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EFFICACY OF BAIR HUGGER FORCED-AIR
WARMING WITH A REUSABLE BLANKET
DURING KIDNEY TRANSPLANTATION

Ll
Atef D Demian, MD

From
Department of Anaesthesia and Surgical Intensive Care ,

Mansoura University .

ABSTRACT
Background and objective
Forced-air warming by Bair Hugger
proved the most efficient techniqué
for minimizing core hypothermia . This
study tested the efficacy of a reusable
blanket attached to Bair Hugger for
maintaining normothermia during kid-
ney transplantation . Patients and
methods : 30 kidney recipients were
randomly assigned to receive no
warming device (control group;
n=15) or had active warming by Bair
Hugger with a reusable blanket (B-H
group; n=15) . Patients were anaes-
thetized by combined epidural and
general anaesthesia . Crystalloid infu-
sion was given at room temperature
and ambient temperature was main-
tained at 22-24°C . Results : Basal
esophageal temperature was below
normal values (35.7°C) and de-
creased approximately by 0.2 and
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0.19C in B-H and control group re-
spectively in the first 15 min after in-
duction of anaesthesia. Subsequently,
temperature was maintained in B-H
group but continued to decrease sig-
nificantly in control group. The maxi-
mum decrease of temperature in con-
trol group was detected during cold
ischemia (from 34.6 + 0.49C to 34.0 +
0.5 9C ). At end of surgery , core tem-
perature in B-H group was 35.9 *
0.9°C compared to 34.2 + 0.59C in
control group . All patients recovered
immediately after surgery without ab-
normal events. Conclusion: Forced -
air warming using Bair Hugger with a
reusable blanket can maintain core
temperature in kidney recipients with-
out complications

INTRODUCTION

Intra-operative hypothermia usual-
ly accompanies anaesthesia and sur-
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gery. It is most likely in long compli-
cated operations, elderly patients or
patients having pre-existing illness.
End-stage renal failure patients sub-
jected to kidney transplantation are
more liable to hypothermia due to little
body fat, low ambient temperature in
the theatre in addition to cold ische-
mia during vascular anastmosis.

Intra-operative warming of the pa-
tients minimize the documented com-
plications of hypothermia (1-4) . Many
warming devices and techniques
have been used to warm the patients
intra-operatively. Forced - air warming
proved the most efficient one in mini-
mizing core hypothermia (5-7), The
main limitation of Bair Hugger forced
- air warming is the high cost of dis-
posable blankets. In replace, we used
a reusable blanket made of 2 layers
of surgical draping, the space be-
tween them is connected to the heat-
er — blower unit .

This study was designed to test
the efficacy of Bair Hugger warming
device with its reusable cover to
maintain intra-operative normothermia
during kidney transplantation .

PATIENTS AND METHODS
Following approval of our institu-
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tional ethical board, we studied 30
adult end-stage renal failure patients
undergoing allograft renal transplanta-
tion in Urology and Nephrology Cen-
tre, Mansoura University. Non had fe-
ver, autonomic disorders, Raynaud's
syndrome and all were above 18
years old .

Patients were premedicated by
midazolam 7.5 mg orally 2 hours
before induction of anaesthesia.
Epidural anaesthesia was performed
using a mixture of robivacaine 0.75 %
(8 ml) and 2 mg morphine injected
at L2-3 interspaces with a spinal
needle 22G. Internal Jugular vein
cannulation was secured under local
lidocaine anaesthesia. General an-
aesthesia was induced with Fentanyl
1 ug kg'!, midazolam 0.05 mg kg1
and thiopentone sodium (4-5 mg kg~
1). Vecuronium 0.1 mg kg1 was
used to facilitate tracheal intubation
and maintain muscle relaxation
during surgery. Anaesthesia was
subsequently maintained with NoO:
O (FiO5 : 0.35) - Isoflurane - Vecu-
ronium. The inspired gases were
not actively warmed or humidified.
Crystalloid LV. infusion was ad-
ministered at room temperature at
arate of 60 ml kg-1 till the time
of vascular declamping then it was
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adjusted according to central venous
pressure.

Datiante wera randomly allocated
according to computer generated
randomization into two temperature
management groups : control group
(n=15) received no intra-operative
warming device and B-H group
(n=15) had active skin surface warm-
ing. Bair Hugger- model 505 forced
air warmer with its reusable fabric
blanket was used. The blanket is
made of 2 layers of surgical draping
connected together peripherally ex-
cept a small part connected to the
tube of heat blower so that the space
between 2 layers is blown by warm
air. Tne blanket was applied to the
skin surface of chest, neck and proxi-
mal part of both upper arms . The
temperature of forced- air warmer
was set on medium (38°C) and was
decreased to low ( 320C) in patients
in whom core temperature exceeded
36.5°C. Active warming was started
immediately after induction of anaes-
thesia. In all cases, operating room
temperature was controlled near 22-
240C. If the temperature in the control
group decreased less than 34°C, Bair
hugger was applied till the end of sur-
gery. Core temperature was meas-
ured with an esophageal thermistor
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probe inserted through the nose to
reach the distal third of the esopha-
gus and connected to Hb monitor.

The patients were monitored by 5-
leads ECG, Non- invasive blood pres-
sure, pulse oximetry, capnography
and CVP. In addition to core temper-
ature, we recorded heart rate, mean
blood pressure , ETpCO2 and CVP
changes. These data were recorded
just after induction ( basal ) , 15 min
and 1 hr after induction , before
clamping of renal vessels, after vas-
cular declamping and at end of sur-
gery. Total amounts of crystalloids in-
fused, duration of vascular cold
ischemia, duration of surgery and
state of recovery were also recorded.

The data was analyzed statistically
using SPSS program version 10.0.
Parametric data was analyzed by stu-
dent t- test. To detect change over
time in core temperature of each
group, we used repeated measure
ANOVA test. P value < 0.05 was con-
sidered as a level of significance.

RESULTS
Both studied groups were compar-
able as regard demographic charac-
ters, infused volumes, renal ischemia
time, ambient temperature and dura-
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tion of surgery (table 1). Males were
more frequently presented than te-
males in both treatment groups. The
duration of dialysis ranged from 1 mo-
nth up to 9 years and 3 patients in
each group had no dialysis before.
Diuresis occurred immediately in pa-
tients of both groups except 2 patients
in each group in whom the diuresis
delayed up to 10 - 30 min. Compara-
cle ETpCOo readings (30 - 32
mmHg) were maintained all over the
study period in both groups indicating
adequate ventilation.

Basal core body temperature of
toth groups were below normal val-
ues (35.79C) and decreased approxi-
mately by 0.2 and 0.1°C in B-H and
control group respectively in the first
15 minutes after induction of anaes-
thesia (table 2). Subsequently, core
temperature was maintained in pa-
tients given forced — air warming but
centinued to decrease significantly in
contrel group as compared to either
basal reading or the same reading in
B-H group ( table 2) . The maximum
decrease of core temperature in con-
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trol group was detected during cold is-

chemia | fram A8 L0 A OB . 81
+0.5 °C ). At the end of surgery, core
temperature in B-H group was 35.9 +
0.9°C compared to 34.2 + 0.5°C in
control group . Forced — air warming
was applied to 3 patients in control
group after vascular declamping till
recovery as temperature dropped to
less than 34.0°C.

The haemodynamic parameters
(HR and MBP) were maintained with-
in normal range throughout study
period in spite of significant decrease
in heart rate as compared to basal
reading in both groups (table 3).
Central venous pressure did not elicit
a noticeable difference between the
two groups during the studied
period. This variable increased gradu-
ally till the end of vascular anastmosis
where it declined in both groups due
to occurrence of brisk diuresis
(figure).

All patients recovered immediately
after surgery without any abnormal
events or complications.
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Tabkla 1 : Damograohic . Infused volumes and Surgical data of forced-air
warming ( B-H ) and control groups . Data are mean SD ( range )

or number .
B-H group Control group
Age(Y) 36.0+12 309 9
(20-53) (19-52)
Sex (M/F) 1273 9/6
Body weight ( kg ) 68.9 +17 60.9 +9
(37-97) (46 -77)
Infused volumes (L) 3.03x0.5 29+0.3
(2-45) (25-35)
Renal Ischemia time 51.9 £13 52.4 £14
(min) (34-82) (32-75)
Ambient temperature 23.1480.7 23.2+0.6
(°c) (22-24) (22-24)
Duration of surgery 297.3 £26 316.0 £26
(min) (250 -340) (260-395)

Table 2 : Core temperature ( °C ) of forced - air warming ( B-H ) group and

control group . Values are mean £ SD .

B-H group Control group

Basal 35.7x0.5 357 +04
After induction :

15 min 35.5°+05 356°:04

1hr 356 £0.5 34.9%: 0.6
Before clamping 35.7 0.7 3467+ 04
After declamping 35.5:0.8 34.0%+05
End of surgery 359+09 34.2 105

* Significant difference between the 2 groups (P <0.05) .
* Significant decrease than basal value in the same group (P < 0.05) .

MANSOURA MEDICAL JOURNAL
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Table 3 : Haemodynamic changes of forced - air warming ( B - H ) group

and control group. Values are mean 25D .

Heart rate ( bpm ) Mean blood pressure
(mmHg )
B-H Control B-H control

Basal 9118 88113 85£12 87£15
After induction :

15 min 83*+16 82'+15 82115 83112

1hr 83%+16 77'+13 88114 92+14
Before clamping 84%£15 71110 8412 87£10
After declamping 90+12 7911 82+11 84:10
End of surgery 9016 79%:15 93213 92£10

* Significant difference between the 2 groups (P <0.05) .

* Significant decrease than basal value in the same group (P <0.05).
16
14 -

" /'A’\
ity . 0.
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Figure : Central venous pressure of forced-air warming ( B-H ) group and
control group. Values are means.
B=Basal  15m Al = 15 min after induction  1hr Al = 1hr after induction
BC = Before clamping  AD = After declamping  E = end of surgery .
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DISCUSSION

Roughly 90% of metabolic heat is
lost through the skin surface there-
fore, any effective warming system
must control cutaneous heat loss.
This can be achieved by either pas-
sive insulation or active cutaneous
heating. Passive insulation rarely re-
duce heat loss even by 30 — 50 %(8).
Forced - air warming was proved as
more effective than passive insula-
tion(5:9), circulating - water mattress-
es(10), Radiant heat device(11) and
as effective as electric blanket (12)
However, one of the drawbacks with
forced — air systems is the expense of
the single use blanket. So, in this
study we used a simple reusable fab-
ric cover made of 2 layers of surgical
draping and applied to the anterior
skin surface of chest , neck and proxi-
mal parts of upper limbs. However in
a similar study(10), the blanket was
covering legs and warming was as ef-
fective as our technique.

Our results indicated that forced —
air warming using Bair Hugger with
this reusable blanket was effective in
maintaining core temperature during
kidney transplantation. Although it
was significantly higher than in control
group , unfortunately, core tempera-
ture never reach 36° C which is con-

sidered the lower limit for normal tem-
perature in surgical patients. Three
contributing factors might be involved.
Firstly, fluids were infused at room
temperature. It was evident that 1 liter
of crystalloid solution administered at
room temperature decrease mean
body temperature approximately
0.25°C in adults (13). This indicate
that in our patients, the fluid volume
given (= 3 L) might decrease core
temperature by 0.75°C. The second
factor was direct application of ice
bags on major vessels during renal
vascular anastmosis (about 30 — 8o
minutes) which add more hypother-
mia during this period. The third most
important factor is that active warming
was started after induction of general
anaesthesia allowing redistribution
hypothermia to occur and this was the
cause of decrease in core tempera-
ture in the first hour after induction. It
was reported that operative warming
1 hr before induction of anaesthesia
avoided redistribution hypothermia
caused by general anaesthesia (14)
or following epidural anaesthesia (15)-
Our patients were relatively cool at
start of anaesthesia (mean core tem-
perature 35.7°C) like most of hospital-
ized patients due to low ambient tem-
perature, skimpy clothing, infirmity or
underlying illness. Thus, we recom-

MANSOURA MEDICAL JOURNAL
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mend active cutaneous pre-
warming to start as soon as patients
are admitted to pre-surgical holding
area.

However, this mild hypothermia
seems beneficial in kidney recipients
to meet the reduction of O5 delivery to
the tissues due to decreasing Op car-
rying capacity. This is achieved
through parallel reduction of oxygen
consumption by the tissues due to
mild hypothermia.

It was reported that hypothermia
might prolong recovery from general
anaesthesia (4) due to increased sol-
ubility of volatile anaesthetics and re-
duced metabolism of I.V. drugs. How-
ever, in this study no cases of
delayed recovery was reported and,
surprisingly, all patients in control
group (mean temperature at end of
surgery = 34.2°C) recovered immedi-
ately after surgery. Perhaps, epidural
analgesia — reducing greatly the dose
of muscle relaxants and volatile an-
aesthetic concentration — explain the
rapid recovery from anaesthesia.

In conclusion, forced — air warming
using Bair Hugger with a reusable
blanket can maintain core tempera-
ture in kidney recipients without com-

Vol. 35, No. 3 & 4 July., & Oct, 2004

plications . It may be more efficient if
pre-warming started before induction
of anaesthesia.
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