01(0.72) 28 35.58(0.59) — 24.98 0.43 [0.0%, 0.77)
Sultotal (95% Cl) 57 55 - 100.00 0.37 [0.20, 0.54]
Test for heterogenetty: Chi* =1.02, df =2 (P = 060), 7 = 0%
Test for overall etfect Z=419(P = 0.0001)
03 CT 60 min
Camus 1996 L] 36.43(0.43) 9 36.25(0.43] —_— 31.87 0.18 [-0.22, 0.58]
Smith 1898 1z 36.311(0.88) 20 35.810(0.63) 2l.4% 0.80 [0.0Z, 0.238)
Smith 199Gk =0 36.08{0.72) ze 35.8240.53) -— 45,63 0.26 [-0.07, 0.53]
Subtotal (953 CI) 57 55 . 100.00 0.29 [0.06, 0.51]
Test for heterogeneity: Chi*=1.05,df =2(P=059), ? = 0%
Test for overall effect Z=250(P =0.01)
-1 -05 a as 1

Fawours RT fluid  Fawours Active fluid

Comparing the mean differences at 15, 30 and 60 minutes in Figure 4a with Figure 4b
(sensitivity analysis) it was agreed that excluding Hasankhani (2005) was not justified as the

mean difference did not change sufficiently.

4. Number of patients requiring cessation of warming intraoperatively

One study (Smith 1998b) with 56 patients reported the percentage of patients who required
cessation of forced air warming in the intraoperative period. There was no significant
difference between warmed and unwarmed fluids, but the confidence interval is wide (Figure
5). Cessation of warming was required after 131 minutes (SD 22) and 165 minutes (SD 40) for
the intervention (forced air warming and fluids) and the control (forced air warming) groups

respectively.

Figure 5: Cessation of warming; actively warmed IV fluids versus room temperature IV

fluids; general anaesthesia

Review: IPH Fluid wearming

Comparizon: 01 Active fluid wearming va RT fluid wwarming

Cutcome: 16 Ceszszation of warming

Sty Warming Usual Control RR (fixed) Wigight RR (fixed)

ar sub-category it nt 95% Cl % 5% Cl
Smith 1998k los20 3728 — 100.00 2.9 [0.89, 9.339]
Totsl (35% CI a0 26 romtifiine-- 100.00 289 [0D.89, 9 39]

Total everts: 10 0Aarming), 3 (Usual Contral)
Test for heterogeneity: not applicable
Test for overall effect: Z=176 (P =0.08)

oo 01 1 10 100

Favours usual care  Favours active warm

NB: Scale 0.01 to 100

5. Core temperature in PACU
One study (Smith 1998) with 38 patients recorded the core temperature in PACU (on arrival,

and at 30 and 60 minutes). Only the results for core temperature at entry into PACU are
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presented because six patients (2 in the warmed group; 4 in the usual care group) with
shivering or core temperature less than 35.5°C were treated with radiant heat during their stay
in PACU.

There was a significantly higher mean core temperature for the active fluid warming group:
MD 0.60°C (95% CI 0. 32, 0.88) for a control group temperature of 35.7°C (Figure 6). The

confidence interval is fairly wide.

Figure 6: Core temperature — PACU; actively warmed IV fluids versus room temperature

IV fluids; general anaesthesia

Review: IPH Fluic wearming
Cotmparisan: 01 Active fhiid wearming vs RT fluid warming
COutcame: 08 Core tempreature- PACL

Shudy Active fluid warming RT fluict WD (fixed) Weight WD (fixed)
or sub-category M Mean (500 M Mean (S0 95% C1 kS 95% C1
01 Entry into PACU
Smith 1995 1z 36.30{0.42) z0 35.7040.45) 100,00 0.60 [0.32, 0.38)]
Subtotal (95% Cl) 18 z0 saiiiee- 100.00 080 [D.32, 0.88]
Test for heterogeneity: not applicakble
Test for overall effect: Z=4.25(P = 0.0001)
Total (35% CI) 18 z0 ~sgliiges- 100,00 0.60 [0.32, 0.88]
Test for heterogenety: not applicable
Test for overall effect Z=4.25(P = 0.0001)
-1 -0.5 o 05 1
Favours RT fluid  Favours Active fluid
6. Shivering

Five studies reported on shivering (Cooper 1994; Camus 1996; Smith 1998; Smith 1998b
Hasankhani 2005). One study (Cooper 1994) did not provide details on how shivering was

assessed.

Methods of assessing shivering varied between the remaining three studies. In one study
(Camus 1996) shivering was assessed at 5 minute intervals in recovery by an observer
blinded to treatment. Shivering was classified as absent, mild (detected by
electrocardiographic artefacts) or severe (clinically obvious). The GDG decided that shivering
evaluated with ECG artefacts was not an appropriate method of assessment, because other
involuntary movements (e.g. in those with Parkinson’s disease) may be recorded. Therefore

the incidence of mild shivering was not considered for this study.

In two studies (Smith 1998; Smith 1998b) shivering was scored as mild if it did not interfere
with monitoring and classified as severe if IV meperidine treatment was required. Results were
dichotomised to either presence (mild or severe) or absence of shivering. Severity of shivering

was assessed on arrival by a PACU nurse blinded to the treatment.

In one study (Hasankhani 2005) shivering was graded on a 5 point scale (0 = No shivering; 1
= Fasciculation of face and lips; 2 = Fasciculation of face and neck; 3 = Visible tremor
involving more than one muscle group; 4 = Gross muscular activity involving the entire body).

The results were dichotomised to either presence or absence of shivering. Shivering was
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assessed every 10 minutes after arrival in the recovery room by an assessor blinded to the

treatment group.

Meta-analysis of five studies (Cooper 1994; Camus 1996; Smith 1998; Smith 1998b;
Hasankhani 2005) with 186 patients showed the incidence of shivering was significantly lower
in the warmed group. The confidence interval is fairly wide (Peto OR 0.33 [95% CI 0.16, 0.68]
for a control group range 4% to 70%). This corresponded to an NNT of 6 (95% CI 4, 15).

There was no heterogeneity (Figure 7).

Figure 7: Shivering; Active IV fluid warming versus room temperature IV fluid; general

anaesthesia

Review: IPH Fluid wwarming

Comparizon: 01 Active fluid warming ve BT fluid wwarming

Cutcome: 07 Incidence of shivering

Sty Active fluids RT fluids Peto OR Wizight Peto OR

or sub-category M n 95% Cl 3 5% Cl
Catmus 1996 /2 4,3 —_—— 1z. &0 0.z1 [0.023, 1.5E]
Cooper 1994 047 zs7 — 5.08 0.11 [0.01, Z.05]
Hasankhani 2005 11720 E1/520 —— Eo.oz 0.7 [0.10, 0.73]
Smith 1998 4/18 &/Z0 —— 24.86 0.e8 [0.15, Z.82]
Smith 1996k 1/30 1726 ey S— 6,44 0.86 [D.05, 14.27]
Total (95% I 94 9z - loo. oo 0.33 [0.15, 0.68]
Total events: 17 (Active fluids), 34 (RT fluids)

Test for heterogeneity: Chif = 2.31 df = 4 (P =068), P =0%

Test for overall effect: £=302 (P = 0.003)

oo o1 1 10 100

Favours Active fluid  Favours RT fluid

NB: Scale 0.001 to 100

B. Active fluid warming 1 versus active fluid warming 2
B1. General anaesthesia

Two studies (Patel 1996; Ellis-Stoll 1996) compared two active IV fluid warming mechanisms.

One study (Patel 1996) with 49 patients undergoing orthopaedic or gynaecological surgery
under general anaesthesia compared the effectiveness of countercurrent water heat exchange

fluid warmer (group 1) with a dry heat exchange fluid warmer (group 2).

The groups were not comparable on the following:

e Baseline core temperature (0.20°C higher in group 2; p=0.05);
e Volume of infused fluids (1.27 litre more in group 1; p=0.03);

e Age (mean difference: 11 years higher in group 1; p=0.03).

This study was not considered for further analysis.
One study (Ellis-Stoll 1996) with 50 patients compared the effectiveness of continuously

warmed |V fluids versus prewarmed IV fluids; patients in both arms received a prewarmed

blanket. The study did not report the volume of infused fluids.
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The study reported the core temperature but not standard deviations or p values. The core
temperatures during the intraoperative period for the treatment and control groups were as
follows:

e Baseline: 36.8°C versus 36.7°C;

e 30 minutes: 36.1°C versus 36.1°C;

e 60 minutes: 35.9°C versus 35.8°C;

e 120 minutes: 35.4°C versus 35.5°C;

e Final intraoperative (170 minutes): 36.6°C versus 36.8°C;

e Lowest intraoperative (110 versus 120 minutes): 35.6°C versus 35.5°C.

The authors performed an analysis of covariance of mean temperatures and reported that
there were no statistically significant differences in the mean intraoperative or postoperative

temperatures.

C. Active patient warming plus active fluid warming versus usual care
Five studies (Kurz 1995; Schmied 1996; Zhao 2005; Steinbrook 1997; Motamed 1998)
compared the combined effects of active patient and fluid warming in comparison to routine

care (unwarmed fluids).

In three studies (Kurz 1995; Schmied 1996; Zhao 2005), patients underwent general
anaesthesia. Results for these studies were presented separately from studies in which
patients underwent regional anaesthesia (Motamed 1998). In Steinbrook (1997), in addition to
randomisation to warming mechanisms, patients were further randomised to receive either
combined epidural and general anaesthesia or general anaesthesia. Results for the general
anaesthesia group were combined with the other three studies (Kurz 1995; Schmied 1996;
Zhao 2005) where appropriate. Results for the combined anaesthesia (epidural-general)

patients were presented separately.

Volume of fluids infused for the warmed group and the usual care group, respectively were as
follows:
e 3.5(SD 0.9) versus 3.4 (1.0) litre (Kurz 1995);
e 2.14 (0.65) versus 2.25 (0.74) litre (Zhao 2005);
e 2.5(0.5) versus 2.9 (0.6) litre (Schmied 1996);
3.5 (1.22) versus 2.6 (1.2) litre (Steinbrook 1997; general anaesthesia);
e 4.8 (1.2)versus 4.3 (1.57) litre (Steinbrook 1997; combined anaesthesia);
4.4 (0.46) versus 5.2(0.67) litre (Motamed 1998) (volume of fluids infused during surgery

and recovery) (combined anaesthesia).

Flow rates were stated in three studies (Kurz 1995; Schmeid 1996; Motamed 1998).
e 10 to 15ml/kg/h (Kurz 1995);
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e 10ml/kg/h (Schmied 1995);
e 6 to 8ml/kg/h (Motamed 1998).

In one study (Motamed 1998) patients received 0.9% NaCl.

Results are reported at each of the following time periods: 30, 60, 120, 180 minutes; time
when lowest intraoperative temperature was reached; and core temperature at the end of
surgery. The incidence of shivering is also reported for two studies (Steinbrook 1997; Zhao
2005).

C1. General anaesthesia

1. Core temperature: intraoperative period

Three studies (Kurz 1995; Schmied 1996; Zhao 2005) compared forced air warming plus fluid
warming with usual care. In one study (Zhao 2005) blood was warmed as well in the

intervention arm (Figure 8), which may have increased the effect size.

At 60 minutes, meta-analysis of two studies (Kurz 1995; Zhao 2005) with 114 patients showed
significantly higher mean core temperatures for the warmed group: WMD 0.41°C (95% CI
0.26, 0.57) for a control group temperature 35.6°C. This is clinically significant. There was

significant heterogeneity (I2=62.6%; p=0.02).

At 2 hours, meta-analysis of two studies (Kurz 1995; Zhao 2005) showed significantly higher
mean core temperatures for the warmed group: WMD 1.12°C (95% CI 0.94, 1.30) for a control
group temperature range of 34.9°C to 35.47°C. This is clinically significant. There was

significant heterogeneity (I2=80.3%; p=0.02).

At 3 hours, one study (Kurz 1995) with 74 patients reported core temperature. The mean core
temperature was significantly higher for the warmed group at 2.04°C (95% CI 1.85, 2.23) for a

control group temperature of 34.5°C.

The observed heterogeneity at 60 minutes and 2 hours was considered by the proposed
factors for subgroup analyses. We also note that the Zhao (2005) study had warmed blood in

the intervention group only, but it is unclear when the blood was given.

In both studies (Kurz 1995; Zhao 2005) patients underwent elective surgery, the mean age of
the patients was less than 60 years, and duration of surgery was over 3 hours. Information on
BMI status was not available in either study. The studies differed on ASA status, with Kurz

(1995) including I-11l status patients. There were 4/74 patients with ASA 11l status.

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 371 of 536



© 00 N o O b WDN P

W W WNDNNMNNRNRNNMNNNMNNERERERRREREERERPR P PP
N P O © W ~No U0 WNEP O OWO®WMNOOOOD™~WDNLEPREO

DRAFT FOR CONSULTATION

In terms of factors specific to warming devices (setting and site of warming), in each study the
setting on the forced air warming was ‘high’. The setting was approximately 40°C in one study
(Kurz 1995). In one study (Zhao 2005) setting was at high level (42 to 43°C) and switched to
medium (41 to 42°C) if core temperature was above 37.8°C. We note that the mean core
temperature was below 36.0°C throughout the entire intraoperative period for the control
groups in both studies, but dropped to 34.5°C at 3 hours in the Kurz (1995) study.

In Kurz (1995) the site of forced air warming was restricted to the upper body and the lower
body in Zhao (2005).

It was thus difficult to account for the observed heterogeneity, but we note that the two studies

are each statistically significant, with higher mean temperatures for the warmed groups.

2. Core temperature: end of surgery

Core temperature at the end of surgery was reported in three studies (Kurz 1995; Schmied
1996; Zhao 2005) with 174 patients. Duration of surgery was less than 3 hours in one study
(Schmied 1996) and over 3 hours in two other studies (Kurz 1995; Zhao 2005). Meta-analysis
of the three studies showed significant heterogeneity (1°=98.1%; p<0.00001). Each study was

statistically significant (Figure 8).

3. Lowest intraoperative core temperature

The lowest intraoperative temperature was reported in two studies (Kurz 1995; Zhao 2005)
with 114 patients. In Kurz (1995), the lowest temperature was recorded at 1 hour and 3 hours
for the treatment and control groups respectively. In Zhao (2005), the lowest temperature was

recorded at 40 minutes and 2.6 hours for the treatment and control groups respectively.

Meta-analysis of the two studies showed a statistically significant mean difference: WMD
1.18°C (95% CI 1.02, 1.34) for a control group temperature of 34.5 to 35.2°C. There was
significant heterogeneity (I2=72.5%; p<0.06).

Figure 8: Core temperature: intraoperative period; active patient warming 1 + active

fluid warming versus usual care; general anaesthesia
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Rerviewy: IPH Fluid snesrming
Comparison: 03 Active patient vwarming + Active fluid warming vs Usual care
COutcome: 01 Farced air wearming + actively wartned iv solutions vs usual care
Studly FAWY + Active IV Usual care YUMD (fixed) Weight WD (fixed)
or sub-category 10 Mean (SD) M Mean (S0 95% Cl k- 95% Cl
01 CT-60 min
Kurz 1995 3 35.86{0.41) 35 35.6140.43) = E7.71 0.25 [0.04, 0.48]
Zhao 2005 zo 36.32(0.32) il 35.68(0.45] = 4z 29 0.64 [0.40, 0.88]
Subtotal (95% CI) ) 55 + 100,00 0.41 [0.26, 0.57]
Test for heterogenety: Chi* = 5.76, df =1 (P = 0.02), I* = 82.6%
Test for overall etfect: =517 (P = 0.00001)
02 CT- 2 haurs
Kurz 1935 39 36.27(0.57) 3s 34.96(0.49] = 54.08 1.31 [1.07, 1.55]
Zhao 2005 zo 3E.37(0.37) 20 35.470(0.47) 4% 45.32 0.20 [0.&4, 1.18)
Sultotal (95% Cl) 59 55 + 100.00 1.1z [0.94, 1.30]
Test for heterogenety: Chi® = 508, df =1 (P =0.02), F = 80.3%
Test for overall effect: Z=1238 (P = 0.00001)
03 CT- 3hours
Kurz 1985 ) 3E.53(0.33) 35 34.550(0.42) | 100,00 2.04 [l.85, 2.23)
Sultotal (95% Cl) 39 35 + 100.00 2.04 [1.85, 2.23]
Test for heterogenety: not applicable
Test for overall effect: Z=2076 (P = 0.00001)
04 CT- Endd of surgery
Kurz 1996 39 37.00(0.30} 3s 34.40(0.40} = 5438 z.60 [2.44, Z.76]
Schmied 1998 20 36.60(0.40) 30 35.0060.50) = 27.37 1.80 [1.37, 1.383)
Zhao 2005 zo 36.40{0.40) z0 35.3040.50) - 1z.28 1.10 [0.82, 1.38]
Subtotal (95% CI) 89 as + lo0.00 z.05 [1.93, 2.17]
Test for heterogeneity: Chi* = 102.81, df = 2 (P = 0.00001), # = 85.1%
Test for overall effect: Z=33.56 (P < 0.00001)
05 Lowvest intraoper stive temperature
Kurz 1995 3 35.86{0.41) 35 34.55(0.43) - £7.72 1.31 [1.10, 1.52)
Zhao 2005 zo 36.26(0.29) il 35.26(0.47) = 4z 78 1.00 [0.76, 1.24]
Subtotal (95% CI) ) 55 + 100,00 1.18 [l.02, 1.34]
Test for heterogenety: Chi* = 3.64, df =1 (P = 0.06), 17 = 72.5%
Test for overall effect: 7 =14 65 (P = 0.00001)
4 2 [i] ] 4

Favours Usual care  Favaurs FAW + 1|

NB: Scale -4 to 4

Intraoperative complications

4. Blood loss: intraoperative period

Two studies (Schmied 1996; Zhao 2005) reported intraoperative blood loss. Meta-analysis of
the two studies showed significant heterogeneity (I2= 90.2%, p= 0.001). Each study was
statistically significant, but in different directions. The volume of blood loss (0.22 litre) was
significantly higher in the actively warmed group in Zhao (2005) in 40 patients undergoing
abdominal surgery. Schmeid (2005) with 60 patients undergoing total hip arthroplasty showed
a significantly higher volume of blood loss (0.23 litre) for the unwarmed group (Figure 9). The

result for the Zhao (2005) study was unexpected.

Figure 9: Blood Loss: Active patient warming 1 + active fluid warming versus usual

care; general anaesthesia

Review: IPH Fluic wearming

Comparison: 03 Active patisnt warming + Active fluid warming vs Usual care

Outcome: 10 Forced sir wwarming + actively warmed v solutions vs usual care

Shucky FAW + Active [V Usual care WWMD (fixed) Weight WD (fixed)

or sub-category ] Mean (500 M Mean (5D) 95% Cl % a5% Cl

01 Blood Loss- intraoperative
Schmied 1998 20 0.6310.23) 30 0.321(0.40} —— 64.34 -0.23 [-0.40, -0.08]
Zhao 2005 zo 0.641{0. 44} z0 0.421{0.25) = 3E.66 0.22 [0.00, 0.44]

Subtotal (95% CI) 50 50 lo0.00 -0.07 [-0.20, 0.058]

Test for heterogeneity: Chi* = 1018, df =1 (P =0.001), 17 = 90.2%
Test for overall effect: Z=1.03 (P =030)

- 05 a 05 1
FavoursFAW +Warm I Usual care

Postoperative outcomes

5. Core temperature: PACU

Three studies (Kurz 1995; Schmied 1996; Steinbrook 1997) reported core temperature in
PACU. Core temperature in PACU was recorded on arrival, up to 6 hours (Kurz 1995) and 24
hours postoperatively (Schmied 1996). In one study (Steinbrook 1997) it was unclear if the
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core temperature reported for the postoperative period was recorded immediately on arrival or
prior to discharge. In Kurz (1995), it was stated that neither group was warmed during the

recovery period (Figure 10).

Meta-analysis of two studies (Kurz 1995; Steinbrook 1997) with 89 patients showed a
significantly higher mean core temperature at entry into PACU for the actively warmed group:
WMD 2.07°C (95% CI 1.87, 2.28) for a control group temperature range 34.7°C to 35.0°C.

There was no significant heterogeneity.

After 1 hour in PACU, one study (Kurz 1995) with 74 patients showed a significantly higher
mean core temperature for the warmed group: MD 1.72°C (95% CI 1.47, 1.97) for a control

group temperature of 35.2°C. The difference is clinically significant.

After 2 hours in PACU, meta-analysis of two studies (Kurz 1995; Schmeid 2005) with 134
studies showed a significantly higher mean core temperature for the warmed group: MD
1.17°C (95% CI 0.99, 1.35) for a control group temperature of 35.7°C to 35.9°C. The
difference is clinically significant. The confidence interval is fairly wide. There was significant
heterogeneity (1°= 77.0%; p=0.04).

After 3 hours in PACU, one study (Kurz 1995) with 74 patients showed a significantly higher
mean core temperature for the warmed group: MD 0.98°C (95% CI1 0.75, 1.21) for a control

group temperature of 36.3°C. The difference is clinically significant.

After 4 hours in PACU, one study (Kurz 1995) with 74 patients showed a significantly higher
mean core temperature for the warmed group: MD 0.65°C (95% CI 0.44, 0.86) at a control
group temperature of 36.7°C.

After 5 hours in PACU, one study (Kurz 1995) with 74 patients showed a significantly higher
mean core temperature for the warmed group: MD 0.49°C (95%CI 0.32, 0.66) for a control
group temperature of 37.0°C. The difference is clinically significant.

After 6 hours in PACU, the mean difference was not significant.

Figure 10: Core temperature: PACU: active patient warming 1 + active fluid warming

versus usual care; general anaesthesia
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Review: IPH Fluid vwearming

Comparison; 03 Active patient warming + Active fuid warming v Ususl care

Qutcome: 02 Forced air warming + actively warmed iv vs usual care PACU

Stucky F8Y + Ative IV Usual care WMD) (fixeet) Waight WWMD (fixed)
or sub-catenory N Mezn (500 N Mezn (30) 95% <1 Yo 95% C1
01 CT- PACU- Ertry into PACU

Kurz 1995 39 36.80{0.40} 35 24.70{0.50} = 96.27 2.10 [1.82, 2.31]

Steinbroak 1997 3 36.40(0.43) 2 35.00(1.50) —_— 3.73 1.40 [0.34, 2.46]
Sublotal (95% C1) 45 44 4 100,00 z.07 [1.87, z.z8]
Test for heterogensity: Chi® =1 B3, df =1 (P = 0.20), IF = 38 5%

Test for overall effect: 7 = 1883 (P = 0.00001)
02 CT- PACU + G0 min

Kurz 1995 39 36.92(0.41) 35 35.20(0.65) [ | 100.00 1.72 [L.47, 1.97]
Sublotal (95% C1) 33 a5 * 100,00 1.7z [1.47, 1.97]
Test for heterogeneity: nat applicable
Test for overall effect: 7 =13.44 (P = 0.00001)

03 CT- PACU + Zhours

Kurz 1995 33 37.16(0.43) 35 3E.78(0.65) - 45.14 1.38 [Ll.12, l.6%]

Schimied 1996 30 36.30(0.30) 30 3E.30(0.60) = £4.86 1.00 [0D.78, l.2%]
Subtotal (95% C1) 63 65 L 100.00 1.17 [0.89, 1.35]
Test for heterogeneity: Chi* = 4 35, df =1 (P = 0.04), I = 77.0%

Test for overall effect: 7 = 1292 (P = 0.00001)
04 CT- PACU + Shours

Kurz 1995 39 37.323(0.41) 3s 36.35(0.57) = 100.00 0.98 [0D.75, 1.2l]
Subtotal (35% C1) 33 35 + 100,00 0.9% [0D.75, l.2l]
Test for heterogeneity: not applicable
Test for overall effect: Z=8.41 (P =0.00001)

05 CT- PACU + 4 hours

Hurz 1995 33 37.41(0.41) 38 36.76(0.49) = 100,00 0.65 [0.44, 0_86]
Subtotal (95% 1) 33 35 + 100.00 0.65 [0.44, 0.86]
Test for heterogensity: not applicable
Test for overall effect: =615 (P <0.00001)

05 CT- PACU + 5 hours:

Kurz 1995 33 37.49(0.33) 35 37.00(0.41) = 100,00 0.4% [0.3Z, 0.66]
Sublotal (95% C1) 33 35 + 100,00 0,45 [0.32, 0.€6]
Test for heterogensity: nat applicabls
Test for overall effect: Z = 5,62 (P =0.00001)

07 CT- PACU + Bhours

Kurz 1995 39 37.3040.40} 35 37.2040.40} = 100.00 0.10 [-0.08, 0.2Z8]
Sublotal (95% C1) 33 3s 3 100,00 010 [-0.08, 0.2&]
Test for heterogeneity: not applicable
Test for overall effect: 7 =107 (P =028)

4 2 [ z 4

Fawvours Usual care  Favours FAW + 1l

NB: Scale -4 to 4

6. Blood Loss (PACU)

One study (Schmied 1996) with 30 patients reported cumulative blood loss (ml) from 3 hours
after surgery until 24 hour postoperative period. The volume of cumulative blood loss (480ml)
was significantly higher for the unwarmed group for the entire postoperative period (Figure
11).

Figure 11: Blood loss (PACU): active patient warming 1 + active fluid warming versus

usual care; general anaesthesia

Reviewy: IPH Fluicd wearming
Comparison; 03 Active patient warming + &ctive fluid warming vs Usual care
Outcome: 14 Forced air wearming + actively warmed iv vs usual care

Shudy FAW + Active IV Usual care VWD (fixed) Weight WD (fixed)
or sub-category M Mean (500 M Mean (S0 95% C1 kS 95% C1

01 Blood Loss- PACU + 3hours
Schmigd 1996 =0 1310.00{330.00) 30 1700.00{510.00}
Subtotal (95% CI) a0 20
Test for heterogenety: not applicakle
Test for overall effect: 7 =352 (P = 0.0004)

100.00 -330.00 [-£07.37, -172.63]
100.00 -3%0.00 [-807.37, -172.63]

4

02 Blood Loss- PACU + 12hours
Schmied 1996 30 1500.00(310.00} 30 1970.00(560.00)
Subtotal (95% CI) a0 20
Test for heterogenety: not applicakle
Test for overall etfect: 7 =402 (P = 0.0001)

100.00  -470.00 [-699.04, -240.36]
100.00 -470.00 [-&32.04, -240.36]

f

03 CT- PACU + next marning
Schmied 1996 30 1670.00(320.00) 30 2150.00(550.00) 100.00  -480.00 [-707.70, -252.30]

Subtotal (95% CI) z0 20 ot 100,00 -480.00 [-707.70, -Z5Z.30]

Test for heterogenety: not applicakle

Test for overall etfect Z=413(P = 0.0001)

-1000 -500 a 500 1000

12
13

14
15
16
17

NB: Scale -1000 to 1000

7. Extubation time

One study (Zhao 2005) with 40 patients showed the actively warmed group had a significantly

Favours FAW + 1|

Fawours usual care

shorter extubation time (by 8.7 minutes) compared to the usual care group (Figure 12).
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Figure 12: Extubation time: active patient warming 1 + active fluid warming versus

usual care; general anaesthesia

Review: IPH (*ersion 01)
Comparisan. 12 Active patisnt warming + Active fluid warming ve nothingusual care - General anaesthesia

Outcome: 07 Extubation time
Shucky FA3 + Fluid Usual care WWMD (fixed) Weight WD (fixed)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl
Zhao 2005 zo 17.70(5. 80} z0 26.40410.00} | 100,00 -8.70 [-13.77, -3.63]
Total (35% C) zo z0 + 100,00 -3.70 [-13.77, -.63]

Test for heterogenety: not applicakle
Test for overall effect: Z =337 (P = 0.0008)

-100 <50 a a0 100
Fawours usual care  Fawours FAVW + Fluid

NB: Scale -100 to 100

8. Shivering
Three studies (Kurz 1995; Steinbrook 1997; Zhao 2005) assessed shivering. Two studies
(Kurz 1995; Zhao 2005) reported on the method by which shivering was assessed and varied

between the studies.

In one study (Kurz 1995) shivering was evaluated on a three-point scale: with grade 0
indicated no shivering; grade 1 indicating mild or intermittent shivering; grade 2 indicated
moderate shivering; and grade 3 indicating prolonged, intense shivering. The paper reported
the percentage of patients demonstrating shivering grade 2 or grade 3. In one study (Zhao
2005) shivering was evaluated by a blinded observer and classified as absent, mild, medium,

or severe. Total incidence of shivering was reported for the treatment and control groups.

Meta-analysis of three studies (Kurz 1995; Steinbrook 1997; Zhao 2005) with 129 patients
showed a significantly lower incidence of shivering in the actively warmed group (Peto OR
0.12 [95% CI 0.05, 0.24]). This corresponded to an NNT 3 (95% CI 2, 4) for a control group

rate range of 30% to 74% (Figure 13). There was no heterogeneity.

Figure 13: Incidence of shivering: active patient warming 1 + active fluid warming

versus usual care; general anaesthesia

Revigw: IPH Flulict warming

Comparizon: 03 Active patient wanming + Active fluid warming ws Ususl care

Outcome: 06 Incidence of shivering

Stucy Faly + active 1l usual care Peto OR Wigight Peto OR

or sub-category it M 5% Cl % 5% Cl

Kurz 1995 7439 26735 —— £7 41 0.11 [0.04, 0.26]
Steinbrook 1937 l/e 573 —_—— 13.51 0.2z [0.03, 1.83]
Fhano 2005 0420 E/E0 —— 19_08 0.10 [0_0z, 0O.5&]
Tatal (35% 1) 31 G4 i 100. 00 0.1z [0.05, 0.24]
Total everts: 8 (FAW + Active fl), 37 (usual care)

Test for heterogeneity: Chif = 045 df = 2 (P =0.800,F=0%

Test for overall effect: £=563 (P < 0.00001)

oot 0.1 1 10 100
Favours Active warm  Favours usual care

NB: Scale 0.01 to 100

9. Thermal comfort
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One study (Kurz 1995) with 74 patients reported thermal comfort in the postoperative period.
Thermal comfort was evaluated using a visual analogue scale (VAS) on a 10mm scale, with
Omm indicating intense cold, 50mm indicating thermal comfort and 100mm indicating intense

warmth (Figure 14).

At entry into PACU, thermal comfort was significantly higher for the actively warmed group:
MD 34.87mm (95% CI 28.55, 41.19) for a control group thermal comfort 18.46mm.

After 1 hour in PACU, the difference in thermal comfort was significantly higher for the actively
warmed group: MD 30.77mm (95% CI 23.28, 38.26) for a control group thermal comfort
26.67mm.

After 2 hours in PACU, the difference in thermal comfort remained significantly higher for the
actively warmed group: MD 12.31mm (95% CI 7.63, 16.99) for a control group thermal comfort
45.13mm.

After 3 hours in PACU, the difference in thermal comfort was not significant.

Figure 14: Thermal comfort; active patient warming 1 + active fluid warming versus

usual care; general anaesthesia

Reviewy: IPH Fluicd wearming
Comparison; 03 Active patient warming + &ctive fluid warming vs Usual care
Outcame: 09 Thermal camfort
Shudy FAW + Active fl Usual care VWD (fixed) Weight WD (fixed)
or sub-category M Mean (500 M Mean (S0 95% C1 kS 95% C1
01 Entry in PACU

Kurz 1995 3 E3.33(10.26) 35 18. 46416 41} - 100,00 34.87 [28.55, 41.13]
Subtotal (95% CI) 39 35 & lo0.00 34.87 [26.55, 41.1%]
Test for heterogeneity: not applicakble
Test for overall effect: Z=1082 (P < 0.00001)
02 &0 minin PACL

Kurz 1985 ) E7.44(16_41) 35 26.67(16.41) - 100,00 30.77 [23.28, 38.26]
Sultotal (95% Cl) 39 35 &» 100.00 30.77 [23.28, 38.26]
Test for heterogenety: not applicable
Test for overall effect Z =505 (P = 0.00001)
03 2 hours in P&CU

Kurz 1985 ) E7.44(10.26) 35 45.13(10.28) | 100,00 1z.31 [7.83, 16.39]
Sultotal (95% Cl) 39 35 + 100.00 12.31 [7.63, 16.93]
Test for heterogenety: not applicable
Test for overall effect Z=515(P = 0.00001)
04 3 hours in P&CU

Kurz 1985 ) E7.44(10.26) 35 El.28(6.15] - 100,00 £.16 [Z2.35, 2.37)
Sultotal (95% Cl) 39 35 + 100.00 6.16 [2.35, 9.97]
Test for heterogenety: not applicable
Test for overall effect Z=317 (P =0002)
05 4 hours in P&CU

Kurz 1985 ) EE£.38(10.26) 35 £3.33(6.15) n 100,00 2.08 [-1.7&, E.28]
Subtotal (95% CI) 3 35 100,00 2.05 [-1.7&, E.28]
Test for heterogenety: not applicable
Test for overall effect Z=1.05(P =029)

-100 =50 o a0 100

Favours usual care  Favours FAW+activeFl

NB: Scale -100 to 100

10. Pain
One study (Kurz 1996) assessed post-surgical pain by an observer blinded to the patients’
group assignment and temperature, using a VAS scale, with Omm indicating no pain and

100mm indicating the most intense pain imaginable.
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The paper did not report means and standard deviations and only reported a narrative

synopsis of pain scores.

The authors reported that VAS pain scores were ‘virtually identical’ in both groups at each
postoperative measurement interval. Pain score was near 50mm after surgery, approximately

30mm after 1 hour and approximately 10mm after 2 hours.

Combined epidural-general anaesthesia

Two studies (Steinbrook 1997 subgroup; Motamed 1998) undergoing surgery under mixed
anaesthesia (epidural-general) compared active warming (forced air and fluid warming) with
routine thermal care. One study (Motamed 1998) reported the core temperature at the end of
surgery, and one study (Steinbrook 1997) reported core temperature in the PACU and

incidence of shivering.

1. Core temperature: End of surgery
One study (Motamed 1998) with 30 patients undergoing colorectal surgery under epidural
anaesthesia compared active warming (combination of convective warming with fluid and

blood warming) with usual care and reported the core temperature at the end of surgery.

At the end of surgery, the mean core temperature was significantly higher for the warmed
group: MD 1.40°C (95% CI 1.02, 1.78), but the confidence interval is fairly wide (Figure 15).

Figure 15 Core temperature: end of surgery; active patient warming 1 + active fluid

warming versus usual care; combined epidural-anaesthesia anaesthesia

Review: IPH Fluidd seearming
Comparison: 04 FAW + Actively warmed iv fluids vs room temperature iv fluids
Cutcome: 01 Core temperature- end of surgery
Study WD ([fixed) Weight WD ([fixed)
of sub-category MO (SE) 95% CI % 95% CI
Motamed 1995 1.4000 (0.1940) E 3 100.00 1.40 [l.0Z, 1.78]
Tatal (95% CI) - 100.00 1.40 [l.02, 1.78]
Test for heterogeneity: not applicable
Test for overall effect: £ =7.22 (P = 0.00001)
-4 -2 i 2 4

Favours usual care  Favours active warm

NB: Scale -4 to 4

Postoperative Outcomes

2. Core temperature: PACU

One study (Steinbrook 1997) with 9 patients reported core temperature in PACU. It was
unclear if measurement was taken immediately on arrival in the PACU or just prior to
discharge. The mean core temperature was significantly higher for the warmed group: MD
1.30°C (95% C1 0.42, 2.18) for a control group temperature of 35.1°C. The difference is

clinically significant. The confidence interval is wide (Figure 16).
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Figure 16: Core temperature: PACU; active patient warming 1 + active fluid warming

versus usual care; combined epidural-general anaesthesia

Review: IPH Fluid warming
Comparison: 03 Active patient warming + Active fluid warming vs Usual care
Outcome: 03 Forced air warming + actively warmed iv (370C) vs usual care; Epidural-general

Study FAW + Active IV Usual care WMD (fixed) Weight WMD (fixed)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl
03 CT- PACU

Steinbrook 1997 5 36.40(0.45) 4 35.10(0.80) —- 100.00 1.30 [0.42, 2.18]
Subtotal (95% Cl) 5 4 B 100.00 1.30 [0.42, 2.18]
Test for heterogeneity : not applicable
Test for overall effect: Z =2.90 (P = 0.004)

4 2 0 2 4

Favours Usual care  Favours FAW + f|

NB: Scale -4 to 4

3. Shivering
One study (Steinbrook 1997) with 9 patients assessed shivering in PACU. Details on how
shivering was assessed was not provided (Figure 17).

Figure 17: Shivering; active patient warming 1 + active fluid warming versus usual care;

combined epidural-general anaesthesia

Review: IPH Fluid swaming

Comparizon: 03 Active patient wanming + Active fluid warming vz Usual care

Cutcome: 07 Incidence of shivering, epidural-regional

Sty Faowy + Active fl ususl care RR (fixed) Wigigght RR (fixed)

ar sub-category niT nrl 93% I k) 95% 1
Steinbrook 1937 z/5 374 —— 100.00 0.53 [0.18, 1.73]
Total (95% I I3 4 ——enui——— 100.00 0.3 [0.18, 1.79]

Total events: 2 (FAW + Active 11), 3 (usual care)
Test for heterogeneity: not applicable
Test for overall effect: £=102 (P=0.31)

01 02 0s 1 2 & 10
Favours Active warm Favours usual care

II. Irrigation fluid warming

A. Fluid warming versus no warming (room temperature fluids)

Six studies (Dyer 1986; Jaffe 2001; Moore 1996; Pit 1996; Monga 1996; Kelly 2000)
compared the effectiveness of warmed irrigation fluid with room temperature fluids. One study
gave the patients general anaesthesia (Moore 1996); in three studies (Dyer 1986; Pit 1996;
Kelly 2000) patients received regional anaesthesia and in one study (Monga 1996) the
majority of the patients (n=21/26) received spinal anaesthesia and will be combined with the
above studies where appropriate. One study did not state the type of anaesthesia (Jaffe 2001)
so this study was included with the general anaesthesia study. We note that two studies

(Moore 1996; Jaffe 2001) had additional active warming of the patients in both groups.

Al. Regional anaesthesia

In one study (Pit 1996) irrigation fluid (5% sorbitol containing chlorhexidine [1:5000]) was
warmed by a heater set at 37.5°C, warmed glycine 1.5% bladder irrigation solution was
prewarmed to 37°C in one study (Dyer 1986) and prewarmed saline at 40°C in the other study
(Kelly 2000). Patients received active or passively warmed 1.5% glycine in one study (Monga
1986). The GDG advised that although the type of warming varied (active in Pit 1996 and
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passive in Dyer 1986 and Kelly 2000) it was acceptable to pool results because of the rapid

delivery of irrigation fluids.

The volume of irrigation fluids for the treatment and control groups were as follows:
e 11.8litres (SD 11.0) and 11.7 litres (SD 10.7) (Kelly 2000);
e 8.4 litres (SD 4.4) and 8.4 litres (SD 4) (Dyer 1986).

Pit (1996) stated that patients received 5% sorbitol containing chlorhexidine (1:5000) in 5 litre

bags. Monga (1996) did not report the volume of fluids infused intraoperatively.

In one study (Kelly 2000) the baseline core temperature in the control group was 0.30°C

higher, and this significant difference was compared with the effect size.

We note that one study (Monga 1996) did not provide details on how many patients were

randomised to each group. We assumed an equal randomisation.

1. Mean percent change in core temperature intraoperatively

One study (Kelly 2000) reported mean percent change in core temperature from baseline at
various times in the intraoperative period. The largest mean difference was 0.34% at 90
minutes. Baseline core temperatures were 36.1°C or 36.4°C, so a difference of 0.34% is about
0.12°C, i.e., less than the difference in baseline. Therefore this study was considered to be

confounded.

2. Change in core temperature

Three studies reported change in core temperature. One study (Dyer 1986) with 47 patients
reported change in core temperature from the start of resection. The duration of resection was
not significantly different in the two groups. The mean difference in core temperature was not

significant at 30, 60 and 120 minutes (Figure 18).

One study (Pit 1996) with 56 patients reported the difference between the lowest rectal
temperature and the initial core temperature. The authors reported that the lowest
intraoperative temperature was reached after the resection was completed (28 versus 29
minutes for the treatment and control groups respectively). However, it is unclear how much

time had elapsed since the completion of the resection.

The change in the mean core temperature was significantly less for the actively warmed
irrigation fluid group: MD 0.97°C (95%CI 0.51, 1.43) for a change in control group temperature
of -1.7°C. The confidence interval is fairly wide. We note that the initial rectal temperature was
36.3°C (SD 0.5) and 36.3°C (SD 0.4) for the treatment and control groups respectively (Figure
18).
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One study (Monga 1986) with 28 patients undergoing transurethral resection of the prostate
reported change in core temperature (difference between pre and postoperative periods). The

confidence interval is too wide to determine if there is a difference in core temperature.

Figure 18: Change in intraoperative core temperature; irrigation fluid warming versus
room temperature fluids; regional anaesthesia

Rerviewy: IPH Fluid snesrming

Comparison: 06 Wiarmed irvigation fluid warming37.50C7 vs room tempersture fluids

Outcome: 04 Core temperature: intraoperative period

Stucky Warmed fluics usual care VWMD) (fixed) Weight WD [ fixedd)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl

01 Core tempersture: 30min

Dyer 1966 zo =1.114{0.3&) z4 -1.01¢0.58)} - 100,00 -0.10 [-0.37, 0.17]
Subtotal (95% CI) zo z4 lo0.00 -0.10 [-0.37, 0.17]
Test for heterogeneity: not applicakble
Test for overall effect Z=072(P =047)

02 Core tempersture; 60min

Dyer 1966 zl -0.93{0.43) zl -1.1340. 56} - 100,00 Q.20 [-0.12, 0.52]
Subtotal (95% CI) z1 z1 » lo0.00 0.20 [-0.12, 0.52]
Test for heterogeneity: not applicakble
Test for overall effect Z=124 (P=0.21)

03 Core tempersture: 2hours

Dyer 1966 zo -0.85{0.43) 1z -l.2zdl.12) T 100,00 0.37 [-0.13, 0.33]
Subtotal (95% CI) zo 13 R lo0.00 0.37 [-0.19, 0.93]
Test for heterogeneity: not applicakble
Test for overall effect Z=129(P =0.20)

04 Change in core temperature [initial to lovest intraop]

Pit 1996 ze -0.74{0.&0} 30 -1.7161.10} - 100,00 0.37 [0.51, 1.4%3]
Subtotal (953 CI) 26 =0 L 3 100.00 0.27 [0.51, 1.43]
Test for heterogeneity: not applicakble
Test for overall effect Z=447 (P < 0.0001)

05 Change in core temperature (pre- and postoperative period)

Monga 1996 14 -0.75{1.1&) 14 -1.7140.84} . 100,00 0.26 [0.21, 1.71)
Sultotal (95% Cl) 14 14 - 100.00 0.9 [0.21, 1.71]
Test for heterogenety: not applicable
Test for overall effect Z=251 (P=001)

4 2 i 2 4

Favours usualcare  Favours warmed fl

NB: Scale -4 to 4

Postoperative period

3. Thermal discomfort

One study (Pit 1996) reported thermal discomfort (perception of cold) for 58 patients. Patients
in the active irrigation group reported feeling cold significantly less than the control group [RR
0.29°C (95% 0.11, 0.76)]. This corresponded to an NNT of 3 (95% CI 2, 8) for a control group

rate of 50% (Figure 19). The confidence interval is wide.

Figure 19: Thermal comfort; irrigation fluid warming versus room temperature fluids;
regional anaesthesia

Review: IPH Fluid wwarming

Comparison: 06 vWwarmed irrigation fluid swwarming(’37 50C) ve room temperature fluids

Cutcome: 02 Thermal comfort (feeling cold)

Stucty W irrig 1l RT irrig 1l RR (fixed) Wigight RR (fixed)

ar sub-category it Mk 95% Cl % 5% Cl

Pit 1996 4428 15730 —E— 100.00 0.29 [0.11, 0.76]
Total (95% CI1 za 20 —~eapiiinne-— 100,00 0.23 [0.11, 0.7&]

Total everts: 4 (Warm irrig f1), 15 (RT irvig )
Test for heterogeneity: not applicable
Test for overall effect: Z=252 (P=001)

01 02 s 1 2 5 10

Favours wearmirrg fl - Favours RT irrig fl

A2. General and unstated anaesthesia
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i. Warmed irrigation fluid (33.1°C) versus room temperature irrigation fluid (warmed blanket in
both groups) (Jaffe 2001)

ii. Warmed irrigation fluid (39°C) versus ambient temperature irrigation fluid (20-22°C) +

heating blanket in both groups (Moore 1996)

Two studies (Moore 1996; Jaffe 2001) compared the effectiveness of warmed irrigation fluid
with room temperature fluid; in each study patients in both arms received active patient

warming.

In Moore (1996) the type of irrigation fluid was lactated Ringer’s solution and in the other
(Jaffe 2001) patients received glycine. In one study (Moore 1996), patients in both groups
rested on a heating blanket (37.8°C) and in the other study (Jaffe 2001), patients in both

groups received a warmed blanket (approximately 45°C).

The volume of irrigation fluid for the warmed and room temperature groups was as follows:
e 1.26 litre (SD 0.83) versus 1.48 litre (SD 0.92) (Moore 1996);
e 17.60 litre (SD 10.13) and 17.33 litre (SD 12.23) (Jaffe 2001).

In one study (Moore 1996) the baseline core temperature was not stated and in the other
(Jaffe 2001) the baseline core temperature was above 36.0°C for both groups and there was

no significant difference.

1. Incidence of hypothermia
One study (Moore 1996) with 29 patients reported the incidence of hypothermia (core
temperature less than 36°C; time of measurement not stated). There was no significant

difference in the incidence of hypothermia (Figure 20).

Figure 20: Incidence of hypothermia: irrigation fluid warming versus room temperature

fluids
Revigw: IPH Flulict warming
Comparizon: 12 Active fluid watming v= room temperature fluids (with active patient warming in both groups)
Cutcome: 01 Incidence of hypothermia
Sty Active irrigation fl Armkient iy fl RR (fixed) Wizight RR (fixed)
ar sub-category niT nrl 93% I k) 95% 1
Moore 1996 12713 15716 10000 0.%3 [0.50, 1.z0]

Total (95% I 1z 18 100.00 0.8 [0.80, 1.z20]
Total events: 12 (Active irrigation ), 15 (Smbient irvig 1)

Test for heterogeneity: not applicable

Test for overall effect: £=015 (P =0.88)

05 07 1 15 2
Favours active irrig  Favoursambiert irrig

NB: Scale 0.5to 2

2. Core temperature

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 382 of 536



© 00 N o O b WDN P

N NN R R R R R R R R R
NP, O © o0~NOO O~ wWNRELRO

23
24

25
26
27

DRAFT FOR CONSULTATION

One study (Moore 1996) reported intraoperative core temperatures, and the end of surgery
core temperature was reported for two studies (Moore 1996; Jaffe 2001), which were
combined in a meta-analysis. Mean duration of surgery was approximately 100 minutes in
Jaffe (2001), and the final intraoperative temperature was recorded at 150 minutes in Moore
(1996). The Moore (1996) study recorded both tympanic membrane and oesophageal
temperatures and results for both are given below (Figures 21 and 21b).

The mean difference was not significant at 30 and 60 minutes. At longer times there was
significant drop out of patients; the total number had dropped down to 12 patients (of 29) at 2
hours and 8 patients at 135 minutes. Therefore, the results at these durations were excluded

from the analysis.

3. End of surgery

Two studies reported core temperature at end of surgery (Moore 1997; Jaffe 2001). Results
from one study (Moore 1997) were excluded from the analysis as there was a significant drop
out of patients. At the end of surgery one study (Jaffe 2001) with 56 patients showed no
significant difference in oesophageal core temperature: MD 0.05 (95%CI -0.14, 0.24) (Figure
21) and no significant difference in tympanic core temperature, although the confidence

intervals are wide (Figure 21b).

Figure 21: Core temperature (oesophageal): irrigation fluid warming versus room

temperature fluids

Rerviewy: IPH Fluid snesrming
Comparison: 12 Active fluid vwarming vs room temperature fluids (with active patient warming in both groups)
Outcome: 02 Active fhuid warming vs rootn temperature fluids (with active patiert warming in both groups)

Stucky Active irrig Ambient irric VWMD) (fixed) Weight WD [ fixedd)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl
01 Core temperature- 30 min
Moore 1996 13 -0.52(0.82) 16 ~0.94(0.65} - 100.00 0.32 [-0.23, 0.87]
Sultotal (95% Cl) 13 16 - 100.00 0.3z [-0.2%, 0.87]

Test for heterogenety: not applicable
Test for overall effect Z=1.14 (P =025)

02 Core temperature- 60 min

Moore 1996 13 -0.78(0.934) 1 -1.23(0.52) o 100,00 0.45 [-0.12, 1.02]
Subtotal (95% CI) 1z 16 sl 100,00 0.45 [-0.1%, 1.02]
Test for heterogenety: not applicable
Test for overalleffect Z=154(P=012)

05 Core temperature- End of surgeryifingl intraop

Jafte 2001 22 36.831(0.283) 27 36.780(0.44) | 100,00 Q.05 [-0.14, 0.24]
Subtotal (95% CI) 29 27 lo0.00 0.05 [-0.14, 0.24]
Test for heterogeneity: not applicakble
Test for overall effect Z=050(P =061)

4 2 0 2 4

Favours active irrig Fawours ambient irri

NB: Scale -4 to 4

Figure 21b: Core temperature (tympanic): irrigation fluid warming versus room

temperature fluids
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Rerviewy: IPH Fluid snesrming
Comparison: 12 Active fluid vwarming vs room temperature fluids (with active patient warming in both groups)
Outcome: 03 Active fluid vwarming vs rootn temperature fluids (with active patiert wartning in both groups ), TYWPANIC
Stucky Active irrig Ambient irric VWMD) (fixed) Weight WD [ fixedd)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl
01 Core temperature- 30 min

Moore 1996 13 -0.88(0.82) 16 -1.01¢0.78} 100.00 0.13 [-0.45, 0.72]
Subtotal (95% CI) 13 1 100,00 0.13 [-0.4&, 0.7Z2]
Test for heterogenety: not applicable
Test for overall effect Z=043(P = 066)
02 Core temperature- 60 min

Moore 1996 13 -1.30(1.085) 1 -1.27i{0.52) S EE— 100,00 -0.03 [-0.66, 0.60]
Subtotal (95% CI) 13 1 100,00 -0.03 [-0.6&, 0.60]
Test for heterogenety: not applicable
Test for overall effect Z=009(P =093)
05 Core temperature- End of surgeryifingl intraop

Jafte 2001 22 36.831(0.283) 27 36.780(0.44) — 100,00 Q.05 [-0.14, 0.24]
Subtotal (95% CI) 29 27 lo0.00 0.05 [-0.14, 0.24]
Test for heterogeneity: not applicakble
Test for overall effect Z=050(P =061)

-1 s a as 1

Favours active irrig Fawours ambient irri

IV. Other comparisons
A. Thermal insulation plus active fluid warming versus usual care
Al. Regional anaesthesia
One study (Dyer 1986) with 48 patients undergoing transurethral resection of the prostate
under spinal anaesthesia compared the effectiveness of reflective blankets combined with
warmed irrigation fluid versus usual care. The warmed glycine 1.5% bladder irrigation solution

was prewarmed to 37°C.

1. Core temperature
At 30 minutes the change in mean core temperature was significantly less for the warmed
group: MD 0.31°C (95% CI 0.01, 0.61) for a change in control group temperature of -1.01°C.

The confidence interval is fairly wide.

At 60 minutes the change in mean core temperature was significantly less for the warmed
group: MD 0.37°C (95% CI 0.03, 0.71) for a change in control group temperature of -1.19°C.

The confidence interval is fairly wide.

At 2 hours the change in mean core temperature was significantly less for the warmed group:
MD 0.73°C (95% CI 0.13, 1.33) for a change in control group temperature of -1.22°C. The

confidence interval is wide.

Figure 22: Core temperature: intraoperative period; thermal insulation + active fluid

warming versus usual care; regional anaesthesia
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Rerviewy: IPH Fluid snesrming
Comparison: 13 Thermal insl + fluids v usual care
Outcome: 01 Irtraoperative core temperature [after resection]

Studly Thermal + 1l usual care YUMD (fixed) Weight WD (fixed)
or sub-category [} Mean (SD) N Mean (S0) 95% Cl %o a5% Cl

01 Core temperature 30 min
Dyer 1986 zz ~0.70(0.50} z4 -1.01¢0.55} . 100.00 0.31 [0.01, 0.61]
Sulitotal (95% Cl) 22 24 > 100.00 0.31 [0.01, 0.61]
Test for heterogenety: not applicable
Test for overall effect Z=2.00(P = 0.035)

o

02 Core temperature: 60 min
Dryer 1986 2z -0.82(0.58) zl -1.12i{0.58] g 100,00 0.37 [0.03,
Sulitotal (95% Cl) 22 z1 > 100.00 0.37 [0.03,
Test for heterogenety: not applicable
Test for overall effect Z=213(P =003)

o

-71]
.71]

o

03 Core temperature: 2 hours
Dryer 1986 2z -0.43{0.72) 1z -l.z2zql.1z) -, 100,00 0.73 [0.13,
Subtotal (953 CI) 2z 18 - 100.00 0.73 [0.13,
Test for heterogeneity: not applicakble
Test for overall effect: Z=239(P =0.02)

-

.33]
_33]

=

4 2 0 2 4
Fawours usual care  Favours Thwarmed fI

NB: Scale -4 to 4

B. Thermal insulation + active fluid warming versus active patient warming

B1. General anaesthesia

One study (Patel 1997) with 37 patients undergoing gynaecological, orthopaedic and general
surgery under general anaesthesia compared the effectiveness of combined active fluid
warming and thermal insulation versus forced air warming. Thermal insulation was applied in
the holding area, and it is unclear the duration of time between application and induction of
anaesthesia. Patients in this group continued to receive thermal insulation in the intraoperative
phase and in the postoperative period. There was no significant difference in the volume of
infused fluids; 2.3 litres (SD 1.3) and 2.6 litres (SD 1.2) for the treatment and control groups
respectively. We note the baseline core temperature for both groups was above 36.0°C. The
difference in baseline core temperature was significantly higher for the group assigned to
forced air warming (0.30°C). Results were considered only where the baseline difference is

less than 20% of the effect size.

1. Incidence of hypothermia
One study (Patel 1997) with 35 patients reported the number of patients with a core
temperature less than or equal to 35.9°C at the end of surgery. Duration of surgery was over

2.5 hours. The confidence interval is too wide to determine significance (Figure 23).

Figure 23: Incidence of hypothermia: thermal insulation + active fluid warming versus

active patient warming; general anaesthesia

Review: IPH Fluid wearming

Comparizon: 05 FAVY va Thermal insl + Active fluid warming

Cutcome: 03 Incidence of hypothermiz

Sty Active fl + thermal Fawy RR (fixed) Wigight RR (fixed)

ar sub-category it nt 95% Cl % 5% Cl

Patel 1995 5418 1713 +——— 100,00 5.9¢ [0.77, 45.73]
Total (35% 1) 18 12 ~osiiiiSe- 10000 594 [0.77, 45.73]

Total everts: 3 (Active fl + thermal), 1 (FAW)
Test for heterogeneity: not applicable
Test for overall effect: Z=171 (P =0.09)

om 01 1 10 100
Favours Active f+T1 Favours P&

NB: Scale 0.01 to 100
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2. Core temperature — intraoperative period
One study (Patel 1997) reported the core temperature during the intraoperative period. The
mean difference was not significant throughout the intraoperative period, although the

confidence intervals are fairly wide (Figure 24).

3. Lowest intraoperative core temperature
Lowest intraoperative was recorded at 1 hour and at 2 hours 45 minutes for the thermal

insulation and the active warming groups respectively. The mean difference was not

© 00 N O O b WOWDN P
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significant (Figure 24).

Figure 24: Core temperature: intraoperative period; thermal insulation + active fluid

warming versus active patient warming; general anaesthesia

Review: IPH Fluic wearming
Comparison 08 FW s Thermal insl + Active fluid warming
Outcome: 01 Core tempersture: intraoperative period
Shucky Active 1l + Thermal Fawy WWMD (fixed) Weight WD (fixed)
or sub-category ] Mean (500 M Mean (5D) 95% Cl % a5% Cl
01 Core temperature 30 min

Patel 1987 15 3E.Z71(0.32) 13 36.270(0.43) - 100,00 Q.00 [-0.28, 0.28]
Subtotal (95% CI) 15 13 100,00 Q.00 [-0.28, 0.28]
Test for heterogenety: not applicable
Test for overall effect Z=000(P =1.00)
02 Core temperature 60 min

Patel 1987 14 36.03(0.37) 13 36.090(0.43) | | 100,00 Q.00 [-0.27, 0.27]
Subtotal (95% CI) 14 13 100,00 Q.00 [-0.27, 0.27]
Test for heterogenety: not applicable
Test for overall effect Z=000(P =1.00)
03 Core temperature 2 hours

Patel 1987 14 3E.Z71(0.43) 13 36.460(0.31) - 100,00 -0.1% [-0.66&, 0.28]
Sultotal (95% Cl) 14 13 - 100.00 -0.1% [-0.66, 0.28]
Test for heterogenety: not applicable
Test for overall effect Z=080(P = 043)
04 Core temperatured hours

Patel 1997 14 36.21(0.55) 13 36.65(1.35] — 100.00 -0.44 [-1.11, 0.23]
Subtotal (95% CI) 14 13 B 100.00 -0.44 [-1.11, 0.23]
Test for heterogenety: not applicakle
Test for overall effect Z=128(P =020)
05 Core temperature final intraoperative temp

Patel 1997 14 36.30(0.80) 13 36.70(0.44) - 100.00 -0.40 [-0.86, 0.05]
Subtotal (95% CI) 14 13 o 100,00 -0.40 [-0.38, 0.08]
Test for heterogenety: not applicakle
Test for overall effect Z=1 69 (P =0.09)
06 Core temperature Loveest intraoper stive temp

Patel 1997 14 35.98(0.85) 13 36.09(0.43] - 100.00 -0.11 [-0.60, 0.38]
Subtotal (95% CI) 14 13 100,00 -0.11 [-0.60, 0.38]
Test for heterogenety: not applicakle
Test for overall effect: 7 =044 (P = 066)

4 2 o 2 4

13
14

15

NB: Scale -4 to 4

Fawours FAW  Favours Active fl+T|

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 386 of 536



© 0O N o ol A W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

DRAFT FOR CONSULTATION

10.6 Gases (Inspired and Insufflation)

Characteristics of clinical studies included in the review (Appendix C)

Twenty- three studies [26 comparisons] are included in this review (Backlund 1998; Conahan
1987; Champion 2006; Eckerbom 1990; Farley 2004; Goldberg 1992 [2 comparisons]; Hamza
2005; Hynson 1992; Joachimsson 1987; Johansson 2003 [3 comparisons]; Mouton 1999;
Nelskyla 1999; Nguyen 2002; Ott 1998; Saad 2000; Savel 2005; Slim 1999; Stone 1981;
Tollgfsrud 1984a; Tellefsrud 1984b; Ouellette 1993; Wills 2001; Youngberg 1985). Reasons

for exclusion are listed in Appendix E.

A total of 948 patients were included in the review. Fourteen studies had fewer than 20
patients in each arm (Stone 1981; Tallgfsrud 1984a; Tallgfsrud 1984b; Conahan 1987;
Ouellette 1993; Backlund 1998; Eckerbom 1990; Goldberg 1992 [2 comparisons]; Hynson
1992; Nelskyld 1999; Saad 2000; Nguyen 2002; Johansson 2003[3 comparisons]; Savel
2005).

Participants

The age range of participants across studies (where given) ranged from 16 (Goldberg 1992) to
89 years, with the mean age (where given) ranging from 33 to 74 years. For the purpose of
this guideline, adult surgical patients are defines as 18 years or over, and whilst the Goldberg
(1992) study had an age range from 16 years, the mean age was 43 (inclusion of some

children aged between 16 and 18 was not considered important).

Twelve studies were conducted in the USA (Stone 1981; Youngberg 1985; Conahan 1987;
Goldberg 1992; Hynson 1992; Ouellette 1993; Ott 1998; Nguyen 2002; Farley 2004; Hamza
2005; Savel 2005; Champion 2006); three in Sweden (Eckerbom 1990; Joachimsson 1987;
Johansson 2003); two in Finland (Backlund 1998; Nelskyla 1999); two in Norway (Tellafsrud
1984a; Tallgfsrud 1984b) two in Australia (Mouton 1999; Wills 2001); one in France (Slim
1999)and one in Germany (Saad 2000).

ASA status

Two studies had patients with ASA | and Il status (Slim 1999; Saad 2000; Johansson 2003),
one study had patients with either ASA | or Il status (Nelskyla 1999), two with ASA I-1ll status
(Goldberg 1992; Backlund 1998). One study (Stone 1981) reported a mean ASA status of 2.1.
One study (Youngberg 1985) stated that ASA IV patients were not included in the study. ASA

status was not reported in the remaining studies.

Type of surgery

A range of surgical procedures were undertaken. Laparoscopic gastric bypass (Hamza 2005;
Savel 2005; Champion 2006); laparoscopic cholecystectomy (Mouton 1999; Saad 2000;
Farley 2004); abdominal aorta (Tellafsrud 1984a); extra-abdominal vascular surgery
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(Tellefsrud 1984b); oral surgery, transsphenoidal hypophysectomy, middle ear surgery or
surgery of the pharynx, nose and neck (Eckerbom 1990); laminectomy, major abdominal,
major vascular, total hip and radical neck (Stone 1981); kidney transplant (Hynson 1992);
minor abdominal surgery (Joachimsson 1987); laporoscopic fundoplication, henioplasty,
resection of sigmoid colon or rectopexia (Backlund 1998); lower abdominal procedures
(Goldberg 1992); cervical or lumbar laminectomy (Ouellette 1993); laparoscopic upper
abdominal surgery (Slim 1999); laparoscopic hysterectomy for benign diseases (Nelskyla
1999); laporoscopic fundoplication (Wills 2001; Nguyen 2002); laparoscopic gynaecologic
procedures (Conahan 1987; Ott 1998); fundoplication (general or urological surgery

(Johansson 2003) and type of surgery not stated in one study (Youngberg 1985).

Type of surgery was stated as elective in eleven studies (Tellafsrud 1984a; Tellafsrud 1984b;
Conahan 1987; Joachimsson 1987; Goldberg 1992; Slim 1999; Johansson 2003; Hamza
2005; Nelskyla 1999; Wills 2001) and not reported in the remaining studies.

Duration of surgery ranged from 30 minutes to 60 minutes in three studies (Conahan 1987;
Nelskyla 1999; Wills 2001); 1 to 3 hours in 16 studies (Tellgfsrud 1984a; Tallgfsrud 1984b;
Youngberg 1985; Joachimsson 1987; Goldberg 1992; Hynson 1992; Ouellette 1993; Backlund
1998; Slim 1999; Nguyen 2002; Johansson 2003; Farley 2004; Hamza 2005; Saad 2000;
Savel 2005; Champion 2006) over 3 hours in one study (Stone 1981) and in two studies the
range of surgery was 60 minutes to over 3 hours (Goldberg 1992; Ott 1998). Duration of

surgery was not reported in the remaining studies.

In twelve studies (Stone 1981; Tgllgfsrud 1984a; Tallafsrud 1984b; Conahan 1987;
Joachimsson 1987; Goldberg 1992; Hynson 1992; Mouton 1999; Nelskyla 1999; Slim 1999;
Saad 2000; Wills 2001; Johansson 2003; Hamza 2005; Savel 2005; Champion 2006) patients

underwent general anaesthesia. Type of anaesthesia was not stated in the remaining studies.

Interventions

Primary outcomes (including surrogate measures)

One study (Joachimsson 1987) reported incidence of hypothermia.

Core temperature was measured:

e During the intraoperative period (Tellgfsrud 1984a; Tellgfsrud 1984b; Youngberg 1985;
Conahan 1987; Joachimsson 1987; Goldberg 1992; Ouellette 1993; Nguyen 2002;
Backlund 1998; Mouton 1999; Wills 2001; Johansson 2003; Farley 2004; Hamza 2005);

e End of surgery (Hamza 2005; Nelskyla 1999; Saad 2000; Savel 2005; Champion 2006);

e Recovery (PACU) (Nelskyla 1999; Nguyen 2002; Farley 2004; Hamza 2005; Champion
2006).

Other outcomes were:
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e Length of stay in PACU (Farley 2004; Hamza 2005; Champion 2006);

e Length of stay in hospital (Mouton 1999; Slim 1999; Wills 2001;Nguyen 2002);
e Shivering (Goldberg 1992; Nelskyla 1999;Hamza 2005);

¢ Wound infection (Mouton 1998);

e Perception of pain (Wills 2001; Savel 2005).

Core temperature was measured at the following sites:

¢ Tympanic (Hynson 1992; Nelskyla 1999; Johansson 2003);

e Oesophageal (Tollgfsrud 1984a; Tallafsrud 1984b; Youngberg 1985; Joachimsson 1987;
Ouellette 1993; Mouton 1999; Saad 2000; Nguyen 2002; Farley 2004; Hamza 2005);

e Pulmonary artery (Backlund 1998);

e Rectal (Eckerbom 1990);

e Nasopharyngeal (Stone 1981; Wills 2001; Champion 2006);

e Sublingual (Conahan 1987; Goldberg 1992).

Temperature measurement

Temperature in the Ott (1998) study was measured with an endotracheal temperature probe
and Slim (1999) used sub diaphragmatic temperature. Goldberg (1992) recoded intraoperative
temperature, using oesophageal and the sublingual methods (standard deviations were not
provided for the oesophageal temperature readings). For this reason it was decided to use the
sublingual temperature measurements, and results from this study considered in a sensitivity

analysis. One study (Savel 2005) did not state site of temperature measurement.

Methodological quality of included studies

In three studies sequence generation was adequate (computer generated random numbers:
Hamza 2005; random numbers table: Goldberg 1992; Wills 2001); partially adequate in two
studies (computer model: Farley 2004; random numbers: Slim 1999) and unclear in the
remaining studies. Allocation concealment was partially adequate in two studies (sealed

envelopes: Slim 1999; Nguyen 2002) and unclear in the remaining studies.

Eight studies reported that the study was double blind (Ott 1998; Nelskyla 1999; Slim 1999;
Wills 2001; Farley 2004; Hamza 2005; Savel 2005; Champion 2006).

Three studies (Farley 2004; Hamza 2005; Nelskyla 1999) reported dropouts less than 20%. In
one study (Farley 2004) with 117 patients were excluded from analysis due to changes in
operation type (n=16), extensive lysis of adhesions (n=2), and removal of device due to
technical reasons (n=2). The Farley (2004) study did not provide number of patients excluded
from analysis by each group. In one study (Hamza 2005), patients in the usual care group
were excluded from analysis because forced air warming was instituted as core temperature

was below 34°C (n=2/21) and conversion to open procedures (n=4). In Nelskyla (1999), one
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patient (unclear from which group) was excluded from analysis as an outlier because of

surgical problems.

Baseline comparability was demonstrated by:
o Age;
e Duration of surgery;

e Core temperature.

Exceptions are noted below.

There were no differences in baseline core temperatures in ten studies (Joachimsson 1987,
Eckerbom 1990; Goldberg 1992 [2 comparisons]; Ouellette 1993; Backlund 1998; Wills 2001;
Nguyen 2002; Johansson 2003 [3 comparisons]; Savel 2005; Champion 2006). Of these, in
four studies (Backlund 1998; Wills 2001; Nguyen 2002; Savel 2005) patients in either the
intervention or the control groups were hypothermic (Figures 1a and 1b). These studies were

excluded from the analyses.

Figure 1a: Baseline core temperature: insufflation gas

Rewiewr: PH Insufflation
Comparizors 0 Warmedd insufflation gas versus standard care- Baseling Core temperaturs
Uitcome; 01 Baseling Core temperature

Shudy Warmed C02 sual care WMD (fived) Wikt WD (fived)

o sub-category i Mean (30} il Mean (D) 5% % 95% ¢l
Backlund 1595 13 35.6010.30) 13 35.5010.40] —Ti— 20.91 0.10 [-0.17, 0.37]
Champion 2006 5 36.30(0.40) ] 36,4000, 50) — 24,52 -0.10 [-0.35, 0.15]
Hlguyen 2002 10 35.30{0.40) 10 35.70(0.60) —_— 7.7 0.20 [-0.25, 0.65]
Savel 2005 15 35.80100.50) 15 36.0010.40) — 14.71 -0.20 [-0.5%, 0.1%]
Wil 2001 19 35.901(0.40) i 35.8010.30) —— 313 0.10 [-0.12, 0.32]

A 05 0 05 1

Favours usuglcare  Fawours warming

Figure 1b: Baseline core temperature: inspired gas

Rieig: IPH Heated bumicifier
Compatison: (05 Baseline Core temperature- Heated-Humidifisr
Outcome; 01 Bazeline Core temperature

Shudly Warmel Usual care WD (fixed) Weight WD (fixed)

or sub-category il Mean (30} il Mean (50) 5%l % 5% ¢l
Eckerhom 1990 10 36,7000, 50) 10 36,6000, 50) e 0.84 0.10 [-0.34, 0.54]
Golihery 1992 14 36_80(0.50) 16 369000 50) — 1.28 -0.10 [-0.46, 0.26]
(30liery 1992HME Al 36.90{0.50) 16 36.5000.50) — 152 0.00 [-0.33, 0.33]
Jnachims:son 1957 73 36.8410.40) 4 36.90(0.50) —.7 z.40 -0.06 [-0.32, 0.20]
Johanssan 2003 15 36.9010.10) 15 368000, 10) T 3133 0.00 [-0.07, 0.07]
dohanssan3. 012003 15 36.9010.10) 15 36.5000.10) T 3.3 0.00 [-0.07, 0.07]
dohanssonf. 012003 15 36.9010.10) 15 36.8000.10) T A 0.00 [-0.07, 0.07]

4 05 0 05 i

Favours usualcare  Favours warming
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Baseline core temperature was not reported in six studies (Stone 1981; Youngberg 1985;
Hynson 1992; Mouton 1999; Slim 1999; Farley 2004). In one study (Hamza 2005) baseline
core temperature was extracted from the graph (warmed: 36.54°C; usual care: 36.80°C) but
as standard deviations were not provided we could not determine if the difference was
statistically significant. In one study (Saad 2000) the preoperative temperature was provided,
but the standard deviations were very large (warmed: 36°C [SD 45] and unwarmed: 36.2°C
[SD160]) which was noted as an error in reporting, meaning we could not determine whether
this difference was significant. In one study (Nelskyla 1999) baseline core temperature
(beginning of anaesthesia) was reported and the confidence interval for mean (37°C [95% CI:
36.8; 37.2] and 37.2°C [95% CI of mean: 37.0; 37.3] for the warmed and unwarmed groups
respectively) and the authors reported that no significant difference was indicated. In one
study (Ott 1998) baseline core temperature was reported for the warmed group (36.3°C) and
data extracted from the graph showed that the baseline temperature was 36.4°C for the usual
care group. Standard deviations were not reported so we were unable to determine if the
difference was significant. In two studies (Tallgfsrud 1984a; Tallgfsrud 1984b) there was one
baseline temperature point reported for all groups. The baseline mean core temperature
extracted from the graph was 36.8°C for both groups.

There was a significant difference in duration of surgery and (25 minutes longer) in the control
group (Savel 2005).

There was comparability in volume of insufflation gas between the groups in eight studies
(Backlund 1998; Slim 1999; Saad 2000; Nguyen 2002; Farley 2004; Hamza 2005; Champion
2006; Wills 2001) (Figures 2a and 2b). In Farley (2004) the volume of insufflation gas was 67
litres and 64 litres for the warmed and the usual care groups respectively. Results for Farley

(2004) are shown separately in Figure 2b as only the mean values and p-value was reported.

One study (Mouton 1999) reported that an average of 10 litres or more CO; insufflation was
required for the humidified group versus the usual care group, however, standard deviations
were not provided so we cannot determine if this difference is statistically significant.

One study (Nelskyla 1999) reported medians and range and reported that there was no
significant differences [heated group: 128 litre (43-199); warmed group: 120 litre (65-279).
One study (Ott 1998) with three types of procedures only reported that CO, gas volume used
in both groups for just one procedures (warmed:66.4 litre; usual care:95.5 litre); of the
remaining two procedures volume of insufflation gas for the heated group was reported for
one procedure but not reported for the usual care group. Savel (2005) did not report the

volume of insufflation gas.

Figure 2a: Volume of insufflation gas
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Resiew: IPH Inzuflation

Comparison: 03 Warmed insufflation gas versus usual care; active warming in hoth groups

Outoome:; 04 Comparabiity onvolume of ingufflation gas

Shudy Wiarming Usual care YD (fixed) Weight WD (fixed)

or sub-categary i Mean (309 N Mean (S0} 95% 0l % 95%Cl

Backlund 1398 13 110.00{531.00) 13 171.00¢761.00) 4 b 0.12 -61.00 [-565.43, 443.43]
Champion 2006 5 1833044730} zk 185, 50480, 70} — 4.8l 3.80 [-26.37, 33.87]

Hamza 2005 23 348.00(216.00) zl Z67.00(113.00) —_— =} .08 8100 [-20.36, 18Z.36]
Mguyen 2002 10 162, 00{86.00) 10 Z00.004e3, 00} _— 904 -38.00 [-97.1%, £1.18]

Saad 1999 10 131.00{60.00) 10 135.00¢51.00) —_— 13.30 -4.00 [-5Z.81, 44.81)]

Slim 1999 43 187.00(126.00) El 173.004130.00) R 12,88 g.00 [-4Z.1%, 5&.l8]

lls 2001 19 96.00143.00) zl 116.00{66.00) —a 27.06  -Z0.00 [-54.21, 14.21)

<100 50 i 50 100
Favours usual care  Favours wartning

NB: Scale -100 to 100

Figure 2b: Volume of insufflation gas

Reviennr: IPH Inzutflation
Comparisan: 03 Yarmed insufflation gas versus usual care; active warming in both groups
Outcome: 05 Comparabilty on volume of insufflation gas
Stucly MD (fixed) Weight MD (fixed)
or sub-category MWD (SE) 95% ClI % 95% ClI
Farley 2004 E£.0000 {3.8755) 100.00 E.00 [-E.60, 1Z.60]
Tatal (95% ) 100.00 £.00 [-Z.80, l2.&0]

Test for heterogenety: not applicable
Test for overall effect 2=129(P=020)

400 &0 0 50 100

Favours usual care  Favours warming

NB: Scale -100 to 100

Six studies conducted a power calculation (Farley 2004; Hamza 2005; Slim 1999; Saad 2000;
Wills 2001; Savel 2005). In Farley (2005), the study was powered to detect 0.31°C in the
mean intraoperative core temperature and 0.35°C in the mean core temperature change
during the operation at an 80% level. One study (Saad 2000) stated that power of study was
calculated under assumption that loss of 1°C in core or intra-abdominal temp. It did not
indicate at what level and power the analysis was conducted. In Hamza (2005) power
analysis was based on a 50% reduction in opioid analgesic requirement in the PACU
assuming 10mg (SD5) by control group at power of 0.09 (alpha=0.05). The Slim (1999) study
used shoulder tip pain as the primary outcome in detecting at least 1 SD difference with a
statistical power of 0.99 at a significance level (2-tailed) of 0.01, showed that at least 49
patients were required in each group. Savel (2005) used a two-tailed unpaired t-test with a
probability at 5% level 80% power to detect a difference of 11mg (SD 10) of morphine
utilisation at 24 hour needed to recruit 15 patients in each group. The Wills (2001) study aimed
to detect a reduction in postoperative morphine consumption by 30% at 90% confidence,

required 40 patients.

Summary
Five studies were identified at risk of bias (Goldberg 1992; Nelskyla 1999; Farley 2004;
Hamza 2005; Savel 2005). Three studies (Farley 2004; Nelskyla 1999; Hamza 2005) reported
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dropouts (less than 20%), one study (Savel 2005) was not comparable as the duration of
surgery was significantly longer by 25 minutes for the usual care group, and one study
(Goldberg 1992) used sublingual temperature recordings (less reliable). All of these studies

were considered in sensitivity analyses.

The following comparisons were reported:

A. Warmed insufflation gas versus standard care

e Heated-humidified CO; (35°C; 95%) versus cold-dry CO, (Champion 2006);

e Heated-humidified CO, versus room temperature-non-humidified CO, (Farley 2004);

¢ Heated-humidified CO, (37°C; 95%) versus room temperature CO, (Hamza 2005);

e Warmed-humidified CO, (34 to 37°C; 88-90%) versus room temperature CO, (21.2°C to
25.2°C; humidity: 0 to 5%) (Mouton 1999);

e Heated-humidified CO, (37°C) versus unwarmed CO, (24°C ) (humidity: 12 to 14mmHg)
(Nelskyla 1999);

e Heated CO, (37°C) versus cold CO, (21°C) (Saad 2000);

e  Warmed-humidified CO,(35°C; 95%) versus room temperature non-humidified CO, (Savel
2005);

e Warmed-humidified CO, (35°C; 95%) versus room temperature non-humidified CO, (Ott
1998)*
* Results from this study will not be included in the analysis as the results were provided
separately for three procedures, however, the number of patients within each subgroup

was not provided.

B. Warmed insufflation gas versus standard care with active patient warming in both
groups
e Pre-warmed CO; versus room temperature CO, (Backlund 1998)
+ Warm water bath mattress (39°C);
¢ Heated-humidified CO, (37°C; 95%) versus room temperature CO, (<5% humidity)
(Nguyen 2002)
+ Forced air warming (upper body) (setting not stated) in both groups;
e Warmed-humidified CO, (22°C to 30.5°C) versus standard CO, (Wills 2000)

+ Forced air warming (upper body) (setting not stated) in both groups.

C. Warmed inspired gas versus usual care

Heated-humidifier (37°C) versus usual care (no device) (Goldberg 1992)

+ Room temperature fluids and warmed blood (36°C);

Heated-humidifier (40°C) versus usual care (Hynson 1992)
+ Warmed IV fluids (37°C);
Heated-humidifier (38°C) versus usual care (Hynson 1992)
+ Warmed fluids (temperature not stated) and blood (37°C to 38°C);
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e Heated-humidifier (35°C to 37°C) versus usual care (no device) (Youngberg 1985);
¢ Heat and moisture exchange (temperature not stated) versus usual care (no devices)
(Goldberg 1992)
+ Room temperature fluids and warmed blood (36°C);
e Heat and moisture exchanger versus usual care (no device)
At the following flow rates:
o 1.0min™" (Johansson 2003a);
o 3.0 min” (Johansson 2003b);
o 6.0 min"(Johansson 2003c)
e Heated-humidified inspired gases (37°C; 100%) versus standard care (no added humidity
nor heat) (Stone 1981)
o Patients received circulating-water warming blankets (38°C) at the discretion of the
anaesthesiologist. It is unclear how many patients in each group received a
warming blanket. The study may be confounded and will not be considered for

further analysis.

D. Warmed inspired gas versus usual care; with thermal insulation in both groups
e Heat and moisture exchanger (34°C; Relative humidity: 100%) versus room temperature
inspired gas (23°C; Relative humidity: 1%) (Eckerbom 1990) + aluminium blanket in both

groups + IV fluids (room temperature).

RESULTS

The guideline development group (GDG) originally decided to stratify only by
presence/absence of comorbidities, trauma, and hyperthermia. Perioperative phases were
also to be considered separately, as were insufflation and inspired gases. Post-hoc analysis to
stratify by type of anaesthesia (general; regional; combined) was conducted, as these were
expected to have different mechanisms of action. Initially, the GDG decided to combine all
comparisons of active gas warming versus usual care, regardless of the presence of other

active patient interventions.

A. Warmed insufflation gas versus standard care

General anaesthesia
Six studies (Mouton 1999; Nelskyla 1999; Saad 2000; Farley 2004; Champion 2005; Hamza

2005) compared warmed insufflation gas with standard insufflation.

1. Intraoperative core temperature
Six studies reported intraoperative core temperature (Backlund 1998; Mouton 1999; Wills
2001; Nguyen 2002; Farley 2004; Hamza 2005). In three studies (Backlund 1998; Wills 2001;

Nguyen 2002) were hypothermic at baseline so results will not be included.
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One study (Hamza 2005) reported core temperature at 30 minutes, 60 minutes and end of
insufflation, one study (Farley 2004) provided change in intraoperative temperature and one
study (Mouton 1999) only reported change in temperature during pneumo peritoneum (gastric
insufflation) but no standard deviations were reported. Results for the three studies were not

combined (Figure 3).

In one study (Hamza 2005) there was no significant difference in core temperature at 30 and
60 minutes. At end of insufflation (over 90 minutes) the mean core temperature was
significantly higher for the warmed group: MD 0.59°C (95% CI 0.22, 0.96) for a control group
temperature 35.0°C, but wide confidence interval were noted. One study (Farley 2004)
showed a significantly less change in mean core temperature for the warmed group: MD
0.32°C (95% CI 0.13, 0.51) with a change in control group temperature of -0.03°C. We note

that the study reported mean intraoperative temperature was 36.0°C in both groups.

One study (Mouton 1999) reported that there was no significant difference in decrease to
mean temperature during pneumo peritoneum (0.25°C in the warmed group and 0.3°C in the
usual care group). We note duration of pneumo peritoneum was 40 minutes in the warmed
group and 48.3 minutes in the usual care group. No decision was reached whether this was

clinically significant.

Figure 3: Intraoperative core temperature; warmed insufflation versus usual care;

general anaesthesia

Rewigw: IPH Insufflation
Comparison.  02'Warmed insufflation gas versus standard care
Cutcome; 1 Core tempersture
Shucky Warmmed Usuial care WD (fixed) Weight WD (fixed)
o sub-category N Mean (509 N Mean (SD) 95% 1 % 95%
01 Care temperature: 30 min

Hamza 2005 23 35.8810.32) zl 35.8100.381) — 100.00 0.07 [-0.34, 0.48]
Subtotal [35% CI) 23 z1 e 100,00 0.07 [-0.34, 0.48]
Test for heterogenedy: not applicable
Test for averall effect Z=033(P=0.74)
02 Care temperature: 60 min

Hamza 2004 23 35.8L10.63) zl 35.48(0.61) — 100,00 0.33 [-0.04, 0.70]
Subtotal (35% CI) 23 Fal rasiiin.-- 100.00 0.33 [-0.04, 0.70]
Test for heterogenedy: not applicable
Test for overall effect Z=1.76(P=0.08)
(03 Core temperature: End of insufflation (=90 min)

Hamza 2004 23 35.6L10.63) zl 35.02(0.61) ——— lo0.o0 0.59 [0.22, 0.96]
Subtatal (35% CI) 23 zl —=snlifiiiee-- 10000 0.59 [0.22, 0.96]
Test for heterogenedy: not applicable
Test for oversll effect Z=313(P=0,002)
(14 Chanige in core temperature

Fatley 2004 49 0.29{0.60) 52 -0.02{0.30) - 100,00 0.32 [0.13, 0.51]
Sutatal (35% CI) 48 52 e 100,00 032 [0.13, 0.51]
Test for heterogenedy: not applicable
Test for overall effect: 7= 3.36 (F = 0.0008)

- 05 0 05 1
Fawours usual care  Favaurs warmed

2. Core temperature: End of surgery
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Three studies reported core temperature at end of surgery (Hamza 2005; Nelskyla 1999; Saad
2000). Duration of surgery was less than 2 hours in two studies (Nelskyla 1999; Saad 2000),
and greater than 2 hours (Hamza 2005). One study (Nelskyla 1999) did not report standard

deviations and results were not combined with the remaining three studies for this reason.

One study (Nelskyla 1999) reported mean core temperature of 36.1°C and 36.3°C for the

warmed and usual care groups respectively.

Meta-analysis of two studies (Hamza 2005; Saad 2000) with 65 patients showed a
significantly higher core temperature: MD 0.51°C (95% CI 0.31, 0.70) for the warmed group,
with control group temperature range reported at 35.0°C to 35.7°C. The difference was

clinically significant and no heterogeneity was observed (Figure 4).

Figure 4: Core temperature: end of surgery; warmed insufflation versus usual care;

general anaesthesia

Review: PH Insfetion
Comparisan 02 Warmedd insufflation gas veraus standard care
Outeome: 02 Core tempersture

Shucdy Warmed Usuel care VAMD (fived) Weicht WAMD fived)
oF aub-category N Mean (50) N Mean (30 9% 0l % g%l

01 Cote tempersture: End of surgery

Hamza 2005 T 3RE0.43) 2l 3E0i0.42) —_ % 0.54 [0.29, 0.79]
Saad 2000 10 36.1010.40) 10 35.70{0.60) —F— M. 0.40 [-0.05, 0.8
Suktotsl (%5% C) i il o 1000 0.5 [0.33, 1.7
Test for heterogenedy: Chi=0.29, df =1 (P=0.59), F= 0%
Test for queralleffect 2=453(F < 0.00001)

I I | I

Favours ususlcare  Favours warmed

Postoperative outcomes

3. Core temperature: PACU

Four studies (Backlund 1998; Nelskyla 1999; Nguyen 2002; Farley 2004; Hamza 2005;
Champion 2005) reported core temperature in PACU. In two studies (Backlund 1998; Nguyen
2002) patients were hypothermic at baseline and therefore results were not included. Results

for Nelskyla (1999) are not combined as standard deviations were not reported (Figure 5).

Meta-analysis of two studies (Farley 2004; Champion 2006) with 151 patients showed no
significant difference in core temperature at entry into PACU. After 30 minutes in PACU, one
study (Hamza 2005) with 44 patients showed no significant difference in core temperature.
After 60 minutes in PACU, meta-analysis of two studies (Farley 2004; Hamza 2005) with 145
patients showed no significant difference. After 4 hours in the PACU, one study (Farley 2004)

with 111 patients showed no significant difference in core temperature.
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In one study (Nelskyla 1999) 15 minutes after entry into PACU the core temperature was
0.4°C higher in the unwarmed group, however, we cannot determine if this was statistically
significant as the standard deviations were not provided. At 75 minutes in PACU, the core

temperature was 0.1°C higher in the unwarmed group.

Figure 5: Core temperature: PACU; warmed insufflation versus usual care; general

anaesthesia

Revigw IPH Insufflation

Comparisan; 02 Warmed insufflation gas versus standard care

Cutcome: 03 Core tempersture: PACL

Stuchy Warmed Usual care VWMD (fixed) Weight WD ( fixed)
or sub-category ) Mean (S0 M Mean (SD) 95% CI % 95% Cl

01 Core tempersture: Entry into PACL

Champion 2006 25 36.30{0. 40) 25 36.40{0.50) —e— 46.53 -0.10 [-0.35, 0.15]
Farley 2004 43 35.501(0.60) 52 36.0010.60) —a— 53.47 -0.10 [-0.33, 0.13]
Subtotal (35% Cl) 74 77 - 1o0. 00 -0.10 [-0.27, 0.07]

Test for heterogeneity: Chi* = 0.00, df =1 (P = 1.00), # = 0%
Test for overall effect Z=1.14 (P =0.29)

03 30 min in PACU

Hamza 2005 z3 35.7Z(0.65) Zl 35.4000.62) i
Subtotal (95% CI) 23 zl
Test for heterogeneity: not applicable
Test for overall effect: Z=167 (P = 0.09)

100.00 P .06, 0.70]

—E— -0
renuiiiie.— 100,00 0.32 [-0.06, 0.701

o

n

o

04 80 min in PACU

Farley 2004 49 36.30(0.70) 52 36.3060.60) —— 49.27 0.00 [-0.25, 0.25]
Hamza 2005 23 35.301(0.43) zZl 35.7z(0.42) 50.73 0.18 [-0.07, 0.43]
Subtotal (35% Cly 7z 73 100,00 0.03 [-0.09, 0.27]
Test for heterogeneity: Chi* = 0.97, df =1 (P = 0.32), P = 0%

Test for overall effect Z="1.00(P = 0.32)

08 4 hours in PACU

Farley 2004 49 36.60(0.50) 52 36.7000.50) 100.00 -0.10 [-0.30, 0.10]
Subtotal (35% Cly 43 52 100,00 -0.10 [-0.30, 0.1d]

Test for heterogeneity: not applicable
Test for overall effect Z=1.00(P = 0.32)
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4. Shivering

Two studies (Nelskyla 1999; Hamza 2005) reported postoperative shivering. In Nelskyla
(1999) shivering was evaluated upon arrival to the PACU by a nurse blinded to the treatment.
The study reported 33.4% of all the patients (n=37) exhibited shivering which disappeared
within 60 minutes. The study also reported that one patient in the unwarmed group required

meperidine for shivering.

One study (Hamza 2005) with 44 patients reported incidence of shivering in the postoperative
period. Details on how shivering was assessed were not provided. The incidence of shivering
was significantly less in the warmed group (OR 0.11 (95% CI1 0.01, 0.80), corresponding to a
NNT (Numbers needed to treat) of 6 (95% CI 3,100). It is noted that the confidence interval is
wide (Figure 6).

Figure 6: Incidence of shivering; warmed insufflation versus usual care; general

anaesthesia
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Revigw: IPH Inzufflation

Comparison; 02 Warmed insufflation gas versus standard care

Outcame: 04 Incidence of shivering

Shudy Warmed Lslal care Peto OR Wigight Peto OR

ar sub-categary il M 45% ¢l % 85% ¢l
Hamza 2005 0/23 4f2l —— 100.00 0.11 [0.0L, 0.80]
Total (35% Cl) 23 21 -aiine- 100.00 0.11 [0.01, 0.80]

Total everts 0 (Warmed), 4 (usual care)
Test for heterogenety: not applicable
Test for overal effect 2=217(P=003)

NB: Scale 0.01 to 100

5. Length of stay in PACU

Meta-analysis of three studies (Farley 2004; Hamza 2005; Champion 2006) with 195 patients

reported length of stay in PACU. There was no significant difference in length of stay between

the two groups (Figure 7).

oo

01 1 10 100

Favours warmed — Favours usual care

Figure 7: Length of stay in PACU; warmed insufflation versus usual care; general

anaesthesia

Redew.  PHInsuffaton
Comprieon 02 Vatmet inzufileton g3 versus stanvard care
(iteome: 05 Length of tavin PACL
Shucy Watmed gl care D ified) Wit WD (feed)
0 sbecatenary ! Nean (30 [l Mean () 150 % ¥

\
Chanpion 2006 2 R S0{LLLO) 25 e B0{1L.30) | Mgy <L [-REL LA
Fatley 2004 49 M.0029.00) B B2.00{2e.00) -+ 4% -0 [-19.3, 1.3
Hanza 2004 23 83.00030.00) 2 L07.00089.00) — 2B -I4.00 [-55.96, 7.5]
Tot 365 ) i % { 0000 -4.15 3.5, 1.17]
Test for heterogenaty O =227 of=2(F=032) P=115%
Teatfor overaleffct Z=153(P=013)

NB: Scale -100 to 100

6. Length of hospital stay

Seven studies (Mouton 1998; Slim 1999; Wills 2001; Nguyen 2002; Farley 2004; Hamza 2005;

moao0 nom

Faiurs Vsl cate Favours wmed

Champion 2006) reported length of stay in hospital. Results for Wills (2001) and Nguyen

(2002) will not be included in the analysis as patients were hypothermic at baseline.

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 398 of 536



O© 00 N O O & W N B

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

DRAFT FOR CONSULTATION

Mouton (1998) reported that there was no difference in length of stay (warmed: 1.5 days;
unwarmed: 2.1 days), however, standard deviations were not reported therefore we cannot
determine if this difference was statistically significant. In one study (Hamza 2005) only the
mean and range was provided: (warmed: 2 days (range 2-2); unwarmed: 2 days (range 2 to
3). Meta-analysis of the remaining three studies (Slim 1999; Farley 2004; Champion 2006)
with 251 patients showed no significant difference (Figure 8).

Figure 8: Length of stay in hospital; warmed insufflation versus usual care; general
anaesthesia

Review IPH Insufflgion
Comparisar D2 VWatmea inaufiltion gas versus standare care
Oudcome: DB Lengthof hasptal stay

Shady amed st care WD (fixed) it WD (fixed)
0 sub-Cateory N Mean (=0) i Mean (5D) %0 % %%

\
Champin 200 ) 2.30{0.50) 5 £.30{0. 50} — 5L.27 0.00 [-0.28, 0.28)
Fatley 2104 49 1.23{0.92) 5 1.21{1.04} —i— 6.93 0.09 [-0.30, 048]
slin1989 49 LA0iL.a0 Bl 20i0.s0 —_ 28 020 [-0.23, 0.63]
Tl (3% ) 17 123 <+ 0000 0.07 [-0.1%, 0.26]
Testfor heteragenedty: Ch =060, df = 2(F=0.74) F=0%
Testfor qveralleffect Z=064(F=052)

S R N

Favours usuelcare  Favours wamed

7. Wound infection
One study (Mouton 1998) with 26 patients reported that was one case of minor wound
infection was reported in each group. Definition of wound infection and how it was assessed

was not stated.

B. Warmed inspired gases versus usual care
Five studies (Youngberg 1985; Joachimsson 1987; Goldberg 1992; Hynson 1992; Johansson

2003) compared warmed inspired gases with usual care.

1. Incidence of hypothermia

One study (Joachimsson 1987) reported incidence of hypothermia at three different
temperature range (35.9°C to 35.0°C; 34.9°C to 34.0°C; less 34.0°C) at the end of surgery. It
was decided to combine the number of events. There was a significantly lower incidence of
hypothermia in the warmed group [RR 0.06 (95% 0.01, 0.28], a NNT of 2 (95% CI 1, 2) for a
control group rate 100% (18/18) (Figure 9).

Figure 9: Incidence of hypothermia; warmed insufflation versus usual care + active

warming in both groups; general anaesthesia
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Revigw: IPH Heated humicifier

Comparizon: 02 Incidence: of rypothermia

COutcome: 0 Incidence of fypathermia

Study Warming |b=ual care FR [fixed) Wieight FR (fixed)

o sub-category i nM 95% (I % 85% ¢l

1 All range

Joachimssan 1967 128 18/18 — 100.00 0.06 [0.01, 0.28]
Subtotal (95% C) 25 18 il 100,00 0.06 [0.01, 0.28)

Tatal events: 1 (Warming), 15 (Usual care)
Test for heterogeneity: not applicable
Tesst for awerall effect 7= 356 (P = 0.0004)

oom om o011 10 100 1000

Favours warming  Favours usual care

NB: Scale 0.01 to 1000

2. Intraoperative core temperature

Eight studies (Stone 1981; Tollgfsrud 1984a; Tellgfsrud 1984b; Youngberg 1985;
Joachimsson 1987; Goldberg 1992; Hynson 1992; Ouellette 1993) comparing heated-
humidifiers with usual care and two studies comparing heat and moisture exchanger with
usual care (Goldberg 1992; Johansson 2003) reported intraoperative core temperature. One
study (Youngberg 1985) did not report standard deviations and we cannot therefore determine
if the differences observed in core temperature was significant. In one study (Stone 1981)
patients received warmed blankets at the discretion of the anaesthetist. The results for this

study may be confounded and will not be considered in the analyses.

At 30 minutes three studies (Conahan 1987; Joachimsson 1987; Ouellette 1993) with 90
patients showed borderline significance and a small significantly higher core temperature for
the warmed group: MD 0.19°C (95% 0, 0.38) for a control group temperature range of 35.9°C
to 36.0°C. There was no heterogeneity. The results for Conahan (1987) were considered in a
sensitivity analysis (temperature measured at the sublingual site). The odds ratio for the
Conahan (1987) study was large and significant compared to that for the other two studies
(Joachimsson 1987; Ouellette 1993) which showed no significant difference, no heterogeneity
was noted. A further sensitivity analysis excluding the Conahan (1987) study was conducted.
Meta-analysis of the remaining two studies (Joachimsson 1987; Ouellette 1993) with 71

patients resulted in no significant difference and no significant heterogeneity (Figure 10).

In one study (Youngberg 1985) with 40 patients the change in core temperature at 30 minutes
was extracted: heated-humidified group: -0.11°C; control group: -0.26°C. Baseline core
temperature was not reported or standard deviations, so statistical significance is not

determined.

At 60 minutes, meta-analysis of eight studies [10 comparisons] (Tellgfsrud 1984a; Tgllgfsrud
1984b; Joachimsson 1987; Goldberg 1992 [2 comparisons]; Hynson 1992; Ouellette 1993;

Johansson 2003 [3 comparisons]) showed significantly higher mean core temperature for the
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warmed group: WMD 0.12°C (95% CI1 0.03, 0.21) when compared to the control group
temperature of 35.5°C to 36.0°C. There was no significant heterogeneity (1°=13.2%, p=0.32).

One study (Youngberg 1985) only reported change in core temperature (warmed group:
-0.22°C; control group: -0.80°C) and did not report standard deviations so we cannot report

whether the difference in core temperatures was significant.

At 2 hours, for 5 studies [7 comparisons] (Tgllgfsrud 1984a; Tallgfsrud 1984b; Joachimsson
1987; Hynson 1992; Johansson 2003 [3 comparisons]) with 187 patients the mean core
temperature was significantly higher for the warmed group: WMD 0.42°C (95% CI 0.24, 0.59)
for a control group temperature of 35.2°C to 35.8°C. There was significant heterogeneity
(I2=64.1%, p=0.01). Observed heterogeneity at 2 hours was considered by the proposed
factors for subgroup analyses. We note there was limited demographic information in two
studies (Tallafsrud 1984a; Tallgfsrud 1984b).

Five studies (Tallgfsrud 1984a; Tgllgfsrud 1984b Joachimsson 1987; Hynson 1992;
Johansson 2003 [3 comparisons]) were similar in age (less than 65 years) and the mean age
was over 65 in one study (Tellgfsrud 1984b), type of surgery (elective for all studies), and
duration of surgery (3 hours for all studies). ASA status was reported in only one study
(Johansson 2003: ASA I-II).

In terms of factors specific to the warming devices, four studies used a heated-humidifier
(Tallgfsrud 1984a; Tellgfsrud 1984b; Joachimsson 1987; Hynson 1992) and one instituted a
heat and moisture exchanger (Johansson 2003). The temperature settings was not stated in
three studies (Tallafsrud 1984a; Toellefsrud 1984b; Johansson 2003) and were as follows in
the remaining two studies: 38°C (Joachmisson 1987); 40°C (Hynson 1992); and the fresh gas
flow was not stated in three studies (Tgllgfsrud 1984a; Tellafsrud 1984b; Joachimsson 1987)

and were maintained at: 5 L/min (Hynson 1992) and 1 to 6 L/min (Johansson 2003).

None of subgroup analyses adequately explained the observed heterogeneity. Only two
studies (Tallafsrud 1984a; Joachimsson 1987) showed a statistically significant difference in

core temperature.

3. Core temperature: end of surgery

At end of surgery, two studies (Joachmisson 1987; Ouellette 1993) with 71 patients reported
core temperature. Mean duration of surgery was over 2 hours in both of the studies. The mean
core temperature was significantly higher for the warmed group: MD 0.45°C (95% CI 0.08,
0.82) for a control group temperature 35.4°C. The difference was clinically significant. The

confidence interval is fairly wide (Figure 10).
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Figure 10: Intraoperative core temperature; warmed inspired gases versus usual care;

general anaesthesia

Reviewr: IPH Heated hurmidifier

Compatison 01 Intraoperative Core temperature

Outcome: 01 Core temperature

Shucky Warmmed Usual care VYWD (fixed) Weight WD (fixed)

or sub-category 1 Mean (S0 M Mean (S0) 95% C1 %o 95% C1

01 Core temperature- 30 min
Conahan 1987 10 26,2000, 32) 9 3E.8000.30) L 46. 08 0.30 [0.0Z, 0.58]
Joachimszon 1957 3 26.2310.41) 4 36.14100.72) T 3l.58 0.0% [-0.25, 0.43]
Quellette 1993 1z 26.1000.50) 12 36,0000, 500 - 2z.37 0.10 [-0.30, 0.80]

Subtatal (35% CI) 48 45 [ 3 100.00 0.19 [0.00, 0.38]

Test for heterogenety: Chi* =113, df =2(F=057),F = 0%

Test for averall effect Z=1.96(P=005)

(02 Core temperature- B0 min
Hyneon 1952 13 -1.0110.23) 5 -1.0800.23) - 11.32 0.07 [-0.22, 0.2¢]
Joachimeson 1957 23 F6.23100.41) 24 36.14140.73) - 8.13 0.0% [-0.25, 0.43]
Johangson 2003k 15 35.7240.28) 15 3E.623{0.25) L 28.78 0.03 [-0.15, 0.21]
Johansson 2005c 15 35.6510.25) 15 35.8000.31) g ZZ.68 0.1% [-0.01, 0.39]
Johansson2003a 15 35.8810.31) 15 35.59(0.37) &+ 15.44 0.2% [0.05, 0.53]
Queliette 1953 1z 36.0000.70) 12 35.30(0.60) —_ 3.39 0.10 [-0.42, 0.6Z]
Tollofsrud 1954 10 35.8110.55) 10 35.7000.64) — 3.37 0.11 [-0.41, 0.63]
Tollofsrud 1954k 10 36.2500.37) 10 36.0160.48) T 6. 88 0.z4 [-0.13, 0.61]

Subtotal (35% CI) 105 106 (] 100.00 0.14 [0.04, 0.23]

Test for heterogenedy: Chi* = 3.77, df =T (P =081),F = 0%

Test for overall etfect: =276 (P = 0.006)

03 Core tempersture- 2 hours
Hynzon 1992 £ -1 E610.47) 5 -1.5000.47) —a— g.68 -0.16 [-0.74, 0.4Z]
Joachimszon 1967 23 26.0L40.E1) 24 3E.24(0.52) = 33.96 0.77 [0.48, 1.06]
Johansson 2003k 15 355040, 60) 15 35.3040.70) L 13,82 0.z0 [-0.27, 0.67]
Johansson 20030 15 35.451(0.80) 15 35.30{0.30) —m— 7.93 0.15 [-0.46, 0.76]
Johansson2003a 15 35,8040, 80) 15 35.80{0.60) - 15.37 0.00 [-0.43, 0.43]
Tollofsrud 1934a 10 36.1610.55) 1d 35.3200.73) — a.ls 0.84 [0.27, 1.41)
Tollofsrud 19340 10 36,1640, 58) 10 356700, 64) = 10,78 0.4% [-0.03, 1.01]

Subtotal (95% CI) a3 a4 + 100,00 0.42 [0.Z24, 0.59]

Test for heterogenetty: Chi* = 16.70, df =6(P = 0.01),F = 64.1%

Test for overall etfect: Z=4.76 (P = 0.00001)

04 Core temperature-End of surgery
Joachimsson 1957 23 36.1000.50) 4 35.40(1. 200 —a 43,93 0.70 [0.18, 1.Z2E]
Quellette 1993 1z 25.9000.70) 12 3E.7000.60) - E0.0L 0.z0 [-0.3%, 0.7Z]

Subtotal (35% CI) 35 36 -*> 100.00 0.45 [0.08, 0.82]

Test for heterogenefty: Chi* =176, df =1 (P =0.18), F = 43.3%

Test for overall effect Z=2.33(P=0.02)
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NB: Scale -4 to 4

4. Core temperature: PACU

Two studies (Conahan 1987: 3 comparisons; Goldberg 1992: 2 comparisons) with 70 patients
reported sublingual temperature at entry in PACU. The mean core temperature was
significantly higher for the warmed group:MD 50°C (95% CI 0.26, 0. 74) for a control group
temperature of 35.3°C to 35.4°C. The difference was clinically significant. There was no

heterogeneity (Figure 11).

Figure 11: Core temperature: PACU; warmed inspired gases versus usual care; general

anaesthesia
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Fieview: IPH Hesated humicifier
Comparison: 01 Infraoperstive Core temperature
Outcome: 02 Core tempersture- PACL
Shudy Warming Usual care WD (fixed) Weight WD (fixed)
or sub-category N Mean (S0 N Mean (30) 95% Cl %o 95% Cl
01 Core temperature- PACU
Caonahan 1387 10 35.30(0.32) 9 35.40(0.30) = 73.61 0.50 [0.ZZ, 0.78]
Goloberg 1992 14 35.80(0.40) 3 35.30(0.90) = 13.22 050 [-0.16, 1.16]
Goldberg 1992HME z1 35.80(0. 50} 3 35.30(0.90) = 13.17 050 [-0.16, 1.16]
Subtotal (35% CI) 45 z5 * 100,00 0.50 [0.26, 0.74]
Test for heterogenedy: Chi* = 0.00, df = 2(P = 1.00), F = 0%
Test for overall effect Z=410(P < 0.0001)
Total (35% CI) 45 z5 * 100,00 0.50 [0.26, 0.74]
Test for heterogenedy: Chi* = 0.00, df =2 (P =1.00),F = 0%
Test for overall effect Z=410(P < 0.0001)
4 2 i 2 4

Favours usualcare  Favours warming

NB: Scale -4 to 4

5. Incidence of shivering
Two studies (Conahan 1987: 3 comparisons]; Goldberg 1992: 2 comparisons) reported
presence of shivering in PACU. Shivering was assessed by nurses blinded to the treatment.

The mean difference in the incidence of shivering was not significant (Figure 12).

Figure 12: Incidence of shivering; warmed inspired gases versus usual care; general

anaesthesia

Revigw: IPH Heated humicifier

Comparizon, 03 Incidence of shivering

Outcome; 0 Incidence of shivering

Shuchy Warmed Usual care OR (fixed) Weight OR (fixed)

of sub-category il i 95% Cl % 85% Cl
Conahan 1987 1410 4/9 —a— 48.36 0.14 [0.01, 1.61]
Goldhery 15992 3/14 4/9 —— 22.19 2.25 [0.41, 12.44)
Goldberg 1992HME 4/19 H —— 29.45 0.67 [0.09, 4.81]
Tatal (35% 1) 43 25 . 100.00 0.76 [0.26, 2.20]
Tatal everts: 14 (Warmed), 10 (Ususl care)

Test for heterogenety: Chit =341 df =2 (P =0.18),F = 41.4%

Test for overall effect: Z=050(P=062)

nm 01 1 10 100
Favours warmed  Favours usual care

NB: Scale -0.01 to 100

6. Thermal discomfort: perception of feeling cold

Two studies (Conahan 1987: 3 comparisons; Goldberg 1992: 2 comparisons) reported
patients’ perception of feeling cold. The number of patients feeling cold was significantly less
in the warmed group [RR 0.23 (95% CI 0.07, 0. 70). This corresponded to an NNT of 3 (95%
Cl 2, 8) (Figure 13).

Figure 13: Thermal discomfort; warmed inspired gases versus usual care;
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Revigw, PH Hested humidifier

Comparison, (04 Thennal discomfart (feeling cold)

Qutcome; {1 Thermal discamfort (feelng cald)

Sty Warmed Usugl care RR (fied) Wit RR (fixed)

or sub-category nnl i 3% % 3% 01
(Goldhery 1992 Lil4 59 —i— .13 0.13 [0.02, 0.93]
(olberg 1992HME 319 T —& .87 0.37 [0.10, 1.41]
Total (35% CI) 1 16 i W00.00  0.23 [0.07, 0.70]

Total everts, 4 (Warmed), & (Usual care)
Test for heterogenety: Che = 081 df = 1 (P=0.37), F=0%
Test for overal effect Z=238 (P =0.010)

NB: Scale 0.01 to 100
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C. Warmed inspired gas versus usual care; with thermal insulation in both groups

1. Core temperature

One study (Eckerbom 1990) reported core temperature at 45 minutes after induction and 20

minutes after end of anaesthesia. At 45 minutes, the change in core temperature was -0.3°C

and -0.2°C (1 SD for core temperature <0.3°C) for the warmed and usual care groups

respectively. At 20 minutes after end of anaesthesia, the core temperature was significantly

higher for the warmed group: MD 0.60°C (95% CI 0.12, 1.08) for a control group temperature

of 36.6°C. The confidence interval is fairly wide (Figure 14).

Figure 14: Core temperature; warmed inspired gas versus usual care; with thermal

insulation in both groups
Review: PH Hestedf bumicifiet

Comparizan 07 HME va ususl care; themnalingl hoth groups

(udcame; 02 Core temperature- 20 min after end of anaesthesia

Shucdy Warmed Usuel care VAMD (fived) Weicht WND fived)

or sb-Category N Mesn (30) H Mean (=0) 8% % 5%
Eckerbom 1990 1 37.2000.80) 10 36,6010, 50) ———} 100.00 0.60 [0.1Z, 1.08]
Total (3% 1) 10 10 ~oplliiee: 100,00 0.60 0.12, 1.08)

Test for heteronenety; not spplicable
Test for overalleffect 7=243(P=002)
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10.7 PHARMACOLOGICAL AGENTS FOR THE PREVENTION OF IPH

SEARCH STRATEGY FOR IDENTIFICATION OF STUDIES
Searches were performed on the following core databases: MEDLINE, EMBASE, CINAHL and
The Cochrane Library (1966 to current day with guidance from the GDG). Additional

databases were not searched for this review. The search strategies are given in Appendix B.

The titles and abstracts from the search strategy were assessed. Thirty-one were identified to
be potentially relevant to the review and these papers were retrieved in full. Eleven studies
met the inclusion criteria for the review. The reference lists of the retrieved studies were
inspected for further potential papers, but none were identified. The 20 excluded studies are

listed in Appendix E, along with reasons for exclusion.

DESCRIPTION OF STUDIES INCLUDED IN THE REVIEW

Eleven studies met the inclusion criteria for the review (lkeda 1999; Mizobe 2006; Mohamed
2005; Piper 2000; Piper 2001; Sahin 2002; Selldén 1994; Selldén 1996; Selldén 1999;
Umenai 2006; Widman 2002). No studies were conducted in the UK; seven were conducted in
the rest of Europe, three in Japan and one in Egypt. Four studies had more than two arms,
giving a total of 27 comparisons. The Selldén (1999) study was a further report of patients
from both the Selldén (1994) and (1996) studies, reporting hospital stay. Results were not
given separately for the 1994 and 1996 studies and the amino acids groups from both earlier
studies were combined, giving 18% non-randomised patients. Thus, there were only ten

primary studies and 27 comparisons.

Seven studies had 50 patients or fewer in each comparison (Ikeda 1999; Mizobe 2006;
Mohamed 2005; Sahin 2002; Selldén 1994; Selldén 1996; Widman 2002), two of which had
fewer than 20 patients (Ikeda 1999; Selldén 1996). Three studies had more than 100 patients
in total: Piper (2000) had 30 patients in each of four arms; Piper (2001) had 30 patients in

each of five arms, and; Umenai (2006) had 68 and 66 patients in the two arms.

Population and details of surgery and anaesthesia

The mean age (where given) ranged across the studies from 32 to 68 years.

Surgery was carried out under general anaesthesia in all the studies except Widman (2002).
The duration of anaesthesia was more than 1 hour in eight studies (Mohamed 2005; Piper
2000; Piper 2001; Sahin 2002; Selldén 1994; Selldén 1996; Umenai 2006; Widman 2002) and
not stated in the other two (lkeda 1999; Mizobe 2006).

The types of surgery in the studies were gynaecological (Selldén 1996); neurosurgical (Sahin
2002); abdominal (Mizobe 2006; Mohamed 2005; Selldén 1994); cardiothoracic (Umenai
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2006); oral (Ikeda 1999); orthopaedic (Widman 2002); mixed (Piper 2000; Piper 2001; Selldén
1999). Surgery lasted 1 to 3 hours in six studies (Ikeda 1999; Piper 2000; Piper 2001; Selldén
1994; Selldén 1996; Widman 2002); over 3 hours in three studies (Mohamed 2005; Sahin
2002; Umenai 2006) and was not stated in one study (Mizobe 2006).

Two studies recorded tympanic temperatures, five rectal, three oesophageal, while one

recorded mixed venous blood temperature using a cannula in the pulmonary artery.

Interventions
The following interventions were assessed:
e Alpha adrenergic agonists: phenylephrine, one study (lkeda 1999);
e Alphas-adrenergic antagonists: urapidil, two studies (Piper 2000; Piper 2001);
e  Amino acids: six studies:
0 One study gave Aminosteril KE 10% at 125ml/h, corresponding to 240kJ/h (Mohamed
2005);
0 One study gave Traumamine at 100kJ/h (Sahin 2002);
0 Three studies gave Vamin 18gN/I at126 ml/h, corresponding to 240 kJ/h (Selldén
1994; Selldén 1996; Widman 2002);
0 One study gave Teruamino 18g N/l at 2ml/kg/h, corresponding to 4kJ/kg/h (Umenai
2006);
e  Sugars: fructose, one study (Mizobe 2006).

Ikeda (1999) and Mohamed (2005) used warmed intravenous fluids for all the patients. In two

studies some patients had warmed blood:

e In Selldén (1994), all patients except one were undergoing minor surgery and received no
active warming; 1 patient (in the amino acid group) received 4 units of warmed blood.

e In Selldén (1996), all patients except one received no active warming; 1 patient (in the

control group) received 1 unit of warmed blood.

In the other studies, patients received no active warming.

Comparisons
The interventions were subdivided into preoperative, intraoperative, or postoperative phases,
or a combination of phases. The included studies covered the following comparisons:
e Preoperative phase
Intervention versus placebo / no intervention:
0 Amino acids solution versus saline (Selldén 1996b).
e Intraoperative phase
Intervention versus placebo / no intervention:

0 Phenylephrine versus no intervention (Ikeda 1999);
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o Urapidil versus placebo (Piper 2000, Piper 2001);

0 Amino acids solution versus saline (Selldén 1994).

Intervention 1 + intervention 2 versus intervention 2 alone:

o0 Amino acid solution plus isoflurane anaesthesia versus isoflurane anaesthesia alone
(Sahin 2002);

o0 Amino acids solution plus propofol anaesthesia versus propofol anaesthesia alone
(Sahin 2002).

Intervention drug class 1 versus class 2:

o Urapidil versus clonidine (Piper 2000; Piper 2001).

e Pre and intraoperative phases

Intervention versus placebo / no intervention:

0 Amino acids solution versus placebo (Selldén 1996a; Selldén 1999);

0 Amino acids solution versus placebo: both groups had circulating water mattress at
37°C (Umenai 2006);

0 Amino acids solution plus saline as needed versus saline as needed (Mohamed
2005);

o Fructose infusion versus placebo (Mizobe 2006).

Spinal Anaesthesia:

0 Amino acids solution versus acetated Ringer’s solution (Widman 2002).

The Selldén (1999) study was an amalgamation of Selldén (1994) and Selldén (1996), with all
amino acids groups combined. Thus, some patients had infusions in the preoperative phase

only, some intraoperative only and some in both phases.

Cross-phase comparison
e Pre and intraoperative versus preoperative
0 Amino acids solution given 1 hour before + 1 hour during anaesthesia versus amino

acids solution given 2 hours before anaesthesia (Selldén 1996c¢).

METHODOLOGICAL QUALITY

The quality assessment for the included trials is shown in Appendix D. The method of
randomisation was reported in four studies, three of which were classified as adequate
(computer generated: Ikeda 1999; Mizobe 2006; Umenai 2006). The exception was a quasi-
randomised trial (Selldén 1994) in which patients were allocated alternately to treatment or

control.

A further trial, Selldén (1996), randomised two groups of patients to receive either amino acids
(1 hour before and 1 hour during anaesthesia) or saline control. The study also included a
further group of patients, added later but not randomised, who had amino acids for 2 hours

prior to anaesthesia. Thus the comparison of this group with either saline or the pre and intra
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operative infusion was not randomised, and open to bias. The other studies did not state the

method of randomisation.

Partial allocation concealment (sealed envelopes) was reported in three studies (Mizobe 2006;
Umenai 2006; Widman 2002). One study reported what was assumed to be inadequate
allocation concealment: Selldén (1994) stated that patients were allocated alternately to

treatment or control. Allocation concealment was not reported in the other studies.

Eight studies reported that the outcome assessors and the patients were blinded to the
interventions, although Ikeda (1999) was reported as single-blind. Blinding was not stated in
Mohamed (2005); one study (Selldén 1996) was not blinded.

Four studies (Piper 2000; Piper 2001; Umenai 2006; Widman 2002) described an a-priori
power calculation. These calculations suggested that the sample size should be 30 patients
per group (Piper 2000); 27 (Piper 2001); 65 (Umenai 2006) and 30 (Widman 2002).

All studies used an intention to treat analysis. Only one study (Umenai 2006) reported loss to
follow up: 26% of patients [14/68 (20%) in the saline group and 21/67 (31%) in the amino acid
group] had their operations converted during the procedure, after they had received the study
interventions, so they no longer met the inclusion criteria for the study. The authors then
randomised a further 45 patients in a ratio of 2:3 to replace the lost patients. 4/18 and 7/27 of
these were withdrawn from the saline and amino acids groups respectively. There was no
significant difference in the baseline characteristics of the remaining patients. We decided to

treat this study with slight reservation.

All studies included in the review demonstrated baseline comparability of the groups on
characteristics such as age, gender, duration of surgery and ambient air temperature. The
comparability of baseline core temperatures is shown in Figure 1. Piper (2000) and Piper
(2001) did not report baseline core temperatures in the groups before the intervention. The
Selldén (1996¢) comparison showed a significant difference in baseline core temperature of
0.4°C; Widman (2002) reported a significant difference in baseline temperature of -0.30°C,
and Mohamed (2005) reported a borderline difference of 0.10°C (p=0.05). Otherwise there
were no baseline differences. Both of these studies were regarded with caution, especially if

the effect size was not more than 5 times the baseline difference.

Figure 1: Baseline core temperatures
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Rerviewy: Inadvertent perioperative hypothermisa
Comparison: 10 Baszeline core temperatures
Outcome: 02 Baseling core temperatures

Stucky Treatment Cortrol D (fized) gt D (fized)
or sub-category N Mean (50 ] Mean (SD) 95% CI %o 95% CI
Ikeca 1999 s 37.40(0.30) a F7.301(0.30) 1 .13 0.10 [-0.18, 0.38]
Mizobe 2008 20 36.80(0.20) 20 3E.70(0.30) = 9.64 0.10 [-0.06, 0.26]
Mohamed 2005 z0 37.10(0.20} z0 37.0010. 10} = z5.07 0.10 [0.00, 0.20]
Sahina 10 36.97(0.40}) 10 36.7040.21) — 3.07 0.27 [-0.01, D_55]
Sahin b 10 36.70(0.44) 10 36.201(0.56) —_—T 1.24 -0.z0 [-0.&4, 0.24]
Sellden 1994 10 36.60(0.10} 11 F6.601(0.10) - 3z.84 0.00 [-0.03, 0.03]
Sellden 1996 & 3 37.09(0.14) ] 36.98(0.40) —t z.79 0.11 [-0.18, D_40]
Sellden 1996 b ] 36.62(0.23) g 36.28(0.40) —_— z.10 -0.z% [-0.&3, 0.08]
Sellden 1996 © ] 37.09(0.14) g F6.631(0.28) —_—— .1z 0.40 [0.12, 0.62]
Sellden 1999 45 36.80(0.67) 30 36.80(0.55) — 3.13 0.00 [-0.2Z8, D0.Z8]
Umenai 2006 EE 36.30(0.82) 23] 36.101(0.84) — .87 0.20 [-0.05, 0.45]
Wilclman 2002 2z 36.60(0.30) 24 36.301(0.30) 7.89 -0.30 [-0.47, -0.13]
-1 05 0 05 1

Favours treatment  Favours control

Six studies were considered to have potential for bias (Mohamed 2005; Selldén 1994; Selldén
1996; Selldén 1999; Widman 2002; Umenai 2006). One study (Selldén 1994) was considered
to be at higher risk because the patients were allocated alternately to treatment or control, and
this was investigated in sensitivity analyses. Two further studies (Widman 2002; Mohamed
2005) were considered with caution because of differences in baseline temperatures. Another
study had a slightly higher potential for bias: Umenai (2006) because of the drop-out rate, and
this study was treated with caution. Selldén (1996) had two comparisons that were not
randomised and these were not considered with the randomised studies; the Selldén (1996c)

comparison also had a large baseline difference (0.4°C).

As mentioned earlier, the Selldén (1999) study was a combination of Selldén (1996) and
(1994) and included 18% non-randomised patients. The component studies also had different
methods of sequence generation and consequently this study was treated as having potential

for bias.

RESULTS

I. Preoperative phase
A. Pharmacological agent versus placebo / no intervention
Al. Amino acids
Selldén (1996b) measured the change in temperature in 16 patients, for a solution of amino
acids versus saline infused for 2 hours prior to anaesthesia (duration 128 (SEM 13) minutes
for the amino acids group versus 154 (SEM 11) minutes for controls; not a significant
difference). The theatre temperature was 21 to 23°C; patients received no warming except for

one patient in the control group who had 1 unit of warmed blood.

1. Core temperatures postoperatively

Core temperatures were measured at baseline, after one hour of infusion (i.e. preoperatively)
and postoperatively on awakening. There was a fairly large, statistically significant difference
in core temperature postoperatively. The amino acids group was warmer, with a mean
difference of 0.51°C (95% CI 0.14, 0.88), for a control group mean temperature of 35.98°C,
i.e. the control group was only just hypothermic. We note that the patients were not

randomised to treatments for this comparison and that the postoperative temperatures were
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measured at different times for the two groups. Therefore, this study was considered to be

biased.

Figure 2: Core temperature

Review: Inadvertent perioper stive hypothermiz
Cotmparisan: 11 Prevertion studies
Outcome: 17 Pre-operstive amino acids vs. placebo (core temp)

Shudy Amino acids Cortrol WD (fized) Weight WD (fized)
or sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
01 Baseline
Sellden 1996 b preop ] 36.63(0.23) g 36.98(0.40) 100.00 -0.23 [-0.&3, 0.05]

Test for heterogeneity. not applicable

Subtotal (953 CI) El a -~aaiiien-- 100.00 -0.29 [-0.53, 0.05]
Test for overall effect: Z =1 68 (P = 0.09)

02 Pre-op (after 1 hour of infusion)

Sellden 1996 b preop ] 37.06{0.25) g 37.004{0.42) — 100.00 0.0& [-0.28, 0.40]
Subtotal (95% Cl) E B ~—ea—— 100.00 0.08 [-0.28, 0.401
Test for heterogeneity: not applicable
Test for overall effect Z=035(P =0.73)

03 Post-op (128 or 154 min)

Sellden 1996 b post 3 36.49(0.42) ] 35.98(0.34) —=—— 100,00 0.51 [0.14, 0.88]
Subtotal (95% CI) ] 8 ~omiiiee- 100,00 0.51 [0.14, 0.88]
Test for heterogeneity: not applicable
Test for overall effect 7 = 267 (P = 0.008)

-1 05 0 05 1

Favours control - Favours amina acid

II. Intraoperative phase
A. Pharmacological agent versus placebo / no intervention
Al. Alpha adrenergic agonists (e.g. phenylephrine)
One study (Ikeda 1999) compared phenylephrine 0.5ug/kg/min infusion from the start of
anaesthesia versus no treatment in 18 patients. IV fluids were warmed to 37°C; the theatre
temperature was 25 to 26°C; patients were covered with single cotton blanket and surgical
drape. We note that this study changed two variables at once and effectively had two

simultaneous warming interventions, warmed fluids and phenylephrine.

1. Core temperature at various intraoperative times

Mean core temperatures were significantly higher in patients given warmed phenylephrine at
15, 30, 45 and 60 minutes and at the end of surgery (mean duration of surgery 125 minutes
(SD 92) in the control group; 143 (SD 42) minutes in the phenylephrine group; not significantly

different), as shown in Figure 3. The confidence intervals are fairly wide.

Figure 3: Core temperature
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Rerviewy: Inadvertent perioperative hypothermisa
Comparison: 11 Prevertion stucies
Outcome: 16 Intra-operative phenylephrine vs. placebo
Stucky Phenylephrine Cortrol D (fized) gt D (fized)
or sub-category N Mean (50 ] Mean (SD) 95% CI %o 95% CI
01 Bazsline |

Ikeda O (haseline) s 37.40(0.30) a 37.30{0.30) | | 100.00 0.10 [-0.18, 0.38]
Subtotal (95% CI) 3 9 » 100.00 0.10 [-0.18, D_38]
Test for heterogeneity. not applicable
Test for overall effect: Z =071 (P = 0.48)
0215 minutes

Ikeda 15 min s 36.93(0.50) a FE.EZ(0.45) o 100.00 0.47 [0.03, 0.91]
Subtotal (953 CI) El a - 100.00 0.s7 [0.03, 0.91]
Test for heterogeneity. not applicable
Test for overall effect: Z =210 (P = 0.04)
03 30 minutes

Ikeda 30 min s 36.50(0.40) a F6.3L{0.45) - 100.00 0.83 [0.20, 0.98]
Subtotal (953 CI) El a > 100.00 0.59 [0.z0, 0.98]
Test for heterogeneity. not applicable
Test for overall effect: Z =294 (P = 0.003)
04 45 minutes

Ikecta 45min s 36.83(0.40) a F6.171(0.45) - 100.00 0.6 [0.27, 1.08]
Subtotal (953 CI) El a E 100.00 0.s5 [0.27, 1.05]
Test for heterogeneity. not applicable
Test for overall effect: Z =329 (P = 0.001)
05 80 minutes

Ikeda BO min s 36.50(0.40) a F6.101{0.51) - 100.00 0.80 [0.32, 1.22]
Subtotal (953 CI) El a - 100.00 0.80 [0.38, 1.27]
Test for heterogeneity. not applicable
Test for overall effect: Z =370 (P = 0.0002)
0f End of surgery

lkeda end El 36.34(0.50) El 3E5.861(0.483) - 100.00 1.08 [0.83, 1.53]
Subtotal (95% CI) El a o 100.00 1.08 [0.8%, 1.53]
Test for heterogenetty: not applicables
Test for overall effect Z = 4 67 (P = 0.00001)

) 2 0 2 4

Favours trestment  Favours control

NB: Scale -4 to +4

A2. Alpha; - adrenergic antagonist

Two studies (Piper 2000; Piper 2001) compared urapidil given 1V at the end of surgery versus
placebo in 120 patients. Piper (2000) used a dose of 0.2mg/kg and Piper (2001) randomised

the patients to three doses: 0.2mg/kg [a], 0.3mg/kg [b], or 0.4mg/kg [c] and placebo. Patients
were covered with a cotton sheet. The outcomes were core temperatures 15 and 60 minutes

after extubation, the extubation time and the time in the recovery room.

1. Core temperature 15 and 60 minutes after extubation

Figure 4 shows the effect of urapidil; this is reported as single comparisons, by dose, and as
meta-analyses across all doses. There was no significant difference between interventions,
although the 0.3mg/kg dose was almost significant in comparison with placebo, with the
urapidil group being warmer by 0.2°C (95% CI -0.01, 0.41; p=0.06). There was no

heterogeneity in the meta-analyses.

Figure 4: Core temperature post extubation
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Rerviewy: IPH pharmacologicsl agents:
Comparison: M Alpha!-adrenergic antagonist vs placebo (Irtraop)
Outcome: 1 Core temperature : time post-extubation
Stucky urapicil placeba D (fized) gt D (fized)
of sub-category M Mean (50 M Mean (SD) 5% Cl kS 5% Cl
01 Urapsdil 0.2 mgkg; CT 15 min after extubation
Piper 2000 35.40(0.40) 30 35.801(0. &0} — 44.09 -0.10 [-0.36, 0.1£]
Piper 2001 & 30 35.60(0.40}) 30 35.50(0.50) 55.91 0.10 [-0.13, 0.33]
Subtotal (95% Cl) ) &0 100.00 0.01 [-0.16, 0.128]
Test for heterogeneity: Chi® =129, df = 1 (P = 0.26), P =22.5%
Test for overall effect 7 =014 (P = 0.89)
02 Urapadil 0.3 moke; CT 15 min after extubation
Piper 2001 b 30 35.70(0.30) 30 35.50(0.50) e 100.00 0.20 [-0.01, D_41]
Subtotal (95% Cl) 30 30 100.00 0.20 [-0.01, 0.41]
Test for heterogeneity: not applicable
Test for overall effect 7 =188 (P = 0.06)
03 Urapadil 0.4 moke; CT 15 min after extubation
Piper 2001 ¢ 30 35.60(0.40}) 30 35.50(0.50) —e— 100.00 0.10 [-0.13, 0.33]
Subtotal (95% Cl) =0 30 - 100.00 0.10 [-0.13, 0.331
Test for heterogeneity: not applicable
Test for overall effect 7 = 086 (P = 0.39)
04 Urapadil all doses; CT 15 min after extubation
Piper 2000 30 35.40(0.40} 30 35.50(0.50) —a— 36.21 -0.10 [-0.36, D_16]
Piper 2001 a 30 35.60(0.40) 10 3E5.501(0.50) — 20.69 0.10 [-0.24, 0.44]
Piper 2001 b 30 3E.70(0.30) 10 3E5.504{0.50) — 2z.41 0.20 [-0.13, 0.83]
Piper 2001 ¢ 30 35.60(0.40) 10 F5.801(0.50) — z0.69 0.10 [-0.24, 0.44]
Subtotal (95% CI) 1z0 60 - 100.00 0.05 [-0.11, D_21]
Test for heterogeneity: Chi? =227 di =3 (P =0.52),F=0%
Test for overall effect: Z =063 (P = 0.53)
05 Urapsdil all doses; CT 60 min after extubation
Piper 2000 30 35.50(0.40) 30 35.801(0.50) b el 49.22 0.10 [-0.13, 0.33]
Piper 2001 & 30 35.90(0.30) 10 35.90(0.50) 17.25 0.00 [-0.3%, 0.39]
Piper 2001 b 30 36.00(0.20) 10 35.20(0.80) 17.28 0.10 [-0.2%, 0.43]
Piper 2001 ¢ 30 36.00(0.40} 10 35.301(0.&0) le.z8 0.10 [-0.30, 0.80]
Subtotal (95% CI) 1z0 60 100.00 0.08 [-0.08, D_Z4]
Test for heterogeneity: Chi* =021, df = 3 (P =0.98), 7 =0%
Test for overall effect: Z=1.01 (P =0.31)
06 Urapsdil 0.2 mgkg; CT 60 min after extubation
Piper 2000 30 35.50(0.40) 30 35.801(0.50) b el EZ.33 0.10 [-0.13, 0.33]
Piper 2001 & 30 35.90(0.30) 30 35.90(0.50) —— 4767 0.00 [-0.24, D_Z4]
Sublotsl (35% CI) 60 0 - 100.00 0.05 [-0.11, 0.22]
Test for heterogeneity: Chi* =035, df =1 (P = 0.55), F=0%
Test for overall effect 7 = 062 (P = 0.54)
07 Urapadil 0.3 moke; CT 60 min after extubation
Piper 2001 b 30 36.00(0.30) 30 35.90(0.50) e 100.00 0.10 [-0.14, D_34]
Subtotal (953 CI) =0 a0 -=a-- 100.00 0.10 [-0.14, 0_34]
Test for heterogeneity. not applicable
Test for overall effect: Z =082 (P =0.41)
08 Urapsdil 0.4 mghkg; CT 60 min after extubation
Piper 2001 ¢ 30 36.00(0.40} 30 35.301(0.&0) T 100.00 0.10 [-0.1&, 0.36]
Subtotal (95% CI) 30 30 100.00 0.10 [-0.16, D_36]
Test for heterogeneity. not applicable
Test for overall effect: Z =076 (P = 0.45)
-1 05 0 as 1

2. Time to extubation

There was no significant difference between groups for the time to extubation at any dose or in

placebo warmer  urapidil vearmer

the meta-analysis of all three doses. There was no heterogeneity in the meta-analysis.

Figure 5: Time to extubation

Reviewy: IPH pharmacological agents:
Comparison; ™ Alphal -adrenergic antagonist vs placebo (Intraop)
Outcome: 02 time to extubation (minutes)
Shudy urapidil placebo WD (fized) Weight WD (fized)
or sub-category ] Mean (S0 ] Mean (SD) 95% CI % 95% CI
01 Urapadil 0.2 mopkg
Piper 2001 & 30 10.60(3.50) 30 9.20(3.90) T 100.00 1.40 [-D_48, 3.28]
Subtotal (95% Cl) 20 30 - 100.00 1.40 [-0.48, 3.28]
Test for heterogeneity: not applicable
Test for overall effect 7 =146 (P =0.14)
02 Urapadil 0.3 mopkg
Piper 2001 b 30 9.70(4.40) 30 9.20(3.90) —— 100.00 0,50 [-1.60, Z_&0]
Subtotal (95% Cl) 20 30 - 100.00 0.50 [-1.80, 2.60]
Test for heterogenetty: not applicables
Test for overall effect Z =047 (P = 0.64)
03 Urapacil 0.4 mokg
Piper 2001 © 30 9.700(4.30) 30 F.2003.20) — 100.00 0.80 [-1.58, Z.88]
Sultotal (95% CI) 20 30 gl 100400 0.50 [-1.58, 2.58]
Test for heterogenetty: not applicables
Test for overall effect Z =047 (P = 0.64)
04 Urapadil all doses
Piper 2001 a 30 10.60(3.50) 10 F.2003.20) o 35.80 l.40 [-1.32, 4.12]
Piper 2001 b 30 9.70(4.40) 10 9.20(3.90) — 31.88 0.50 [-2.38, 3.38]
Piper 2001 © 30 9.700(4.30) 10 F.2003.20) — 3z.32 0.80 [-2.37, 3.37]
Subtotal (95% Cl) a0 30 100.00 0.8z [-0.81, Z2.45]
Test for heterogeneity: Chi® =027 i = 2 (P =087),F=0%
Test for overall effect Z =089 (P = 0.32)
-10 -5 ) ) 10

Favours urapidil  Favours placebo
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3. Time in PACU

The mean duration of surgery was 87.5 (SD 43.5) minutes in Piper (2000), and in the Piper
(2001) study, 88.0 (SD 40.1) minutes for the 0.2mg/kg dose, 77.8 (SD 43.5) for the 0.3mg/kg
dose, and 84.7 (SD 46.0) for the 0.4mg/kg dose. There was no significant difference between
interventions in the time spent in PACU for any dose. The meta-analysis showed no

heterogeneity.

Figure 6: Time in PACU

Rerviewy: IPH pharmacologicsl agents:
Comparison: M Alpha!-adrenergic antagonist vs placebo (Irtraop)

Outcome: 03 time in PACL (minutes)
Stucky urapicil placeba D (fized) gt D (fized)
or sub-category M Mean (S0 M Mean (SD) 5% Cl - 5% Cl
01 Urapsdil 0.2 mokg
Piper 2000 30 87.80(zz2.50) 30 93.801(25.30} 36.38 -&.10 [-13.43, 7.23]
Piper 2001 & 30 90.80(21.30) 30 85.40(18.60) - 6365 Z. a0 [-7.72, 12Z.52]
Subtotal (95% Cl) ) &0 100.00 -0.6% [-8.76, 7.38]
Test for heterogeneity: Chi* =099, df =1 (P = 0.32),F=0%
Test for overall effect 7 =017 (P = 0.87)
02 Urapadil 0.3 mopkg
Piper 2001 b 30 89.50(27.10) 30 85.40(18.60) E = 100.00 1.10 [-10.66, 1Z.86]
Subtotal (95% Cl) 30 30 100.00 1.10 [-l0.66, 1lZ.86]
Test for heterogeneity: not applicable
Test for overall effect 7 =018 (P = 0.85)
03 Urapadil 0.4 mopkg
Piper 2001 ¢ 30 97.10(31.10) 30 85.40(18.60) 100.00 8.70 [-4.27, 21.67]
Subtotal (95% Cl) 30 30 100.00 8.70 [-4.27, 21.67]
Test for heterogeneity: not applicable
Test for overall effect 2 =131 (P =0.19)
04 Urapadil all doses
Piper 2000 30 87.80(zz2.50) 30 93.801(25.30} za.18 -&.10 [-13.43, 7.23]
Piper 2001 & 30 90.80(21.30) 10 85.40(18.60) -+ z7.39 Z.a0 [-11.42, 16.22]
Piper 2001 b 30 89.50(27.10) 10 88.40(18.80) — 23.08 1.10 [-13.%6, le.16]
Piper 2001 ¢ 30 37.10(21.10} 10 53.401(18.60} z0.38 8.70 [-7.32, 24.72]
Subtotal (95% CI) 1z0 60 100.00 0.90 [-6.33, 8.14]
Test for heterogeneity: Chi* =201, df =3 (P =0.57),F=0%
Test for overall effect: Z =024 (P = 0.81)
-100 -50 0 50 100

Favours urapicil  Favours placebo

A3. Amino acids

Two studies (three comparisons) investigated the effect of amino acids versus placebo or no

intervention:

e  Sahin (2002) compared an amino acid solution plus isoflurane anaesthesia (group 1)
versus isoflurane anaesthesia alone (group 2) (Sahin 2002a), and in the same study,
compared an amino acid solution plus propofol anaesthesia (group 3) versus propofol
anaesthesia alone (group 4) (Sahin 2002b). All patients received dextrose-free
crystalloids and colloids at room temperature; the theatre temperature was 21°C (SD 1).
At the end of surgery, patients with temperatures below 35°C were warmed by a forced
air warming device in PACU before extubation. We note that there was no placebo
infusion, so that room temperature infusion may have led to some cooling, thus
underestimating the size of the effect.

e  Selldén (1994) compared an amino acids solution versus saline control; the theatre
temperature was 21 to 23°C; there was no warming except for one patient with a partial
gastrectomy in the amino acids group (major surgery) who had 4 units of warmed blood.
The core temperature was measured using mixed venous blood from the pulmonary

artery. We note that the Selldén (1994) study was quasi randomised.

1. Core temperature intraoperatively
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Meta-analysis of the two Sahin studies (n=40) showed no significant difference
intraoperatively between groups up to 3 hours. The mean duration of surgery was 268.5 (SD
139.7) minutes for the isoflurane only group; 270.5 (SD 104.6) minutes for the propofol only
group; 356.0 (SD 136.1) minutes for the isoflurane plus amino acid group and 242.0 (SD 92.6)

minutes for the propofol plus amino acid group.

The Selldén (1994) study, in 21 patients, however, showed a significant difference at 90
minutes, which does not align with the Sahin results. The Selldén (1994) study is possibly
biased by the alternate allocation used, however, we note that there may have been a cooling
effect in the intervention group of the Sahin (2002) study because of the infusion of room

temperature fluids.
At the end of surgery, meta-analysis showed a significantly higher mean core temperature for
the intervention group, but in the absence of the Selldén (1994) study, the meta-analysis was

not significant; WMD 0.76°C (95% CI -0.08, 1.60).

Figure 7: Core temperature

Rerviewy: IPH pharmacologicsl agents:
Comparison: 06 Amino acids vs placebo (irtraoperatively)
Outcome: 01 Change in core tempersture intraoperatively
Shudy amino acid placebo WD (fized) Weight WD (fized)
or sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
011 hour |
Sahin 2002 & 10 36.17{0.21) 10 F6.401(0.37) - al.30 -0.23 [-0.43, 0.03]
Sahin 2002 b 10 36.05(0.66) 10 36.08(1.21) —— 8.70 -0.03 [-0.88, 0_82]
Subtotal (95% Cl) z0 z0 * 100.00 -0.z1 [-0.46, 0.04]
Test for heterogeneity: Chi*® =019, df =1 (P = 0.66), F=0%
Test for overall effect 7 =1 65 (P =0.10)
021.5 hours
Sellden 1994 10 -0.55(0.32) 11 -1.01¢0.40) = 100.00 0.4 [0.15, 0.77]
Subtotal (95% Cl) 10 11 & 100.00 0.46 [0.15, 0.77]
Test for heterogeneity: not applicable
Test for overall effect 7 =292 (P = 0.003)
03 2 hours
Sahin 2002 & 10 36.13(0.23) 10 F6.07(0.&5) - 24.01 0.0& [-0.38, 0.80]
Sahin 2002 b 10 36.22(0.97) 10 35.68(1.30) 15.99 0.54 [-D_47, 1_55]
Subtotal (95% Cl) 20 20 100.00 0.14 [-0.27, 0.584]
Test for heterogeneity: Chi* =074, df =1 (P = 0.39), F=0%
Test for overall effect 7 = 067 (P = 0.50)
04 3 hours
Sahin 2002 & 10 35.80(0.50) 10 35.65(0.99) —— 56.10 0.15 [-D_54, D_84]
Sahin 2002 b 10 36.18(1.10) 10 35.80101.12) 3l.350 0.38 [-0.82, 1.38]
Subtotal (95% Cl) z0 z0 100.00 0.2z [-0.34, 0.73]
Test for heterogeneity: Chi*=014 di =1 (P=071),F=0%
Test for overall effect Z =077 (P = 0.44)
05 end of surgery
Sahin 2002 a 10 35.8z(0.83) 10 35.47(1.50) 1T £.58 0.35 [-0.73, 1.43]
Sahin 2002 b 10 36.60(1.50) 10 3E5.200(1.58) 4.81 l.40 [0.0&, Z.74]
Sellden 1994 10 -0.28{0.25) 11 -0.231(0. 44} E 88.51 0.85 [0.25, 0.85]
Subtotal (95% CI) 30 31 &» 100.00 0.57 [0.29, 0.88]
Test for heterogeneity: Chi* =165, df =2 (P = 0.44), P =0%
Test for overall effect: Z =395 (P = 0.0001)

-4 2 0 2 4

placebo warmer  amino acid warmer

NB: Scale -4 to +4

[ll. Pre and intraoperative phases
A. Pharmacological agent versus placebo / no intervention
Six studies compared the effect of pharmacological agents in the pre and intraoperative
phases (Mohamed 2005; Mizobe 2006; Selldén 1996a; Selldén 1999; Umenai 2006; Widman
2002). In Umenai (2006), both groups had circulating water mattress at 37°C. In Mohamed
(2005), the patients had amino acids solution plus saline as needed versus saline as needed.

The Widman (2002) study gave the patients spinal anaesthesia and was treated separately.
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We note that the Selldén (1996a) comparison was randomised (and therefore acceptable) and
that the Umenai (2006) study had some loss to follow-up. The Selldén (1999) study was a
partially randomised, and was an amalgamation of Selldén (1994) and Selldén (1996), with all
amino acids groups combined. Thus, some patients had infusions in the preoperative phase

only, some intraoperative only and some in both phases.

Al. Amino acids

GENERAL ANAESTHESIA

Mohamed (2005), Selldén (1996a), Selldén (1999) and Umenai (2006) studied amino acids

given both pre and intraoperatively. The outcomes measured were:

e  Preoperative temperature (Selldén 1996a; after 1 hour of infusion; theatre temperature 21
to 23°C; patients received no warming except for one patient in the control group who had
1 unit of warmed blood);

e  Preoperative temperature (Mohamed 2005) after 30 and 60 minutes of infusion, warmed
to 37°C;

e  Ontraoperative temperatures (Mohamed 2005: 30, 60, 120 and 180 minutes; infusion
warmed to 37°C);

e  Temperature at the end of surgery (Umenai 2006: mean duration of surgery 5.5 hours
[95% CI 5.2, 5.7] for amino acid group versus 5.1 hours [95% CI 4.8, 5.5] for saline
group; difference just non-significant; theatre temperature near 23°C; covered with one
layer sheet during surgery; circulating water mattress under patients set to 37°C);

o Postoperative temperatures (Selldén 1996a: on awakening at the end of anaesthesia,
and; Mohamed 2005: 30 minutes postoperatively);

e  Duration of hospitalisation (Selldén 1999: theatre temperature 20 to 23°C; no warming
except for five patients who had warmed blood; this report includes the patients in
Selldén 1994 and Selldén 1996).

1. Intraoperative temperatures

One study (Mohamed 2005) recorded the core temperature at various times intraoperatively in
40 patients for an amino acid solution (given 1 hour before induction and 1 hour after) versus
no infusion. Both groups were also given IV nutrient-free saline according to the fluid
requirements of the patient and all IV infusions were given at 37°C. Thus, this study gave two
interventions at once: the amino acids and warmed fluids, which were not compared with
placebo. For this study there was a statistically significant difference at all times up to and
including 3 hours. We note that the control group temperature did not drop below 36.0°C until

2 hours.

Umenai (2006) studied 134 patients and compared an infusion of amino acids, started 2 hours

before induction of anaesthesia and continued for 6 hours, versus an infusion of saline for the
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same length of time. Umenai (2006) reported that core temperatures became significantly
higher in the amino acid group than in the saline group from 150 minutes after induction of

anaesthesia until the end of surgery (p=0.005).

These studies were combined in a meta-analysis, but there was significant heterogeneity,
possibly explained by the different interventions (warmed amino acids in Mohammed 2005
and unwarmed amino acids in Umenai 2006) combined with the different comparators (no

placebo in Mohammed 2005; and placebo infusion in Umenai 2006).

For the economic analyses it was decided to use the Umenai (2006) results, which may have

been a conservative estimate.

Figure 8: Core temperature

Rerviewy: Inadvertent perioperative hypothermia (ersion whl)

Comparison: 12 Cther studies

Outcome: 79 Pre-op and irtra-op amino acids versus placebo (temp)

Stucky Aming acids Cortrol D (fized) gt D (fized)
or sub-category N Mean (50 ] Mean (SD) 95% CI %o 95% CI

01 30 min into irtraop phase
Mohamed 2005 20 37.10(0.10} z0 36.50(0.10} = 100.00

Subtotal (95% Cl) z0 zo { 100.00

Test for heterogeneity: not applicable

Test for overall effect: 7 = 1897 (P = 0.00001)

o

60 [0.54, 0.66]
.60 [0.84, 0.88]

o

04 60 minutes into intraog phase

Umenai 2006 (13 35.83(0.83) 68 35.50101.2Z6) = 6.89 0.33 [-0.03, 0.69]
Mohammed 2005 z0 37.00(0.20) 20 36.1010.10) - 33.11 0.90 [0.80, 1.001
Subtotal (35% C1) 26 38 # 100.00 0.86 [0.77, 0.3&]

Test for heterogeneity: Chiz = 895, df = 1 (P = 0.003), IF = 885%
Test for overall effect Z =17 .84 (P = 0.00001)

05 120 minutes into intraop phase
Umenai 2006 EE 35.40(0.83) 23] 35.040(1.28) = le.14

o

36 [0.00, 0.72]

Mohammed 2005 z0 36.50(0.30) z0 35.801(0.20) | _ 83.86 1.10 [0.94, 1.2&]
Sultotal (95% CI) 86 88 » 100400 .98 [0.84, 1.13]
Test for heterogeneity: Chiz = 1359, df = 1 (P = 0.0002), 1F = 92 6%
Test for overall effect: Z =13.28 (P = 0.00001)

o

) 2 0 2 4
Favours control - Favours amino acids

NB: Scale -4 to +4

2. Temperature at the end of surgery
Umenai (2006) reported that, at the end of surgery, there was a significantly higher mean
temperature for the amino acids group: MD 0.50 (95% CI 0.18, 0.82). The confidence interval

is fairly wide, and there was some loss to follow-up.

Figure 9: Core temperature at end of surgery

Rerviewy: Inadvertent perioperative hypothermisa

Comparison: 11 Prevertion stucies

Outcome: 22 Pre- + intra-operative amino acids versus placebo (end of surgery)

Stucky Aming acid Cortrol D (fized) gt D (fized)

or sub-category N Mean (50 ] Mean (SD) 95% CI %o 95% CI
Umenai 2006 EE 36.10(0.83) 23] 3E5.60(1.05) — 100.00 0.80 [0.12, 0.82]

Tetal (5% CI) 56 68 ~suiiiiee- 10000 0.50 [0.18, 0.8Z]

Test for heterogeneity. not applicable
Test for overall effect: Z = 3.06 (P = 0.002)

-1 -0s 0 0s 1
Favours control - Favours amino acid

3. Postoperative temperatures
Two studies recorded postoperative core temperatures: Selldén (1996a) recorded the change

in temperature at awakening in 16 patients; Mohamed (2005) gave the temperatures at 30
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minutes postoperatively in 40 patients. For Selldén (1996a) there was a large statistically
significant difference postoperatively: MD 1.16 (95% CI 0.58, 1.74) for a control group
temperature of 35.98°C (i.e. the control group was only just hypothermic); the confidence
interval is wide, however. Mohamed (2005) showed a significant difference, 30 minutes post
extubation, of 0.60 (95% CI 0.41, 0.79) for a control group temperature of 36.40°C, i.e. not
hypothermic).

Figure 10: Core temperature postoperatively

Reviewy: Inadvertent perioperative heypothermis
Comparison; 11 Prevertion studies
Outcome: 21 Pre- + intra-operative amino acids versus placebo (post-op temp)
Shudy Amino scid Cortrol WD (fized) Weight WD (fized)
or sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
01 On swakening

Sellden 1996 & post ] 37.14(0.76) g 3E5.98(0.34) - 100.00 1.1 [0.58, 1.74]
Subtotal (953 CI) El a - 100.00 1.1 [0.58, 1.74]
Test for heterogeneity. not applicable
Test for overall effect: Z =394 (P = 0.0001)
02 30 min postoperatively

Mohamed postop 30 mn 20 37.00(0.20) 20 36.40(0.30) | 100.00 0.80 [0.41, 0.72]
Sultotal (95% CI) z0 z0 + 100400 0.60 [0.41, 0.73]
Test for heterogenetty: not applicables
Test for overall effect Z = 632 (P = 0.00001)

) 2 0 2 4

Favours control  Favours amino acid

NB: Scale -4 to +4

4. Timein ICU

One study (Umenai 2006) in 134 patients undergoing off pump CABG operations, recorded
the time spent in ICU, given as median values. The intervention and control groups were in
ICU for respectively 20 hours (95% CIl 19.5, 38.4) versus 44 (95% CI 21, 45) hours. This was
a statistically significant difference (p=0.001). However, we note that there were some drop

outs in this study.

5. Duration of hospital stay

Umenai (2006) reported that there was a significant difference (p=0.004) in the median length
of stay in hospital for patients undergoing off pump CABG operations: amino acid group stay
was 10 days (95% CI1 9, 11) and the control group was 12 days (95% CI 11, 13).

Selldén (1999) reported the duration of hospital stay for 75 patients treated across two studies
with amino acids or saline. This was significantly longer (MD 1.80 days [95%CI 0.26, 3.34]) for
the control group, favouring the amino acids. We note that this study had poor methodological

quality and had a mixture of protocols across different phases. The results are considered very

cautiously.

SPINAL ANAESTHESIA

The study using spinal anaesthesia (Widman 2002) assessed amino acids for 1 hour prior to
and during hip arthroplasty. The outcomes were temperature at start of operation (i.e. after 1
hour of infusion) and at the end of surgery (120 minutes for the amino acid group and 135

minutes, reported as not significantly different, in the control group).
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1. Change in temperature at the end of surgery
For this study, the difference in temperature at baseline was significant (+0.3°C). The
difference in effect size was not five times greater than the baseline difference, so these

results were considered to be flawed.

Figure 11: Change in temperature at the end of surgery

Rerviewy: Inadvertent perioperative hypothermisa

Comparison: 13 Spinal anaesthesia

Outcome: 02 Change in temp by end of surgery

Shudy Amino scid Cortrol WD (fized) Weight WD (fized)

or sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
‘Widman 2002 Zz -0.40(0.20) 24 -0.20(0.<40) . 100.00 0.80 [0.30, 0.70]

Total (35% CI) zz 24 e 100400 0.50 [0.30, 0.70]

Test for heterogenetty: not applicables
Test for overall effect Z = 482 (P = 0.00001)

-1 05 ) 0s 1
Favours control  Favours amino acid

A2. Sugars

GENERAL ANAESTHESIA

Mizobe (2006) compared a fructose infusion (0.5 g/kg/h; not stated to be warmed) with a
saline infusion, starting 3 hours before surgery and continuing for a further hour after
induction, in 40 patients, but core temperatures were measured in only 20 of these (random
selection). The theatre temperature was 24°C; patients were covered with a cotton sheet

preoperatively and with drapes during surgery.

1. Core temperatures

The core (oesophageal) temperature was measured at various intraoperative times. The
temperature was significantly higher in the fructose group at all times. At 3 hours after
induction of anaesthesia (i.e. 2 hours after the end of the infusions), the values were given in
the text (not extracted from a graph) and for this time the mean difference was 0.60°C (95%CI

0.25, 0.95). The confidence interval is fairly wide.

Figure 12: Core temperature

Rerviewy: Inadvertent perioperative hypothermisa
Comparison: 11 Prevention studies
Outcome: M Pre and intra-operative fructose vs placebo over time
Shudy Fructose Cortrol WD (fized) Weight WD (fized)
or sub-category M Mean (S0 M Mean (500 95% Cl P 95% Cl
01 20 min from graph

Mizobe 2008 10 36.58(0.Z1) 10 36.301(0.34)  — 100.00 0.2& [0.00, 0O.50]
Subtotal (95% CI) 10 10 =enifiae-- 100.00 0.25 [0.00, O.50]
Test for heterogenetty: not applicables
Test for overall effect Z =188 (P = 0.05)
02 60 min from graph

Mizobe 2006 10 36.21(0.21}) 10 35.70(0.34) —— 100.00 0.51 [0.26, 0.76]
Subtotal (95% Cl) 10 10 =t 100.00 0.5l [0.28, O.7]
Test for heterogeneity: not applicable
Test for overall effect: 7 = 4 04 (P = 0.0001)
03 120 min from graph

Mizabe 2006 10 3E5.51{0.30) 10 F5.271(0.33) — 1loo0.00 0.64 [0.34, 0.94]
Subtatal (95% Cly 10 10 ~sufiiiee- 10000 0.64 [0.34, 0.94]
Test for heterogeneity. not applicable
Test for overall effect: Z =411 (P = 0.0001)
04 final temgp (180 min) from tesxt

Mizobe 2008 10 3E5.70(0.40) 10 35.1040.40) —— 100.00 0.60 [0.25, 0.3E]
Sultotal (95% CI) 10 10 ~ongle 100,00 0.60 [0.25, 0.35]
Test for heterogeneity: not applicable
Test for overall effect: 7 = 335 (P = 0.0008)

-1 05 0 05 1

Favours control - Favours fructose
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2. Blood loss
Mizobe (2006) reported intraoperative blood loss in 20 patients. There was no significant

difference between interventions, but the confidence interval is wide.

Figure 13: Intraoperative blood loss

Rerviewy: Inadvertent perioperative hypothermisa
Comparison: 11 Prevertion stucies
Outcome: 23 Pre and intra-operative fructose vs placebo over time

Stucky Fructose Cortrol D (fized) gt D (fized)
or sub-category N Mean (50 ] Mean (SD) 95% CI %o 95% CI
01 hlood Ioss intraoperatively

Mizobe 2006 10 275.00(93.00) 10 238.00{73.00) — = —— 100,00 37.00 [-38.63, 11Z.63]
Subtotal (95% Cl) 10 10 ———en N —- 100 00 37.00 [-38.63, 112.63]
Test for heterogeneity. not applicable
Test for overall effect: Z =096 (P = 0.34)

-100 -50 0 50 100

Favours fructose  Favaurs contral

IV. Cross-phase comparison
Al. Amino acids
Selldén (1996¢) compared the effect in 16 patients of an amino acid solution given 1 hour
before and 1 hour during anaesthesia versus an amino acid solution given two hours before
general anaesthesia. We note that this comparison had one non-randomised group and is
thus equivalent to a non-randomised study, and that there was a large baseline difference in
core temperature (0.4°C), which was comparable with the effect size. Consequently, the study

is and results are not given.
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11 TREATMENT

Clinical Question: Are warming devices/mechanisms effective in treating IPH in adults in the

different phases of perioperative care?

SELECTION CRITERIA

Selection criteria were as outlined in the general methods section.

Types of intervention
The following interventions were to be considered:
1. Active warming mechanisms
The following types of warming mechanisms were considered under active warming:
Forced air warming

Electric blanket

a.
b

c. Water mattress
d. Radiant heating
e. Warmed blankets
f.

Heating gel pad.

2. Thermal insulation mechanisms
The following mechanisms were considered under thermal insulation:
a. Reflective blanket

b. Reflective clothing.

Other types of heat loss prevention, such as cotton sheets, cotton blankets, or wool blankets

were considered to be ‘usual care’, unless the blankets were actively warmed.

Perioperative phase
Treatment of hypothermia could take place in any of the perioperative phases, but the phases

were treated separately.

Types of comparison

The following comparisons were to be included:

1 Warming versus usual care

2 Active Warming Type 1 versus type 2

3 Active warming type 1 plus thermal insulation type 1 versus active warming type 2 plus

thermal insulation type 1
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Thermal insulation type 1 versus type 2
Type 1 plus Type 2 versus type 1
Duration 1 versus duration 2

Temperature setting 1 versus setting 2

0 N OO O b

Active warming versus thermal insulation.

Subgroup analyses were planned by type of warming device, power, duration of warming and

degree of hypothermia.

Characteristics of clinical studies included in the review (Appendix C)

Eleven studies were included in this review (Alfonsi 2003; Bredahl 1995; Giuffre 1991;
Hershey 1997; Jackson 1997; Karayan 1996; Lennon 1990; Stevens 2000; Summers 1990;
Vanni 2003; Weyland 1994).

An additional study (Brauer 2004) was included as indirect evidence, and is presented
separately. The indirect population comprised cardiac patients, in the post-bypass stage after

rewarming, who then underwent inadvertent hypothermia (‘after drop’).

The three studies excluded from the review are listed in Appendix E.

Study details

A total of 676 patients were included in the eleven studies. There were 50 additional patients
in the indirect study, Brauer (2004). The total number of patients in each study ranged from 18
(Alfonsi 2003) to 144 (Hershey 1997). Eight studies had fewer than 20 patients in the
intervention arm (Alfonsi 2003; Bredahl 1995; Jackson 1997; Karayan 1996; Lennon 1990;
Vanni 2003; Weyland 1994; Brauer 2004, indirect) and two of these had less than 20 patients
overall (Alfonsi 2003; Karayan 1996).

No studies were conducted in the UK, four studies were conducted in the US (Giuffre 1991;
Hershey 1997; Lennon 1990; Summers 1990); two studies in France (Alfonsi 2003; Karayan
1996); two in Germany (Weyland 1994; Brauer 2004, indirect), and one each in Denmark
(Bredahl 1995); Brazil (Vanni 2003); South Africa (Jackson 1997) and Australia (Stevens
2000).

Mainly the studies did not state the source of funding (if any), but one (Summers 1990) was

part funded by grant from Augustine Medical (forced air warming device manufacturer).

Five studies had more than two randomised groups: Guiffre (1991) had three arms; Hershey
(1997) had three arms; Vanni (2003) had three arms; Weyland (1994) had three arms; Brauer
(2004, indirect) had five arms. Overall there were 18 direct study comparisons and ten indirect
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comparisons.

One study (Vanni 2003) treated the patients in the intraoperative phase or in both pre and
intraoperative phases. One study treated the patients in the intraoperative phase (Karayan
1996). The other nine studies investigated treatment of IPH in PACU or ICU.

Participants

The age of the patients ranged from 16 to 86 years with a mean age (where given) ranging
from 31 to 66 years; one study only included patients over 50 years (Bredahl 1995), and one
study excluded patients over 60 years (Hershey 1997). Two studies were carried out
exclusively in men (Alfonsi 2003; Brauer 2004, indirect); one study was exclusively in women
(Vanni 2003). Two studies did not state the gender (Karayan 1996; Lennon 1990). BMI was
not stated in any study, although two (Alfonsi 2003; Karayan 1996) reported that none of the
patients were obese, and two studies (Weyland 1994; Brauer 2004, indirect) stated that the

body weight was within -10% and +30% of normal.

Three studies included patients with ASA | to Il status (Alfonsi 2003; Bredahl 1995; Vanni
2003); one studies had patients with ASA Il to Il (Karayan 1996) and one had patients with
ASA | to Il (Weyland 1994). In the indirect study, Brauer (2004), the patients were ASA IIl and
the other studies did not state the ASA status.

Generally, the studies gave insufficient information about the surgery and anaesthesia. Eight
studies reported the type of surgery:

e Alfonsi (2003) was orthopaedic;

e Vanni (2003) and Karayan (1996) were abdominal,

e Hershey (1997) was predominantly gynaecological;

e  Bredahl (1995) was major thoracic, abdominal (mainly) and orthopaedic;

e Stevens (2000) was general, orthopaedic, urological, vascular and gynaecological;

o Weyland (1994) was major orthopaedic, gynaecological and urological;

e The indirect study was cardiothoracic.

The grade of surgery was classified only for two studies (Alfonsi 2003; Karayan 1996) and

was grade 2.

Five studies stated the surgery was elective (Bredahl 1995; Karayan 1996; Vanni 2003;
Weyland 1994; Brauer 2004, indirect). Six studies stated the duration of surgery:

e Alfonsi (2003) was 87(SD 37) minutes;

e Bredahl (1995) was 165 (120 to 320) minutes;

e Hershey (1997) had mean durations of 184 and 233 minutes;

e Summers (1990) had 138 and 173 minutes;
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e Vanni (2003) was 180 minutes;
e Karayan (1996) had 278 and 312 minutes;

e Stevens (2000) only included patients having operations lasting more than 20 minutes.

Patients had general anaesthesia in seven studies (Hershey 1997; Lennon 1990; Jackson
1997; Karayan 1996; Vanni 2003; Weyland 1994; Brauer 2004, indirect); combined general
and regional in two (Alfonsi 2003; Bredahl 1995), and a mixture of general and/or regional in
one (Stevens 2000). Two studies did not mention the type of anaesthesia (Giuffre 1991;
Summers 1990). Duration of anaesthesia was more than 60 minutes in six studies (Alfonsi
2003; Bredahl 1995; Giuffre 1991; Summers 1990; Vanni 2003; Brauer 2004, indirect) and not

stated in the rest.

Patients were included if they had hypothermia, as defined by the authors, however, the
degree and definition of hypothermia varied, as did the phase in which it occurred and the

means of measuring temperature.

Four studies recorded the core temperature at the tympanic membrane (Alfonsi 2003; Stevens
2000; Summers 1990; Vanni 2003); one recorded temperature at the pulmonary artery
(Karayan 1996); two gave oesophageal temperatures (Weyland 1994; Brauer 2004, indirect);
two rectal (Bredahl 1995; Jackson 1997) and three oral (Giuffre 1991; Hershey 1997; Lennon
1990). The GDG regarded rectal and oral temperatures as only partially adequate measures
of core temperature, except when sufficient detail was given for the measurement of oral
temperatures and so these studies were included but regarded with caution. Hershey (1997)
stated that the oral thermometer measurements correlated moderately well with tympanic

temperatures in a previous study.

Two studies (Alfonsi 2003; Karayan 1996) described mild hypothermia (35.0 to 35.9°C); one
(Guiffre1991) was moderate (34.0 to 34.9°C); two were mild and moderate (Stevens 2000
excluded patients less than 34.5°C and Vanni 2003 reported mean temperatures between
34.9 and 35.2°C) and the rest did not state explicitly.

In the Karayan (1996) study, patients in the intervention group received forced air warming
when their intraoperative core temperature dropped below 36.0°C; in practice, this was two
hours after induction. The Vanni (2003) study was not designed as a trial to treat IPH, rather
the intention was to prevent IPH. However all groups were hypothermic before forced air
warming started. The authors attributed this drop in temperature to the premedication (7.5mg
midazolam IM, 30 minutes before admission to the theatre, at which time patients were
randomised to treatments). The GDG was not wholly convinced by this explanation and noted
that this dose and route of administration is not used in the UK. The other studies had

inclusion criteria for patients having temperatures below 36.0°C.
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The three studies measuring tympanic membrane temperatures included patients with
temperatures less than 36.0°C (Summers 1990; Stevens 2000 — implied inclusion) or had a
final intraoperative temperature of 35.1°C. The studies recording oesophageal temperatures
included patients with temperatures less than 35.5°C; those with rectal temperatures had to
be less than 35.5°C (Bredahl 1995) or 35.9°C (Jackson 1997). One of the studies measuring
oral temperatures required an inclusion temperature of 35°C or less (Guiffre 1991; no places
of decimal), another was less than 35.0°C (Lennon 1990) and Hershey (1997) had an entry

requirement of less than 36°C (no places of decimal).

Two studies had patients who were ventilated in ICU (Weyland 1994; Brauer 2004, indirect);
one study had about 30% of the patients ventilated (Hershey 1997); two studies had no
patients ventilated (Alfonsi 2003; Lennon 1990 [exclusion criterion]). One other study stated

the patients were in ICU (Jackson 1997).

Interventions

There was a range of interventions used:

e Forced air warming device in nine studies, all had full body covering unless otherwise
stated:

0 Bair Hugger® maximum setting, 43°C, (Alfonsi 2003; Karayan 1996 (upper body
only) and Stevens 2000 (both said to be ‘high’ setting); and Brauer 2004, indirect);
Warm Touch® 42°C to 46°C (Jackson 1997; Vanni 2003);

Warm Touch® maximum setting (Brauer 2004, indirect);

Bair Hugger® at a setting of 57°C, which was said to be medium” (Giuffre 1991);

O O O O

Bair Hugger® at an unclear setting (Lennon 1990; Summers 1990 (coverage not
stated).
e Electric blanket (50W), used until the temperature reached 37°C (Weyland 1994)
e Radiant heaters in five comparisons:
o Aragona Thermal Ceilings CTC X overhead heater, power setting 1kW, with the
heater placed 75cm above the patient’s chest (Weyland 1994; Brauer 2004, indirect);
o Aragona Thermal Ceilings CTC X overhead heater, power setting 500W, about 60cm
above the chest (Bredahl 1995);
0 Radiant heater with two radiant lights placed 71cm above the patient’s skin (Guiffre
1991);
0 Self-assembled combination of four halogen lamps (each 160W) placed 65cm above
the patient’s body surface (indirect Brauer 2004).
e Head covering in one study (Hershey 1997)
o Warmed, but not said to be changed in Hershey (1997).

* Presumably this was a misprint and should have read 37°C
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The temperature settings and durations of warming were as follows:

The Vanni (2003) study gave the patients forced air warming either 60 minutes before
induction and during the intraoperative period, or intraoperatively only. Karayan (1996) gave
forced air warming intraoperatively, two hours after induction of anaesthesia. Most of the other
studies using forced air warming devices warmed the patients until they reached a specified
temperature, but Summers (1990) seemed to restrict the warming period to one hour, and the
durations for Lennon (1990) and Jackson (1997) were 90 minutes and three hours

respectively.

Mostly the duration of radiant heating was until a specified temperature was reached, but the
Bredahl (1995) study heated the patients for 2 hours and the power was decreased if the skin

temperature exceeded 37°C.

Comparators

Several studies used heated blankets as a comparator. Two (Guiffre 1991; Stevens 2000)
specified that the blankets were changed on a regular basis (e.g. every 15 minutes); one
changed the blankets as needed (Summers 1990) and the others did not state if the blankets
were changed (Hershey 1997; Lennon 1996). One study (Lennon 1996) stated that the
blankets were warmed to 37°C, one reported that the blankets were stored at 66 to 77°C
(Giuffre 1991) and the others did not report the temperature. The GDG noted that the

procedure of changing blankets was not carried out in the UK.
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Comparisons

The following comparisons were reported:

I. Intervention in the preoperative phase

e Active warming (preoperatively) plus active warming (intraoperatively) versus active
warming (intraoperatively) (Vanni 2003) [cross-phase].

Il. Intervention in the pre and intraoperative phases

e Active warming versus usual care (Vanni 2003).

Ill. Intervention in the intraoperative phase

e Active warming versus usual care (Karayan 1996; Vanni 2003).

IV. Intervention in the postoperative phase

e Active warming versus usual care (Alfonsi 2003; Jackson 1997; Weyland 1994;Brauer
2004, indirect [4 comparisons]);

e Active warming 1 versus Active warming 2 (Lennon 1990; Summers 1990; Weyland 1994;
Brauer 2004, indirect [6]);

e Active warming 1 + other warming mechanism versus active warming 2 + other warming
mechanism (Giuffre 1991 [3]; Stevens 2000);

e Active warming versus thermal insulation (Bredahl 1995);

e Thermal insulation + other warming mechanism versus other warming mechanism
(Hershey 1997 [2]);

e Thermal insulation 1+ other warming mechanism versus thermal insulation 2 + other

warming mechanism (Hershey 1997).

There were no studies that simply investigated a thermal insulation mechanism versus usual

care.

More specifically the comparisons were:

I. Preoperative phase

A. Active warming versus usual care

Al. Active warming (preoperatively) plus active warming (intraoperatively) versus

active warming (intraoperatively) [cross-phase]

e Forced air warming for 60 minutes pre-induction (pre) plus forced air warming (intra)
versus usual care (pre) + forced air warming (intra) (Vanni 2003)

Il. Pre and intraoperative phase

A. Active warming versus usual care
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e Forced air warming (full body) versus usual care (cotton sheet), from 60 minutes pre-

induction; all patients received room temperature fluids at 8 to 10ml/kg/h (Vanni 2003).

lll. Intraoperative phase

A. Active warming versus usual care

e Forced air warming (full body) versus usual care (cotton sheet) from induction

(0]

All patients received room temperature fluids at 8 to 10ml/kg/h (Vanni 2003).

e Forced air warming (upper body) versus usual care (warm cotton sheet) from when the

patients became hypothermic (2 hours after induction)

(o}

All patients received warmed fluids, at a volume of 3.1 and 3.8 litre (Karayan 1996).

IV. Postoperative phase

A. Active warming versus usual care

e Forced air warming versus usual care (two direct and two indirect studies):

(o}

Full body forced air warming blanket (Bair Hugger®, 43°C) versus cotton blanket
(Alfonsi 2003);

Forced air warming blanket from neck down (Warm Touch®, 42 to 46°C) versus two
cotton blankets (Jackson 1997);

Full body forced air warming blanket (Bair Hugger®, max setting) versus standard
polyester filled hospital blanket; insulation value 1.7 clo (Brauer 2004, indirect);

Full body forced air warming blanket (Warm Touch®, max setting) versus standard

polyester filled hospital blanket; insulation value 1.7 clo (Brauer 2004, indirect).

e Radiant heater versus usual care

(0]

Radiant heater (Aragona Thermal Ceilings; 1kW, 75cm from chest) versus standard
hospital blanket (Weyland 1994);

Radiant heater (Aragona Thermal Ceilings; 1kW, 75cm from chest) versus standard
polyester filled hospital blanket; insulation value 1.7 clo (Brauer 2004, indirect);
Radiant heater (self assembled): 4 Hydrosun 500 halogen lamps (4x160W; 60cm from
chest) versus standard polyester filled hospital blanket; insulation value 1.7 clo
(Brauer 2004, indirect).

e Electric heating blanket versus usual care (standard hospital blanket; Weyland 1994).

B. Active warming 1 versus active warming 2

B1. Active warming 1 versus active warming 2 (with no additional warming)

e Forced air warming blanket versus warmed blankets (three studies):

0]

Forced air warming blanket (Bair Hugger®; 43°C) versus cotton blankets warmed to
37°C; not stated if changed systematically (Lennon 1990);
Forced air warming blanket (Bair Hugger®; no details) versus warmed blankets

changed as needed (temperature not stated) (Summers 1990).

e Radiant heater versus electric blanket (one study):
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0 Radiant heater (Thermal Ceilings; 1kW; 75cm from chest) versus electric blanket
(50W, placed between two standard hospital blankets) (Weyland 1994)

B2. Active warming 1 versus active warming 2 (with additional warming mechanisms in
both groups)
e Forced air warming versus warmed blanket (two direct and two indirect studies)
0 Forced air warming blanket (Bair Hugger®) versus warmed blanket (changed every
15 minutes, temperature not stated) (Stevens 2000)
= Both groups had a head covering, which was not said to be warmed;
0 Forced air warming blanket (Bair Hugger®; medium, presumed 37°C) versus warmed
cotton blanket (changed every 20 minutes, stored 66 to 77°C)
= Both groups had a warmed head covering which was replaced every 20 minutes
(Giuffre 1991);
e Radiant heater versus warmed blankets (one study)
0 Radiant heater ( 2 radiant lights 71cm from skin) versus warmed cotton blanket
(changed every 20 minutes, stored 66 to 77°C)
= Both groups had a warmed head covering which was replaced every 20 minutes
(Giuffre 1991).

C. Active warming 1 (subtype 1) versus active warming 1 (subtype 2)
e Forced air warming blanket 1 versus forced air warming blanket 2
0 Full body forced air warming blanket (Bair Hugger®, max setting) versus full body
forced air warming blanket (Warm Touch®, max setting) (Bréauer 2004, indirect);
e Radiant heater 1 versus radiant heater 2
0 Radiant heater (Aragona Thermal Ceilings; 1kW, 75cm from chest) versus radiant
heater (self assembled): 4 Hydrosun 500 halogen lamps (4x160W; 60cm from
patient's chest) (Brauer 2004, indirect).

D. Active warming versus thermal insulation

e Radiant heater (Thermal Ceiling; 500W; about 65cm above body surface) versus

reflective blanket (type not stated) plus 3 cotton blankets (Bredahl 1995)

E. Thermal insulation versus usual care

El. Thermal insulation versus usual care with active warming in both groups

e Reflective blanket (type not stated) plus reflective head covering (thermal insulation)
versus usual care (Hershey 1997):
0 Both groups had two warmed thermal blankets (not stated to be changed;

temperature not stated; active warming).

F. Thermal insulation 1 versus thermal insulation 2, with active warming in both groups
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F1. Thermal insulation 1 versus thermal insulation 2, with active warming in both
groups
e Reflective blanket plus reflective head covering (thermal insulation) versus reflective
blanket (thermal insulation) (Hershey 1997):
o0 Both groups had two warmed thermal blankets (not stated to be changed;

temperature not stated; active warming).

Outcomes

The studies measured the following outcomes:

Primary outcomes:

Two studies recorded the number of patients with IPH (Karayan 1996; Vanni 2003), but
several measured the core temperature at different times. The GDG decided that the most
useful outcome measures, where given, were the rate of increase in temperature and the time

taken to reach normothermia.

Four studies recorded the core temperature at the tympanic membrane (Alfonsi 2003; Stevens
2000; Summers 1990; Vanni 2003); one measured pulmonary artery temperatures (Karayan
1996); two measured oesophageal temperatures (Weyland 1994; Brauer 2004, indirect); two
rectal (Bredahl 1995; Jackson 1997) and three oral (Giuffre 1991; Hershey 1997; Lennon
1990).

METHODOLOGICAL QUALITY OF INCLUDED STUDIES

An adequate method of sequence generation was recorded in four studies (Alfonsi 2003,
computer generated; Giuffre 1991, shuffled envelopes; Hershey 1997, random numbers table;
Summers 1990, coin toss); there was an inadequate method in one study (Stevens 2000;

alternation) and the method was unclear in the remaining studies.

A partially adequate method of allocation concealment was reported in three studies (Alfonsi
2003: sequentially numbered opaque envelopes; Lennon 1990, sealed envelopes; Vanni
2003: sequentially numbered opaque envelopes); allocation concealment was inadequate in

one study (Stevens 2000; alternation) and unclear in the remaining studies.

Two studies reported that the outcome assessors were blinded for shivering (Alfonsi 2003;
Vanni 2003) and two that they were not (Hershey 1997; Jackson 1997), the others did not say.
It was unlikely that the patients were blinded, except for studies in ICU (Weyland 1994; Brauer
2004, indirect).

Most of the studies demonstrated baseline comparability. Two studies were not comparable

for the length of time in the theatre. In Summers (1990), the warming group was longer by 35
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minutes, and in Hershey (1997) the reflective blanket group mean was 32 and 49 minutes
respectively longer than the reflective blanket + hat and control groups. One study (Stevens
2000) was not comparable for the proportion of orthopaedic patients (more in control group:
3.6 versus 13.2%).

For the preoperative and intraoperative treatment studies (Karayan 1996; Vanni 2003) the
temperature at baseline was comparable between the groups. For the postoperative treatment
studies, the temperature on arrival in PACU/ICU was reported for all studies except Stevens
(2000); Weyland (1994); Brauer (2004), indirect. All except Summers (1990) showed
comparable temperatures at baseline (Figure 1). This study had a significantly lower mean
baseline temperature on arrival in PACU for the intervention group (0.38°C). We note that two
of the comparisons in Hershey (1997) showed a difference in baseline of 0.2°C, but this was
not statistically significant, and there was a difference in the median of 0.3°C for Bredahl

(1995), which the authors said ‘did not yield intergroup differences’.

Figure 1: Baseline core temperatures

Review: IPH
Comparison: 10 active warming v other intevention/one (postop, trestment)

Outcome: 03 Core temperature st baseling

Study Warming Device usual care WD (fixed) Wyieight WD (fixed)

or sub-category M Mean (SD) M Mean (5D) 95% CI W 95% Cl

02 baseline
Alfonsi 2003 2 3E5.2040.20) 2 35.z010.40) —_—— ) 0.00 [-0.33, 0.33]
Bredahl median 15 34.9040.00} 1s 35.2040.00} Not estimable
Giutfre 1981a 29 34.40(0_4Z) 30 34.461(0.42) —— 16 22 -0.06 [-0.27, 0.15]
Giuttre 1991k 30 34.461(0.42) 3L 34.431(0.43) —F 15.38 0.03 [-0.18, 0.24]
Giutfre 1991c 22 34.400(0.42) 20 34.461(0.42) — 1g. 22 -0.0& [-0.27, 0.1F]
Hershey 1997a 48 34.804{0.72) 46 35.0010.53) —_— 10. 58 -0.20 [-0.47, 0.07]
Hershey 1997k 46 34.80(0.76) 46 35.00(0.53) —_— 9.64 -0_20 [-0.48, 0.08]
Hershey 1997c 48 34.801(0.72) 46 34.801(0.75) —_— 8.31 0.00 [-0.30, 0.30]
Jackson 1997 10 3E5.Z04{0.e0) 10 35.2010.40) —_— 3.73 0.00 [-D.4E5, 0.45]
Lennon 1880 15 34.30(0.50) 15 34.301(0.60) —_— 4.77 0.00 [-0.40, 0.40]
Summers 1990 45 35.00(1.18) 46 35.35(0.45) e — 543 -0.38 [-0.75, -0.01]
Wanni intra 2003 10 35.Z0(1.z0) 10 35.10(1.10} 0.73 0.10 [-0.91, 1.11]
“anni pre+ntra 2003 10 34.90(0.30) 10 35.1041.10) — 0.%& -0.20 [-1.08, 0.&8]

-1 -0s o 0s 1

Favours usual care  Favours warming dey

Three studies described an a-priori power calculation (Alfonsi 2003; Bredahl 1995; Hershey
1997). In Alfonsi (2003), the power calculation required 9 patients per group to achieve a
difference of 0.4°C. The Bredahl (1995) study required 13 patients in each group to achieve a
core temperature change of 0.5C. The Hershey (1997) study calculated a sample size of 48

per group was required to detect a medium effect size of F=0.25.

One study reported more than 20% of dropouts for one outcome (6/15 (40%) of the forced air
group did not have the temperature recorded at 90 minutes) (Lennon 1990). In the Stevens
(2000) study 3/60 (5%) of the forced air group and 4/60 (7%) of the control group had
incomplete data. The Hershey (1997) study had missing data for 2/48 (4%) in the reflective

blankets and reflective blanket + hat groups.

Overall, three studies were regarded as having potential for bias (Stevens 2000, allocation
concealment; Hershey 1997 and Summers 1990, baseline comparability). These were treated

with caution and examined in sensitivity analyses. The Lennon (1990) outcome at 90 minutes
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was also potentially biased.

RESULTS

I. Treatment in the preoperative phase
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A. Active warming versus usual care (cross phase comparison)
One study (Vanni 2002) in 20 patients investigated the additive effect of preoperative warming

to intraoperative warming for the treatment of IPH.

1. Core temperature at different intraoperative times
Data were extracted from a graph for a series of intraoperative times (Figure 2). The
confidence intervals at 30, 60 and120 minutes were too wide to determine if there was a

difference between interventions.

Figure 2: Core temperature: intraoperative temperature; active warming (pre and

intraoperative) versus active warming (intraoperative)

Review: IPH
Comparison; 23 active warming (pre+intra) va Active wwarming device (intra only) treatment

Outcome: 02 Core temperature intraoperstively
Study Varming (pre+intra) Warming (intra only) WD (ficed) Viight VAMD (i)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl
01 forced air warming at 30 min

wanni 2003 10 36.2610.73) 10 35.77¢1.09) —— 100.00 0.43 [-0.34, 1.3Z]
Subtctal (95% CI) 1n 1n =i 10000 0.45 [-0.34, 1.32]
Test for heterogeneity: not spplicable
Test for overall effect: Z=1.15(P=025)
02 forced air warming at 60 min

wanni 2003 10 36.6110.40) 10 36.0610.89) i 100.00 0.55 [-0.05, L.15]
Subtotal (95% CI) 10 10 il 100.00 0.5E [-0.05, L.15]
Test for heterogeneity: not spplicable
Test for overall effect: £ =178 (P=007)
03 forced air ywarming at 120 min

wanni 2003 10 36.411(0.73) 10 35.82(1.29] - 100.00 0.8% [-0.35, 1.53]
Subtatal (95% CI) 10 10 - 10000 0.59 [-0_35, 1 53]
Test for heterogeneity: not spplicable
Test for overall effect: Z=123(P=022)

4 2 [i] 2 4
Favours intra only  Favours pre & intra

NB: Scale -4 to +4

2. Core temperature: lowest intraoperative temperature

The lowest intraoperative measurements were extracted from graphs (Figure 3) and were
found at 30 minutes for the pre and intraoperative warming group and 120 minutes for the
intraoperative warming group. The confidence interval is too wide to determine if there was a

difference between interventions.

Figure 3: Core temperature: lowest intraoperative temperature; active warming (pre and

intraoperative) versus active warming (intraoperative)
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Review: IPH
Comparison; 23 active warming (pre+intra) vs Active warming device (intra only) treatment
Outcome: ™ Core temperature lowest tempersture intraoperatively

Study WYyarming (pre+ntra) Warming Cintra only) WD (fixed) Wizt WD (fixed)
or sub-category M Mean (SD) M Mean (S0 95% Cl % 95% C|
02 forced air wwarming
wanni 2003 10 36.2610.73) 10 35.82(1.29] 100.00 0.44¢ [-0.50, 1.38]
Subtotal (95% CI) 10 10 100.00 O.44 [-0.50, 1.38]

Test for heterogeneity: not spplicable
Test for overall effect: £=092 (P =038)

Tatal (95% CI) 10 10 100.00 0.44 [-0.50, 1.38]
Test for heterogeneity: not spplicakle
Test for overall effect: 7 =092 (P =0.36)

-4 -2 a 2 4

Favours intra only  Favours pre & intra

3. Core temperature: end of surgery
At the end of surgery, there was no significant difference in the core temperature at the end of

surgery, although the confidence interval is fairly wide (Figure 4).

Figure 4: Core temperature: end of surgery; active warming (pre and intraoperative)

versus active warming (intraoperative)

Review: IPH
Comparizson: 21 Active wearming versus usual care - trestment - preop
Outcome: 02 Core temperature: end of surgery
Studdy Pre+Intra WD Inkra VD WD (fixed) Wieight MDD (fixedd)
or sub-category M Mean (SD) M Mean (SD) 85% CI Yo 95% CI
01 Pre+intra FAW ve intra FAW
Wanni 2003 10 36.31(0.30) 10 36.31(0.50} — 100.00 0.00 [-0.36, 0.38]

Subtotal (95% CI) 10 10 100.00 0.00 [-D0.36, 0.36]
Test for heterogeneity: not spplicable
Test for overall effect: 7 =000 (P =1.00)

Total (95% CI) 10 10 100.00 0.00 [-0.36, 0.38]
Test for heterogeneity: not spplicatble
Test for overall effect: £=000 (P =1.00)

-1 -0s8 o 05 1
Favours intra WD Favours pre+intra WD

4. Time to reach 36.0°C

The time to reach 36.0°C was estimated from a graph. For the group that was warmed
preoperatively, it took between 60 and 75 minutes for the core temperature to exceed 36.0°C
(36.5°C was reached) from 34.9°C. Once the temperature was at 36.5°C it did not fall below

36.0°C intraoperatively during further warming.

5. Shivering

Vanni (2003) evaluated shivering as absent, mild (when only detected by ECG artefacts) or
severe (when clinically obvious). Only mild shivering was observed in Vanni (2003), and the
GDG decided that shivering evaluated with ECG artefacts was not an appropriate method of
assessment, because other involuntary movements (e.g. in those with Parkinson’s disease)
may be recorded. Therefore the incidence of mild shivering was not considered for this study,

and there was no incidence of severe shivering in either group.

. Treatment in the pre and intraoperative phases

A. Active warming versus usual care
One study (Vanni 2003) in 20 patients compared full body forced air warming in both the pre
and intraoperative phases versus usual care for the treatment of IPH; all patients received

room temperature fluids at 8 to 10ml/kg/h.
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1. Core temperature at different intraoperative times
Vanni (2003) reported a series of intraoperative temperature measurements in 20 patients and

data were extracted from graphs.

The analysis showed a large significant difference between interventions at all durations, with
the patients warmed in the pre and intraoperative phases having higher mean core
temperatures than those given usual care. However, at all times the confidence intervals are

wide.

Figure 5: Core temperature intraoperatively — forced air warming in the pre and

intraoperative phases versus usual care

Review: IPH (IPHtrestment)

Comparison; 06 Pre+intra active warming device vs usual care
Outcome: 17 Core temperature intra-operatively
Studdy Warming Usual care WD (fixed) Waigight WD [ fixedd)
or sub-category M Mean (S0 M Mean (S0 a5% Cl % 95% Cl
01 30 minz

wanni 2003 10 36.26¢0.79) 10 35.22¢1.09) —— 100.00 1.04 [0.21, 1.87]
Subtotal (95% CI) 1 1 - 100.00 1.04 [0.21, 1.871
Test for heterogeneity: not spplicakle
Test for oversll effect £=244 (P=001)
02 B0 mins

wanni 2003 10 36.61¢0.40] 10 35.27(1.19] —— 100.00 1.34 [0.86, Z.12]
Subtotal (95% CI) 10 10 - 100.00 1.34¢ [0.56, Z2.12]
Test for heterogeneity: not applicable
Test for overall effect: £ = 335 (P = 0.0007)
03 120 mins

wanni 2003 10 36.41¢0.79) 10 35.12¢1.19} —— 100.00 1.23 [0.40, Z.18]
Subtotal (95% CI) 10 10 .- 100.00 1.23 [0.40, 2.18]
Test for heterogeneity: not spplicable
Test for overall effect: £ = 256 (P = 0.004)

4 2 [i] 2 4

Favours usual care  Favours warming

NB: Scale -4 to +4

2. Core Temperature — lowest intraoperative temperature measured

The lowest temperatures for the treatment group and control group were at 30 and 120
minutes in Vanni (2003). The confidence interval is wide, but there is a large statistically
significant difference between groups; mean difference: 1.14°C (95% CI 0.25, 2.03) for a core

temperature of 35.1°C for the control group.

Figure 6: Lowest intraoperative temperature

Review: IPH

Comparizon: 24 active warming (pre+intra) vs usual care: treatment of IPH

Outcome: M Core temperature lovvest tempersture intraoperatively

Study Wyarming (pre-+intra) Warming (intra only) WD (fixed) igight VAMD (fixed)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl

02 forced air wearming

Test for heterogeneity: not applicable
Test for overall effect: Z=252(P=001)

“anni 2003 1n 36.26(0.79) 10 35.12(1.19) — 100.00 1.14 [D.25,  2.03]

Subtotal (95% CI) 10 10 sl 100.00 1.14 [0.2§, Z.02]

Test for heterogeneity: not spplicable

Test for overall effect Z=252(P=001)

Total (95% CI 10 10 ot 100.00 1.14 [0.25, Z.0%]
2

4 2 [i] 4
Favours intra only  Favours pre & intra

NB: Scale -4 to +4

3. Core temperature — final intraoperative temperature (Figure 7)

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 433 of 536



o O WDN P

© 00

10
11
12
13
14
15
16
17

18
19

20
21
22
23
24
25
26
27
28
29

DRAFT FOR CONSULTATION

The Vanni (2003) study in 20 patients reported the core temperature at the end of the
intraoperative period (duration of surgery was 167 minutes (SD 57) for the control group and
175 min (SD 66) for the intervention group). There is a large statistically significant difference

between groups; but the confidence interval is wide.

Figure 7: Final intraoperative temperature

Review: IPH
Comparison; 24 active warming (pre+intra) vs ususl care: trestment of IPH
Outcome: 03 Core temperature st end of surgery

Studdy Yyarming (pre+intra) usual care WD (fixed) Wit WD (Tixed)

or sub-category M Mean (SD) M Mean (30) 95% Cl W 95% Cl
wanni 2003 10 36.86(0.35) 10 35.07¢(1.09} —— 100.00 1.79 [L.08, Z.501

Total (5% CI) 1n 1n . 100.00 1.73 [l.08, Z.501

Test for heterogeneity: not spplicable
Test for overall effect: £ =494 (P = 0.00001)

4 2 [i] 2 4
Favours usual care  Favours warming

NB: scale -4 to +4

4. Incidence of hypothermia at the end of anaesthesia

One study (Vanni 2003) in 20 patients reported the incidence of hypothermia (core
temperature less than 36.0°C) at the end of anaesthesia (duration of surgery was 167 minutes
(SD 57) for the control group and 175 minutes (SD 66) for the intervention group. There was a
very large effect, with all patients being hypothermic in the control group and two in the

intervention group. The confidence interval is very wide.

Figure 8: Incidence of hypothermia at end of anaesthesia

Reviewy: IPH

Comparison: 0 Pre+intra active wwarming device vs usual care

Outcome: 14 incidence of hypathermia

Study Warming device Usual care Peto OR Wigight Peto OR
of sub-category i it 95% Cl % 95% Cl

01 forced air warming vs usual care

Yanni 2003 z/10 10/10 —B— 100.00 0.04 [0.01, 0.24]
Suktotal (95% CI) 10 10 . 100.00 0.04 [0.01, 0.24]
Total everts: 2 (Warming device), 10 (Usual care)

Test for heterogeneity: not applicable

Test for overall effect: £ = 3.56 (P = 0.0004)

Total (95% CI) 10 10 . 100.00 0.04 [0.01, 0.24]

Total everts: 2 (Warming device), 10 (Usual care)
Test for heterogeneity: not applicable
Test for overall effect: Z = 356 (P = 0.0004)

ool o001 04 1 10 400 1000

Fawvours warming dev  Favours usual care

NB: Scale 0.001 to 1000.

5. Incidence of shivering

Vanni (2003) categorised shivering as absent, mild (when only detected by ECG artefacts) or
severe (when clinically obvious). Shivering was assessed by an independent observer blinded
to the study treatment. The GDG suggested that as any involuntary movement (e.g. in those
with Parkinson’s disease) would be recorded by ECG artefacts, this would not be an accurate
method of assessing shivering. Therefore only shivering classified severe was considered for

this study. However, no patients experienced severe shivering in this study.

6. Time to reach 36.0°C
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The time to regain a core temperature of 36°C was reported as 57 (SD 15) minutes in the
control group and from 15 to 30 minutes in the three patients in the warming groups (pre plus

intraoperative phase = 2 patients; intraoperative only = 1 patient).

lll. Treatment in the intraoperative phase

Two studies (Karayan 1996; Vanni 2001) with 38 patients compared the effectiveness of
forced air warming compared with usual care in patients undergoing surgery under general

anaesthesia.

In the Karayan (1996) study, 18 patients undergoing abdominal aortic surgery received upper
body (equivalent to 24% of the body surface area) forced air warming (set at ‘high’); the forced
air blanket was covered with additional 2 cotton sheets and the usual care group received a

warm cotton sheet. All patients received warmed IV fluids.

In the Vanni (2001) study, 20 patients undergoing abdominal surgery lasting at least 2 hours
received forced air warming (42 to 46°C); the blanket covered the thorax, shoulders, arms and
hands and was covered by an additional cotton sheet. Patients in the usual care group
received two cotton sheets covering the thorax, shoulders, arms and hands. All patients

received fluids kept at the theatre temperature (21.5 to 22°C) before infusion.

In Vanni (2001), patients were hypothermic before induction of anaesthesia (35.2°C [SD 1.2];
35.1°C [SD 1.1]). In Karayan (1996), both groups were above 36.0°C before induction of

anaesthesia.

In the Karayan (1996) study, warming (or no warming) commenced when patient’s core
temperature fell below 36.0°C. The core temperature in the patients randomised to the forced

air warming group fell below 36.0°C at 2 hours after induction.

The delays in activating the warming system were for the following reasons:

e Use of a warming system before induction would require a cover on the lower limbs: the
authors considered this a risk in patients with aorto-iliac occlusive disease because of the
risk of burning.

e Insertion of invasive monitoring in the upper part of the body would have been precluded.

1. Core temperature at different intraoperative times

For the Karayan (1996) study the following results are presented: 1 hour after induction
(although no warming at this stage - shown for completeness); 2 hours after induction (when
warming commenced); 3 hours after induction (1 hour of warming), 4 hours after induction (2

hours of warming), 5 hours after induction (3 hours of warming) and 6 hours after induction (4
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hours of warming). Results for Vanni (2001) are presented at 30 minutes and combined with

Karayan (1996) at 1 hour of warming and 2 hours of warming.

The mean difference was not significant at 30 minutes (Vanni 2003). In the meta-analysis of
the two studies with 38 patients at 60 and 120 minutes, there was a significantly higher mean
temperature for the warmed group; 60 minutes: WMD 0.81°C (95% CI 0.36, 1.26; and 120
minutes: WMD 1.22°C (95% CI 0.74, 1.69). In each case the confidence interval is fairly wide.

At 3 hours and 4 hours, data are available from one study (Karayan 1996) with 18 patients:
there was a significantly higher mean temperature for the warmed group, although the

confidence interval is wide.

Figure 9: Core temperature at different intraoperative times

Review: IPH (MY W ersion02 Junet2)
Cotmparisan: 20 Active wearming (all combined)
Outcome: 73 IPHntraop Trestement, FAWY vs usual care
Shucy Fay usual care VD (fixed) Weight WD (fixed)
or sub-category ] Mean (500 M Mean (5D) 95% Cl % a5% Cl
01 Core temperature: Th post induction; 2k betore vatming commenced

Karayan 1898 2 3E.Z11(0.32) El 35.3160.52) R 100,00 0.30 [-0.12, 0.72]
Sultotal (95% Cl) a 3 - 100.00 0.30 [-0.12, 0.72]
Test for heterogenety: not applicable
Test for overall effect Z=135(P=017)
02 Core temperature: 2h post induction; warming commenced

Karayan 1898 2 3E5.82(0.20) El 35.860(0.52) ol 100,00 0.26 [-0.10, 0.82]
Sultotal (95% Cl) a 3 » 100.00 0.z [-0.10, 0.82]
Test for heterogenety: not applicable
Test for overall effect Z=140(P =018)
03 Core temperature 30 min

Wanni 2003 10 35.77(1.09) 10 35.17¢1.09} - 100.00 0.60 [-0.36, 1.56]
Subtotal (95% CI) 10 10 ot 100.00 0.80 [-0.38, 1.58]
Test for heterogenety: not applicakle
Test for overall effect Z=123(P=022)
04 Core temperature: 3h post inductio= 1hot warming, karayan

Karayan 1996 L] 35.82(0.39) 9 35.01¢0.69} - 7686 0.81 [0.29, 1.33]

“anni 2003 10 36.07(0.35) 10 3E5.270(1.12) — 23.14 0.80 [-0.14, 1.74]
Subtotal (95% CI) 13 13 L 3 100,00 0.8l [0.35, 1.26]
Test for heterogenety: Chi* =000, df =1 (P=0499), F = 0%
Test for overall effect: Z =349 (P = 0.0005)
05 Core temperature: 4h post inductio= 2hot warming, karayan

Karayan 1898 2 3E5.871(0.28) El 34.53(0.77) - g0.76 1.34 [0.81, 1.387)

“anni 2003 10 3E.8E{1.23) 10 38.1241.13) - 13.24 Q.70 [-0.33, 1.73]
Subtotal (95% CI) 19 19 lo0.00 1.2z [D.74, 1.69]
Test for heterogeneity: Chi=1.07, df =1 (P =0.30),? = 6.9%
Test for overall effect: Z=5.00(F < 0.00001)
06 Core tempersture; Sh post induction=3h warming karayan

Karayan 1996 2 3E.8E{0.17) s 34.58({0.35} - 100,00 1.24 [0.&l, 1.387]
Subtotal (95% Cl) ] 9 . 100,00 1.24 [D.&61, 1.87]
Test for heterogeneity: not applicakble
Test for overall effect: Z=3.85(P =0.0001)
07 Core tempersture; 6h post induction=4h warming karayan

Karayan 1996 2 36.341(0.28) El 34.724{0.30} - 100,00 1.85 [0.324, 2.18)
Sultotal (95% Cl) a 3 - 100.00 1.55 [0.94, 2.18]
Test for heterogenety: not applicable
Test for overall effect Z =496 (P = 0.00001)

4 2 i 2 4

Favours usual care  Favours warming

2. Incidence of hypothermia
The Vanni (2003) study reported the incidence of hypothermia on arrival in the recovery room.
This showed that all 10 patients in the usual care group had hypothermia, compared with only

1 of 10 in the warmed group.

Karayan (1996) also reported that all unwarmed patients were hypothermic at end of surgery.
Mean core temperature for the warmed group at the end of surgery was 36.5°C (SD 0.3°C).
Then assuming that none of these patients were hypothermic, the comparison in this study

becomes: 0/9 versus 9/9 patients hypothermic, and the two studies can be combined. Meta-
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analysis showed a highly significantly lower incidence of hypothermia for the warmed group;
Peto OR 0.03 (95%CI 0.01, 0.09). The confidence interval is very wide.

Figure 10: Incidence of hypothermia

Revigw: IPH (h Wersion02 Junet 2)
Comparison: 20 Active wwarming (sl combined)
Outcome: 40 Incidence of hypothermia

Sty WENTING Usual care Peto OR Wigight Peto OR
ar sub-category it nt 95% Cl % 5% Cl
Karayan 1995 049 979 —a— 47.77 0.02 [0.00, 0O.14]
anni 2003 1/10 10/10 —a— £z.23 0.03 [0.01, 0.18]
Tatal (35% CI 13 13 - 100,00 0.03 [0.01, 0.09]

Total everts: 1 (Warming), 19 (Usual cars)
Test for heterogeneity: Chif = 007 df =1 (P =080, F=0%
Test for overall effect: £=570 (P = 0.00001)

oo ool 04 1 10 100 1000

Fawvours usual care  Favours warming

3. Time to reach 36.0°C
The time to regain a core temperature of 36.0°C was reported in Vanni (2003) as 57 (SD 15)
minutes in the control group and from 15 to 30 minutes in the three patients in the warming

groups (pre and intraoperative phase = 2 patients; intraoperative only = 1 patient).

In Karayan (1996), the time to regain a core temperature of 36.0°C was around 3 hours in the
warmed group while the control group had not regained a core temperature of 36.0°C at the

last measurement at 4 hours.

IV. Treatment in the postoperative phase

A. Active warming versus usual care

1. Core temperature in the postoperative period

Two studies with 18 and 20 patients recorded the core temperature (Jackson 1997, rectal;
Alfonsi 2003, tympanic temperature); temperatures in the Jackson (1997) study were recorded
at various times postoperatively. Generally, the confidence interval is fairly wide, but at longer
times (60 minutes and above) the mean temperature is significantly higher for the active
warming group. At 60 minutes, the mean control group temperature was still below 36.0°C,
but that for the warmed group was above. It is noted that rectal temperatures were measured
for the Jackson (1997) study. There was no significant difference in tympanic temperature at
37 minutes in the Alfonsi (2003) study.

Figure 11: Core temperature

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 437 of 536



© 00 N O O & W NP

S = T e T Y N N N T
© 0o N o U~ WN RO

DRAFT FOR CONSULTATION

Review: IPH (*ersion pre 140307)
Comparison; 05 active warming vs usual care (postop, trestment)
Outcome: 02 Core temperature

Study Warming Device ustial care VUMD (fixedd) Waieigght WD ( fixedd)
or sub-category M Mean (S0 M Mean (S0 a5% Cl % 95% Cl

01 forced air wearming at bazeling; 43 deg C setting; TYMPANIC Temp
Alfonsi 2003 =l 35.Z01(0.30) =l 35.Z01(0.40)
Subtotal (95% CI) ] ]
Test for heterogeneity: not spplicable
Test for overall effect: £ =000 (P =1.00)

100.00 0.00 [-0.33, 0.33]
100.00 0.00 [-D0.33, 0.33]

02 forced air warming at baseling; ICL, 42-46 deg C setting, RECTAL Temg
Jackson 1997 10 35.zZ0(0.60) 10 35.201(0.40}
Subtotal (95% CI) pi} pi}
Test for heterogeneity: not spplicable
Test for overall effect: £ =000 (P =1.00)

100.00 o.no
100.00 0.00

-0.45,
-0.45,

o

_48]
.451]

L

o

03 forced air warming after 15 min; ICU; 42-46 degy C sefting, RECTAL Temp
Jackson 1997 10 35.30(0.60) 10 35.z0¢0.50]
Subtotal (95% CI) 10 10
Test for heterogeneity: not spplicable
Test for overall effect: Z =040 (P =068)

100.00 o.10
100.00 o_10

38,
38,

o

£8]
_B&]

#i

=]

04 forced air wearming after 30 min; ICU; 42-46 degy C sefting, RECTAL Temp
Jackson 1997 10 35.5000.50) 10 35.300(0.60)
Subtotal (95% CI) pi:} pi:}
Test for heterogeneity: not applicable
Test for overall effect: £ =081 (P=042)

100.00 0.z0 [

1-0.z8,
100.00 0.z0 [-

z8,

o

.B8]
B8]

¥

o

035 forced air wearming after 37 min; 43 deg C setting; TYMPANIC Temp
Alfonsi 2003 9 35.70(0.Zz0) 9 35.701(0.20) - 100.00 o.no
Subtotal (95% CI) 9 9 » 100.00 0.00
Test for heterogeneity: not spplicakle
Test for oversll effect: =000 (P =1.00)

-0.18,
-0.18,

o

181
.181

o

06 forced air ywarming after 45 min; ICU; 42-46 degy C sefting, RECTAL Temp
Jackson 1997 10 35.80(0.40) 10 35.50(0.60]
Subtotal (95% CI) 10 10
Test for heterogeneity: not spplicable
Test for overall effect: Z=132(P=018)

100.00 0.20
100.00 o_30

15,
15,

o

7E]
_78]

¥

=]

07 forced air warming after 60 min; ICU; 42-46 deg C sefting, RECTAL Temp
Jackson 1997 10 36.1040.40) 10 35,7000, 50)
Subtotal (95% CN) pi:} pi:}
Test for heterogeneity: not spplicatble
Test for overall effect: £=198 (P=008)

100.00 0.40 [0.00,
100.00 0.40 [0.00,

o

.80]
.e0]

¢i

o

03 forced air wearming after 120 min; ICL), 42-46 deg C setting; RECTAL Temp
Jackson 1897 10 36.80(0.50) 10 36.20(0.60)
Subtotal (95% CI) pi} pi}
Test for heterogeneity: not spplicable
Test for overall effect 7= 243 (P =002)

100.00 0.60 [0.1Z2,
100.00 0.50 [D.12,

i

-0&]
.og]

#

&

09 forced air ywarming after 180 min; KU, 42-46 deg C setting; RECTAL Temp
Jackson 1997 10 37.501(0.80) 10 36.60(0.70] - 100.00 0.90 [0.24,

Subtotal (95% CI) 10 10 . 100.00 0.90 [0.24,

Test for heterogeneity: not spplicable

Test for overall effect: £ =268 (P =0.007)

-

LEE]
_EBA]

i

4 2 [i] 2 4
Favours usual care  Favours warming dey

NB: Scale -4 to +4

2. Time taken to increase the temperature

One study (Weyland 1994) in ICU patients reported individual patient data for the time taken
to increase the temperature from 35.0°C to 35.5°C; from 35.5°C to 36.0°C and from 36.0°C to
36.5°C. These data were extracted from a graph. In this study, 12 patients were allocated to
radiant heater, of whom 10 had temperatures that fell to 35.0°C; these patients took a mean of
25.1 minutes (SD 8.6) to regain a temperature of 35.5°C; a further 23.3 minutes (SD 5.1) to
regain 36°C; and a further 25.2 minutes (SD 6. 8) to raise the temperature to 36.5°C. 12
patients were allocated to an electric blanket, of whom 11 had temperatures that fell to 35°C;
these patients took a mean of 54.4 minutes (SD 34.0) to regain a temperature of 35.5°C and a
further 44.8 minutes (SD 13.0) to regain 36°C; and a further 41.9 minutes (SD 22.5) to raise
the temperature to 36.5°C. These results compared with the 11 patients in the control group,
of whom 10 had temperatures that fell to 35.0°C; these patients took a mean of 59.7 minutes
(SD 40.3) to regain a temperature of 35.5°C; a further 51.2 minutes (SD 20.2) to regain 36°C
and 11 took a further 48.5 minutes (SD 25.6) to raise the temperature to 36.5°C.

Figure 12: Time to raise the temperature
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Review: IPH
Comparison; 05 active warming vs usual care (postop, trestment)
Outcome: 04 Time to raise temperature
Study Active warming Usual trestment VUMD (fixedd) Waieigght WD ( fixedd)
or sub-category M Mean (S0 M Mean (S0 a5% Cl % 95% Cl
01 time from 35.0t0 35.5 deg C
Weyland electric bla 11 54.381(34.02) 13 £3.731(40. 56) —_— 43.65 -5.35 [-46.15, 35.489]
Wieyland raciant hest 10 £5.10(8.60] 5 £9.72(40. 56} —a— £6.35 -24.63 [-70.58, 1.32Z]
Subtotal (95% CI) zl 10 . o 100.00 -z1.35 [-48.83, £.14]
Test for heterogeneity: Chi* =111, df =1 (P=029), F=101%
Test for overall effect: Z=159 (P =011)
02 time from 35.5t0 36.0 deg C
Weyland electric bla 11 44.73(13.04) 13 SL.15(20.23) —=— 46.45 -6.36 [-25.65, 1z.97]
Wieyland raciant hest 10 £3.Z8(5.07] 5 EL.15{20.Z3) —=— £3.55 -27.87 [-45.88, -9.88]
Subtotal (95% CI) ZL 10 L 100.00 -17.88 [-31.06, -4.70]
Test for heterogeneity: Chi® = 2.95, df =1 (P=0.11), 7 = 6B0.7%
Test for overall effect: £ = 266 (P = 0.008)
04 time: from 36.0t0 36.5 deg C
Weyland electric bla 11 41.89(22.47) 13 48.46(25. 560 —s— 46. 56 -6.57 [-30.35, 17.811]
Wieyland raciant hest 11 £5.15(6.78] 5 48.46(25. 56} —— 53.44 -23.231 [-46.07, -0.55]
Subtotal (95% CI) 2z 11 e 100.00 -l§.52 [-32.15, 1.1Z]
Test for heterogeneity: Chi* = 097, df =1 (P =0.33),F=0%
Test for overall effect: Z=183(P=007)

-100 -a0 o a0 100
Favours active warm  Favours control

The meta-analysis of the two comparisons showed some heterogeneity in the time to raise the
temperature from 35.5 to 36.0°C (I2=61%; p=0.11), and a subgroup analysis by type of active

warming was carried out.

Figure 13a: Time to raise temperature (subgroup analysis for radiant heaters)

Review: IPH
Comparizon; 05 active warming vs usual care (postop, treatment)
Outcome: 09 Time to raise temperature (subgroups)
Studdy Active warming Usual trestment WD (fixedd) Wyigight WD [ Tixedd)
or sub-category M Mean (SD) M Mean (S0 95% Cl % 95% C|
01 Radiant heat v usual care, 35.010 355 deg C

Weyland radiant hest 10 25.10i8.e0) 10 £3.73(40. 86} — 100.00 -324.63 [-£0.33, -8.33]
Subtotal (95% CI) 10 10 -=olifiine-- 100.00 -34.63 [-60.33, -8.93]
Test for heterogeneity: not applicable
Test for overall effect: 7 = 264 (P = 0.008)
02 Radisnt heat vs usual care, 35.5t0 36 0 deg C

Weyland raciart hest 10 £3.28{(5.07) 10 Sl.181{20.23) - 100.00 -E7.87 [-40.80, -14.34]
Subtotal (35% CI) 1n 10 - 100. 00 -27.87 [-40_80, -14.34]
Test for heterogeneity: not spplicable
Test for overall effect: £ =423 (P =0.0001)
03 Radiant heat vs usual care, 36.0t0 36.5 deg C

Weyland radiant hest 11 25.151(6.78) 11 48.46(25. 560 - 100.00 -23.31 [-38.54, -7.681
Subtotal 195% CI) 1L 1L sl 100.00 -z2.21 [-38.94, -7.68]
Test for heterogeneity: not spplicable
Test for overall effect: 7 = 292 (P =0.003)

-100 =50 o s0 100

Favours active warm  Favours control

For the radiant heater (1000W) versus usual care, in 23 patients, there was a statistically
significant difference between interventions and the difference in time taken to raise the

temperature by 0.5°C was similar for the different initial temperatures.

Figure 13b: Time to raise temperature (subgroup analysis for electric blankets)
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Review: IPH
Comparison; 05 active warming vs usual care (postop, trestment)
Outcome: 05 Time to raise temperature (subgroups)
Study Active wearming Usual trestment WD (fixed) Wigight WD (fixed)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl
01 Electric blanket vs usual care, 35010 35.5deg C

Weyland electric bla 11 54.38(34.02) 10 53.73(40. 58} —a— 100.00 -5.35 [-37.54, z6.84]
Subtotal (95% CI) 11 10 100.00 -5.35 [-37.54, 26_84]
Test for heterogeneity: not spplicable
Test for overall effect Z=033(P=074)
02 Electric blanket vs usual care, 35510 36 .0 deg C

Wieyland electric bla 11 44.790(13.04) 10 51.15i20.23) i 100.00 -6.36 [-21.08, 8.38]
Subtotal (95% CI) 11 10 100.00 -€.36 [-z1.08, 2.38]
Test for heterogeneity: not spplicable
Test for overall effect: £ =085 (P =040)
03 Electric blanket v ususl care, 36.010 36.5 degy C

Weyland electric bla 11 41.83(22.47) 11 43.46(25. 56} — 100.00 -€.57 [-z6.88, 13.54]
Subtotal (95% CI) 11 11 100.00 -6.57 [-z6.88, 13_54]
Test for heterogeneity: not spplicable
Test for overall effect: £ =064 (P =052)

-100 -0 o S0 100

Favours active warm  Favours control

For the electric blanket (50W) intervention versus usual care, in 23 patients, there was no
significant difference between electric blanket and usual care in the time taken to raise the
temperature from 35.0°C to 35.5°C; 35.5°C to 36.0°C or 36.0°C to 36.5°C.

3. Rate of temperature change (°C/h)

The indirect study Brauer (2004) in post-bypass patients recorded the median rate of increase
of temperature, giving p values for the difference. These were converted to standard errors
and used in the generic inverse variance option of the Review Manager software. There were

20 patients in each comparison.

Brauer (2004) compared two forced air warming blankets, and two radiant heaters with a
polyester filled blanket, and found statistically significant differences, compared with usual
care, for both forced air warming blankets, but only for one radiant heater — a self assembled
set of four 160W lamps. These differences in the median temperature were clinically

significant.

Figure 14: Rate of warming

Rewigw: IPH

Comparizon: 05 active warming vs usual care (postop, treatment)

Outcome: 05 Rate of warming (degCh; median)

Study WD (fized) Weight WDy (fized)
or sub-categary MO (SE) 95% I kA 95% I

01 Forced air warming

Bréuer 2004 FAW_BH 0.5000 (0.1737) —a— 39.04 0.50 [0.16, 0.24]

Brauer 2004 FAMW WT 0.4000 {0.1390} —a— 50,98 0.40 [0.13, 0.67]

02 Radiart heater

Brauer 2004 RH_HY 0.3000 (0.1042) —— 100.00 0.30 [0.10, 0.50]

Brauer 2004 RH_TC 0.Z000 (00000} Not estimable
-1 -0.5 1] 05 1

Favours Usual care  Favours trestment

4. Incidence of shivering

Two studies with 55 patients (Jackson 1997; Weyland 1994) assessed shivering in the
recovery room, Jackson for different time periods postoperatively and Weyland over the whole
monitoring period (Figure 15). Generally, the confidence interval is too wide to draw

conclusions.
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Figure 15: Incidence of shivering

Reviewy: IPH
COmparison: 08 active warming vs usual care (postop, trestment)
Outcome: 01 incidence of shivering

Study Active warming Cortrol RR (fixed)
of sub-category i it 95% Cl

Wigight

RR (fixed)
5% CI

01 Systemic forced air warming after 0-15min
Jackson 1997 3410 /10 —B—
Subtotal (95% CI 10 10 ——eagli-
Total everts: 3 (Active warming), 7 (Contral)
Test for heterogensity: not spplicabls

Test for overall effect: Z =161 (P =011)

02 Systemic forced air warming after 15-30min

Jackson 1997 1710 5410 —B—
Subtotal (35% CN 10 10 E————
Total everts: 1 (Active warming), 5 (Contral)
Test for heterogeneity: not applicable

Test for overall effect: Z =161 (P =011)

03 Systemic forced air warming after 30-45min
Jackson 1997 0/10 4710 R — p
Subtatal (95% CI1 10 10 ———
Total everts: O (Active warming, 4 (Control)
Test for heterogeneity: not applicable

Test for overall effect: £=154(P=012)

04 Radiant hest ; shivering over wwarming time

Wiyland 1994 z/s1z 5711 +——
Subtotal (95% CI 1z 11 —~eenp
Total events: 2 (Active warming), 5 (Contral)

Test for heterogeneity: not applicable

Test for overall effect Z=138(P=017)

Tl

05 Electric blanket, shivering over warming time
Wieyland 1994 /12 5411 —+— B
Subtotal (95% CI 1z 11 =nagi-—
Total everts: 9 (Active warming), 5 (Contral)
Teat for heterogeneity: not spplicabls

Test for overall effect: Z=135(P =018

l00.00
l00.00

l00.00
loo. 00

l00.00
l00.00

lo0.00
l00.00

l00.00
l00.00

0.43 [0.15, 1.20]
0.43 [0.15, 1.20]

0.20 [0.03, 1.42]
0.z20 [D.02, 1.4Z]

0.11 [0.01, 1.83]
0.11 [0.01, 1.83]

0.37 [0.03, 1.52]
0.37 [0.0%, 1.52]

1.5 [0.80, 3.41]
1.5 [0.80, 3.41]

01 02 0s 1 2 &
Favours active warm  Favours cortrol

Postoperative complications

5. Patient’s perception of cold

10

One study with 18 patients (Alfonsi 2003) reported the patient’s perception of cold at the end

of the forced air warming period (Figure 16).

Figure 16: Patient’s perception of cold

Reviewy: IPH

Comparison: 08 active warming vs usual care (postop, trestment)

Outcome: 06 Mo of patients perceiving cold

Stucy Active warming Control RR (fixed) Weight RR (fixed)

of sub-category i it 95% Cl % 95% Cl

01 Forced sir warming after 37 min

Alfonsi 2003 3/3 gs3 —E— 100,00 0.38 [0.14, 0.37]
Subtotal (95% CI) E] ] ——ooiian-— 100,00 0.32 [0.14, 0.97]

Total everts: 3 (Active warming), § (Contral)
Test for heterogeneity: not applicable
Test for overall effect: £=2.02 (P =0.04)

o1 02 os 1 2 5
Favours active warm  Favours cortrol

10

There was a statistically significant difference in the number of patients perceiving that they

were cold, although the confidence interval is wide. The relative risk was 0.38, i.e. about 3

times the risk for the control patients. This corresponds to a number needed to treat of 2 (95%

Cl 2, 6), for a control group risk of 89%.

6. Patient’s perception of pain

One study with 18 patients (Alfonsi 2003) reported the patient’s perception of pain at the end

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 441 of 536



B W DN

© 00 N O O

DRAFT FOR CONSULTATION

of the forced air warming period (Figure 17). There was no significant difference in the number

of patients perceiving pain, although the confidence interval is fairly wide.

Figure 17: Patients’ perception of pain

Reviewy: IPH

Comparison: 08 active warming v usual care (postop, treatment)

Outcome: 07 Mo of patients perceiving pain

Study Active warming Cortrol RR (fixed) Wigight RR (fixed)

oF sub-category it nuh 95% Cl % 95% Cl

01 Forced sir warming after 37 min

Alfonsi 2003 4/9 5/3 loo.00 0.20 [0.31, Z.04]
Subtotal (95% CI) £l 3 100,00 0.80 [0.31, Z.04]

Total everts: 4 (Active warming), 5 (Contral)
Test for heterogeneity: not applicable
Test for overall effect: Z =047 (P = 0.64)

o1 0z 05 1 2 5 10
Favours active warm  Favours cortrol

We considered it useful to have an estimate of how long it took patients to warm to 36.0°C in
PACU (or ICU) under usual care. Therefore, the mean durations were estimated from the
above studies. We note these are observational data based on very small numbers of

patients.
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Table 1: Time to raise temperature for the usual care group for different studies

Study Location Method Initial Final Time
measured temperature temperature

Jackson ICU Core 35.2°C 36.2°C 120 min

(n=10) temperature (baseline)

Jackson ICU Core 35.2°C 36.6°C 180 min

(n=10) temperature y 2seline)

35.0°C to 35.5°C

Weyland  ICU time 35.0°C 35.5°C 59.7 min (SD
(n=10) 40.3)

Alfonsi PACU Core 35.2°C 35.7°C 37 min

(n=9) temperature (baseline)

Jackson ICU Core 35.2°C 35.5°C 45 min
(n=10) temperature (baseline)

35.5°C to 36.0°C

Weyland ICU time 35.5°C 36.0°C 51.2 min (SD
(n=10) 20.2)
Jackson ICU Core 35.5°C 36.2°C 75 min
(n=10) temperature

36.0°C to 36.5°C

Weyland ICU time 36.0°C 36.5°C 48.5 min (SD
(n=11) 25.6)
Jackson ICU Core 36.2°C 36.6°C 60 min
(n=10) temperature

B. Active warming 1 versus active warming 2

B1. Forced air warming versus warmed blanket

Inadvertent perioperative hypothermia: full guideline DRAFT (October 2007) part 3 page 443 of 536



© 00 N o O b WDN P

N DD NN NNMNNNNRRRRRRR R P
~N o oo WO NPEFEE OO oo N O WOWDN - O

DRAFT FOR CONSULTATION

One often-used treatment for postoperative hypothermia is warmed blankets: these may be
regularly changed, changed as needed, or not changed, but all are methods of active warming
of the patients. Four studies compared forced air warming with warmed blankets (Giuffre
1991; Lennon 1990; Stevens 2000; Summers 1990).

1. Core temperature postoperatively

Two studies assessed the core temperature at different times postoperatively (Summers 1990;
Lennon 1990). Lennon (1990) recorded oral temperatures; Summers (1990) had a baseline
discrepancy of 0.38°C (higher for the warmed blanket). Both studies used a forced air
warming device: the setting was 43°C for Lennon (1990), but was not reported for Summers
(1990). Lennon (1990) warmed blankets to 37°C, but did not state if the blankets were
changed; Summers (1990) did not state the temperature, but changed the blankets as

needed. The results at different times are shown in Figure 18.

The two studies show significant heterogeneity at all times except 15 minutes. The Lennon
(1990) study in 30 patients measured oral temperatures, which may not be closely related to
core temperature; Summers (1990) had a baseline difference that was comparable or bigger
than the difference in effect. This study also had significant difference in the time spent in
theatre (the forced air warming group was longer by 35 minutes). It was decided to treat
Summers (1990) as confounded, and draw tentative conclusions only from the Lennon (1990)
study, even though this was not the best method of measuring temperature. This study
showed that the forced air warming device was significantly more effective at rewarming than
a warmed blanket that probably was not changed. We note that the oral temperature of the
warmed blanket patients was low (below 35.0°C), indicating moderate hypothermia, and that

the control group did not reach 36.0°C even after 75 minutes.

Figure 18: Temperature for different times
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Review: IPH

Comparison; 09 active warming vs warmed blankets (postop trestment)

Outcome: 07 Forced ait warming ve watmed blanket - core temperature

Study Forced air warming Warmed blanket VUMD (fixedd) Waieigght WD ( fixedd)
or sub-category M Mean (S0 M Mean (S0 a5% Cl % 95% Cl
01 bassline ‘

Lennon 1990 15 34.300(0.50) 15 34.301(0.60) - 100.00 0.00 [-0.40, 0.40]
Subtotal (95% CI) 15 15 o 100.00 0.00 [-0.40, 0.40]
Test for heterogeneity: not spplicable
Test for overall effect: £ =000 (P =1.00)

02 after 15 min warming

Lennan 1390 15 34.80¢0.70) 15 34.30(0.60) -l 100.00 0.50 [0.03, 0.37]
Subtatal (95% CI) 15 15 - 100.00 0.50 [0.03, 0.97]
Test for heterogeneity: not spplicable
Test for overall effect: £ =210 (P =0.04)

03 after 30 min warming

Lennon 1990 15 35.00¢0.70] 15 34.z0¢0.30] —a- 100.00 0.80 [0.2Z, 1.38]
Subtotal (5% CI) 15 15 i 100.00 0.30 [0.22, 1.38]
Test for heterogeneity: not spplicable
Test for overall effect: Z=272 (P =0007)

04 after 45 min warming

Lennon 1990 15 35.20¢(1.00} 15 34.500(1.00} — 100.00 0.70 [-0.02, L.42]
Subtotal (95% CI) 15 15 roalfne=- 100.00 0.70 [-0.02, l.4Z]
Test for heterogeneity: not spplicatble
Test for overall effect: £=192 (P =008)

035 after GO min warming

Lennan 1990 15 35.80¢0.60) 15 34.70¢1.00} - 100.00 1.10 [0.51, 1.83]
Subtotal (95% CI) 15 15 L 100.00 1.10 [0.51, 1.89]
Test for heterogeneity: not spplicakle
Test for overall effect: 7 = 365 (P = 0.0003)

06 after 75 min swarming

Lennon 1990 13 36.00¢0.60] 15 35.00¢1.10] —- 100.00 1.00 [0.35, 1.65]
Subtotal (95% CI) 13 15 e 100.00 1.00 [0.35, 1.65]
Test for heterogeneity: not spplicable
Test for overall effect: £ = 3.04 (P =0.002)

4 2 [i] 2 4

Favours warm blanket  Favours forced air

NB: Scale -4 to +4°C

2. Time taken to increase the temperature

Two studies (Giuffre 1991; Stevens 2000) reported the time taken to increase the temperature
to 36.0°C. The initial mean temperatures for the Guiffre (1991) study were 34.40°C (SD 0.42)
and 34.43°C (SD 0.43) for the intervention and control groups respectively. Initial
temperatures were not reported for Stevens (2000). The Guiffre (1991) study also employed a
warmed head covering in all patients and recorded oral temperatures; the Stevens (2000)
study recorded tympanic temperatures. For the forced air warming intervention, the setting
was said to be medium, presumed to be 37°C for the Guiffre (1991) study, and ‘high’ for
Stevens (2000). Both studies replaced the control group warmed blanket regularly (every 15 to
20 minutes); blankets in the Guiffre (1991) study were stored at 66 to 77°C and the

temperature was not stated for Stevens (2000).

The results are shown in Figure 19. There was a significantly shorter time to 36.0°C for the
forced air warming device in the Guiffre (1991) study, but this difference was not found in the
Stevens (2000) study. Meta-analysis showed significant heterogeneity (1°=77%, p=0.04), but
there is insufficient evidence to decide the cause of the heterogeneity. However, we note that
the Stevens (2000) study had potential for bias because alternation was used to assign the
treatments, although the Guiffre (1991) study only recorded oral temperatures and the

confidence interval was wide.

Figure 19: Time to 36.0°C
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Revigw: IPH
Comparison; 09 active warming vs warmed blankets (postop trestment)
Outcome: 05 Time to raise temperature
Study Active wearming Wiarmed blanket WD (fixed) Wigight WD (fixed)
or sub-category M Mean (SD) M Mean (SD) 95% CI Yo 95% CI
01 Forced air warmer (both arms had warmed head cover), 35.0t0 36.0 deg C
Giuttre 19912 29 11z.20(5Z.30) 31 153.10{77.80} —_— 4.78 -40.30 [-74.25, -7.5E5)
Subtotal (95% CI) 29 31 -~—aspii— 4. 76 -40.50 [-74.25, -7_55]
Test for heterogeneity: not spplicable
Test for overall effect: £ =240 (P =002)
02 Forced air warmer, unknown to 36 .0 deg C
Stevens 2000 55 28.91(16.04) 50 33.30022.12) - 95.24 -4.3% [-11.84, 3.06]
Subtotal (95% CI) £E &0 95.24 -4.3% [-11.84, 3.08]
Test for heterogeneity: not spplicable
Test for overall effect: £=115(P=025)
Tatal (95% CI) 2L 100.00 -&.13 [-13.40, 1.1%5]

24
Test for heterogeneity: Chi* = 4.38, df = 1 (P = 0.04), F = 77.2%
Test for overall effect: 7 =165 (P =010)

-100 -50 a 50 100

Favours active warm  Favours warm blanket

3. Rate of temperature change (°C/h)

One study (Lennon 1990) in 30 patients recorded the rate of change in temperature, giving p
values for the difference. These were converted to standard errors and used in the generic
inverse variance option of Review Manager. Lennon 1990 found a statistically significant
difference of 0.70°C/h (95%CI 0.25, 1.14) for forced air warming compared with blankets
warmed to 37°C (figure 20).

Figure 20: Rate of increase in temperature

Riewigw: IPH
Comparizon: 09 active warming vs warmed blankets (postop treatment)
Cutcome: 09 Rate of warming (degh)
Study WD (fized) Weight WD (fized)
of sub-category WD (SE) 95% C1 % 95% C1
01 Forced air wwarming
Lennan 1990 06960 (0.Z2Z24) E B 100,00 0.70 [0.25, 1.14]
Subtotal (95% CI) - 100.00 0.70 [0.25, 1.14]

Test for heterogeneity: not applicable
Test for overall effect: T = 3.05 (P = 0.002)

4 2 0 2 4

Favours Warm blanket  Favours trestment

4. Time to discharge from PACU

One study with two comparisons (Guiffre 1991) recorded the time to discharge from PACU.
This was the time when the nurse judged the patient ready to leave rather than when the
patient actually left. This study also employed a warmed head covering in all patients and
recorded oral temperatures. There was no significant difference between interventions,

although the confidence interval is fairly wide (Figure 21).

Figure 21: Time to discharge from PACU (minutes)

Review: IPH

Comparison; 09 active warming vs warmed blankets (postop trestment)

Outcome: 10 Time to discharge from PACU (minutes)

Study Active vwarming Warmed blanket MDD (fized) Wyieight D (fixed)
or sub-category M Mean (SD) M Mean (5D) 95% CI W 95% Cl

01 Forced air warmer (both groups had warmed head cover)

Giuttre 19912 25 217_90(109. 90} 30 £38.80(37.20) 100.00 -20.30 [-74.44, 3Z_64]
Subtotal (95% CI) zg 30 100.00 —Z0.30 [-74.44, 32.64]
Test for heterogeneity: not spplicable
Test for oversll effect 2 =077 (P =044)

Tatal (95% CI) 28 20 100.00 -Z0.20 [-74.44, 3Z2.64]
Test for heterogeneity: not applicable
Test for overall effect: Z=077 (P=044)

-100 -a0 o a0 100
Favours active warm  Favours warm blanket
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5. Incidence of shivering

Two studies with 121 patients (Lennon 1990; Summers 1990) assessed shivering in the

recovery room, Lennon (1990) at different time periods and Summers (1990) over the whole

monitoring period (Figure 22). Generally, the confidence interval was too wide to draw

conclusions, although the Lennon (1990) study showed a significantly less shivering for the

forced air warming group at 45 minutes and borderline significance at 15 minutes.

Figure 22: Incidence of shivering

Reviewy: IPH

COmparison: 09 active warming v warmed blankets (postop trestment)

Outcome: 11 incidence of shivering

Sty Active warming vyarmed blanket RR (fixed) Weight RR (fixed)

of sub-category i it 95% Cl % 95% Cl

01 forced air warming after 15min

Lennon 1890 4718 10/15 —— 100.00 0.40 [0.16, 1.00]
Suktotal (95% CI) 15 15 ——anii-— 100.00 0.40 [0.16, 1.00]
Total events: 4 (Active warming), 10 (Warmed blanket)

Test for heterogeneity: not applicable

Test for overall effect: £ =197 (P =0.05)

02 forced air warming after 30min

Lennon 1930 4715 /18 —B— 100,00 0.44 [0.17, 1.13]
Subtotal (35% CH 15 15 ——eaii—— 100.00 0.44 [0.17, 1.13]
Total everts: 4 (Active warming), 9 (Warmed blanket)

Test for heterogeneity: not spplicable

Test for overall effect: Z=1.70(P = 0.09)

03 forced sir warming after 45min

Lennon 1890 1718 8415 84— 100.00 0.13 [0.02, 0.88]
Subtatal (95% CI1 15 15 H——— 100.00 0.1z [0.02, 0.82]
Total events: 1 (Active warming), 5 (Warmed hlanket)

Test for heterogeneity: not applicable

Test for overall effect: £ =2.09 (P =0.04)

04 forced air warming after 60 min

Lennan 1830 1/18 4/15 —B— 100.00 0.25 [0.0%, 1.98]
Subtotal (35% CH 15 15 o —— 100.00 0.2E [0.0%, 1.98]

Total everts: 1 (Active warming), 4 (Warmed blanket)
Test for heterogeneity: not applicable
Test for overall effect Z=1.31(P=019)

05 forced air warming after 75 min

Lennon 19590 0/1E 0/l%
Subtotal (95% CI) 15 15
Total events: 0 (Active warming), 0 0Warmed blanket)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

06 forced air warming, shivering over warming time

Hot estimable
Hot estimable

Summers 1990 14/45 15746 loo.00 0.35 [0.EZ, 1.74]
Subtotal (95% CI) 45 15 t lo00.00 0.25 [0.52, 1.74]
Total events: 14 (Active warming), 15 (Warmed blanket)
Test for heterogeneity: not applicable
Test for overall effect: £=015(P = 0.53)

o1 02 os 1 2 5 10

Favours active warm Favours warm blanket

The Summers (1990) study also reported the duration of shivering (Figure 23). There was no

significant difference between groups, although the confidence interval is fairly wide. We also

note that the Summers (1990) study had significant differences in baseline characteristics

(time spent in the operating room).

Figure 23: Duration of shivering
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Review: IPH
Comparison; 09 active warming vs warmed blankets (postop trestment)
Outcome: 12 Shivering time (minutes)

Study Active warming Warmed blanket
or sub-category M Mean (SD) M Mean (S0

WD (fizeel) Wigight WD (fixedd)
95% I % 95% I

01 Farced air warmer
Summers 1950 45 16.15410.03) 46 14.131(6.64)
Subtotal (95% CI) 45 46
Test for heterogeneity: not spplicable
Test for overall effect: Z=113(P=028)

Tatal (95% CI) 45 46
Test for heterogeneity: not spplicakle
Test for overall effect 7 =113 (P =0.26)

100.00 Z.0Z [-1.48, E5.5Z]

-~ 100.00 2.02 [-1.48, 5 52]

'y

100.00 Z.0Z [-1.48, 5.521

Postoperative Complications

6. Patient’s thermal comfort

One study with 91 patients (Summers 1990) reported the patient’s thermal comfort 30 minutes

-10 -5 a 5 10

Favours active warm  Favours warm blanket

after forced air warming commenced and at the time of discharge (probably 60 minutes)

(Figure 24). The scale used was the Christoph comfort scale, but it was not clear what this

was. However, the study authors commented that the patients’ perception of comfort was

greater for the forced air warming group, which indicates that a higher value on the scale is an

improvement. A statistically significant difference was found in favour of the forced air warming

group, but its magnitude is unclear. We also note that the Summers (1990) study had

significant differences in baseline characteristics (time spent in theatre).

Figure 24: Thermal comfort

Review: IPH
Comparisan: 09 active warming vs warmed blankets (postop treatment)
Outcome: 13 Thermal comfort Chigh is good)
Study Active wearming Wiarmed blanket WD (fixed) Wigight WD (fixed)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl
01 30 minutes

Summers 1990 45 17.05(2.94) 456 9.20(z.70) - lo0.o00 7.85 [6.83, 2.01]
Subtotal (95% CI) 45 46 -« 100.00 7.85 [6.69, 9.01]
Test for heterogeneity: not applicable
Test for overall effect: £ =13.26 (P = 0.00001)
02 time: of discharge

Summers 1990 45 17 66(2_34) 46 10.26(1.71} R | 100.00 7.40 [6.56, &.24]
Subtotal (95% CI) 45 46 - 100.00 7.40 [6.58, B.Z4]
Test for heterogeneity: not spplicable
Test for overall effect: 7 =17.18 (P < 0.00001)

-0 -5 a 5 10

Favours warm blanket  Favours active warm

We also recorded the time to raise the temperature to 36.0°C for the warmed blankets group.

We note these are observational data.

Table 2: Time to raise the temperature for warmed blankets groups for different studies

Study Location Method Initial Final Time
measured temperature temperature
Lennon PACU Core 34.3°C 35.0°C (i.e. 75 min
(n=15) temperature (baseline) still
hypothermic)
Guiffre PACU Time 35.0°C 36.0°C 153.1 min
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(n=31) (SD 77.8)
Stevens PACU Time Not stated 36.0°C 33.3 min
(n=50) (SD 22.1)

B2. Radiant heating versus warmed blankets

One study compared radiant heating with warmed blankets (Giuffre 1991).

1. Time taken to increase the temperature

One study (Giuffre 1991) reported the time taken to increase the temperature to 36.0°C. The
initial mean temperatures for the Guiffre (1991) study were 34.46 (SD 0.42) and 34.43°C (SD
0.43) for intervention and control groups respectively. The Guiffre (1991) study also employed
a warmed head covering in all patients and recorded oral temperatures. The control group had
warmed blankets replaced regularly (every 15 to 20 minutes); blankets were stored at 66°C to
77°C. There was no significant difference between groups, but the confidence interval is fairly

wide.

Figure 25: Time to 36.0°C

Review: IPH
Comparizon: 09 active warming vz warmed blankets (postop trestment)
Outcome: 14 Time to raise temperature
Stucly Active wearming Wiarmed blanket WD (fixed) Wigight WD ( fixed)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl
03 Radiant heater + single warmed blanket (hoth arms had warmed head cover), 35.010 36.0 deg C
Giutfre 1981k 30 148.70(81. 60} 31 153.10(77.80}) — 100.00 -4._40 [-44.43, 35 63]
Subtotal (95% CI) 20 3L 100.00 -4.40 [-44.43, 35.83]
Test for heterogeneity: not spplicable
Test for overall effect: £ =022 (P =083)
Total (95% CI 30 3L 100.00 -4.40 [-44.43, 3E_83]

Test for heterogeneity: not applicable
Test for overall effect: Z=022 (P =0853)

-100 -0 o S0 100
Favours active warm  Favours warm blanket

2. Time to discharge from PACU

One study (Guiffre 1991) recorded the time to discharge from PACU. This was the time when
the nurse judged the patient ready to leave rather than when the patient actually left. This
study also employed a warmed head covering in all patients and recorded oral temperatures.
There was no significant difference between interventions, although the confidence interval is

fairly wide (Figure 26).

Figure 26: Time to discharge from PACU (minutes)
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Review: IPH

Comparison; 09 active warming vs warmed blankets (postop trestment)

Outcome: 15 Time to discharge from PACU (minutes)

Study Active warming Warmed blanket WD (fixed) Wyigight WD [ fixedd)
or sub-category M Mean (SD) M Mean (S0 95% Cl % 95% C|
03 Radiant heater + single warmed blanket (hoth arms had warmed head cover)

Giuttre 1991h 30 240.50(133.40) 30 23%.80(87.20) —a— 100.00 1.70 [-57.38, €0.78]
Subtotal (95% CI) 30 30 100.00 1.70 [-57.38, 60.76]
Test for heterogeneity: not spplicable
Test for overall effect: £ =006 (P =098)

Tatal (95% CI) 30 30 100.00 1.70 [-57.36, &0.76]

Test for heterogeneity: not spplicakle
Test for overall effect: 7 = 006 (P =0.96)

-100 -50 a a0 100

Favours active warm  Favours warm blanket

B3. Radiant heat versus electric blanket
One study in 24 patients (Weyland 1994) compared a radiant heater (1000W) with an electric
blanket (50W). Individual patient data were extracted from a graph. The oesophageal

temperature was recorded.

1. Time to raise temperature

Weyland (1994) recorded the time to increase the temperature from 35.0°C to 35.5°C;
35.5°C.to 36.0°C and 36.0°C to 36.5°C. In this direct comparison, warming was significantly
faster (17 to 29 minutes) for the radiant heater compared with the electric blanket, for all

ranges of temperature.

Figure 27: Time to raise temperature

Review: IPH
Comparison; 11 active warming 1 ve active warming 2 (postop trestment)
Outcome: 07 Time to raise temperature
Studdy active warming 1 active warming 2 WD (fixed) Waigight WD [ fixedd)
or sub-category M Mean (S0 M Mean (S0 a5% Cl % 95% Cl
01 Radiant heater vs electric blanket, 35010 355 deg C

Weyland 1994 10 25.10¢8.60} 11 54.38(34.02) —— 100.00 -29.28 [-50.08, -8_483]
Subtotal (95% CI) 1 11 il 100.00 -29.28 [-50.08, -8.48]
Test for heterogeneity: not spplicakle
Test for overall effect: £ = 2.76 (P = 0.006)
02 Radiant heater vs electric blanket, 35.510 36.0 dey C

Weyland 1994 10 23.28(5.07] 11 44.75(13.04) = 100.00 -z1.51 [-29.83, -13.13]
Subtotal (95% CI) 10 1L L3 100.00 -21.51 [-25.83, -13.13]
Test for heterogeneity: not applicable
Test for overall effect: £ =5.07 (P < 0.00001)
03 Radiant hester vs electric blanket, 35.0t0 365 deg C

Weyland raciant hest 11 25.15(6.78) 11 41 8922 47) — 100.00 -16.74 [-30_61, -Z_87]
Subtotal (95% CI) 11 11 - 100.00 -16.74 [-30.61, -2.87]
Test for heterogeneity: not spplicable
Test for overall effect: £ =237 (P=002)

100 -0 o 50 100

Favours active warml  Favours active warm2

2. Incidence of shivering

Weyland (1994) reported shivering over the warming period and showed significantly less
shivering for the radiant heater, although the confidence interval is wide. The risk of shivering
is 1/5th that of the electric blanket, and the NNT is 2 (95% CI 2, 4) for a control group risk of
75%.

Figure 28: Incidence of shivering
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Reviewy: IPH

Comparison: 11 active warming 1 vs active warming 2 (postop trestment)

Outcome: 05 incidence of shivering

Study Active warming 1 Active warming 2 RR (fixed) Wigight RR (fixed)
of sub-category i it 95% Cl % 95% Cl

0F radisnt heater vs electric blanket; shivering over warming time
Wigyland 1994 zslz sz +—B 100.00 0.2z [0.08, 0.82]
Subtotal (35% CH 12 1z nE——— 100.00 0.2z [0.08, 0.82]
Total events: 2 (Active warming 17, 9 (Active warming 2)
Test for heterogeneity: not applicable

Test for overall effect: £ =226 (P =0.02)

o1 02 os 1 2 5 10
Favours active warml  Favours active warm2

B4. Forced air warming versus radiant heating

One indirect study in post-bypass patients compared two forced air warming devices (Bair
Hugger® and Warm Touch®, setting and flow maximal for both) and two radiant heaters
(Thermal Ceilings 1000W and self assembled 4 x 160W) (Brauer 2004). Oesophageal

temperatures were raised from below 35.5°C to above 37.5°C.

1. Rate of change of temperature
The study reported medians with 10™ and 90" percentiles. These are reported in the table
below. The authors reported no significant difference between any of these active

interventions.

Table 3: Rate of change of temperature

Rate of change of temperature

Type of warming device Rate of oesophageal rewarming (°C / h)

median (10%, 90% percentiles)

Forced air warming (Bair Hugger®) 0.9(0.4,1.3)
Forced air warming (Warm Touch®) 0.8(0.4,1.7)
Radiant heater (Thermal Ceilings) 0.6 (0.4,1.0)
Radiant heater (self assembled) 0.7 (0.5, 0.9)

C. Active warming versus thermal insulation
One study (Bredahl 1995) compared a radiant heater (500W) with a reflective blanket in 30
patients who had undergone combined general and regional anaesthesia. Both arms of the

study had warmed IV fluids and the rectal temperature was measured.

1. Core temperature after two hours in PACU

The Bredahl (1995) study reported the median and interquartile range at 15 minute intervals in
a graphical form, and it is clear that the rate of change of median rectal temperature is greater
for the radiant heating group compared to the reflective blanket group. The authors reported
that the increase in median temperature over two hours was significantly greater for the
radiant heating group (1.6°C in the radiant heater group; 0.9°C in the thermal insulation group;
p<0.05).
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2. Shivering
There was little difference in the number of patients shivering, either over the whole warming

period (Figure 29) or at any time during it. The confidence interval is fairly wide.

Figure 29: Incidence of shivering

Reviewy: IPH

Comparison: 12 active warming vs thermal insulation (postop, trestment)

Outcome: 01 incidence of shivering

Stucy Active warming 1 Active warming 2 RR (fixed) Weight RR (fixed)

of sub-category i it 95% Cl % 95% Cl

01 radiant heater vs space blanket; shivering over warming time

Bredahl 1935 &/15 3SLE loo.00 0.8% [0.47, 1.87]
Subtotal (95% CI) 15 15 100.00 0.89 [0.47, 1.67]

Total events: & (Active warming 17, 9 (Active warming 2)
Test for heterogeneity: not applicable
Test for overall effect: £=037(P=0.71)

o1 0z 05 1 2 5 10
Favours active warml  Favours active warm2

D. Thermal insulation versus usual care

One study with 144 patients (Hershey 1997) compared different types of thermal insulation as
an adjunct to the use of two warmed thermal blankets. The study did not mention if the
blankets were changed, and their warming temperature was not stated. Patients were
randomised to one of the following three interventions:

e Two warmed thermal blankets (group 1; control group);

e Reflective blanket plus two warmed thermal blankets (group 2);

e Reflective blanket + reflective head covering + two warmed thermal blankets (group 3).

There were some reservations about the study: it measured oral temperatures, and the
reflective blanket group (group 2) spent longer in theatre than either of the other groups (mean
duration in theatre 184 minutes for control group; 233 minutes for group 2 and 201 minutes for

group 3; SDs not given).

1. Time to raise the temperature

Hershey (1997) reported the time taken to reach 36.0°C from an initial mean temperature of
34.8°C or 35.0°C (Figure 30). There was little difference between interventions, and the
addition of a reflective blanket and hat did not appear to help in reducing the time taken to
reach 36.0°C.

Figure 30: Time to raise temperature
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Review: IPH
Comparison; 13 active warming vs thermal insulstion (postop, treatment)
Outcome: 02 Time to incresse tempersture to 36 deg C
Study Thermal+active Active WD (ficed) Viight VAMD (i)
or sub-category M Mean (S0 M Mean (S0 95% 1 Yo 95% Cl
1 Reflective blanket + reflective head covering + 2 warmed thermal blankets we 2 thermal blankets

Hershey 1997k 43 119.80(82.30} 46 115.10(63.60} —a— 100.00 4.70 [-26.07, 35.47]
Subtotal (95% CI) 48 46 100.00 4.70 [-26.07, 35.47]
Test for heterogeneity: not spplicable
Test for overall effect: Z=030(P=078)
02 Reflective blanket + 2 warmed thermal blankets vs 2 thermal blankets

Hershey 1997 46 109.60(65.00) 46 115.10i69.60) —— 100.00 -5.50 [-33.02, Z2.0Zl
Subtotal (95% CI) 46 46 100.00 -5.50 [-33.0Z, zZ.0Z]
Test for heterogeneity: not spplicable
Test for overall effect £ =039 (P=070)
03 Reflective blanket+reflective head covering+2 thermal blankets vs relective blanket +2 thermal blankets

Hershey 1997a 43 112.80(82.30) 46 109.60{65.00} 100.00 10.20 [-13.71, 40.11]
Subtotal (95% CI) 43 46 100.00 10,20 [-19.71, 40_11]
Test for heterogeneity: not spplicable
Test for overall effect: £ =067 (P=050)

-100 -0 o S0 100

Favours active  Favours therm-active

Summary of times to raise the temperature for various warming mechanisms
Table 4 summarises the times taken to raise the temperature for different warming
mechanisms for all the trials. We note that these are observational data, usually in small
numbers of patients, but are included as an indication of how long it takes to rewarm
hypothermic patients in PACU and ICU.
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Table 4: Time to raise temperature for patients given forced air warming and radiant

heat
Study Location Method Initial Final Time
measured temperature temperature

FORCED AIR WARMING

Jackson ICU Core 35.2°C 36.1°C 60 min

(n=10) temperature (baseline)

Lennon PACU Core oral 35.0°C 36.0°C 45 min

(n=15) temperature

Guiffre PACU Time 35.0°C 36.0°C 112.2 min (SD

(n=31) (oral T) 52.3)

RADIANT HEAT

Weyland ICU time 35.0°C 37.0°C median 100

(n=10) min (range 76
to 143)

35.0°C to 35.5°C

FORCED AIR WARMING

Lennon PACU Core oral 35.2°C 35.8°C 15 min

(n=15) temperature

Alfonsi PACU Core 35.2°C 35.7°C 37 min

(n=9) temperature (baseline)

Jackson ICU Core 35.2°C 35.5°C 30 min

(n=10) temperature (baseline)

RADIANT HEAT

Weyland ICU time 35.0°C 35.5°C 25.1 min (SD

(n=10) 8.6)

Bredahl PACU Median core  median median 30 min
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(n=15) temperature  34.9°C 35.3°C
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35.5°C to 36.0°C

FORCED AIR WARMING

Jackson ICU Core 35.5°C 36.1°C 30 min

(n=10) temperature

Lennon PACU Core oral 35.8°C 36.0°C 15 min

(n=15) temperature

RADIANT HEAT

Weyland ICU time 35.5°C 36.0°C 23.3 min (SD

(n=10) 5.1)

Bredahl PACU Median core  median median 45 min

(n=15) temperature  35.3°C 36.0°C

36.0°C to 36.5°C

FORCED AIR WARMING

Jackson ICU Core 36.1°C 36.8°C 60 min

(n=10) temperature

RADIANT HEAT

Weyland ICU time 35.5°C 36.0°C 25.2 min (SD

(n=10) 6.8)

Bredahl PACU Median core  median median 45 min
temperature  36.0°C 36.4°C

(n=15)
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