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Introduction: Postoperative hypothermia is a common complication following abdominal surgery under general anesthesia. It is
associated with delayed recovery, increased postoperative complications, and prolonged hospitalization. However, comprehensive
research on its risk factors remains limited. This study aimed to identify key perioperative factors associated with postoperative
hypothermia to guide prevention strategies.

Methods: This retrospective cohort study included 256 patients who underwent abdominal surgery under general anesthesia. Patients
were categorized into a hypothermia group (core temperature < 36°C, n = 66) and a normothermia group (n = 190) based on
postoperative core temperature measured upon PACU admission. Demographic data, body mass index (BMI), American Society of
Anesthesiologists (ASA) classification, anesthesia details, surgical duration, ventilation time, warming measures, baseline temperature,
blood loss, and postoperative surgical site infection were collected. The hypothermia group was further divided into mild (< 2
episodes) and severe (> 2 episodes) subgroups based on hypothermia frequency within 24 hours postoperatively. Univariate and
multivariate logistic regression analyses were performed to identify independent risk factors.

Results: Age, BMI, duration of anesthesia and surgery, absence of prewarming, blood loss, transfusion, and surgical site infection
were significantly associated with postoperative hypothermia in univariate analysis. Multivariate analysis confirmed that BMI, lack of
prewarming, and blood loss were independent predictors of postoperative hypothermia.

Conclusion: Postoperative hypothermia after abdominal surgery is influenced by multiple perioperative factors. Strategies targeting
modifiable risk factors-particularly prewarming, temperature monitoring, and optimization of intraoperative blood loss-may reduce
hypothermia incidence and support improved postoperative recovery.
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Introduction
Postoperative hypothermia, defined as a core body temperature below 36°C,' is a frequent complication following

abdominal surgery under general anesthesia. It is associated with a range of adverse effects, including increased risk of

6,7

surgical site infection,®* prolonged metabolism of anesthetic drugs,” extended recovery time,®’ elevated risk of

%10 and shivering."' Hypothermia may also lead to prolonged stays in the post-

12,13

cardiovascular events,® hypoxia,
anesthesia care unit (PACU) or intensive care unit (ICU), and is correlated with higher morbidity and mortality.
Therefore, identifying risk factors for postoperative hypothermia is of significant preventive importance.
Postoperative hypothermia remains a significant concern in adult abdominal surgeries. Patients undergoing such
procedures are particularly susceptible to hypothermia, which may be attributed to prolonged surgical duration, extensive
visceral exposure, substantial intraoperative fluid infusion, and blood loss.'* General anesthesia further exacerbates this
risk by impairing hypothalamic thermoregulation, reducing heat generation, and promoting heat loss. Although pre-
ventive measures such as intraoperative warming'> and the use of thermal blankets are routinely employed, interindi-
vidual variability means some patients remain vulnerable. According to related studies, advanced age,'® low body mass
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index (BMI),"” lack of prewarming,'® and significant blood loss'* are important risk factors for postoperative
hypothermia.

However, despite these previous findings, evidence focusing specifically on abdominal surgery under general
anesthesia remains limited. Existing studies often examine individual factors in isolation and rarely integrate patient
characteristics, intraoperative variables, and perioperative warming strategies into a comprehensive risk-factor model. As
a result, the overall contribution and interaction of these factors in postoperative hypothermia are still not fully
understood.

This study aims to explore the potential risk factors for postoperative hypothermia following general anesthesia in
abdominal surgery through a retrospective analysis, and to evaluate their impact on patient outcomes. By elucidating
these influencing factors, we hope to contribute to the development of more effective interventions that may reduce the
incidence of postoperative hypothermia, enhance recovery, and improve the quality of life for patients.

Materials and Methods
This study was conducted in accordance with the principles of the Declaration of Helsinki and was approved by the
Institutional Review Board and Ethics Committee of the Second Affiliated Hospital of Anhui Medical University
(Approval No. USC-202128). Written informed consent was obtained from all participants or their next of kin if patients
were unable to provide consent due to medical or cognitive reasons.

This study was designed as a retrospective cohort study. The study was conducted from 1 February 2021 to
1 February 2024 in the operating theaters of the Second Affiliated Hospital of Anhui Medical University. We included
patients scheduled for elective major abdominal surgery classified as American Society of Anesthesiologists (ASA)
physical status I-III.

Research Subjects
A total of 256 patients who underwent abdominal surgery under general anesthesia at our hospital between
February 2021 and February 2024 were selected. Based on postoperative core temperature, the patients were divided
into two groups: a hypothermia group (< 36°C, n = 66) and a normothermia group (n = 190). A retrospective analysis
was conducted on the clinical data of both groups. The hypothermia group was further categorized into mild (< 2
episodes) and severe (> 2 episodes) groups based on the number of hypothermic events within 24 hours post-surgery.
Univariate and multivariate analyses were carried out to identify factors associated with hypothermia.

Inclusion criteria: (D General anesthesia via endotracheal intubation or laryngeal mask airway; @ ASA class I to III;
(® Age between 18 and 85 years; @ No recent use of dopaminergic drugs.

Exclusion criteria: O Presence of preoperative hypothermia or fever; 2 History of thermoregulatory disorders; 3
Surgery performed under intentional hypothermia; @ Incomplete temperature records; (3 Emergency surgeries.

Methods

All patient data were retrieved from the hospital’s electronic medical record (EMR) system. Patients were categorized
into the hypothermia group (postoperative core temperature < 36°C, n = 66) and the normothermia group (n = 190) based
on the occurrence of postoperative hypothermia. Postoperative core temperature was measured using a sublingual digital
thermometer, which is routinely employed in our institution. Measurements were taken immediately upon admission to
the Post-Anesthesia Care Unit (PACU) to ensure consistency across patients. All temperature readings were obtained by
trained PACU nurses following standardized institutional protocols. Prewarming was defined as the application of
a forced-air warming device for 30 minutes in the preoperative holding area before induction of anesthesia. Univariate
and multivariate analyses were conducted to explore the associations between clinical data and postoperative hypother-
mia in these two groups. Additionally, within the hypothermia group, patients were further divided into mild (< 2
episodes) and severe (> 2 episodes) subgroups based on the number of hypothermic episodes occurring within the first
24 hours after surgery. The clinical data of these subgroups were analyzed to assess their associations with postoperative
hypothermia.
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Statistical Analysis

Statistical analysis was performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Normally distributed
continuous data were expressed as mean =+ standard deviation and compared using the ¢-test. Non-normally distributed
continuous data were presented as median (minimum, maximum) and compared with the Mann—Whitney U-test.
Categorical data were expressed as n (%), with comparisons performed using the chi-square (x°) test, and correlations
were assessed with Spearman’s rank correlation coefficient. For the multivariate logistic regression analysis, variables
with a P value < 0.05 in univariate analysis were eligible for inclusion. All selected variables were entered simulta-
neously using the Enter method in SPSS to construct the final model. P < 0.05 was considered statistically significant.

Results

Analysis of General Data
Demographic and clinical characteristics of the included patients are summarized in Table 1.

Factors Associated with Postoperative Hypothermia

Age, BMI, duration of anesthesia and surgery, absence of prewarming, blood loss, transfusion, and surgical site infection
were significantly associated with the occurrence of postoperative hypothermia in abdominal surgery under general
anesthesia (P < 0.05). There were no significant differences in baseline body temperature or intraoperative fluid volume
between the two groups (P > 0.05). See Table 2.

Multivariate logistic regression analysis indicated that lack of prewarming and blood loss were significant risk factors
for postoperative hypothermia in abdominal surgery under general anesthesia (P < 0.05). Notably, the confidence interval
for “Blood Loss” was relatively wide, suggesting limited stability of this variable in the multivariate model. This may
reflect heterogeneity in intraoperative bleeding or insufficient event numbers for this predictor. See Table 3.

Table | Analysis of General Data

Indicator Patients (n = 256)
Gender (Male/Female) 159/97

Age (Years) 54.02 = 11.51

BMI (kg/m?) 2262 + 1.93

Hypothermia Occurrence (Yes/No) | 66/190
Recurrent Hypothermia (Yes/No) 18/48

Abbreviation: BMI, body mass index.

Table 2 Univariate Analysis of Factors Affecting Postoperative Hypothermia in Abdominal Surgery Under General

Anesthesia

Factor Normothermia Group | Hypothermia Group | t/ix*/z | P

Age (Years) 54 (18, 73) 62.50 (29, 73) 4.34 < 0.001
BMI (kg/m?) 225 (17.8, 26.8) 21.3 (16.5, 26.2) 4.19 < 0.001
ASA Classification I (1,3) (1, 3) 1.36 0.17
Anesthesia Type General Anesthesia 118 34 2.28 0.13

General + Nerve Block | 72 32

Anaesthetic Duration (h) 4.05 + 1.27 455+ 1.28 2.75 0.01
Surgical Duration (h) 2,65+ 1.03 3.50 £ 1.24 5.45 < 0.001

(Continued)
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Table 2 (Continued).

Factor Normothermia Group | Hypothermia Group | tix*/z | P

Patient Position Supine 72 18 3.03 0.22
Prone 49 23
Lateral 69 25

Prewarming Yes 116 24 12.05 | 0.0l
No 74 42

Baseline Temperature (°C) 36.5 (36.1, 37) 36.6 (36.1, 37) 0.67 0.51

Blood Loss (mL) 90 (50, 610) 425 (130, 810) 10.38 | <0.001

Transfusion Status Yes 21 37 45.08 | <0.001
No 169 29

Surgical Site Infection | Yes 6 7 5.64 0.02
No 184 59

Fluid Volume (L) 2.0 (I.1,2.8) 2.0 (1.1, 2.8) 0.30 0.76

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 3 Multivariate Logistic Regression Analysis of Risk Factors for Postoperative

Hypothermia in Abdominal Surgery Under General Anesthesia

Factor B SE | Wald x* Value | P OR

Age (Years) 0.28 | 049 | 0.32 0.57 1.32 (0.51-3.42)

BMI (kg/m?) 0.12 | 048 | 0.05 0.82 0.90 (0.35-2.30)
Anaesthetic Duration (h) | 1.09 | 0.76 | 2.03 0.15 2.96 (0.67-13.19)
Surgical Duration (h) 1.34 | 0.85 | 248 0.12 3.82 (0.72-20.26)
Prewarming 1.96 | 0.62 | 9.98 0.0l 0.14 (0.04-0.47)

Blood Loss (mL) 553 | 0.81 | 4651 < 0.001 | 252.10 (51.45-1235.20)
Transfusion Status 0.66 | 0.55 | 1.45 0.23 0.52 (0.18-1.52)
Infection 0.66 | 0.92 | 0.52 0.47 1.94 (0.32-11.77)

Abbreviations: BMI, body mass index; SE, standard error; OR, odds ratio.

Factors Associated with Recurrent Hypothermia (Mild vs Severe)
Age, BMI, prewarming, blood loss, transfusion, and surgical site infection were significantly associated with post-

operative recurrent hypothermia in patients undergoing abdominal surgery under general anesthesia (P < 0.05). See

Table 4.

Multivariate logistic analysis indicated that lack of prewarming and surgical site infection were significant risk factors

for postoperative recurrent hypothermia in patients undergoing abdominal surgery under general anesthesia (P < 0.05).
See Table 5.

Table 4 Univariate Analysis of Factors Affecting Postoperative Recurrent Hypothermia in Patients

Undergoing Abdominal Surgery Under General Anesthesia

Factor Mild Group Severe Group | t P

Age (Years) 57.38 + 8.75 68.94 + 3.32 544 | <0.00l

BMI (kg/m?) 2335+ 1.77 21.96 + 1.69 288 | 0.0l

ASA Classification (1, 3) I (1, 3) 0.03 0.98
(Continued)
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Table 4 (Continued).

Factor Mild Group Severe Group | t P

Anesthesia Type General Anesthesia 25 8 0.02 | 0.89
General + Nerve Block | 23 8

Anaesthetic Duration (h) 447 + 1.29 476 £ 1.25 0.80 | 0.43

Surgical Duration (h) 342+ 1.26 3.70 £ 1.21 080 | 043

Patient Position Supine I 1.72 0.42
Prone 18 5
Lateral 19

Prewarming Yes I 13 13.75 | <0.001
No 37 5

Baseline Temperature (°C) 36.56 = 0.26 36.55 £ 0.24 0.09 0.93

Blood Loss (mL) 382.29 + 17524 | 588.33 + 172.77 | 427 | <0.001

Transfusion Status Yes 21 14 6.09 | 0.0l
No 27 4

Surgical Site Infection | Yes | 6 13.48 | <0.001
No 47 12

Fluid Volume (L) 1.92 £ 0.48 2.02 £ 0.55 0.76 | 0.45

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 5 Multivariate Logistic Analysis of Risk Factors for Postoperative Recurrent

Hypothermia in Patients Undergoing Abdominal Surgery Under General
Anesthesia
Factor B SE | Wald x* Value | P OR
Age (Years) 179 | 091 | 3.90 048 | 5.97 (1.01-35.15)
BMI (kg/m?) 0.89 | 0.83 | I.14 029 | 243 (0.48-12.35)
Prewarming 275 | 090 | 9.43 <0.0l | 15.69 (2.71-90.99)
Blood Loss (mL) 1.78 | 1.80 | 0.97 032 | 0.17 (0.01-5.78)
Transfusion Status 3.58 | 1.87 | 3.65 0.06 35.81 (0.91-1405.21)
Surgical Site Infection | 3.54 | 1.59 | 4.92 0.03 34.28 (1.51-778.29)

Abbreviations: BMI, body mass index; SE, standard error; OR, odds ratio.

Discussion

This retrospective study aimed to explore the risk factors associated with postoperative hypothermia in patients under-
going abdominal surgery under general anesthesia and to assess their impact on patient outcomes. Postoperative
hypothermia is a common complication with a multifactorial etiology and often leads to multiple adverse effects, such
as coagulopathy, increased transfusion requirements, surgical site infections, delayed drug metabolism, prolonged
recovery, shivering, and patient discomfort.” Through univariate and multivariate analyses, we identified several
independent risk factors for postoperative hypothermia, including advanced age, low BMI, prolonged duration of
anesthesia and surgery, absence of prewarming, and significant intraoperative blood loss. The following discusses
these risk factors in detail.

Age and Postoperative Hypothermia
Advanced age was a significant predictor of postoperative hypothermia, with patients aged 60 years and older being
particularly susceptible. This increased risk is largely attributable to age-related declines in physiological function,
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including a reduced basal metabolic rate,'® diminished heat conservation capacity, and impaired thermoregulatory
responses. Older patients also exhibit reduced cutaneous blood flow, which exacerbates heat loss. Moreover, the presence
of multiple comorbidities can compromise metabolic reserve and stress adaptability, further increasing vulnerability to
postoperative hypothermia.?® Cardiovascular impairment in older adults may also diminish the ability to respond to
thermal challenges, complicating perioperative temperature management.>'*> Therefore, enhanced preoperative assess-
ment and targeted monitoring are essential for this population.

BMI and Postoperative Hypothermia
Low BMI was also significantly associated with hypothermia. This finding is consistent with previous research by
Groene et al'’ indicating that patients with a lower BMI experience more pronounced temperature declines during

abdominal surgery, whereas Ozer et al*®

noted that obesity was an important protective factor for core temperature.
Reduced adipose tissue limits insulation and facilitates heat loss, increasing the susceptibility to hypothermia
postoperatively.”* Additionally, although individuals with a low BMI typically have a higher basal metabolic rate to
maintain a stable body temperature, they often lack sufficient metabolic reserve to compensate for heat loss during

prolonged exposure, especially in the absence of active intraoperative warming measures.

Duration of Anesthesia and Surgery

Prolonged duration of anesthesia and surgery were identified as additional risk factors. Chen et al* similarly reported
that inadvertent hypothermia during laparoscopic surgery was significantly correlated with the duration of surgery.
Prolonged anesthesia can suppress the body’s thermoregulatory centers and reduce heat production, increasing the
likelihood of hypothermia during surgery. Anesthetic agents’ effects on the central nervous system can also interfere
with thermoregulation, leading to decreased body temperature.”® Furthermore, longer surgical procedures typically
involve greater visceral exposure, which increases heat loss and may cause a continuous decline in core temperature
due to substantial fluid use and the open surgical environment.?’” Thus, streamlining surgical and anaesthetic management
and minimizing unnecessary delays may effectively lower the incidence of hypothermia.

Prewarming and Intraoperative Warming

Prewarming and intraoperative warming measures were strongly protective against postoperative hypothermia.
Prewarming helps establish adequate thermal reserve, thereby reducing core temperature decline during surgery.”®?’
Intraoperative warming devices, such as forced-air blankets®® and fluid warmers, are essential for maintaining core
temperature and decreasing the incidence of hypothermia. These measures can not only improve patient comfort, but also
reduce postoperative complications and enhance overall recovery. Therefore, integrating a multimodal warming strategy

across the perioperative period can significantly improve thermal stability and enhance recovery.

Blood Loss and Transfusion

Significant intraoperative blood loss was another independent factor affecting postoperative hypothermia. Research
indicates that major blood loss can lead to hypovolemia and substantial heat dissipation, resulting in hypothermia.*'
Blood loss not only diminishes the blood’s oxygen-carrying capacity but also causes rapid temperature decline, especially
if warm fluids are not promptly administered during the surgery. Additionally, transfusion of cold blood or intravenous
fluids can precipitate rapid core temperature reduction, exacerbating hypothermia.’* Consequently, minimizing unneces-
sary blood loss during surgery and administering warm blood and fluids when necessary are essential for maintaining
blood volume and temperature. Moreover, effective control of intraoperative bleeding through hemostatic agents and
meticulous surgical techniques is crucial for reducing the incidence of hypothermia.

Hemodynamic Management and Anaesthetic Blood Pressure Targets

Beyond blood loss and transfusion, intraoperative hemodynamic management is also closely linked to thermal home-
ostasis. Marked hypotension can impair tissue perfusion and oxygen delivery, and may exacerbate the adverse physio-
logical effects of hypothermia, particularly in elderly and high-risk patients. Recent work on bone cement implantation
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syndrome has highlighted how abrupt hemodynamic instability during orthopedic procedures can precipitate severe
hypoxia, hypotension, and even cardiovascular collapse, underscoring the importance of proactive blood pressure
management throughout anesthesia.>® In the context of major abdominal surgery, maintaining adequate arterial pressure,
optimizing circulating volume, and avoiding excessive hypotension may help reduce intraoperative blood loss, limit the
need for transfusion of cold fluids, and thereby indirectly mitigate the risk of postoperative hypothermia. Integrating
temperature management with individualized blood pressure targets could therefore represent a key component of
comprehensive perioperative care.

Surgical Site Infection and Recurrent Hypothermia

Finally, surgical site infection was associated with recurrent hypothermia, possibly due to dysregulated inflammatory
responses involving a large number of cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a).>* While these cytokines often lead to fever in the early stages of infection, in cases of severe
infection, the immune system may become compromised, potentially resulting in recurrent hypothermia. Additionally,
severe infection may cause metabolic disturbances, and persistent infection can lead to inadequate energy supply,
resulting in an imbalance in thermoregulation and subsequent recurrent hypothermia. Moreover, infection may trigger
systemic inflammatory response syndrome (SIRS), which can lead to microcirculatory dysfunction and inadequate tissue
perfusion. In such cases, the body may reduce its temperature to decrease energy expenditure and oxygen demand,
manifesting as recurrent hypothermia.

Interpretation of Differences Between Univariate and Multivariate Results

Several variables, such as age, showed significance in the univariate analysis but did not remain independent predictors in
the multivariate logistic regression model. This discrepancy is expected, as univariate analysis evaluates each variable in
isolation, without accounting for interactions or confounding influences. Once factors such as BMI, blood loss, and
prewarming were simultaneously included in the multivariate model, the independent contribution of age diminished,
suggesting that its apparent association with hypothermia may be partially mediated or overshadowed by these
perioperative factors.

These findings highlight the importance of interpreting univariate results with caution, as they may overestimate
associations that do not persist when clinically relevant confounders are controlled. Clinically, this means that while older
patients may appear more susceptible to hypothermia, age alone is not a sufficient predictor after accounting for
modifiable perioperative variables. Therefore, targeted interventions should prioritize factors shown to be independently
significant—such as blood loss and prewarming—rather than relying on demographic characteristics alone.

Limitations

Several limitations of this study should be acknowledged. First, the analysis was conducted as a single-center retro-
spective cohort study based on electronic medical record data, which may have introduced selection bias and limits the
generalizability of the findings to other institutions and surgical settings. Second, core temperature was assessed at
a specific postoperative time point rather than continuously, so we were unable to capture the full intraoperative
temperature trajectory or the total “hypothermia burden” over time. Third, although we adjusted for multiple periopera-
tive variables, residual confounding from unmeasured factors—such as ambient operating room temperature, detailed
characteristics of warming devices, and anesthetic drug dosing—cannot be excluded. Finally, the number of patients with
recurrent hypothermia was relatively small, which may have contributed to wide confidence intervals for some predictors
in the multivariate models. These limitations should be taken into account when interpreting our results, and they
highlight the need for larger prospective multicenter studies with more granular perioperative temperature monitoring.

Conclusion
Postoperative hypothermia after abdominal surgery under general anesthesia is driven by multiple perioperative factors,
including patient characteristics, surgical duration, blood loss, and inadequate warming. Recognizing these risk factors
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and optimizing perioperative temperature management may help reduce hypothermia and improve recovery. Further
prospective studies are needed to validate these findings.
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