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Background: It has been known that positive end-expiratory pressure (PEEP) increases the vasoconstriction threshold 
by baroreceptor unloading. We compared the effect on the thermoregulatory responses according to anesthetic tech-
niques between an inhalation anesthesia with desflurane and a total intravenous anesthesia (TIVA) with propofol and 
reminfentanil when PEEP was applied in patients undergoing tympanoplasty.
Methods: Forty-six patients with a scheduled tympanoplasty were enrolled and the patients were divided in two study 
groups. Desflurane was used as an inhalation anesthetic in group 1 (n = 22), while TIVA with propofol and remifentanil 
was used in group 2 (n = 24). PEEP was applied by 5 cmH2O in both groups and an ambient temperature was maintained 
at 22-24oC during surgery. The core temperature and the difference of skin temperature between forearm and fingertip 
were monitored for about 180 minutes before and after the induction of general anesthesia. 
Results: The final core temperature was significantly higher in group 2 (35.4 ± 0.7oC) than in group 1 (34.9 ± 0.5oC). 
Peripheral thermoregulatory vasoconstriction was found in 5 subjects (23%) in group 1 and in 21 subjects (88%) in 
group 2. The time taken for reaching the thermoregulatory vasoconstriction threshold was 151.4 ± 19.7 minutes in group 
1 and 88.9 ± 14.4 minutes in group 2.
Conclusions: When PEEP will be applied, anesthesia with TIVA may have more advantages in core temperature preser-
vation than an inhalation anesthesia with desflurane. (Korean J Anesthesiol 2014; 67: 32-37)
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Introduction

Thermoregulatory response, which maintains the body tem-
perature by controlling of vasodilation or vasoconstriction, oc-
curs as a response according to the core temperature threshold 
[1]. The interthreshold range of thermoregulation is known as 
about 0.2-0.3oC; thus body temperature is tightly regulated in 
the normal state. However, general anesthesia interferes in ther-
moregulatory responses against cold environment such as heat 
production, activation of autonomic nervous system and active 
body response [1]. Thus, the interthreshold range during anes-
thesia increases ten-times larger by reducing the cold-response 
threshold. 

It has been shown that thermoregulatory responses after 
general anesthesia can be changed according to various condi-
tions. The degree of decrease in core temperature after general 
anesthesia varies with the anesthetic agents used for induction 
and maintenance of anesthesia [2-4]. In general, a high concen-
tration of inhalation anesthetics inhibits vasoconstriction more 
than intravenous anesthetics during anesthesia [1]. Moreover, 
baroreceptor unloading by positive end-expiratory pressure 
(PEEP) provokes vasoconstriction, which delays hypothermia 
induced by general anesthesia [5,6]. The effect of PEEP on ther-
moregulatory responses has been known in general anesthesia 
with inhalation anesthetics and TIVA [5,6]. However, there is 
no comparative study yet about the effect of anesthetic methods 
(inhalation anesthesia vs. TIVA) on the thermoregulatory re-
sponses when PEEP is applied. Thus, we compared the effect on 
the thermoregulatory responses during PEEP according to the 
anesthetic techniques in patients undergoing a tympanoplasty.

Materials and Methods

The study was approved by the Institutional Review Board. A 
total number of 50 patients with a physical status I-II according 
to the American Society of Anesthesiologists, an age between 
20 and 60 years and a scheduled elective tympanoplasty were 
enrolled. Patients with thyroid disease, Raynaud syndrome, 
diabetes, hypertension, obesity, or concomitant medication for 
cardiovascular diseases were excluded. An informed consent 
form was obtained from each patient after careful explanation of 
object and procedure of the study. 

No premedication was administered before anesthesia. For 
temperature monitoring, the arms of patients were spared from 
intravenous line insertion and intravenous catheters were in-
serted into a vein of legs of patients instead. After arrival at the 
operation room, monitoring devices (Anesthetic Monitoring 
System S/5TM, Datex-Ohmeda Inc., Helsinki, Finland) such 
as electrocardiogram, pulse oximetry, end tidal carbon dioxide 
(ETCO2) monitor, non-invasive blood pressure (NIBP), and the 

bispectral index (BIS) monitor (BIS monitor A-2000; Aspect 
Medical Systems, Norwood, MA, USA) were attached to the 
patients. Neuromuscular monitor (888418 M-NMT Mechano-
Sensor, Datex-Ohmeda Inc., Helsinki, Finland) was attached on 
the same side arm as for the NIBP monitor to monitor an ap-
propriate degree of muscle relaxation. Lactated Ringer’s solution 
at ambient temperature was used during the operation.

For the peripheral temperature measurement, two thermom-
eters were attached to the patient forearms on the opposite side 
of blood pressure manometer and wrapped with TegadermTM 
(3M healthcare, Borken, Germany). A skin temperature ther-
mometer was installed on the middle part of an inside forearm 
and the other one was installed on the index finger tip. Before 
anesthesia induction, initial core temperature was measured 
with a tympanic thermometer (Thermoscan IRT 4020, Braun, 
Kronberg, Germany). An esophageal stethoscope was inserted 
after induction of anesthesia for the intraoperative monitoring 
of core temperature. After initial monitoring, the patients were 
covered with a surgical drape. No other body heating was per-
formed during anesthesia. Ambient temperature was monitored 
with an indoor thermometer (SH-104S, Saehan, Busan, Korea) 
near the patient’s head and maintained at 22-24oC. 

Patients were randomly divided into two groups using com-
puterized random number generation. Patients of group 1 have 
been administered with propofol 2 mg/kg and rocuronium 
1.0 mg/kg intravenously for the induction of anesthesia. Af-
ter endotracheal intubation, anesthesia was maintained with 
inhalation anesthetics using desflurane 6 ± 1.0 vol% and 50% 
oxygen-air mixture. The patients of group 2 have been anesthe-
tized with TIVA using propofol and remifentanil. Minto and 
Marsh pharmacokinetic models were used for the TIVA with a 
TCI device (OrchestraⓇ Base Primea, Fresenius Vial, Brézins, 
France). The targeted effect-site concentrations (Ce) of propofol 
and remifentanil for induction were 3 μg/ml and 2.5 ng/ml, re-
spectively. When the appropriate neuromuscular blocking effect 
was achieved after an intravenous injection of rocuronium 1.0 
mg/kg, an endotracheal intubation was done. Thereafter, the 
Ce of propofol and remifentanil were adjusted to 3 ± 0.5 μg/ml 
and 2.5 ± 2.0 ng/ml, respectively. During anesthesia, BIS score 
was maintained within the range of 40-60 and the changes of 
mean blood pressure and heart rate were maintained below 20% 
of variation. Ephedrine or nicardipine were used to maintain 
the vital signs if they were not controlled by the adjustment of 
anesthetics. However, if vasoactive drugs were used, the patient 
dropped out from the study. 

Mechanical ventilation was controlled by tidal volume and 
respiratory rate to maintain an ETCO2 between 35 and 40 
mmHg and the PEEP was applied with 5 cmH2O. After induc-
tion of anesthesia, mean blood pressure, heart rate, core tem-
perature, forearm skin temperature, and finger skin temperature 
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were measured with an interval of 15 minutes for 3 hours. The 
difference between forearm and finger skin temperature was 
calculated at each moment. If the forearm-finger skin tempera-
ture difference became less than 0oC, it was assumed that the 
peripheral vasodilation has developed. When the forearm-finger 
skin temperature difference became 0oC, it was considered that 
the thermoregulatory vasoconstriction has occurred. The core 
temperature at this point was regarded as the thermoregulatory 
vasoconstriction threshold. The core temperature at this time 
and the time taken for reaching the peripheral vasoconstric-
tion threshold were recorded [2,4-6]. The total amounts of fluid 
administration and urinary output were also measured during 
surgery.

Sample size was calculated with a 0.05 level of significance 
and 85% power. Effect size was 0.85 which was based on the 
vasoconstriction threshold of previous study [5,6]. Required 
sample size was 21 patients in each group. A dropout rate of 20% 
was assumed for each group and thus 25 patients were enrolled.

All results are presented as mean ± standard deviation. Data 
were analyzed using SPSS (Windows ver. 12.0, SPSS Inc., Chi-
cago, IL, USA). A t-test was performed to evaluate statistical 
significance between the two groups for age, weight, height, total 

amounts of fluid administration, urinary output, ambient tem-
perature, initial core temperature, final core temperature, vaso-
constriction threshold, and the time taken for reaching the vaso-
constriction threshold. Sex and vasoconstriction number, which 
were nonparametrically distributed, were analyzed by the Mann-
Whitney U test. Repeated measures two-way ANOVA was used 
to analyze the statistical differences between two groups for 
heart rate, mean blood pressure, core temperature gradient, and 
forearm-finger skin temperature difference. Thereafter, t-test was 
performed to compare the statistical significances between the 
groups at each time point. Values with P < 0.05 were considered 
statistically significant.

Results

A total of 50 patients were recruited and 46 patients were 
enrolled. Two patients in group 1 were excluded because the 
surgery ended before 180 minutes. From each study group, one 
patient was excluded because of the movement of the arm where 
the temperature probe was attached for surgical reasons. 

There were no significant differences in demographic data, 
total fluid volume, urinary output, operating room temperature, 
and pre-anesthetic core temperature between the two groups 
(Tables 1 and 2). The heart rate significantly decreased from 15 
minutes until 180 minutes after induction in group 2, while the 
mean blood pressure showed no significant differences during 
anesthesia (Fig. 1). 

Core temperature went down after induction in both groups 
and was, in group 2, significantly higher from 15 minutes after 
induction of anesthesia until 180 minutes after induction (Fig. 2). 
Final core temperature was significantly higher in group 2 (35.4 
± 0.7oC) than in group 1 (34.9 ± 0.5oC) (Table 2). The core tem-
perature gradient (initial core temperature - final core tempera-
ture) was smaller in group 2 (1.6 ± 0.4oC vs. 1.1 ± 0.5oC) (P < 0.05) 
(Table 2). 

A peripheral thermoregulatory vasoconstriction was found 

Table 1. Demographic Data, Fluid Intake, and Urinary Output during 
Anesthesia

Group 1  
(n = 22)

Group 2  
(n = 24)

Age (yr)
Weight (kg)
Height (cm)
Sex (M/F)
Total fluid volume (ml)
Urinary output (ml)

45.5 ± 12.9
64.2 ± 9.5

164.4 ± 8.8
9/13

1668.2 ± 364.3
734.1 ± 418.7

46.3 ± 11.9
63.2 ± 10.7

164.4 ± 8.7
11/13

1704.7 ± 510.3
795.4 ± 270.9

Values are mean ± SD. There were no statistical differences between two 
groups. Group 1: inhalation anesthesia using desflurane with positive 
end-expiratory pressure (PEEP) 5 cmH2O, Group 2: total intravenous 
anesthesia (TIVA) with propofol and remifentanil and with PEEP 5 cmH2O.

Table 2. Intraoperative Thermoregulatory Responses

Group 1
(n = 22)

Group 2
(n = 24)

Ambient temperature (oC)
Preoperative core temperature (oC)
Final core temperature (3 hours after induction) (oC)
Core temperature gradient (Ti-Tf) (oC)
The difference between forearm and finger skin temperature before induction (oC)
Vasoconstriction number (n [%])
Vasoconstriction threshold (oC)
Vasoconstriction time (sec)

21.1 ± 0.8
36.6 ± 0.4
34.9 ± 0.5

1.6 ± 0.4
3.4 ± 0.7
5 (23%)

35.0 ± 0.7
151.4 ± 19.7

21.5 ± 0.4
36.6 ± 0.4
35.4 ± 0.7*

1.1 ± 0.5*
3.4 ± 0.6

21 (88%)*
35.7 ± 0.6
88.9 ± 14.4*

Values are mean ± SD. Ti-Tf: initial core temperature-final core temperature. Group 1: inhalation anesthesia using desflurane with positive end-
expiratory pressure (PEEP) 5 cmH2O, Group 2: total intravenous anesthesia (TIVA)   with propofol and remifentanil with PEEP 5 cmH2O. *P < 0.05 
compared with group 1.



35www.ekja.org

Korean J Anesthesiol Jung et al.

in 5 subjects (23%) in group 1 and in 21 subjects (88%) in group 2. 
The time taken for reaching the thermoregulatory vasoconstric-
tion threshold was 151.4 ± 19.7 minutes in group 1 and 88.9 ± 
14.4 minutes in group 2 (Table 2). This means peripheral vaso-
constriction occurred more frequently and shortly in group 2. 
However, there was no difference in the vasoconstriction thresh-
old between the groups.

After the induction of anesthesia, the difference between fore-
arm and finger skin temperature fell abruptly to less than 0oC, 
after and then, gradually decreased. In group 2, the difference 
(Tforearm - Tfingertip) was significantly greater from 90 minutes after 
induction of anesthesia until 180 minutes after induction (Fig. 3).

Discussion

The aim of the study was to compare thermoregulatory re-
sponses between inhalation anesthesia using desflurane with 
PEEP and TIVA using propofol-remifentanil with PEEP. The re-
sults showed that peripheral thermoregulatory vasoconstriction 
developed more frequently and rapidly during TIVA with PEEP. 
It seems that the core temperature was more preserved during 
TIVA with PEEP than during inhalation anesthesia with PEEP. 
Thus, TIVA was the more effective method in core temperature 
preservation than the inhalation anesthesia with desflurane 
when PEEP was applied.

Fig. 1. Changes in mean blood pressure and heart rate during anesthesia. All data are shown as mean ± SD. There was no significant difference in 
mean blood pressure between the two groups (A). Heart rate was significantly lower from 15 minutes after induction of anesthesia until the end of 
the anesthesia in group 2 (B). Group 1: inhalation anesthesia using desflurane with positive end-expiratory pressure (PEEP) 5 cmH2O, Group 2: total 
intravenous anesthesia (TIVA) using propofol and remifentanil with PEEP 5 cmH2O. *P < 0.05 compared with group 1.

Fig. 2. Core temperature changes during anesthesia. Core temperature 
was significantly higher from 15 minutes after induction of anesthesia 
until 180 minutes in group 2. Group 1: inhalation anesthesia using 
desflurane with positive end-expiratory pressure (PEEP) 5 cmH2O, 
Group 2: total intravenous anesthesia (TIVA) with propofol and 
remifentanil with PEEP 5 cmH2O. *P < 0.05 compared with group 1.

Fig. 3. Difference between forearm and finger skin temperature 
(Tforearm - Tfingertip). The difference (Tforearm - Tfingertip) was significantly 
greater from 90 minutes after induction of anesthesia until 180 in 
group 2. Group 1: inhalation anesthesia using desflurane with positive 
end-expiratory pressure (PEEP) 5 cmH2O, Group 2: total intravenous 
anesthesia (TIVA) using propofol and remifentanil with PEEP 5 
cmH2O. *P < 0.05 compared with group 1.
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Hypothermia causes many complications such as coagulation 
disorder, platelet dysfunction, infection, delayed wound healing, 
delayed recovery, postoperative heart complications, etc. [1,7]. 
It is known that general anesthesia causes hypothermia mainly 
by redistribution of heat from the core to the peripheral regions 
of the body [3]. The flow of arterio-venous shunts, which are 
located only in acral regions such as fingers, toes, nose, etc., be-
came minimized by tonic sympathetic stimulation in cold envi-
ronment [1]. Arterio-venous shunt was known to be controlled 
by alpha adrenergics through norepinephrine which is released 
from sympathetic nerves. However, anesthetic agents decrease 
cold-response thresholds and increase the interthreshold range. 
The flow of arterio-venous shunts cannot be minimized until the 
core body temperature reached to decreased vasoconstriction 
threshold by anesthetic agents [1].

Previous studies showed that intravenous anesthetics such 
as propofol or opiods decreased vasoconstriction threshold 
markedly and linearly by its vasodilative effect and inhibitory 
effect on autonomic nervous system [5,7-9]. On the contrary, 
an inhalation anesthetic agent such as desflurane decreases the 
threshold slightly and non-linearly at low concentration [2,10], 
and reduces vasoconstriction threshold substantially at high 
concentration above 1 minimum alveolar concentration (MAC) 
as much as propofol [1,11].

The degree of reduction in vasoconstriction threshold is vari-
ous during anesthesia according to the anesthetic agents that 
were used for the induction of anesthesia or the concentration 
of inhalation anesthetics [1,4,12]. Even though low concentra-
tions of inhalation anesthetics below 1 MAC are used, propofol 
which was used during induction of anesthesia can accelerate 
the decrease of the vasoconstriction threshold. A similar level of 
decrease in the vasoconstriction threshold could be developed 
compared to TIVA eventually [4,12]. When a higher concentra-
tion of inhalation anesthetics is used during anesthesia, the va-
soconstriction threshold decreases more than when propofol is 
used during TIVA [1].

PEEP increases the vasoconstriction threshold through 
baroreceptor unloading which augments the peripheral vaso-
constriction and catecholamine response to core hypothermia. 
Those effects were identified in both inhalation anesthesia and 
TIVA [5,6]. Thus, PEEP has a core temperature preserving effect 
during anesthesia [1,5,6]. 

Jung et al. [2] reported that the final core temperature 
dropped to 33.4 ± 0.3oC and a vasoconstriction threshold was 
shown with 33.6 ± 0.4oC during inhalation anesthesia with 
desflurane. On the contrary, the final core temperature and va-
soconstriction threshold in the present study were 34.4 ± 0.5oC 
and 35.0 ± 0.7oC during an inhalation anesthesia with desflurane 
and PEEP. Also An and Yang [5] reported that the final core 
temperature and vasoconstriction threshold were 34.7 ± 0.3oC 

and 35.0 ± 0.4oC respectively, during the TIVA with propofol 
and remifentanil. However, in the current study, the final core 
temperature and vasoconstriction threshold were 35.4 ± 0.7oC 
and 35.7 ± 0.7oC during TIVA using propofol and remifent-
anil with PEEP. Therefore, it seemed that PEEP increased core 
temperature and vasoconstriction threshold by baroreceptor 
unloading in both, inhalation anesthesia and TIVA. Addition-
ally the core temperature was higher during TIVA if compared 
to inhalation anesthesia and the peripheral vasoconstriction 
occurred more frequently and shortly during TIVA than during 
inhalation anesthesia in the current study.

We hypothesized that the difference of increase degree in 
core temperature and vasoconstriction threshold is related to 
the differences of hemodynamics during inhalation anesthesia 
and TIVA. Changes of hemodynamics such as blood pressure, 
heart rate or vascular resistance are detected by baroreceptor. 
Those changes are regulated by the autonomic nervous system 
to maintain homeostasis [13]. However, the autonomic nervous 
system was inhibited and sympathetic nervous modulation to 
peripheral vasculature was also decreased during anesthesia. For 
a while, arterial blood pressure increases when the thermoregu-
latory vasoconstriction has developed [14]. These changes were 
greater during anesthesia with inhalation anesthetics than with 
TIVA [14]. Systemic vascular resistance (SVR) is proportional 
to blood pressure and is inversely proportional to stroke volume 
and heart rate [13]. In the current study, blood pressures were 
similar between the groups, while heart rates were significantly 
lower during TIVA. If the stroke volume is regarded to be un-
der the same condition, SVR is thought to be higher during 
TIVA because the heart rate was significantly lower. Moreover, 
it was reported in previous studies that significant reductions 
in blood pressure and forearm vascular resistance can occur 
during steady-state anesthesia with desflurane. It seems it has 
direct relaxing effects on vascular smooth muscles [15], while 
remifentanil may have effect to increase SVR during continuous 
intravenous administration [16]. Thus, vasodilation may occur 
more largely in the initial stage after an inhalation anesthesia 
with desflurane and vasoconstriction according to thermoregu-
latory response may develop faster during TIVA. Therefore, we 
assumed that the arterio-venous shunts flow would be mini-
mized and core temperature could be preserved more effectively 
during TIVA than during inhalation anesthesia with desflurane. 
However, the SVR was not directly measured in the current 
study.

Several limitations were found in our study. First, the hypoth-
esis about the differences in the temperature preserving effect 
between the inhalation anesthesia and a TIVA during PEEP is 
theoretical only. Further studies to verify such hypothesis such 
as an evaluation of autonomic nervous functions, a direct mea-
surement of hemodynamic parameters such as SVR, and blood 



37www.ekja.org

Korean J Anesthesiol Jung et al.

flow measuring by Doppler ultrasound should be conducted. 
Second, we assumed the equivalent anesthetic depth has ac-
complished according to the BIS monitoring during anesthesia. 
However, it is difficult to find out equally effective anesthetic 
concentrations that produce equal BIS values when different an-
esthetics with different mechanisms are used. Third, a BIS range 
between 40 and 60 is wide enough to influence the anesthetic 
concentrations. Although we tightly monitored the BIS score 
and vital signs and adjusted the concentrations of anesthetic 
(desflurane, 6.0 ± 1.0 vol%; Ce of propofol, 3.0 ± 0.5 μg/ml; Ce 
of remifentanil, 2.5 ± 2.0 ng/ml), the possibility that thermo-
regulatory response has been influenced by a subtle distinction 
of anesthetic concentration cannot be excluded. 

Our study was conducted to compare the effects on the ther-
moregulatory responses in patients with tympanoplasty accord-
ing to the anesthetic techniques such as inhalation anesthesia 

with desflurane and TIVA with PEEP application. Due to PEEP, 
core temperature and vasoconstriction threshold were increased 
in both, inhalation anesthesia and TIVA. However, the core 
temperature was higher during TIVA compared to the inhala-
tion anesthesia and peripheral vasoconstriction occurred more 
frequently and shortly during TIVA than during inhalation an-
esthesia. In conclusion, when the PEEP has applied, TIVA with 
propofol and remifentanil may increase the vasoconstrictive 
threshold and has more advantages to preserve the core tem-
perature than an inhalation anesthesia.
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