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ABSTRACT 
Background: Perioperative hypothermia, defined as a core body temperature below 
36°C, is a frequent complication in surgical patients, associated with adverse 
outcomes such as infections, cardiovascular events, and increased morbidity and 
mortality. This study evaluated the incidence of perioperative hypothermia, identified 
associated risk factors, and assessed prophylactic measures in a tertiary university 
hospital. Methods: We conducted an observational, cross-sectional study of patients 
undergoing elective surgeries between February and May 2024. Tympanic 
temperature was measured at six perioperative time points, and clinical, 
demographic, and anesthetic data were collected. Statistical analysis included 
descriptive statistics and hypothesis testing, with significance set at p<0.05. Results: 
A total of 91 patients were included, with a 92.3% incidence of hypothermia. Male sex 
was significantly associated with hypothermia (58.3% vs. 14.3%, p=0.043), while other 
factors, including ASA classification, obesity, and anesthetic type, showed no 
significant correlation. Temperature decreased most during the first hour post-
induction, with median preoperative and end-of-surgery values of 36.3°C and 35.1°C, 
respectively. Prophylactic warming techniques were underutilized, with only 28.6% of 
patients receiving active warming. Conclusions: The study revealed a high incidence 
of perioperative hypothermia, emphasizing the need for improved temperature 
management protocols and healthcare team education. 

Keywords: Perioperative, hypothermia, anesthesia, risk factors, body temperature, 
surgical complications. 
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INTRODUCTION 

Maintaining core body temperature between 36°C and 37.5°C is essential for 

physiological homeostasis. Perioperative hypothermia, defined as a core temperature 

below 36°C, frequently occurs during the perioperative period due to anesthetic effects, 

exposure to cold operating room environments, and fluid administration. The reported 

incidence ranges from 20% to 70%, varying based on patient populations and surgical 

settings1,2,3. 

Hypothermia increases the risk of complications, including infections, 

cardiovascular instability, coagulopathy, prolonged recovery, and higher morbidity and 

mortality rates4,5,1,6,7. Despite the availability of preventive guidelines, hypothermia 

management remains inconsistent across institutions1,8,9,10,11. 

This study aimed to evaluate the incidence of perioperative hypothermia, 

identify associated risk factors, and assess the effectiveness of prophylactic warming 

measures in a tertiary university hospital. 

METHODS 

Study design and Population 

This observational, cross-sectional study included patients undergoing elective 

surgeries at a tertiary university hospital between February and May 2024. Ethical 

approval was obtained from the institutional review board (CAAE 

74811323.7.0000.5292), and all participants provided written informed consent. 

Inclusion criteria were adults aged ≥18 years undergoing surgeries lasting ≥60 

minutes. Exclusion criteria included emergency surgeries and procedures precluding 

temperature measurement. 

Data Collection 

Patient demographic and clinical characteristics, including age, sex, body mass 

index (BMI), comorbidities, and ASA classification, were recorded. Anesthetic and 

intraoperative variables, such as type and duration of anesthesia, use of crystalloids, and 

application of warming techniques, were documented. 

Tympanic temperature was measured using an infrared thermometer at six time 

points: admission to the operating room (T1), 15 minutes post-induction (T2), 60 

minutes post-induction (T3), 120 minutes post-induction (T4), end of surgery (T5), and 

60 minutes after completion of surgery for individuals kept in the post-anesthesia care 

unit (PACU) (T6). For the purposes of this study, hypothermia was considered to occur 

when the tympanic membrane temperature was <36°C. Furthermore, at each of these 

moments, the ambient temperature was checked using a digital hygrometer. 
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Statistical Analysis 

Data were analyzed using R (version 4.1) and Jamovi (version 2.3). Continuous 

variables were summarized as means, medians, and interquartile ranges, while 

categorical data were expressed as frequencies and percentages. The Shapiro-Wilk test 

assessed normality. Hypothesis testing included Student's t-test and Fisher’s exact test. 

Correlations between temperatures and environmental factors were evaluated using 

Spearman’s rank coefficient. Significance was set at p<0.05. 

RESULTS 

Patient Characteristics 

At the end of data collection, 91 patients were included in the study. Among 

them, 92.3% experienced hypothermia. Most were male (58.3%) and the mean age in 

the group was 49.4 years. Table 1 summarizes the demographic and clinical data. 
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Table 1 – Descriptive and clinical characteristics of patients divided by group. 

Variables 

Group 

P-value Hypothermia 
(N = 84) 

Normothermia 
(N = 7) 

Sex    

Female 35 41.7 % 6 85.7 % 
0.043a 

Male 49 58.3 % 1 14.3 % 

Age    

Mean (standard deviation) 49.4 (16.81) 51.14 (14.26) 0.791b 

Up to 65 years old 67 79.8 % 6 85.7 % 
1.000b 

Over 65 years old 17 20.2 % 1 14.3 % 

Systemic arterial hypertension 35 41.7 % 4 57.1 % 0.456a 

Obesity 18 21.4 % 3 42.9 % 0.346a 

Sedation 27 32.1 % 1 14.3 % 0.431a 

Total intravenous anesthesia 16 19.0 % 2 28.6 % 0.621a 

Balanced general anesthesia 39 46.4 % 4 57.1 % 0.703a 

Spinal anesthesia 29 34.5 % 2 28.6 % 1.000a 

Epidural anesthesia 9 10.7 % 0 0.0 % 1.000a 

ASA classification      
I 22 26.2% 1 14.3% 

0.201a 
II 34 40.5% 2 28.6% 

III 27 32.1% 3 42.8% 

IV 1 1.2% 1 14.3% 

Anesthesia time      
Up to 2 hours 33 39.3 % 4 57.1 % 

0.436b 
Over 2 hours 51 60.7 % 3 42.9 % 

Warming technique      

None 61 72.6 % 4 57.1 % 
0.384a 

Thermal blankets 23 27.4 % 3 42.9 % 

Crystalloid volume      
Up to 1 liter 37 44.0 % 3 42.9 % 

1.000b 
Over 1 liter 47 56.0 % 4 57.1 % 

Heated crystalloid      
No 66 80.5 % 5 71.4 % 

0.626b 
Yes 16 19.5 % 2 28.6 % 

a Fisher's Exact Test; b Student's t-test. 

Risk Factors 

Male sex was the only significant risk factor for hypothermia. Other variables, 

including age, ASA classification, BMI, and anesthesia type, showed no significant 

associations. 

Prophylactic Measures 

Thermal blankets were used in 27.4% of patients in the hypothermic group and 

42.9% in the normothermic group. Heated crystalloid was administered to only 19.5% 

of patients in the hypothermic group and 28.6% in the normothermic group. 
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Temperature Trends 

As shown in Table 2, the mean/median temperatures decreased significantly 

between T1 and T5 (36.3°C to 35.1°C). The steepest decline occurred within the first 

hour post-induction. Environmental temperatures ranged from 21.7°C to 24.8°C. As 

summarized in Table 3, there was a significant correlation between patient and room 

temperature at T2 (ρ=0.231, p=0.028) and T5 (ρ=0.276, p=0.008). 

Table 2 – Distribution of patient and operating room temperatures 

Variable Temperaturea P-valueb 

Patient T1 36.3 (35.9-36.6) < .001 

Ambient T1 24.5 (±0.883) 0.067 

Patient T2 35.3 (34.5-36.1) 0.022 

Ambient T2 22.9 (±1.698) 0.277 

Patient T3 34.8 (33.8-35.6) 0.018 

Ambient T3 21.8 (±1.876) 0.954 

Patient T4c 34.9 (33.5-35.5) 0.034 

Ambient T4 21.7 (±1.760) 0.579 

Patient T5 35.1 (33.8-35.8) < .001 

Ambient T5 21.8 (±1.667) 0.797 

Patient T6d 35.9 (34.6-36.2) < .001 

Ambient T6 24.8 (24.2-25.2) < .001 

a Data were presented in mean±SD or median format (Q1-Q3) depending on whether or not there was a 

normal distribution; b Shapiro-Wilk test; c Only patients with anesthesia time longer than 120 minutes had 

their temperature measured at T4; d Only patients who remained in the PACU had their temperature 

monitored at time T6. 

Table 3 – Correlation between patient and operating room temperatures 

Correlated variables Rho 
Spearman 

P-value 

T1 patient and T1 ambient 0.087 0.414 

T2 patient and T2 ambient 0.231 0.028 

T3 patient and T3 ambient 0.183 0.082 

T4 patient and T4 ambient 0.195 0.146 

T5 patient and T5 ambient 0.276 0.008 

T6 patient and T6 ambient -0.101 0.356 

DISCUSSION 

The findings of this study demonstrate an alarmingly high incidence of 

perioperative hypothermia (92.3%), significantly exceeding the rates reported in similar 

investigations12,13. This difference may reflect the limited use of prophylactic measures 

in the study hospital, compounded by insufficient adherence to established 

guidelines9,14. 
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Previous studies, such as those conducted in Brazil12 and Turkey13, reported 

hypothermia incidences of 69.8% and 78.6%, respectively. These variations may arise 

from differences in institutional practices, environmental controls, and the frequency of 

temperature monitoring. For instance, continuous or serial temperature assessments, 

as performed in this study, can capture transient hypothermic events that might 

otherwise go undetected15,16. 

 The significant correlation between ambient and patient temperatures, 

particularly at T2 and T5, aligns with evidence highlighting the importance of 

maintaining operating room temperatures within recommended ranges (20–23°C)1,13. 

Nevertheless, even within this range, substantial heat loss through convection and 

conduction was observed, suggesting that ambient control alone is insufficient without 

active warming strategies. 

Male sex was identified as a significant risk factor for hypothermia (p=0.043 p = 

0.043), contrasting with some reports that found no sex-based differences13,17. This 

discrepancy could stem from population-specific factors or sample size limitations. 

Notably, men may be more prone to peripheral heat loss due to differences in body 

surface area-to-mass ratios, a phenomenon requiring further investigation. 

Contrary to expectations, age and ASA classification were not significant 

predictors of hypothermia. While older adults are typically more susceptible to 

thermoregulatory dysfunction18, the small proportion of elderly patients in this study 

may have precluded robust statistical comparisons. Similarly, while higher ASA 

classifications suggest greater comorbidity burden, their lack of association with 

hypothermia aligns with recent findings that emphasize multifactorial determinants, 

such as procedural and environmental factors19. 

The underutilization of warming techniques likely contributed to the high 

hypothermia incidence observed. Despite evidence supporting the efficacy of forced-air 

warming systems and pre-warmed fluids in reducing hypothermia risk, their adoption in 

the study hospital was limited1,20. For instance, only 27.4% of hypothermic patients 

received thermal blanket warming, and 19.5% received pre-warmed crystalloids. 

This low adherence reflects broader systemic challenges, including resource 

limitations, lack of standardized protocols, and inadequate staff training10. 

International guidelines14, recommend implementing multimodal warming strategies 

tailored to individual patient risks. However, their practical application requires 

institutional commitment and resource investment. 

 The pronounced drop in temperature within the first hour post-induction 

highlights the critical window for intervention. Active warming should ideally commence 

preoperatively and continue throughout the perioperative period. Moreover, the strong 

correlation between ambient and patient temperatures suggests that optimizing 

operating room conditions, alongside active warming, may yield synergistic benefits. 
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Educating surgical teams about the adverse outcomes associated with 

hypothermia—such as increased infection risk, coagulopathy, and prolonged recovery—

is essential. Addressing these gaps could mitigate complications, improve patient 

outcomes, and reduce healthcare costs7,21. 

LIMITATIONS 

This study has several limitations. The single-center design and relatively small 

sample size restrict the generalizability of findings. Additionally, while tympanic 

temperature measurement is a practical non-invasive method, it may underestimate 

core temperatures compared to invasive techniques such as pulmonary artery or 

esophageal monitoring22,23. 

CONCLUSION 

This study highlights the high incidence of perioperative hypothermia and 

underscores the importance of implementing robust temperature management 

protocols. Increased adherence to prophylactic warming measures and healthcare 

provider education are critical to mitigating hypothermia-related risks. 
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