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-ABSTRACT- 

Clinical Considerations in the Use of Forced-Air 

Warming Blankets During Orthognathic Surgery to 

Avoid Postanesthetic Shivering  

Fiona Daye Park, B.D.S 

Department of Dental Anesthesiology,  

School of Dentistry, Seoul National University 

 

Background: During head and neck surgery including orthognathic surgery, 

mild intraoperative hypothermia occurs frequently. Hypothermia is associated 

with postanesthetic shivering, which may increase the risk of other postoperative 

complications. To improve intraoperative thermoregulation, devices such as 

forced-air warming blankets can be applied. This study aimed to evaluate the 

effect of supplemental forced-air warming blankets in preventing postanesthetic 

shivering. 

Methods: This retrospective study included 113 patients who underwent 

orthognathic surgery between March and September 2015. According to the 

active warming method utilized during surgery, patients were divided into two 

groups: Group W (n = 55), circulating-water mattress; and Group F (n = 58), 

circulating-water mattress and forced-air warming blanket. Surgical notes and 

anesthesia and recovery room records were evaluated. 
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Results: Initial axillary temperatures did not significantly differ between groups 

(Group W = 35.9 ± 0.7°C, Group F = 35.8 ± 0.6°C). However, at the end of 

surgery, the temperatures in Group W were significantly lower than those in 

Group F (35.2 ± 0.5°C and 36.2 ± 0.5°C, respectively, P = 0.04). The average 

body temperatures in Groups W and F were, respectively, 35.9 ± 0.5°C and 36.2 

± 0.5°C (P = 0.0001). In Group W, 24 patients (43.6%) experienced 

postanesthetic shivering, while in Group F, only 12 (20.7%) patients required 

treatment for postanesthetic shivering (P = 0.009, odds ratio = 0.333, 95% 

confidence interval: 0.147–0.772). 

Conclusions: Additional use of forced-air warming blankets in orthognathic 

surgery was superior in maintaining normothermia and reduced the incidence of 

postanesthetic shivering. 

 

 

Keywords: Circulating water mattress; Forced-air warming blanket; 

Intraoperative hypothermia; Postanesthetic shivering. 
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INTRODUCTION 

 

Inadvertent hypothermia is common in patients undergoing orthognathic 

surgery. Core temperature may drop by as much as 6°C under general anesthesia 

[1]. The average operating time for bimaxillary osteotomy is 3–4 h, but in some 

cases, the procedure can extend to up to 6–7 h [2,3]. The combination of 

prolonged exposure to a cool operating room temperature and impaired 

thermoregulatory response due to the influence of anesthesia can result in 

hypothermia [4,5]. 

The complications that can arise from hypothermia include heart failure, 

surgical site infection, prolonged drug action, and immunosuppression, and the 

condition can also affect kidney function [5,6]. Shivering is also a common 

complication of hypothermia following general anesthesia or during moderate to 

deep sedation. From these muscular contractions, the body will generate heat 

energy as it raises the metabolic rate by 300% [7]. Thus, the oxygen demand is 

also far greater than the baseline requirement during shivering, and this may put 

strain on the cardiovascular system [8]. Shivering is often a distressing 

experience for the patient, which can be worse than the surgical pain, and it is 

closely related to patient recovery [5]. Perioperative hypothermia increases the 

risk of adverse outcomes and affects the postanesthetic recovery of patients [5]. 

To avoid these complications, the importance of maintaining intraoperative 
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core temperature has been stressed in numerous papers [9]. Possible preventive 

measures for perioperative hypothermia include the following: prewarming the 

patient before surgery; raising the ambient temperature; actively warming the 

patient during surgery; passively warming the patient; warming intravenous 

fluids or blood products; warming irrigation fluids; and warming the airway 

gases. 

In order to maintain intraoperative normothermia in patients undergoing 

surgery at Seoul National University Dental Hospital (SNUDH), a circulating-

water mattress is commonly used. Although forced-air warming blankets are 

known to be the most effective in delivering heat, their clinical use has been 

restricted due to difficulties in application during surgery [10]. The use of 

surgical drapes, the size and site of the operation, and influence on the ambient 

surgical environment can limit the use of forced-air warming blankets. To 

improve the quality of intraoperative thermoregulation management, forced-air 

warming blankets have been introduced during orthognathic surgery, as the site 

of the operation does not affect the use of these devices. In the current study, the 

effectiveness of this additional device in maintaining core temperature during 

orthognathic surgery and reducing postanesthetic shivering was analyzed. 
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 MATERIALS AND METHODS 

 

1. Patient selection 

The institutional review board (IRB) at Seoul National University, School of 

Dentistry approved this retrospective study (IRB No.: S-D20150039). 

Consecutive records of patients who underwent planned orthognathic surgery at 

SNUDH from March to September 2015 were analyzed. As a Quality 

Improvement activity, operating rooms were equipped with forced-air warming 

blankets during this time period. 

 

2. Methods and procedures 

A total of 113 patient records are included in this study. Prior to the planned 

surgery, patients were assessed for current and past medical history, medications, 

allergies, and presence of preoperative fever. The Americal society of 

Anesthesiologist physical status (ASA PS) status was also determined. 

Depending on the date of the scheduled orthognathic operation, patients 

received one of two different core temperature managements: 

Group W: Medi-Therm III
®
 circulating-water mattress Hyper/Hypothermia 

System (Gaymar Industries, Inc., Orchard Park, NY, USA) 

Group F: Bair Hugger
®
 forced-air warming blanket with surgical access (Model 
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525 blanket, Model 505 blower; Arizant Healthcare, Inc., Eden Prairie, MN, 

USA) and Medi-Therm III
®
 circulating-water mattress. 

The following data were obtained from patients’ records: age, gender, weight, 

and height. From this information, body mass index (BMI) and body surface area 

(BSA) were calculated. The formula used to estimate BSA was the Du Bois 

formula. Other information collected from records included: length of surgery, 

duration of anesthesia, anesthetic induction agent, anesthetic maintenance agent, 

muscle relaxant, opioids, intravenous fluid volume, blood transfusion, and 

temperature during operation. Postoperative data such as body temperature 

during recovery, presence of shivering, and the drug type and dosage used to treat 

shivering were collected from postanesthesia care unit (PACU) records. 

The temperature of operating rooms was set at 21°C and humidity was 

controlled at 59–61%. When the patient entered the operating room, a 

thermometer probe (CARESCAPETM Monitor B650, GE Healthcare, Little 

Chalfont, Buckinghamshire, UK) was placed in the left axillary fossa of each 

patient and secured with surgical tape. Vital signs and other measurements such 

as continuous arterial blood pressure, end-tidal carbon dioxide partial pressure, 

anesthesia gas monitoring, and bispectral index (BIS) were recorded. 

After induction, patients were actively warmed either with a circulating-water 

mattress only or with a forced-air warming blanket in addition to a circulating-
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water mattress. In Group W, patients lay on the warm mattress, for which the 

temperature was set at 37°C, and a cotton blanket was placed on the patient 

before the body was covered with surgical drapes. In Group F, before covering 

the patient with surgical drapes, a forced-air warming intraoperative blanket was 

first placed over the patient. The forced-air warming blanket used in the 

operating room was designed to cover only the lower half of the patient’s body, 

away from the operation site. The body temperatures of both groups were 

monitored and recorded continuously from the axillary fossa. When the axillary 

temperature declined below 36°C, the forced-air warming blanket was activated 

in Group F to maintain the temperature above 36°C, whereas patients in Group W 

were solely reliant on the circulating-water mattress. During the last 30 min of 

the operation, patients in Group F were actively heated with the forced-air 

warming blanket. 

In the recovery room, both groups of patients were covered with a forced-air 

warming blanket that provided full-body coverage. Patients were closely 

monitored for any signs of shivering by designated qualified nursing staff. In 

addition to shivering, other vital signs were monitored and recorded: body 

temperature, blood pressure, heart rate, and oxygen saturation. If shivering 

occurred, patients in both groups were given an injection of pethidine 

hydrochloride (HCl) (50 mg/ml). If the symptom continued even after the first 

dose of 25 mg, another 25 mg of pethidine HCl was given with an interval of 5–
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10 min. 

 

3. Assessment of postanesthetic shivering 

Moderate to severe shivering, which distressed the patient sufficiently to require 

medical intervention, was categorized as postanesthetic shivering. Mild or 

nondistressing shivering was not included as an incidence of shivering in this 

study. 

 

4. Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics version 22 (IBM 

Inc., Armonk, NY, USA). The variables were analyzed using the Student’s t-test, 

the chi-square test or Fisher’s exact test according to the data. A value of P < 0.05 

was considered significant. The odds ratio for shivering events vs. the warming 

group was calculated, with a 95% confidence interval. 
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 RESULTS 

 

One hundred thirteen patients who underwent orthognathic surgery at SNUDH 

were included in the current study. There were 55 patients in Group W and 58 

patients in Group F. The demographics and intraoperative variables of the two 

groups did not differ significantly (P > 0.05). The mean duration of orthognathic 

surgery was around 7 h in both groups. Estimated BSA was not different 

significantly between the two groups (P = 0.29). The patient demographics and 

intraoperative variables are summarized in Table 1. 

The initial axillary temperatures were not significantly different between 

Group W and Group F (P = 0.25), but the difference in temperatures at the end of 

surgery was significant (<0.001). The difference in axillary temperatures between 

the two groups was sustained even after patients’ transfer from the operating 

room to the recovery room (<0.001). The axillary temperatures of patients in 

Group F remained significantly higher than those of patients in Group W at the 

time of discharge from the recovery room to the wards (<0.001). 

Depending on the occurrence of postanesthetic shivering, Groups W and F 

were subdivided and the mean axillary temperature during surgery is shown with 

the 5th-95th percentile in Fig. 1. In Group W, 24 patients (43.6%) suffered from 

postanesthetic shivering, whereas in Group F, 12 (20.7%) patients required 

treatment for postanesthetic shivering (Fig. 2, P = 0.009). A total of 36 patients 
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were administered pethidine HCl injection due to postanesthetic shivering. 

Among those who required treatment for postanesthetic shivering, 50% of 

patients (n = 18) had been provided with only a circulating-water mattress during 

the operation and were given 50 mg of pethidine HCl, whereas only 4 patients in 

Group F were administered the same amount of medication to treat postanesthetic 

shivering (Fig. 3). 

To investigate factors that may result in postanesthetic shivering, patients who 

experienced shivering were compared with the non-shivering group, and our 

findings are summarized in Table 3. There were no statistically significant 

differences between the two groups with the exception of the temperature upon 

discharge from the recovery room. 
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Table 1. Demographic and intraoperative variables of patients who received 

orthognathic surgery  

Variables 
Group W 

(n = 55) 

Group F 

(n = 58) 
P value 

Age (yr) 24.5 ± 6.5 23.2 ± 4.7 0.257 

Gender (M/F) 32/22 31/27 0.572 

Weight (kg) 61.5 ± 13.9 64.3 ± 15.5 0.304 

Height (cm) 167.8 ± 10.1 169.6 ± 8.6 0.310 

Body Mass Index (kg/m
2
) 21.6 ± 3.5 22.2 ± 4.4 0.440 

Body Surface Area (m
2
) 1.69 ± 0.22 1.73 ± 0.22 0.286 

Duration of anesthesia (min) 475.6 ± 110.0 486.2 ± 106.7 0.602 

Duration of operation (min) 421.4 ± 103.1 432.2 ± 104.6 0.582 

Intravenous fluid volume (ml) 3989.8 ± 1372.4 4151.7 ± 1070.5 0.485 
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Table 2. Axillary temperature of patients during orthognathic surgery and in 

the recovery room 

Temperature (°C) Group W  

(n = 55) 

Group F  

(n = 58) 

P value 

Initial axillary temperature 35.9 ± 0.5 35.8 ± 0.6 0.25 

End of the operation 36.1 ± 0.6 36.6 ± 0.5 <0.001 

Average temperature during operation 36.0 ± 0.5 36.3 ± 0.3 <0.001 

Upon arrival in the recovery room 36.1 ± 0.7 36.6 ± 0.5 <0.001 

Discharge from the recovery room 36.9 ± 0.7 37.3 ± 0.5 <0.001 

Average temperature in the recovery 

room 

36.5 ± 0.7 36.9 ± 0.5 <0.001 
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Fig. 1. Mean axillary temperature vs. time starting from induction of 

anesthesia. A, Group W with no experience of postanesthetic shivering; B, 

Group W with experience of postanesthetic shivering; C, Group F with no 

experience of postanesthetic shivering; D, Group F with experience of 

postanesthetic shivering. Data presented as mean with 5th-95th percentile. 

The mean temperature pattern for shivering and non-shivering groups 

resembles each other. The mean axillary temperature of Group F (C and D) 

was maintained above 36°C during surgery whereas those in Group W (A 

and B) declined below 36°C. 
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Fig. 2. Number of patients who experienced postanesthetic shivering (P = 

0.009, odds ratio = 0.333, 95% confidence interval: 0.147–0.772). 
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Fig. 3. Pethidine HCl injection administered in postanesthesia care unit (P = 

0.002). 
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Table 3. Demographic and intraoperative variables of group that 

experienced postanesthetic shivering vs. group with no experience of 

postanesthetic shivering 

Variables 
No event of 

shivering 

Event of 

Shivering 
P value 

ASA (I/II) 68/9 35/1 0.165 

Age (yr) 24.1 ± 6.5 23.3 ± 3.4 0.480 

Weight (kg) 62.6 ± 15.1 63.6 ± 14.3 0.753 

Height (cm) 167.8 ± 9.1 170.7 ± 9.7 0.115 

BMI (kg/m
2
) 22.1 ± 4.1 21.6 ± 3.6 0.580 

BSA (m
2
) 1.70 ± 0.22 1.74 ± 0.22 0.442 

Induction (PPF+lido/Thiopental/TIVA) 13/23/41 6/9/21 0.851 

Maintenance (TIVA/Desflurane) 41/36 21/15 0.613 

Remifentanil (No/Yes) 5/72 2/34 1.000 

RBC (No/Yes) 38/39 19/17 0.734 

Duration of anesthesia (min) 474.2 ± 111.1 495.7 ± 101.0 0.325 

Duration of operation (min) 419.9 ± 108.2 442.0 ± 92.6 0.293 

Intravenous fluid volume (ml) 4047.9 ± 1301.3 4126.4 ± 1054.6 0.752 

Initial axillary temperature (°C) 35.8 ± 0.5 35.9 ± 0.6 0.762 

Temperature at the end of the operation 

(°C) 
36.4 ± 0.6 36.3 ± 0.6 0.591 

Average temperature during operation 

(°C) 
36.1 ± 0.4 36.2 ± 0.5 0.503 

Temperature upon arrival in the 

recovery room (°C) 
36.4 ± 0.6 36.3 ± 0.6 0.707 

Temperature on discharge from the 

recovery room (°C) 
37.0 ± 0.5 37.3 ± 0.8 0.008 

Average temperature in the recovery 

room (°C) 
36.6 ± 0.5 36.9 ± 0.7 0.068 
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ASA, American Society of Anesthesiologists; BMI, Body Mass Index; BSA, Body 

Surface Area; PPF, plasma protein fraction; TIVA, total intravenous anesthesia; RBC, red 

blood cells 
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DISCUSSION 

 

In this study, the group that received only a circulating-water mattress to 

maintain intraoperative temperature was more than twice as likely to experience 

shivering during the recovery period as the group that received both a mattress 

and a forced-air warming blanket (Group W = 43.6%, Group F = 20.7%, 

respectively). It has been demonstrated that regulating body temperature using a 

forced-air warming device in combination with a circulating-water mattress is 

more effective in preventing shivering than the use of a mattress alone, as in the 

findings of Kim et al. [11]. In Group F, the average intraoperative temperature 

and the temperature at the end of surgery were significantly higher than those of 

Group W. From these significant differences in temperature, we may infer that 

the temperature during surgery has had an effect on the occurrence of 

postanesthetic shivering. 

Generally, perioperative body heat loss is believed to be an inevitable 

occurrence, and as many as 90% of patients in the postoperative period will 

suffer from hypothermia [12]. A rapid decrease in intraoperative temperature has 

been observed during the first 30 min of general anesthesia, which coincides with 

a redistribution of body heat from the core to the periphery that has been 

mentioned in several studies [13-15]. The importance of maintaining 

normothermia during operations is indisputable. However, a survey on 
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intraoperative temperature management in European hospitals revealed that only 

38.5% of patients under general anesthesia had active intraoperative warming 

devices [16]. Although a warm overlaying mattress is clinically advantageous in 

application, there are studies recommending a convective heating method using a 

forced-air warming blanket over a conductive heating method: a warm mattress 

[7,17]. Furthermore, both American Society of PeriAnesthesia Nurses (ASPAN) 

guidelines and National Institute for Health and Care Excellence (NICE) clinical 

guidelines suggest that any patients undergoing an operation that lasts longer than 

30 min should be actively warmed during the operation using a forced-air 

warming device [14]. Warming of the patient has been stressed in studies such as 

that of Torossian et al., which recommend that any patient (no prewarming) 

undergoing general anesthesia lasting longer than 1 h should be actively warmed 

during the operation [3,9]. The current intraoperative body temperature 

management for orthognathic surgery at SNUDH entails the use of a circulating-

water mattress, which is considered effective in maintaining body core 

temperature above 36°C [17]. The mean duration of orthognathic surgery in the 

current study was around 7 h, which is longer than the average operating time 

reported in other studies. SNUDH is a teaching hospital, where young 

professionals in training learn and acquire skills to perform operations including 

orthognathic surgery, which may have increased the operating time. With an 

increase in operating time, the patient is exposed to the cool operating room 
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environment for a longer period, which may have an effect on the intraoperative 

core temperature. 

Depending on the surgical site and method, the body temperature may vary 

greatly, and a measurement method should be established to reduce error. 

Torossian et al. have suggested either measuring the temperature from the 

pulmonary artery or measuring the temperature sublingually [7]. The former 

method is invasive to practice, and therefore the latter method, which is more 

convenient to access, can be considered as the measurement site. However, in 

operations involving the head and neck, sublingual measurement may obstruct 

the surgical site. In the current study, the temperature was measured from the 

axillary fossa, which is a reasonable site to estimate core temperature in a well-

controlled hospital setting [13]. 

One common complication of hypothermia is shivering, which increases 

oxygen consumption, influences surgical outcomes, and may delay hospital 

inpatient discharge [13,14]. A number of classifications are available to assess 

and grade shivering. The scale used by Singh et al. [18] and Mohta et al. [19], for 

instance, requires evaluation of the muscular activity of one or more muscle 

groups, yet with full body coverage of a patient with a blanket in a recovery room, 

it would be challenging to observe muscular activities. Although the shivering 

grading used by Casey et al. [20] is simpler to adapt in a clinical environment, in 
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this investigation, shivering was assessed according to the clinical signs of 

distress to the patient that required medical intervention. The incidence of 

postanesthetic shivering has been reported to range from 6.3% to 66%, which 

indicates that a considerable number of patients may experience potentially very 

unpleasant recovery from anesthesia [21]. About 32% of patients suffered from 

postanesthetic shivering in this study, which falls within the expected frequency 

range. From this investigation, the additional use of a forced-air warming blanket 

not only reduced the incidence of postanesthetic shivering by half, but also 

reduced the amount of pethidine HCl administered to treat the shivering. 

Perioperative hypothermia as a direct cause of postanesthetic shivering has 

been the subject of debate. Involuntary muscular activities in the absence of 

hypothermia have been reported, which suggests that postanesthetic shivering has 

many other contributing factors: uninhibited spinal reflexes, surgical pain, 

decreased sympathetic activity, and adrenal suppression [5,22]. Most anesthetic 

agents decrease vasoconstriction and the shivering threshold [23]. As a result, 

thermoregulatory shivering is common after surgery [23,24]. Additionally, there 

are studies supporting a high correlation between core temperature during surgery 

and the incidence of shivering postoperatively [13,25]. However, it was not 

possible to determine the relationship between intraoperative axillary temperature 

and the incidence of postanesthetic shivering from the information we have 

investigated. The only significant difference between the shivering and non-
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shivering groups was the body temperature upon discharge from the recovery 

room. This might be due to the high use of forced-air warming blankets in order 

to treat the postanesthetic shivering. 

Shivering is one of the least critical complications of perioperative 

hypothermia; nevertheless, it affects patient recovery outcomes and comfort. To 

provide the best surgical outcomes, and to increase patient satisfaction and 

comfort, reducing the incidence of postanesthetic shivering is vital. Although the 

etiology of postanesthetic shivering in relation to perioperative hypothermia is 

unclear and controversial, shivering is an inevitable thermoregulatory 

phenomenon [26,27]. Thus, effective preventative measures such as effective 

maintenance of patient normothermia during surgery should be established. 

Nonetheless, to reduce the incidence of nonthermoregulatory postanesthetic 

shivering, further investigation is required. 

 The possible factors that contribute to postanesthetic shivering were not able to 

be determined from this study. However, the use of a forced-air warming blanket 

together with a circulating-water mattress was found to decrease the incidence of 

shivering during recovery from general anesthesia, and the amount of pethidine 

used to treat shivering was less in this group. Therefore, this study confirms the 

benefit of supplementing with a forced-air warming blanket during orthognathic 

surgery to maintain normothermia and reduce inadvertent postanesthetic 
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shivering. 
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-국문초록- 

 

양악수술 환자의 전율 감소를 위한  

수술 중 가온담요 적용에 대한 조사 연구 

 

 

박  지  연 

서울대학교 대학원  

치의과학과 치과마취과학 전공 

  
 

 

목 적 

양악 수술 또는 시간이 긴 악안면 종양 절제 및 재건 수술의 경우, 체

온감소가 되는 경우가 빈번하고 회복실에서 환자는 오한을 느끼고 심

한 전율이 발생하고 합병증의 위험성이 증가한다. 수술 시 체온관리 

방법으로 수술침대에 가온패드를 사용하는 방법이 일반적이다. 하지만 

가온패드 만으로 체온이 유지가 안되는 경우, 열효율이 좋은 에어워머

의 사용이 적용될 수 있다. 양악수술을 받는 환자의 하체 부위에 에어

워머를 사용하여 수술 중 체온을 유지하는 경우, 수술 후 오한과 전율

을 감소시킬 수 있는지 알아보고자 하였다.  

 

방 법 

2015년 3월 1일부터 2015년 9월 30일 까지 양악수술을 받은 모든 

환자(113명)에서 질향상 과제로 에어워머를 구입하여 추가적으로 체
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온관리를 시행한 데이터가 있어 후향적으로 수술장부, 마취기록지, 회

복실 기록지를 이용하여 가온패드만 적용되었던 환자군과 에어워머가 

함께 적용되었던 환자군으로 나누어서, 액와 체온의 변화를 분석하고, 

회복실에서 오한과 전율의 발생 빈도를 조사하였다.  

 

결 과 

에어워머가 적용되지 않은 군(A군)이 55명, 에어워머가 적용된 군(B

군)이 58명이었다. 두 군에서 성비, 나이, 체중, 수술시간에서 차이는 

없었으며, 수술시작시 체온이 A군은 35.9±0.7℃이었고 B군은 35.8±

0.6으로 차이가 없었으나. 수술종료 시 A군은 35.2±0.5℃이었고 B군

은 36.6±0.5 (P = 0.04)로 차이가 있었다. 평균체온은 A군은 35.9±

0.5℃이었고 B군은 36.2±0.5 (P = 0.0001)이었다. 또한 수술 후에 

오한과 전율의 발생 빈도가 A군에서는 24명/55명 (43.6%) 였고, B군

에서는 12명/58명(20.7%) 이었다(P = 0.009, odds ratio = 0.333, 

95% CI: 0.147-0.772).  

 

결 론 

본 결과로 양악수술 환자에서 에어워머를 적용하므로 수술실 내에서 

환자의 체온이 저하되는 것을 방지 할 수 있었고 수술 후 회복실에서 

오한과 전율의 발생 빈도를 낮출 수 있었다. 

 

주요어: 체온감소, 수술후 오한 전율, 에어워머, 가온담요 

학  번: 2013-21804 
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