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Background: Prevention of intraoperative hypothermia has become a standard of operative care. Since ephedrine 

has a thermogenic effect and it is frequently used to treat hypotension during anesthesia, this study was designed to 

determine the effect of ephedrine on intraoperative hypothermia of patients who are undergoing spine surgery. 

Methods: Twenty-four patients were randomly divided to receive an ephedrine (the ephedrine group, n = 12) or 

normal saline (the control group, n = 12) infusion for 2 h. The esophageal temperature (the core temperature), the 

index finger temperature (the peripheral temperature) and the hemodynamic variables such as the mean blood 

pressure and heart rate were measured every 15 minutes after the intubation. 

Results: At the end of the study period, the esophageal temperature and hemodynamic variables were significantly 

decreased in the control group, whereas those in the ephedrine group were stably maintained. The index finger 

temperature was significantly lower in the ephedrine group compared to that in the control group, suggesting the 

prevention of core-to-peripheral redistribution of the heat as the cause of temperature maintenance. 

Conclusions: An intraoperative infusion of ephedrine minimized the decrease of the core temperature and it stably 

maintained the hemodynamic variables during spine surgery with the patient under general anesthesia. (Korean J 

Anesthesiol 2011; 60: 250-254)
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Introduction 

    Preventing intraoperative hypothermia has become a 

standard of care because maintaining the perioperative 

normothermia is associated with an improved surgical 

outcome. Hypothermia increases the blood loss by impairing 

the blood coagulation profile, it prolongs the action of drugs 

and it increases surgical wound infection [1-4]. 

    Various methods have been introduced to maintain 

normothermia during general anesthesia. A warm mattress 

and a forced air warming device are most commonly used. 

However, for patients undergoing spine surgery, the warm 

mattress cannot be used and a forced air warming device has 

little effect because the body surface that needs to be covered by 

the device is small. Beside external warming devices, anesthetic 

agents have been reported to influence intraoperative ther-
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moregulation [5] and the previous studies on intraoperative 

temperature management have reported the thermogenic 

effect of an amino acid solution both during general and spinal 

anesthesia [6,7]. Among the drugs with a known thermogenic 

effect, ephedrine was frequently used in obese patients for its 

thermogenic and anti-appetite effect until its adverse effects 

prevented its use [8]. 

    Ephedrine is frequently used to treat hypotension during 

anesthesia, but there has been no report on the intraoperative 

thermogenic effect of ephedrine. Therefore, this study 

was designed to determine the effect of ephedrine on the 

intraoperative hypothermia of patients who are undergoing 

spine surgery. 

Materials and Methods

    This study was approved by the Institutional Review Board 

and informed consent was obtained from all the patients. 

Twenty-four patients of American society of anesthesiologist 

class I or II were included in this study. The patients with a 

history of thyroid disease, dysautonomia or fever within a week 

before surgery, or those who were obese (a body mass index > 

35) were excluded from this study. The patients were randomly 

divided into the ephedrine group (n = 12) and the control group 

(n = 12) using a computer generated randomization list in a 

sealed envelope. The study drug was mixed in a 50 ml syringe 

by an independent researcher in the following concentrations: 

ephedrine 1 mg/ml and normal saline. 

    The surgeries were performed between 8 : 00 am and 12 : 00 

am to avoid diurnal variation. The ambient operating room 

(OR) temperature was maintained around 20 degrees Celsius 

(oC). On arrival in the OR, standard anesthetic monitors were 

applied, including ECG, a non-invasive blood pressure monitor 

and pulse oximetry. The skin temperature probe was attached 

on the index finger of the non-infused arm. Anesthesia was 

induced with propofol 1.5 mg/kg and remifentanil 1 ug/kg. 

The endotracheal intubation was facilitated with rocuronium 

0.6 mg/kg. The patients were mechanically ventilated with 

60% inspired oxygen with air to maintain the end-tidal carbon 

dioxide between 35-40 mmHg. The anesthesia was maintained 

with an end-tidal concentration of sevoflurane 1 vol% and 

remifentanil 0.1 ug/kg/min. An esophageal temperature probe 

was inserted into the lower esophagus immediately after the 

intubation for measuring the core temperature. Five min after 

the intubation, the study drug was started at a rate of 50 ml/h 

(ephedrine 50 mg/h) for 2 min and then at 10 ml/h (ephedrine 

10 mg/h) for next 113 min with using a syringe pump. The 

patients with tachycardia (a heart rate [HR] > 100 beat/min) 

or hypertension (a systolic blood pressure [SBP] 20% higher 

than the baseline or higher than 140 mmHg) were dropped 

from the study. When the SBP fell 20% below the baseline or 

lower than 90 mmHg, phenylephrine 100 ug was given at 2 

min intervals. If the hypotension persisted after 2 consecutive 

bolus doses of phenylephrine, then the dose of remifentanil 

was reduced to 0.05 ug/kg/min. Lactate Ringer’s solution was 

infused at a constant rate of 6 ml/kg/h. Six percent hydroxyethyl 

starch (Voluven, Fresinius Kabi, Bad Homberg, Germany) was 

infused when the blood loss was more than 500 ml. The fluid 

temperature was maintained at room temperature. The position 

was changed to the prone position between T10 and T25. 

After 120 min, the patients with an esophageal temperature 

below 35oC were warmed with a Bair Hugger forced air warmer 

(Augustine Medical Inc., Minnesota, USA). 

    The skin temperature, the SBP, the mean blood pressure (MBP) 

and the HR were recorded before anesthesia induction (Tpreop), 

immediately after (Tintu), 10 min after the start of ephedrine 

infusion (T10) and at 15 min interval (T10-T115) afterwards. 

The esophageal temperature was measured at Tintu - T115. The 

room temperature, the fluid intake, the need for and amount of 

transfusion, the urine output and the blood loss at T115 were 

recorded. 

    The sample size was calculated based on a previous study 

[9]. The mean difference and standard deviation of 0.4 and 

0.3oC, respectively, with an alpha error of 0.5 and power of 80% 

resulted in 10 patients in each group, and a drop out rate of 20% 

was added. 

    The statistical analysis was performed with SAS 9.1.3 (SAS 

Institute, Cary, NC). The data is expressed as the number of 

patients or means ± SDs. Comparisons of the continuous data 

within the groups, such as temperature and the hemodynamic 

variables, were performed with repeated measures of ANOVA 

followed by paired t-tests with Bonferroni correction for 

multiple comparisons. Student’s t-test or chi-square tests 

were used to compare variables between the groups where 

appropriate. 

Results

    The patient characteristics and perioperative data are listed 

in Table 1. There was no statistical difference in the patient 

characteristics and the perioperative data, including the room 

temperature, fluid intake, blood loss and urine output. None of 

the patients received a transfusion. 

    The esophageal temperature at T100 and T115 was signifi-

cantly decreased from Tintu in the control group (Fig. 1). The 

esophageal temperature in the ephedrine group was stably 

maintained. From T55 until the end of study period (T115), 

the index finger temperature in the ephedrine group was 

significantly decreased compared to that at Tintu (Fig. 1). In the 

control group, the index finger temperature at T115 was lower 
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than that at Tintu. 

    The MBP and HR were stably maintained in the ephedrine 

group (Fig. 2). In the control group, the MBP and HR were 

significantly decreased from Tpreop throughout the study 

period, except at Tintu and T25. The MAP was decreased 

20% below baseline in 2 patients in the control group and a 

phenylephrine bolus was administered to both of them. The 

MAP was maintained within 20% of baseline in all the patients 

of the ephedrine group. 

Discussion

    This study demonstrated that an infusion of ephedrine 

prevented the decrease of the core temperature during spine 

Table 1. Patients’ Characteristics and the Perioperative Data

Control (n = 12) Ephedrine (n = 12)

Gender (Male/Female)
Age (yrs)

Height (cm)
Body weight (kg)
Room temp (oC)
Anesthesia time (min)
Operation time (min)
Fluid intake at 120 min (ml)
Transfusion (ml)
Urine output at 120 min (ml)
Blood loss at 120 min (ml)

5/7
45  

(43-55.5 [38-58])
165.1 ± 10.4

68.8 ± 8.6
19.5 ± 0.8
237 ± 55
182 ± 56
946 ± 500

0
141 ±142
202 ± 126

7/5
41 

 (35-49 [20-58])
167.2 ± 10.4

69.6 ± 8.5
19.5 ± 0.8
232 ± 74
177 ± 62

1,203 ± 630
0

110 ± 139
220 ± 213

Values are the number of patients, medians (IQR [range]) or means ± 
SDs.

Fig. 2. Change in the heart rate and mean blood pressure. The data is expressed as means ± SEs. Preop: before induction of general anesthesia, 
Intu: immediately after intubation, T10-115: 10 to 115 minutes after the start of the ephedrine infusion. *P < 0.05 compared to the value at 
Tpreop. 

Fig. 1. Change in the esophageal and index finger temperatures. The data is expressed as means ± SEs. Preop: before induction of general 
anesthesia, Intu: immediately after intubation, T10-115: 10 to 115 minutes after the start of ephedrine infusion. *P < 0.05 compared to the 
value at Tintu.
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surgery with the patient under general anesthesia. In addition, 

the MAP and HR were stably maintained throughout the study 

period. 

    Ephedrine mediates its thermogenic effects primarily by 

enhancing the sympathetic neuronal release of norepinephrine 

and epinephrine, which stimulates directly brown adipocyte 

respiration via the beta-adrenoreceptors [10-12]. Tolerance 

to the pressor effects develops rapidly, but tolerance to 

the thermogenic effects does not, which may suggest 

the involvement of different adrenoreceptors [13]. The 

thermogenesis of ketamine and an amino acid infusion has 

previously been studied during anesthesia and the authors 

reported its effectiveness for preventing hypothermia during 

both spinal and general anesthesia [6,7,9,14]. In this study, 

although it was not statistically significant, the mean core 

temperature in the ephedrine group increased 0.1oC whereas 

that in the control group decreased 0.23oC. Therefore, the 

maintenance of the core temperature in the ephedrine group 

can be explained in part by the thermogenic effect of ephedrine. 

    Flynn et al. [15] reported successful treatment of cyclic 

hypothermia with ephedrine. The patient with cyclic hypo-

thermia had a low thermoregulatory set point and therefore 

the patient manifested with inappropriate vasodilation and 

failure to shiver unless cooled further, which is similar to an 

anesthetized condition. After anesthesia induction, the core 

hypothermia (0.5-1.5oC) is largely caused by an internal core-

to-peripheral redistribution of the body heat due to anesthesia-

induced vasodilation and the reduced thermoregulatory 

vasoconstriction. The effects of anesthesia induction are due 

to the effect of the anesthetic agents. Propofol, sevoflurane and 

remifentanil were used in this study. Although propofol was 

reported to cause more severe hypothermia than sevoflurane 

by inhibiting thermoregulatory vasoconstriction, Im et al. [16] 

reported no difference of the core temperature between the two 

agents. In addition, remifentail was reported to be associated 

with an increased incidence of post-anesthetic shivering, but 

it is not a phenomenon of intraoperative hypothermia and it is 

more likely the result of acute opioid tolerance and stimulation 

of the N-methyl-D-aspartate receptor [17]. In this study, the 

index finger temperature was significantly decreased whereas 

the core temperature was nearly constantly maintained. The 

vasoconstriction effect of ephedrine may have prevented the 

internal core-to-peripheral redistribution of heat. This is likely 

since the significant decrease in the index finger temperature 

in the ephedrine group started at T55, whereas the decrease 

in the control group was significant at T115. Therefore, 

ephedrine was effective in maintaining the core temperature 

through a thermogenic effect as well as due to the inhibition of 

redistribution via peripheral vasoconstriction.

    The temperature was measured for 2 hrs in this study because 

a rapid decrease in the core temperature, by about 1-1.5oC, 

occurs during the first hour of anesthesia. This is followed by a 

slower, nearly linear decrease of the core temperature, which 

eventually reaches a plateau [18]. The dose of ephedrine in 

this study was based on a study by Gajraj et al. [19], in which 

the prophylactic infusion of ephedrine prevented hypotension 

during spinal  anesthesia without incurring reactive 

hypertension. Intraoperative fluctuation of the blood pressure 

is frequent and this may lead to serious complications, and 

especially in elderly patients. In this study, the MAP and HR in 

the ephedrine group were stably maintained, whereas those in 

the control group were significantly decreased as compared to 

the baseline values. 

    One of the limitations of this study is the lack of the pre-

operative esophageal temperature. An esophageal temperature 

probe was not inserted before anesthesia induction because of 

consideration for the patient’s comfort. Another limitation is the 

use of phenylephrine in 2 patients in the control group. Since 

phenylephrine is a vasoconstrictor, it may have affected the heat 

redistribution. However, since the index finger temperature was 

constantly maintained, this would not have affected the results 

of this study. 

    In conclusion, an intraoperative infusion of ephedrine 

minimized the decrease of the core temperature and it stably 

maintained the hemodynamic variables during spine surgery 

with the patients under general anesthesia. 
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