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Introduction

Perioperative hypothermia has been implicated in a number 

of negative outcomes in adults, including increased intraoperative 

blood loss and transfusions [1], adverse cardiac events, prolonged 

stay in the recovery room and hospital [2], delayed surgical wound 

healing and higher infection rates [3,4]. Hypothermia is known to have 

multiple physiologic effects that include cold-induced coagulation 

dysfunction [5], prolonged drug metabolism and compensatory 

coetaneous vasoconstriction that can impair wound healing and 

immune system function. The negative outcomes of perioperative 

hypothermia demonstrated in adults have been attributed to such 

effects [6]. Maintaining perioperative normothermia has therefore 

become of great interest to anesthesia providers as well as national 

regulatory bodies [7].

Infants and neonates have been shown to be at an increased risk 

for perioperative hypothermia [8] since they have a less effective 

thermoregulatory capacity [9,10] with greater heat loss due to an 

increased surface area to body weight ratio and less subcutaneous 

fat. Given the sparse data regarding perioperative hypothermia and 

its relationship to outcomes in the general pediatric population [11], 

data are needed to determine the clinical significance of this outcome 

in children. The purpose of this study was, therefore, to describe the 

current prevalence of hypothermia and evaluate its relationship to 

outcomes in a pediatric perioperative setting. A secondary aim was 

to evaluate the potential risk factors and short-term outcomes of 

perioperative hypothermia in children.

Methods

With institutional review board approval and waiver of consent, 

this observational, cohort study included electronically and 

prospectively recorded data from a convenience sample of children 

birth to 18 years of age undergoing general anesthesia for a surgical 

or diagnostic procedure at the University of Michigan Health System. 

Children undergoing cardiopulmonary bypass with deliberate 

intraoperative hypothermia, those requiring direct admission to an 

intensive care unit after operation and procedures conducted offsite 

where no intraoperative data capture was available were excluded. 

Perioperative and intraoperative data were captured in real time 

via the institutional electronic anesthetic data capture (Centricity®, 

GE, Inc.). Perioperative data included patient characteristics, 

American Society of Anesthesiologists (ASA) status and baseline 

temperature taken via tympanic thermometer (First Temp Genius, 

Covidien, Mansfield, MA). Intraoperative data included surgery type, 

duration of anesthesia and surgical procedure, estimated blood 

loss, blood transfusions, arrhythmias as documented by continuous 

electrocardiogram monitoring, method of temperature monitoring 
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Abstract

Background: Perioperative hypothermia has been associated with negative outcomes, and children may be at 
higher risk. This study describes the prevalence of pediatric perioperative hypothermia and evaluates its relationship 
to outcomes.

Methods: This observational cohort study included the following electronically and prospectively recorded data from 
children fewer than 18 years of age undergoing general anesthesia: perioperative temperatures, warming interventions, 
patient characteristics, and surgical procedures, duration of anesthesia and perioperative outcomes. Intraoperative 
hypothermia was defi ned as temperature (T) < 36°C for at least fi ve minutes, and postoperative hypothermia as any 
T<36°C.

Results: Of the 530 patients studied, 278 (52%) experienced intraoperative hypothermia. Invasive procedures and 
skin probe monitoring were associated with intraoperative hypothermia. In children with core T monitoring undergoing 

invasive procedures, older age, longer duration of anesthesia, greater blood loss and blood transfusion were associated 

with hypothermia. Warming interventions is used in most hypothermic children during operation, but in few in the post-

anesthesia care unit (PACU). T was re-assessed in <6% of children who were hypothermic in the PACU.

Conclusions: This study found a high prevalence of hypothermia and use of intraoperative warming techniques. 

Hypothermia was more common in older children and in those undergoing longer, invasive procedures and was 

associated with greater blood loss and blood transfusion.
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(i.e., nasopharyngeal, esophageal, rectal, bladder or skin sensors), 

lowest temperature between induction end and dressing, duration 

of T<36oC, and all warming techniques used (i.e., warmed cotton 

blankets, forced air warmers [Bair Hugger, Model: Arizant Medical, 

Eden Prairie, MN] and increased ambient temperature).

Temperatures were measured by the child’s nurse on admission 

to the post-anesthesia care unit (PACU) via tympanic thermometer per 

routine practice and recorded by trained observers. While temperature 

measured in the ear has been shown to be less accurate compared 

to measurements in the rectum [12], this method was selected in 

our pediatric hospital given the balance between invasiveness and 

precision. Warming interventions, shivering, meperidine use, and 

PACU length of stay (LOS) were documented by the PACU bedside 

nurse. Intraoperative hypothermia was defined as T<36oC that lasted 

for at least five minutes, and postoperative hypothermia was defined 

as any T<36oC [12]. Data are presented as n (%) or mean ± SD as 

appropriate. Non-parametric, dichotomous data, including gender, 

procedure type, coded ASA status, and need for transfusion were 

compared between the groups using Chi-square tests. Continuous 

data, including age, duration of procedure, temperature, and blood 

loss were compared between the groups using unpaired t tests. P 

values <0.05 are considered significant.

Results

Data were collected from 717 patients between May 2007 

and September 2008. Intraoperative temperature was not 

documented during 187 procedures, all of which were short, non-

invasive procedures (e.g. myringotomy, lachrymal duct probing 

and cast change). The resultant sample included 530 patients, the 

characteristics of which are presented in (Table 1).

Two hundred seventy-eight children (52%) experienced 

intraoperative hypothermia in accordance with the study definition. 

The duration of hypothermia ranged from 5-142 minutes (25 ± 22.8). 

(Table 2) presents the relationship between patient and perioperative 

factors and intraoperative hypothermia in this study sample. Children 

who had invasive procedures (i.e., procedures involving an incision) 

and those who had skin probe monitoring were more likely to have 

documented hypothermia.

Further analysis of outcomes conducted for the subset of children 

who had undergone an invasive procedure and whose temperature 

was monitored via core temperature techniques. (Table 3) presents 

the relationship between patient and perioperative factors, outcomes 

and hypothermia in this subset of patients. Older age, longer 

duration of anesthesia, greater blood loss and transfusion rates were 

Table 2: Relationship between Patient and Perioperative Factors and Intraoperative Hypothermia.

*OR= Odds Ratio; CI= Confi dence Interval; Presented for signifi cant comparisons only Invasive procedures included those involving an incision; non-invasive included 

diagnostic (e.g. computerized axial tomography, radiography, or magnetic resonance imaging).

 
Normothermic 
(n=252) 

Hypothermic 
(n=278) 

P Value 
OR [CI]* 

Age (yrs) 6.4  5.2 7.2  5.6 0.064 

Weight (kg) 27.8  23.4 28.7  22.7 0.065 

Baseline (perioperative ) Temperature 36.27  0.5 36.37  0.54 0.043 

ASA 1-2 
ASA 3-4  

210 (84%) 
41 (16%) 

218 (78%) 
60 (22%) 

0.15 

Admission after surgery 201 (80%) 204 (73%) 0.084 
Procedure type* 

Invasive 
Non-invasive 

205 (81%) 
47 (19%) 

246 (89%) 
32 (11%) 

0.02 
1.62 [1.1 – 2.5] 

Temperature Monitoring Method 

Skin probe 
Core probe  
(bladder, esophageal or rectal) 

115 (47%) 
131 (53%) 

 
158 (58%) 
112 (42%) 

 
0.008 
1.26 [1.06 – 1.49] 

Age (yrs) 6.8  5.4 [birth to 18] 

Infant (birth – 12m) 
Pre-school Aged (>1 – 4 yr) 
School Aged (>4 – 12 yr) 
Adolescent (>12 – 18 yr) 

62 (12%) 
161 (30%) 
185 (35%) 
122 (23%) 

Weight (kg) 28.3  23 [3.6-128.5] 

Male gender 308 (58%) 
ASA Physical Status 

I 
II 
III-IV 

 
201 (38%) 
227 (43%) 
101 (19%) 

Procedure Non-invasive  
Gastroenterology 
Dental 
Radiology/cardiology  
Hematology 
Other 
Invasive surgery 

General surgery 
Otology 
Orthopedic 
Urology 
Ophthalmology 
Other 

n=79 (15%) 
28 (35%) 
21 (27%) 
10 (13%) 
6 (8%) 
14 (18%) 
n=451 (85%) 

97 (22%) 
84 (19%) 
80 (18%) 
74 (16%) 
66 (15%) 
50 (11%) 

Anesthesia duration (min) 99.9  83.9 [15-569] 

Baseline Temperature (Celsius) 36.3  0.5 [35-38] 

Table 1: Description of the Study Sample (n=530).

Data presented as n (%) or mean ± SD [range], as appropriate

Age (yrs) 6.8  5.4 [birth to 18] 

Infant (birth – 12m) 
Pre-school Aged (>1 – 4 yr) 
School Aged (>4 – 12 yr) 
Adolescent (>12 – 18 yr) 

62 (12%) 
161 (30%) 
185 (35%) 
122 (23%) 

Weight (kg) 28.3  23 [3.6-128.5] 

Male gender 308 (58%) 
ASA Physical Status 

I 
II 
III-IV 

 
201 (38%) 
227 (43%) 
101 (19%) 

Procedure Non-invasive  
Gastroenterology 
Dental 
Radiology/cardiology  
Hematology 
Other 
Invasive surgery 

General surgery 
Otology 
Orthopedic 
Urology 
Ophthalmology 
Other 

n=79 (15%) 
28 (35%) 
21 (27%) 
10 (13%) 
6 (8%) 
14 (18%) 
n=451 (85%) 

97 (22%) 
84 (19%) 
80 (18%) 
74 (16%) 
66 (15%) 
50 (11%) 

Anesthesia duration (min) 99.9  83.9 [15-569] 

Baseline Temperature (Celsius) 36.3  0.5 [35-38] 
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Figure 1: Description of Warming Interventions in the Groups.

significantly associated with hypothermia in this subset of children. 
Children who experienced intraoperative hypothermia were more 
likely to be hypothermic on admission to the PACU.

The figure 1 depicts the use of perioperative warming interventions 
in the sample. Intraoperative warming interventions documented 
in approximately 70% of cases, and there was no difference in the 
frequency of interventions between normothermic and hypothermic 
patients. Less than 10% of hypothermic patients in the PACU had a 
warming intervention documented, and temperature was re-assessed 
in this group less than 6% of the time (only 13% of those with 
postoperative hypothermia).

Discussion

This study represents the largest to date in the pediatric setting. 
Similar to previous studies in adults using similar definitions [13], this 
study found that more than 50% of children experienced intraoperative 
hypothermia. Furthermore, this study found that children undergoing 
prolonged, invasive (i.e., major) surgery and those with lower 
baseline temperature were at greater risk compared to non-invasive 
procedures, findings which are similar to previous studies [8]. There 
was also an association between blood loss, transfusion rates and 

Table 3: Factors and Outcomes Associated with Intraoperative Hypothermia in Children who Underwent Invasive Procedures and had Core Temperature Monitoring.

 
Normothermic 
(n=118) 

Hypothermic (n=108) 
P Value 
OR [CI] 

Age (yrs) 6.4  5.3 8.4  6.5 0.012 

Weight (kg) 28.6  24.5 32  25 0.31 

Baseline Temperature 36.39  0.5 36.24  0.54 0.05 

ASA 1-2 
ASA 3-4 

88 (83%) 
20 (17%) 

81 (75%) 
27 (25%) 

0.14 

Anesthesia duration (min) 114.8  82.8 155.9  123.2 0.004 

Estimated blood loss (ml/kg) 
Received blood product 

0.49  1.89 
1 (<1%) 

2.96  8.33 
9 (8%) 

0.003 
0.006 
10.6 [1.3 – 85] 

PACU admission temperature (Celsius) 36.3  0.68 35.9  0.65 <0.001 

Postoperative hypothermia 33 (28%) 62 (57%) 
0.001 
3.5 [1.99 – 6] 

PACU stay (min) 63.9  35.4 71.7  47.5 0.166 

Admission status 

Outpatient 
Admitted 

 
79 (67%) 
39 (33%) 

 
61 (57%) 
47 (44%) 

 
0.105 

hypothermia, but a causal relationship is unclear. While 70% of 

hypothermic patients received warming measures in the operating 

room, less than 10% had a warming intervention documented in the 

PACU.

A previous study found that heat loss following induction of 

anesthesia was greater in neonates compared to infants, more 

pronounced during major surgery and temperature decreased 

gradually over longer procedures [8]. The present study similarly 

found that hypothermia was associated with major and longer 

procedures. In contrast, however, we found that older age was 

associated with hypothermia. This finding may simply reflect 

differences related to types of procedures conducted in the various 

age groups (e.g., adolescents had more spine fusion). However, it 

may also be that temperature was more carefully managed in the 

youngest patients in this setting, compared to older children. 

Alternatively, this may represent a significant redistribution effect, 

with older children having relatively larger and cooler extremities to 

which to redistribute heat.

The poor rates of reassessment and use of warming interventions 

in this PACU indicate a significant gap in practice in this setting 

indicating either a lack of emphasis on or knowledge regarding 

the importance of thermoregulation in this population or setting. 

This suggests an opportunity for improvement with both PACU 

temperature monitoring and interventions for hypothermia. Use of 

electronic medical records for real time monitoring of temperature 

with automated prompts to physicians and nurses may provide one 

avenue for improved care [14].

The results of this study come from a single institution, based, in 

part, on electronic capture of intraoperative clinical data. While the 

use of electronic data capture may have reduced human error, it likely 

introduced occasional spurious values due to sensors disconnected 

from the patient. Not all patients received core temperature 

monitoring, with skin temperature monitoring making up 

approximately 30% of those patients with intraoperative temperatures 

less than 36 degrees. Since skin monitors are consistently two degrees 

cooler than core measures in adults [15], consideration of a different 

definition of hypothermia during their use may be warranted. 

Postoperative hypothermia in this setting was based on tympanic 

temperatures, which have been shown to differ in a non-systematic 

manner with rectal temperatures in a large, systematic review [16]. 

While this previous review could not rule out inaccuracies in rectal 

temperature methodology in the cohort of studies reviewed, the lack 

of agreement between tympanic and rectal temperature nonetheless 
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highlights a potential limitation in interpreting findings from the 
present study. Furthermore, such studies highlight the difficulties in 
defining perioperative hypothermia given the variation in methods 
used to monitor temperature in the clinical setting. Lastly, the smaller 
sample used to examine the relationship between hypothermia 
and outcomes is likely underpowered to detect other, potentially 
significant relationships. Data from this study may serve as a platform 
on which to base future studies in larger, heterogeneous samples of 
children.

This study found a significant prevalence of hypothermia 
in children despite a widespread emphasis on the importance 
of thermoregulation in the perioperative setting. Several areas 
for improvement identified, including improved use of warming 
techniques and consistent reassessment of temperature after 
operation. Increased vigilance in all patients, including older children 
may decrease the prevalence of this outcome. Further prospective 
studies in a larger sample are warranted in order to evaluate the 
relationship of perioperative hypothermia and outcomes in children.
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