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Abstract

BACKGROUND: Perioperative hypothermia is a frequent occurrence and can lead to several complications.
The aim of this study is to evaluate the efficacy of warm fluid in maintaining normal core temperature during
the intraoperative period.

METHODS: We studied 30 American Society of Anesthesiologists (ASA) physical status | or Il adult patients
who required general anesthesia for abdominal surgery. In control group (n=15), fluids were infused at room
temperature; in test group (n=15), fluids were infused at 37 <C. Core temperature was measured at the tympanic
site. During recovery, shivering was evaluated by an independent observer.

RESULTS: The two groups did not differ significantly in patient characteristics. In control group, core

temperature decreased to 35.5340.3<C during the first 3 hours, and then stabilized at the end of anesthesia. In
test group, core temperature decreased during the first 60 min, but increased to 36.940.3<C at the end of

anesthesia. In control group, 8 patients shivered at grade >2. In test group, none of the patients reached grade >
2 (P<0.01).

CONCLUSIONS: Infusion of warm fluid is effective to keep patients nearly normothermic and prevent
postanaesthetic shivering. It may provide an easy and effective method for perioperative hypothermia
prevention.

Index Terms: Temperature, Fluid, Abdominal
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1. Introduction

Hypothermia is typically defined as a core body temperature of <36°C (<96.8°F), though patient outcomes
are reportedly better when a temperature of >36.5°C is maintained.1 Perioperative hypothermia is frequently
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found. [1, 2] It may result from the disorganization in thermoregulation, caused by anesthesia, the type or
dimension of the surgery and the surgical environment. [3] Without any positive body warming, the core
temperature of patients usually decreases precipitously for first hour, then decreases slowly for the next one or
two hours and finally becomes constant after the induction of general anesthesia. [4] It is reported that
perioperative hypothermia could lead to severe consequences, such as the diminished blood flow in all systems,
cardiac arrhythmias, increased tissular demand of oxygen, diminished metabolism, impaired platelet function,
increased susceptibility to surgical wound infection, and more. [5] Furthermore, it is believed that hypothermia
contributes to the development of postoperative shivering, which is a relatively frequent complication of
anesthesia and surgery that can be distressing to patients and is occasionally associated with deleterious
sequelae. [6]

Although the actual change of core temperature depends on many factors, such as rate of body heat
generation, rate of heat loss to the outside environment; body size, ambient temperature, tissue blood flow, and
temperature gradients within the body, it is reported that the administration of room-temperature intravenous
(1V) fluids can produce hypothermia. [7] Gentilello LM et al. [8] estimated that 1 L of room temperature
crystalloid solution decreased the mean body temperature by 0.25°C. Oppositely, it was reported that warming
treatment during the surgery such as water warming garment and forced air warming was effective on
preventing intraoperative hypothermia. [9] Considering the negative influence caused by room-temperature 1V
and the positive influence probably caused by warming treatment, we speculated that perioperative
hypothermia might be improved by warming fluid treatment.

Therefore, the aim of this study was to evaluate the efficacy of warm fluid in maintaining normal core
temperature and preventing postoperative shivering during the postoperative period.

2. Methods

This study was approved by Ethical Committee on Human Research of First Affiliated Hospital of Medical
College of Shantou University. Informed consents were obtained from each patient.

We studied 30 ASA physical status | or Il adult patients who required general anesthesia for abdominal
surgery. Patients with a history of thyroid disease, dysautonomia, or malignant hyperthermia were excluded.
Each patient participated on a single study day between November 2007 and February 2008.

Patients were allocated randomly to one of two groups. The two groups did not differ significantly in age,
weight, height, gender, duration of anaesthesia, fluids administered and ASA class (Table 1). All patients fasted
for 8 hours before the study. Clean laminar flow operation room (build by Xi’an Siteng Engineering Co., Ltd.)
was used to maintain the ambient temperature at 24°C and ambient relative humidity at 30% during the study.
Each patient was fixed in the supine position and covered with unwarmed cotton blankets. During the operation,
no warming equipment was used. The patients were premedicated with an oral administration of 50 mg
pentobarbital 1 hour before the operation. No other premedication was given.

In control group (n=15), fluids (normal saline) were infused at room temperature; in test group (n=15), all
intraoperative fluids (normal saline) were delivered via the Hotline 1V fluid warmer (Smiths Medical ASD, Inc.
America) at 37°C. The anaesthetic management of the patients was standardized. The anaesthesia was induced
with intravenous injection (i.v.) propofol 2.5 mg/kg and fentanyl 4 pg/kg, and vecuronium 0.1 mg/kg was
treated to facilitate orotracheal intubation. Anaesthesia was maintained with propofol and fentanyl. Repeat
doses of vecuronium 0.03-0.05 mg/kg were given if required.

Core temperature was measured at the tympanic site. Temperature was recorded at 30-min intervals from the
beginning of anaesthesia. After approximately 2 hours, general anesthesia was discontinued, and the trachea
was pulled out. The temperature measurement was ceased at that point. During recovery, shivering was
evaluated by an independent well-skilled observer (anesthesia doctor or nurse) blinded to the study. The
shivering was graded using a four-point scale: 0 = no shivering; 1 = Mild fasciculations of face or neck; 2 =
Visible tremor involving more than one muscle group; 3 = Gross muscular activity involving the entire body.
[10]
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Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) Windows version
10.0. All data were expressed as mean =+ SD and analyzed using paired T-test. P <<0.05 were considered
statistically significant.

3. Results

The two groups did not differ significantly in age, weight, height, gender, duration of anaesthesia, fluids
administered and ASA class (Table 1).

Changes in core temperature of the two groups are shown in Fig. 1. Before operation, the core temperature
between control group and test group was not differ significantly, 37.140.1°C and 37.0#0.1°C respectively. In
control group, core temperature decreased to 35.54).3°C during the first 3 hours, and then stabilized at the end
of anesthesia. However, the change of core temperature in test group was smaller than control group. In test
group, core temperature decreased to 36.5#0.1 ‘C during the first 60 min, increased slowly after that and
increased to 36.940.3 ‘C at the end of anesthesia.

The shivering test showed that 8 patients shivered at grade > 2 in control group, while none of the patients
reached grade > 2 in test group. (P <<0.01).

Table 1. Patient characteristics of the two groups. Data are given as mean (range), mean =SD or absolute numbers (n=15)

control group test group
Age (year) 43 (18-65) 45 (18-65)
Weight (kg) 67 16 65 #10
Height (cm) 167 #0 16548
Gender (Female/male) 9/6 10/5
Duration of anaesthesia (min) 174 H4 164 #1
Fluids administered (litre) 21404 2.040.3
ASA I/l 10/5 9/6
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Fig. 1. changes of core temperature in control group and test group. * P<0.05 between two groups
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4, Discussion

In our study, random digits table was used to randomly allocate the patients to two groups (15 patients each
group), not differ significantly in age, weight, height, gender, duration of anaesthesia, fluids administered, ASA
class (Table 1) and core temperature (1) before operation. It made the result reproductive and credible. Clean
laminar flow operation room was used to maintain the ambient temperature and ambient relative humidity
during the operation which can finely control the temperature and humidity. Core temperature was measured at
the tympanic site. D Hasper et al. [11] showed that tympanic measurement had a very small bias of 0.021°C
(20.80°C) compared with oesophageal temperature and tympanic measurement may provide an easy and
non-invasive method for temperature monitoring.

The major finding of our study is that it is effective to keep patients nearly normothermic roved by it by
using infusion of warm fluid during abdominal surgery. We speculate that is because maintenance of
perioperative normothermia may prevent from adverse outcomes. Before, many active warming techniques for
minimizing hypothermia have been described and recommended[12], such as higher room temperatures, airway
heat conservation, convective warming, and more. Fluid warming is an important method of heat conservation.
[13] In our study, we found that core temperature in test group decreased during the first 60 min, but it
maintained over 36.5 ‘C and increased to 36.9°C at the end of anesthesia, while core temperature in control
group was decreased to 35.5 C at the end of anesthesia. The differences in core temperature between two
groups can be explained by the mechanisms and magnitude of intraoperative heat loss due to unwarmed
intravenous fluids. [14] Infusion of 3 L of unwarmed crystalloid represents a negative thermal shift of
approximately 48 kcal. Because body temperature decreases approximately 1.0°C for every 64 kcal heat loss in
excess of production, one might expect a difference in core temperature of 0.5t0 1.0 ‘C between two groups.
Our study demonstrated that compared with room temperature fluids, warming intravenous fluids during
operation resulted in a higher core temperature close to normothermia.

Besides, we found that infusion of warm fluid can decrease the incidence of postanaesthetic shivering. The
shivering is physiological response to the hypothermia during operation, which will bring about
uncomfortableness to the patients and increase oxygen consumption by roughly 40% to 120%.[15] Mild
hypothermia is a core body temperature of 34<C to 35°C (93.2°F to 95°F). [16] Mild perioperative
hypothermia encourages the appearance of postanaesthetic shivering, although it does not consequentially
occur bhefore postanaesthetic shivering. And the more serious the hypothermia is, the higher the probability
incidence of postanaesthetic shivering will be. Furthermore, many studies have emphasized the major role of
perioperative hypothermia on the onset of myocardial ischaemia, bleeding during surgical procedures,
infections of the surgical wound, and more. [17] So keeping a normal core temperature is important to prevent
postanaesthetic shivering. In our study, no incision rupture was observed after operation, but shivering was
observed in both groups. We found that none of the patients in test group shivered at grade >2 while 53%(8/15)
patients in control group reach grade >2. It demonstrated that warming intravenous fluids during operation
could prevent from postanaesthetic shivering by maintaining the temperature close to normal.

The additional cost of the Hotline 1V fluid warmer used to keep the infusion fluid warm at 37 °C was low.
However, the effectiveness was obvious on preventing perioperative hypothermia. We also thought that
infusion of warm fluid conjugated with other techniques for minimizing hypothermia might take the advantage
of them and be more beneficial for perioperative body temperature control. The hypothesis would be studied in
our future research.

In summary, it is reasonable for us to believe that infusion of warm fluid is an effective way to keep patients
nearly normothermic and to prevent complications followed.
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