
Research Article
Effect of Fluid Flow Rate on Efficacy of FluidWarmer: An In Vitro
Experimental Study

Vorasruang Thongsukh , Chanida Kositratana, and Aree Jandonpai

Department of Anesthesiology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok 10400, "ailand

Correspondence should be addressed to Vorasruang �ongsukh; ravts@yahoo.com

Received 1 November 2017; Accepted 30 May 2018; Published 8 July 2018

Academic Editor: Yukio Hayashi

Copyright © 2018Vorasruang�ongsukh et al.�is is an open access article distributed under the Creative CommonsAttribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Introduction. In patients who require a massive intraoperative transfusion, cold fluid or blood transfusion can cause hypothermia
and potential adverse effects. One method by which to prevent hypothermia in these patients is to warm the intravenous fluid
before infusion. �e aim of this study was to determine the effect of the fluid flow rate on the efficacy of a fluid warmer.Methods.
�e room air temperature was controlled at 24°C. Normal saline at room temperature was used for the experiment. �e fluid was
connected to an infusion pump and covered with a heater line, which constantly maintained the temperature at 42°C. �e fluid
temperature after warming was measured by an insulated thermistor at different fluid flow rates (100, 300, 600, 900, and
1200mL/h) and compared with the fluid temperature before warming. Effective warming was defined as an outlet fluid tem-
perature of >32°C. Results. �e room temperature was 23.6°C± 0.9°C. �e fluid temperature before warming was 24.95°C± 0.5°C.
�e outlet temperature was significantly higher after warming at all flow rates (p< 0.001). �e increases in temperature were
10.9°C± 0.1°C, 11.5°C± 0.1°C, 10.2°C± 0.1°C, 10.1°C± 0.7°C, and 8.4°C± 0.2°C at flow rates of 100, 300, 600, 900, and 1200mL/h,
respectively. �e changes in temperature among all different flow rates were statistically significant (p< 0.001). �e outlet
temperature was >32°C at all flow rates. Conclusions. �e efficacy of fluid warming was inversely associated with the increase in
flow rate. �e outlet temperature was <42°C at fluid flow rates of 100 to 1200mL/h. However, all outlet temperatures reached
>32°C, indicating effective maintenance of the core body temperature by infusion of warm fluid.

1. Introduction

�e normal core body temperature in humans is maintained
by the hypothalamus and typically ranges from 36.5°C to
37.5°C. �e interthreshold range is usually only 0.2°C to
0.4°C. Both general and regional anesthesia inhibit central
thermoregulation and increase the interthreshold range to
2°C to 4°C, leading to hypothermia [1, 2]. Hypothermia is
defined as a decrease in the core body temperature to <36°C
[1]. �e combination of hypothermia, acidosis, and coa-
gulopathy has been identified as the “lethal triad” in trauma
patients because it increases the risk of morbidity [3].
Intraoperative hypothermia is associated with postoperative
myocardial ischemia, impaired coagulation, an increased
risk of wound infection, and atrioventricular arrhythmia
[3, 4]. Massive cold fluid or blood infusion is one cause of
hypothermia. One liter of fluid at room temperature will

reduce the mean body temperature by approximately 0.25°C
[5]. Induction of mild hypothermia without extracorporeal
circulation, a 30-min infusion of 2 L of normal saline at 4°C,
decreases the core body temperature by 2.5°C [6]. �e
theoretical impact of fluid infusion on the body temperature
can be calculated as follows:

change in mean body temperature

�
thermal stress of infused fluids

(weight × sp heat)
,

(1)

where thermal stress� difference between core body tem-
perature and temperature of infused fluid (°C)× specific heat
of infused fluid× volume of infused fluid (L/h), weight�

weight of patient (kg), and sp heat� specific heat of patient
(0.83 kcal/L/°C). Sp heat of infused fluid: blood, 0.87 kcal/L/°C;
saline, 1 kcal/L/°C [7, 8].
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According to this equation, the temperature of the in-
fused �uid should not be <36°C in a normothermic patient
to prevent a decrease in the mean body temperature during
anesthesia. Jung et al. [9] developed a �uid warming device
and suggested that e�ective warming was indicated by
a warmed �uid temperature of >32°C. According to the
above equation, when infusing �uid at 32°C at a �ow rate of
2 L/h to a normothermic patient whose core body tem-
perature is 36°C and body weight is 50 kg, the mean body
temperature will decrease by only 0.2°C.

Warm intravenous infusion is a direct, active method of
warming the core body temperature and is suitable for
patients who require massive transfusion [10]. �e tem-
perature of the warmed intravenous �uid should not exceed
40°C to 42°C to avoid denaturation of plasma proteins [11].
�e aim of this experimental study was to determine the
e�ect of the infusion rate on the temperature of warmed
�uid. Very high �ow rate may cause ine�ective �uid
warming due to short transit time. �e hypothesis was that
increasing the infusion rate may decrease the e�cacy of
warming by the heat line. �e �uid temperature before
warming was the control variable, the di�erent infusion rates
were independent variables, and the di�erence in the �uid
temperature after warming was the dependent variable.

2. Methods

�is experimental study was performed in the general op-
erating room at Ramathibodi Hospital. �e ambient tem-
perature was controlled at 24°C via a room air conditioning
system which was close to the operating condition in our
institution. Normal saline was used in this study because it is
commonly used as an isotonic solution for �uid replacement
in operating rooms. �e �uid was maintained at the tem-
perature of the operating room, then connected to the in-
fusion pump (Terofusion; Terumo Europe, Leuven,
Belgium), which was adjusted to �ow rates of 100, 300, 600,
900, and 1200mL/h, and these ranges of �uid �ow rate were

commonly infused in major abdominal operation in local
setting. A 1.5m heater line (Barkey autocontrol 3XPT;
Barkey, Leopoldshöhe, Germany) covered the infusion line.
�e heater line was set at 42°C. After rinsing the warmed
�uid for 5min at each �ow rate to maintain a constant
temperature after warming, we recorded the room tem-
perature by the electronic thermometer and the temperature
of the �uid before and after passing through the heater line.
Each �ow rate was studied �ve times.�e outlet temperature
was measured at the immediate end of the heater line with an
insulated digital thermistor (Life Scope i; Nihon Kohden,
Tokyo, Japan) sealed in a 4mL test tube. Before the study, the
reliability and accuracy of thermistor were checked by re-
peatedly measuring the neonatal incubator temperature.
E�ective warming was de�ned as an outlet temperature of
>32°C [9]. �e experiment and data collection were com-
pletely done in one day. �e schematic diagram is depicted
in Figure 1.

Statistical analyses were performed using SPSS v.20.0 for
Windows (IBM SPSS Inc., Armonk, NY), and a data chart
was produced using Microsoft Excel 2007. All �uid tem-
peratures are reported as mean± standard deviation. �e
normality assumption for continuous variables was assessed
by the Shapiro–Wilk test. A paired t-test or Wilcoxon’s test
was used to assess the statistical signi�cance of the changes
in temperature before and after warming, and an in-
dependent t-test or the Mann–Whitney U test was used to
assess the changes in temperature between each �ow rate
and the next higher one. All statistical analyses were two-
sided with a signi�cance level at p value< 0.05.

3. Results

�e room temperature during the experiment was 23.6°C±
0.9°C. �e temperature of the �uid before warming was
24.9°C± 0.5°C. �e outlet temperature signi�cantly in-
creased after warming at all infusion rates (p< 0.001). �e
maximum outlet temperature was 36.9°C at a �ow rate of

Room temperature
control 24°C

Normal
saline

�ermistor 2

Temperature
a�er warming

�ermistor 1

Temperature before warming

Infusion pump Heater line 1.5 meters
Set point 42°C

100 mL/h

Figure 1: Schematic diagram of the experimental set-up.
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300mL/h.�e �uid temperature increased by 10.9°C± 0.1°C,
11.5°C± 0.1°C, 10.2°C± 0.1°C, 10.1°C± 0.7°C, and 8.4°C±
0.2°C at �ow rates of 100, 300, 600, 900, and 1200mL/h,
respectively (Table 1 and Figure 2). For all �ow rates except
300mL/h, the outlet temperature did not reach the ideal
temperature of 36°C; however, all of the outlet temperatures
were >32°C. �e change in temperature was signi�cantly
di�erent among all �ow rates (p< 0.001) except the change
between 600 and 900mL/h. A linear trend was found for the
entire set of �ow rates (as shown in Figure 2), suggesting that
the e�ectiveness of warming tended to be inversely corre-
lated with the increase in �ow rate.

4. Discussion

One of themain factors that a�ected the warming capacity in
this experimental study was the ambient temperature. �e
operative room air conditioning system caused an ambient
temperature �uctuation of 23.6°C± 0.9°C, leading to varia-
tion in the �uid temperature before warming. However, the
recommended operating room temperature that can prevent
perioperative hypothermia ranges from 20°C to 24°C, which
was within our range [12, 13]. �e initial temperature of the
�uid before warming is 24.9°C± 0.5°C, higher than the room
temperature may be from the di�erent location of mea-
surement and not well distributed of air�ow. �e heater line
was constantly maintained at 42°C, but the outlet temper-
ature at each �ow rate was <42°C. Only the outlet

temperature at a �ow rate of 300mL/h was >36°C. Never-
theless, the outlet temperature at all �ow rates was >32°C,
indicating e�ective warming. With respect to the warming
e�cacy of other devices, the Hotline (SmithsMedical, St. Paul,
MN) can warm the �uid to 34.8°C at a �ow rate of 80mL/h,
and the Astotherm (Armstrong Medical, Coleraine, Northern
Ireland) can warm the �uid to 30°C at the same �ow rate [7].
In clinical practice, infusion of warmed �uid more e�ectively
maintains the patient’s core body temperature than does
infusion of room temperature �uid [14].

In the present study, the e�cacy of �uid warming de-
creased as the �ow rate increased.�e change in temperature
was dependent upon the duration of time that the venous
line was in contact with the heater line for heat exchange.
�erefore, the �uid can be completely heated at lower �ow
rates. However, we found that the e�cacy of warming was
lower at a �ow rate of 100 than 300mL/h; this may have been
due to the higher rate of heat dispersal after warming to the
atmosphere in the temperature measurement technique.

Based on our study, �uid warming with the heater line
(Barkey autocontrol 3XPT®, Germany) can e�ectively in-
crease infused �uid temperature for replacement therapy in
uneventful abdominal operation. However, further research
is required to see if more rapid �ow rate can still generate
optimal temperature or not. It is also worthwhile to compare
the performance of some traditional �uid warming devices
because some devices can e�ectively warm the �uid at higher
�ow rate than in our study.

5. Conclusion

Intravenous �uid warming is an alternative warming
method by which to prevent hypothermia in patients who
required a massive �uid transfusion. In the present study,
the e�ectiveness of warming was inversely associated with
the increase in the �ow rate. Although the outlet temper-
ature was <42°C as the set point of the heater line, all tested
�ow rates (100–1,200mL/h) were able to increase the outlet
temperature to >32°C, which was considered to be e�ective
�uid warming �uid.

Abbreviations

Sp heat: Speci�c heat.

Data Availability

�e datasets generated and/or analyzed during the current
study are available from the corresponding author. �e

Table 1: Fluid temperature before and after warming.

Infusion rate (mL/h) Fluid temperature
before warming (°C)

Fluid temperature
after warming (°C)

Di�erence in �uid
temperature (°C) p value

100 25.0± 0.1 35.9± 0.1 10.9± 0.1 <0.001∗
300 24.8± 0.1 36.3± 0.2 11.5± 0.1 <0.001∗
600 25.0± 0.2 35.2± 0.1 10.2± 0.1 <0.001∗
900 24.1± 0.7 34.2± 0.0 10.1± 0.7 <0.001∗
1,200 24.5± 0.2 33.0± 0.2 8.4± 0.2 <0.001∗

Data are presented as mean± standard deviation. ∗Statistically signi�cant at p< 0.001.
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Figure 2: Increasing temperatures after warming at di�erent in-
fusion rates.
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authors will personally share the data with academic in-
stitutions upon a reasonable request.

Additional Points

Limitations. �e main limitation of the present study is that
by its inherent nature, it cannot be extrapolated to the
clinical setting. �e effectiveness of the warming device and
flow rate cannot represent the actual core body temperature
after infusion of warmed fluid. However, the findings of this
study will serve as a baseline for future clinical studies. Lee
et al. [15] suggested that both the flow rate and length of the
catheter from the warmer outlet to the patient influence the
effectiveness of the warmer. A longer catheter may be as-
sociated with more heat loss to the ambient; thus, the outlet
fluid should be located as close as possible to the patient.
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