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Abstract

Objective: To evaluate the clinical efficacy of intravenous (IV) fluid warming in patients undergoing

laparoscopic colorectal surgery.

Methods: Adult patients undergoing laparoscopic colorectal surgery were randomly assigned to

receive either IV fluids at room temperature (control group) or warmed IV fluids (warm fluids

group). Each patient received a standardized goal-directed fluid regimen based on stroke volume

variances. Oesophageal temperature was measured at 15 min intervals for 2 h after induction of

anaesthesia.

Results: A total of 52 patients were enrolled in the study. The drop in core temperature in the

warm fluids group was significantly less than in the control group 2 h after the induction of

anaesthesia. This significant difference was seen from 30 min after induction.

Conclusion: IV fluid warming was associated with a smaller drop in core temperature than room

temperature IV fluids in laparoscopic colorectal surgery incorporating goal-directed fluid therapy.
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Introduction

Over recent decades, major developments in
colorectal surgery include the introduction
of laparoscopy and the implementation of
enhanced recovery after surgery (ERAS)
programmes. Within ERAS programmes,
the prevention of intraoperative hypother-
mia and the use of goal-directed fluid ther-
apy (GDFT) are important elements.

The most recent ERAS Society guidelines
strongly recommend the routine use of intra-
venous (IV) fluid warming during surgery.1

However, to date, no studies demonstrating
the usefulness of IV fluid warming in the
setting of ERAS programmes including lap-
aroscopic surgery have been reported. In
view of the decreased heat loss due to min-
imal bowel exposure,2,3 the advantages of IV
fluid warming may be reduced in laparo-
scopic colorectal surgery. In addition, as
patients receive a smaller volume of intrao-
perative fluids inGDFT than in a liberal fluid
regimen,4 the usefulness of IV fluid warming
may be further reduced in laparoscopic
colorectal surgery incorporating GDFT.
This prospective, randomized, controlled
study compared the effects on core tempera-
ture of either warmed IV fluids or IV fluids at
room temperature in patients undergoing
laparoscopic colorectal surgery incorporat-
ing GDFT.

Patients and methods

Patients aged 18–65 years classified as
American Society of Anesthesiologists phys-
ical status I or II and scheduled for elective
laparoscopic resection for colorectal cancer
under general anaesthesia with an expected
operating time of at least 2 h at the
Department of Anesthesiology and Pain
Medicine, Samsung Medical Center, Seoul,
Republic of Korea, from December 2014 to
May 2015 were enrolled in the study.
Patients with a preoperative tympanic tem-
perature � 38.0�C or � 35.5�C or preopera-
tive use of vasodilators or medications likely

to alter thermoregulation were excluded.
Patients were randomized using computer-
generated random allocation to receive
warmed IV fluids (warm fluids group) or
room-temperature fluids (control group).

The study period was defined as the
first 2 h after induction of anaesthesia,
derived from the median operating time for
laparoscopic colorectal surgery at our insti-
tution. Patients who were randomized but
whose surgery duration was shorter than
the 2 h study period were excluded from the
analysis.

Written informed consent was obtained
from all study participants and the study
protocol was approved by the Institutional
Review Board of the Samsung Medical
Center, Seoul, Republic of Korea. This study
was registered with the Clinical Research
Information Service (KCT0001295).

Anaesthetic and operative procedures

Without premedication, anaesthesia was
induced with propofol (1.5–2mg/kg) and
vecuronium (0.15mg/kg) and then main-
tained with sevoflurane (1.5–3.5 vol%) and
50% oxygen in air. During induction, an
arterial cannula was placed into a radial
artery and connected to a FloTrac/Vigileo
monitoring system (FloTrac/Vigileo version
3.02, Edwards Lifesciences, Irvine, CA,
USA), an autocalibrated device that ana-
lyses the arterial pressure waveform to cal-
culate cardiac output, stroke volume and
stroke volume variance (SVV). SVV was
used as a predictor of fluid responsiveness
for the GDFT.

In all patients, a standard laparoscopic
procedure was performed using one 10mm
and two 5mm disposable trocars. A pneu-
moperitoneum was established with heated
and humidified CO2 gas using a Stryker 40 l
Highflow Insufflator (Stryker Endoscopy,
San Jose, CA, USA). Intra-abdominal pres-
sure was maintained at 12mmHg with an
insufflation rate of 20 l/min.
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Fluid management and
outcome measures

In the warmed fluid group, all intraoperative
fluids were administered via the Hotline�

fluid warmer (Level 1 Technologies,
Rockland, MA, USA) using a setpoint of
42�C. The Hotline� tube was attached to the
patient’s IV catheter through a 52 cm con-
trol pressure line to minimize heat loss distal
to the fluid warmer. This fluid warming
system can deliver fluids at 38–39�C over a
wide range of clinically relevant flow rates.5

In the control group, patients received
intraoperative IV fluids at room tempera-
ture. In both groups, intraoperative basal
fluid replacement was achieved by continu-
ous infusion of the crystalloid lactated
Ringer’s solution at a rate of 5ml/kg per h.
Additional boluses of 250ml colloid solu-
tion (Volulyte� 6%, Fresenius Kabi, Bad
Homburg, Germany) were administered
based on the algorithm given in Figure 1.

Core temperatures were monitored
continuously intraoperatively and recorded
at 15min intervals following tracheal intu-
bation until the end of surgery using
an oesophageal temperature probe (Mon-
a-therm Esophageal, YSI 400 series,
Mallinckrodt Medical, St Louis, MO, USA).

The presence of intraoperative hypother-
mia was defined as a core temperature
< 36.0�C at any time during the study
period.

The presence and severity of shivering on
arrival in the postanaesthesia care unit
(PACU) was recorded using a 4-point
scale: 0, no shivering; 1, mild fasciculations
of the jaw or neck; 2, moderate tremors
involving the head, neck, shoulders and/or
extremities; 3, severe generalized shaking.6

Postoperative recovery profiles (length of
time in PACU, time to pass flatus and length
of hospital stay) were also documented.

Statistical analyses

The primary outcome was the magnitude
of the core temperature drop 2 h after the
induction of anaesthesia. Based on a previous
study,7 the standard deviation was projected
to be 0.3�C in the control group. A difference
of 0.3�C in this primary outcome between the
groups was considered to be clinically signifi-
cant.8 Using these parameters, 23 patients per
group would be required to ensure a power of
90% and a 0.05 significance level (on an
unpaired t-test).

Data were presented as the mean� SD.
Time-dependent data were analysed using

Figure 1. Intraoperative fluid management protocol for goal-directed therapy. SVV, stroke volume variance.
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repeated measures analysis of variance
(between periods in each group and between
groups), and data at corresponding time points
were additionally analysed between the two
groups using Fisher’s exact or Pearson �2 tests
for categorical variables and unpaired t- or
Mann–Whitney U-tests for continuous vari-
ables. All statistical analyses were performed
using SPSS software version 18.0 (SPSS Inc.,
Chicago, IL, USA). A P-value< 0.05 was
considered to be statistically significant.

Results

A total of 52 patients were enrolled in the
study and randomized to receive warmed IV
fluids (warm fluids group; n¼ 26) or room-
temperature fluids (control group; n¼ 26).
Of these, one patient in the warm fluids
group was excluded from the study because
of an operation time< 2 h. Thus, 26 patients
in the control group and 25 in the warm
fluids group were included in the final
analysis (Figure 2).

Demographic, anaesthetic and operative
characteristics were comparable between the
groups (Table 1). The median (interquartile
range) for the total delivered volume in
the warm fluids group was 750.0ml (620.0–
995.0ml).

Changes in core temperature during the
2h study period were significantly different
between the groups (P¼ 0.033; Figure 3). The
core temperature drop in the warm fluids
group was significantly less than that in the
control group from 30min after induction of
anaesthesia (P< 0.05; Figure 4). The tempera-
ture drop at the 2h time point (the primary
outcome) was therefore significantly less in
the warm fluids group than in the control
group (0.3� 0.3�C comparedwith 0.5� 0.4�C;
P¼ 0.013). A total of 14 patients (53.8%) in
the control group and seven patients (28.0%)
in the warm fluids group developed intrao-
perative hypothermia. However, this difference
was not statistically significant.

Postoperative shivering did not occur
in any patients in the warm fluids group,

Figure 2. Flow diagram of attrition numbers in patients undergoing laparoscopic colorectal surgery who

received warmed IV fluids (warm fluids group) or IV fluids at room temperature (control group).
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Table 1. Demographic, anaesthetic and operative data in patients undergoing laparo-

scopic colorectal surgery who received warmed IV fluids (warm fluids group) or IV fluids

at room temperature (control group).

Control group

n¼ 26

Warm fluids group

n¼ 25

Gender

Female 13 12

Male 13 13

Age, years 50.5� 8.7 51.8� 10.3

Body mass index, kg/m2 23.8� 2.8 23.2� 3.1

Preoperative tympanic temperature, �C 36.8� 0.3 36.8� 0.4

Type of laparoscopic procedure

Hemicolectomy 5 11

Anterior resection 8 5

Low anterior resection 9 6

Extended colectomy 4 3

Duration of surgery, min 140.3� 34.7 134.0� 31.0

Duration of anaesthesia, min 185.3� 35.4 178.7� 35.0

Colloid administered in 2 h study period, ml 288.5� 241.8 320.0� 284.3

Crystalloid administered in 2 h study period, ml 437.1� 176.8 486.8� 134.2

Estimated blood loss in 2 h study period, ml 60.2� 46.7 67.0� 45.0

Urine output in 2 h study period, ml 196.2� 82.0 153.0� 89.7

Data are presented as number of patients or mean� SD.

No statistically significant between-group differences (P� 0.05) using Fisher’s exact or Pearson

�2-tests for categorical variables and unpaired t- or Mann–Whitney U-tests for continuous variables.

Figure 3. Changes in core temperature over a 2 h period after induction of anaesthesia in patients

undergoing laparoscopic colorectal surgery who received warmed IV fluids (warm fluids) or IV fluids at room

temperature (control). Data are presented as the mean� SD.
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but occurred in five patients in the control
group. The severity of shivering was grade 1
in one patient and grade 4 requiring meperi-
dine in four patients. However, the differ-
ences in the incidence and severity of
postoperative shivering did not reach statis-
tical significance. Postoperative recovery pro-
files were similar in both groups (Table 2).

Discussion

Intraoperative maintenance of normother-
mia and its impact on patients has been
consistently highlighted by several versions of
the ERAS guidelines as one of the major
elements of perioperative care in colorectal
surgery.1,9 Thermodynamically, the use of
thermally neutral fluids is advantageous over
fluids at room temperature when administer-
ing IV fluids. In addition, the clinical efficacy
of IV fluid warming via commercial devices is
well documented in open surgical procedures
with a duration of 30–120min.10 The latest
version of the ERAS Society guidelines spe-
cifically recommends the routine use of IV

fluid warming during elective colonic sur-
gery.1 However, the value of its routine use in
laparoscopic colorectal surgery is not clear
as this type of surgery is associated with

Figure 4. Drop in core temperature over a 2 h period after induction of anaesthesia in patients undergoing

laparoscopic colorectal surgery who received warmed IV fluids (warm fluids) or IV fluids at room temperature

(control). Data are presented as the mean� SD. *P< 0.05 using Fisher’s exact test or unpaired t-test.

Table 2. Postoperative data in patients undergo-

ing laparoscopic colorectal surgery who received

warmed IV fluids (warm fluids group) or IV fluids at

room temperature (control group).

Control

group

n¼ 26

Warm fluids

group

n¼ 25

Postoperative shivering

Yes 5 0

No 21 25

PACU stay, min 67.2� 13.7 67.2� 11.0

Time to pass flatus, days 3.0� 1.0 3.2� 1.0

Length of hospital stay, days 7.0� 3.2 6.6� 2.1

Data are presented as number of patients or mean� SD.

PACU, postanaesthesia care unit.

No statistically significant between-group differences

(P� 0.05) using Fisher’s exact or Pearson �2-tests for

categorical variables and unpaired t- or Mann–Whitney

U-tests for continuous variables.
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reduced heat loss, surgical blood loss and
intraoperative fluid requirements compared
with open surgery. In addition, its usefulness
may be further limited in the setting of
laparoscopic surgery incorporating GDFT.4

In the present study, contrary to this
hypothesis, the total core temperature drop
was significantly less in the warm fluids group
than in the control group, even within a 2h
study period. Though the median (interquar-
tile range) total infused volume was only
750.0ml (620.0–995.0ml), IV fluid warming
exerted a beneficial effect on temperature
control in the warm fluids group. These results
are consistent with theoretical calculations
that predict that administration of IV fluids
would decrease the mean body temperature
by 0.25�C for each litre of crystalloid given at
ambient temperature in a 70kg patient.11

However, the difference in the total tem-
perature drop between the warm fluids
group and the control group was small.
Although it reached statistical significance,
such a small difference may have only
limited clinical significance. It is noteworthy
that the proportion of patients who devel-
oped intraoperative hypothermia (a lowest
core temperature < 36.0�C) was not signifi-
cantly different between the two groups.

One reason for the limited efficacy of
intraoperative IV fluid warming in the pre-
sent study is that the ability of fluid warming
to prevent intraoperative hypothermia is
mainly dependent on the volume infused.12

This is consistent with a previous study that
showed no preventive effect of intraopera-
tive IV fluid warming on intraoperative
hypothermia in patients receiving a fixed
IV fluid volume of 1 l.13

Another possible reason for its limited
efficacy may be related to the surgical con-
ditions. In colorectal surgery, the use of
laparoscopic techniques reduces the risk of
perioperative hypothermia by reducing heat
loss associated with bowel exteriorization
and/or exposure of the peritoneal cavity to
air during open surgery.2,3 In addition, the

use of heated and humidified CO2 gas in
the present study may have affected the
outcome. A meta-analysis reported that,
compared with cold and dry CO2 gas,
pneumoperitoneum using heated and humi-
dified CO2 gas reduced the risk of periopera-
tive hypothermia.14 However, to date, the
only randomized controlled study in laparo-
scopic colon surgery failed to demonstrate
any benefit of heated and humidified CO2 in
preventing intraoperative hypothermia.15

Further investigation is therefore needed to
clarify whether warming and humidification
of insufflated CO2 gas could have contrib-
uted to the limited efficacy of intraoperative
IV fluid warming in the present study.

The major limitation of this study is that
the study period was limited to 2h after
induction of anaesthesia. Therefore the results
cannot be extrapolated to other ERAS cases
such as lengthy operations or those with
greater intraoperative blood loss. The other
major concern may be an absence of blinding
of the attending anaesthesiologist. Because
of the typical presence of air bubbles in
the tubing of a Hotline� fluid warmer, com-
plete double blinding could not be achieved.
However, since standardized thermal man-
agement protocols were applied to all
patients, this should not affect the results.

In conclusion, the present study showed
that intraoperative application of IV fluid
warming caused the core temperature to
drop less than room-temperature IV fluids in
laparoscopic colorectal surgery incorporat-
ing GDFT. However, as the magnitude of
the core temperature difference was small
during the first 2 h after induction of anaes-
thesia, warming IV fluids cannot provide
a protective effect on intraoperative hypo-
thermia in laparoscopic colorectal surgery
lasting for a relatively short duration and
incorporating GDFT. Therefore routine
use of IV fluid warming, as suggested by
the ERAS guidelines, cannot be justified for
an ERAS programme in the setting of
laparoscopic colorectal surgery.
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