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Background: Intraoperative hypothermia is related with postoperative complication, longer length of 
stay (LoS) and mortality. Acute Physiology and Chronic Health Evaluation II (APACHE II) it the most 
commonly used evaluation system for assessing the severity and clinical prognosis of patients. This study 
sought to examine the effect of intraoperative body temperature on postoperative APACHE II scores and the 
prognosis of high-risk patients undergoing thoracoscopic surgery.
Methods: This study used the clinical data of patients from a multicenter randomized controlled trial 
who had undergone thoracoscopic surgery at our center (NCT03111875). In our center were randomly 
assigned (1:1) to receive either aggressive warming to a target core temperature of 37 ℃ or routine thermal 
management to a target of 35.5 ℃ during non-cardiac surgery. Randomisation was computer-generated. 
Eligible patients (aged ≥45 years) had at least one cardiovascular risk factor, were scheduled for inpatient 
noncardiac surgery expected to last 2–6 h with general anaesthesia. We retrieved medical information 
through the electronic medical record system. The primary outcome was the postoperative APACHE II 
scores, APACHE II score variation. The secondary outcome was Quality of Recovery-15 (QoR-15) scores, 
LoS in hospital, postoperative complications, infections, and deaths of the patients were recorded, and a 
logistic regression analysis was conducted to stratify the risk factors for the APACHE II score.
Results: Group R comprised 121 patients and Group A comprised 84 patients. Group A had lower 
postoperative APACHE II scores (P=0.046) and a lower probability of a grade increase than Group R 
(P=0.005). However, no significant differences were found in terms of the QoR-15 scores, LoS, postoperative 
complications, infections, and deaths between the 2 groups. The logistic regression showed that aggressive 
warming, age, and the American Society of Anesthesiologists (ASA) grade were risk factors for the 
deterioration of postoperative APACHE II scores.
Conclusions: The active adoption of various passive and aggressive warming strategies to keep the core 
body temperature ≥37 ℃ during thoracoscopic surgery significantly reduced increases in APACHE II scores, 
which is different from age and ASA grade, and was the only intervention factor. 
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Introduction

Intraoperative hypothermia refers to a core body 
temperature <36.0 ℃, which is a common perioperative 
complication (1). Yi et al. (2) reported that the incidence 
of intraoperative hypothermia was as high as 44.3%, and 
the rate of active warming remains low. Intraoperative 
hypothermia is associated with numerous adverse outcomes, 
including postoperative drug metabolism disorders (3,4), 
surgical site infections (5-7), perioperative bleeding and 
the need for transfusion (8,9), postoperative shivering, 
cardiovascular events (10,11), and even mortality (12). 
Intraoperative hypothermia also prolongs post-anesthesia 
care unit or intensive care unit stays (7,13,14), reduces 
patient satisfaction, and increases medical costs (5,15). 
Similar results were shown in thoracoscopic surgery (16,17).

Intraoperative normothermia is usually defined as a core 
body temperature ≥36 ℃. However, even at the lowest point 
of circadian rhythm, which usually occurs at around 3.00 am, 
the core body temperature does not fall below 36.5 ℃ (18).  
Conversely, at around 3 pm the core body temperature is 
usually around 37.5 ℃ (18). Generally, the normal body 
temperature of humans is about 37 ℃ rather than the widely 
recognized 36 ℃ (11,19).

Knaus et al. (20) first established the Acute Physiology 
and Chronic Health Evaluation II (APACHE II), and after 
long-term application and extensive verification, it has 
become the most commonly used evaluation system for 
assessing the severity and clinical prognosis of patients, 
and its ability to predict mortality risk and the fatality rate 
closely reflect reality (21-23). The higher the APACHE II 
score, the worse the prognosis.

To date, study has been conducted to confirm the effect 
of intraoperative temperature on APACHE II scores 
and prognosis in patients undergoing elective video-
assisted thoracoscopic surgery (VATS). Thus, this study 
sought to explore whether active intraoperative warming 
prevented increases in APACHE II scores and improved 
patient prognosis after thoracoscopy. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-873/rc).

Methods

The study used the data of a previous multicenter 
randomized controlled trial (PROTECT) (24), which 
is registered at clinicaltrials.gov (NCT03111875). This 

multicenter trial explored the relationship between 
aggressive intraoperative warming during non-cardiac 
surgery and incidence of a 30-day composite of major 
cardiovascular outcomes. The Ethics Committee of the 
China-Japan Union Hospital, Jilin University approved the 
original randomized controlled trial (No. 2018120503), 
and all the patients agreed to and signed informed consent 
forms to participate in that study. This study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

To be eligible for inclusion in that study, patients 
undergoing thoracoscopic surgery had to meet the following 
inclusion criteria: (I) be aged ≥45 years; (II) be undergoing 
surgery with an expected duration of 2–6 hours; and (III) 
have at least 1 of the following risk factors: (I) an age  
≥65 years; (II) have coronary atherosclerotic heart disease; 
(III) have a history of stroke or transient ischemic attack; (IV) 
have diabetes requiring medication; (V) have hypertension 
requiring medication; or (VI) have a smoking history and 
not quitting smoking. Patients with a body mass index (BMI) 
≥30 kg/m2 were excluded from the study. 

Patients were randomly assigned (1:1) to the routine 
management group (Group R) or the aggressive warming 
group (Group A). The patients in Group R did not receive 
any prewarming and were only warmed during blood 
transfusion, the temperature in the operating room was 
maintained at about 20 ℃, a forced-air cover was placed in 
the appropriate non-operative site, and heating only started 
when a patient’s core temperature dropped to 35.5 ℃.  
The patients in Group A were preheated with a forced-air 
cover for 30 minutes before anesthesia induction, all the 
intravenous infusion pathways were warmed, and a heating 
blanket was used to actively raise the core temperature to 
≥37 ℃ during the operation. It was not possible to blind 
the patients to the prewarming or the clinicians to the 
intraoperative warming. However, this trial was assessor 
blinded.

We conducted a secondary analysis of data from 
a prospective study. As our sample size was based on 
the primary study, we did not perform a sample size 
estimate for this analysis. We retrieved electronic medical 
information that had been automatically recorded in an 
anesthesia record system (Docare V5.0, Medical) in 5-min 
intervals. We selected patients with at least 1 record of a 
core temperature >37.0 ℃ or <36.0 ℃, and on this basis, 
we allocated the patients to the aggressive warming group 
(Group A) and the routine management group (Group R), 
respectively. 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-873/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-873/rc
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Baseline information, including data on patients’ age, 
gender, American Society of Anesthesiologists (ASA) 
physical status, BMI, and preoperative complications, 
was collected. The APACHE II scores were calculated by 
collecting data on patients’ vital signs (e.g., temperature, 
heart rate, and blood pressure), and laboratory test 
outcomes (e.g., complete blood count, blood electrolyte, and 
liver and kidney function) both preoperatively and on day 1  
postoperatively. When the APACHE II scores vary from 0 
to 9, postoperative mortality is roughly 1–3%, when they 
vary from 10–19, postoperative mortality is between 7–12%, 
when they vary from 20–29, postoperative mortality is 
about 30–35%, and when they >30, postoperative mortality 
is about 73–88% (20). Thus, the APACHE II scores were 
divided into the 4 grades. Increases in APACHE II scores 
defined as grade up from low level to high level. The 
Quality of Recovery-15 (QoR-15) scale was administered 
on postoperative day 3. The QoR-15 is categorized as five 
quality of recovery dimensions, including physical comfort 
(5 items), emotional state (4 items), psychological support (2 
items), physical independence (2 items), and pain (2 items). 
Each piece is graded using an 11-point Likert scale. The 
global QoR-15 score ranges from 0 to150. The length of 
stay (LoS) in hospital, was defined as time from surgery 
day to hospital discharge, postoperative complications 
(Cardiovascular and cerebrovascular complications, 
such as Chest pain, arrhythmias, postoperative cognitive 
dysfunction, etc.), infection incidence (Appendix 1), and 
mortality rate were documented at the 30-day follow-
up examination after surgery. Patients who refused 
postoperative blood gas analysis were excluded from this 
study, due to they lack primary outcome data.

Statistical analysis

The analyses were performed using R (version 4.1.3, http://
www.R-project.org). The categorical data are presented as 
frequencies and percentages. The differences between the 
categorical data were analyzed using the Chi-square test 
or Fisher’s exact test. The continuous data are presented as 
the mean ± standard deviation (SD) or the median with the 
interquartile range (IQR). Differences between continuous 
variable data with normal and skewed distributions were 
analyzed using the unpaired t-test and Mann-Whitney U 
test. The confounders were analyzed by a univariate logistic 
regression. A multivariate logistic regression model using 
ENTER method was then built with the confounders that 
had a univariate significance <0.05. Odds ratios (ORs) of 

the risk factors for the increased postoperative APACHE 
II score are presented with 95% confidence intervals 
(CIs). A 2-tailed P value <0.05 was considered statistically 
significant. Since the patients’ APACHE score grades were 
all 1 and 2, dichotomous logistic regression was used.

Results

A total of 263 thoracic patients from the PROTECT trial 
were enrolled in this study. Group R comprised 121 patients 
and Group A comprised 84 patients. There were significant 
differences in the smoking status and intraoperative body 
temperatures between the 2 groups (P<0.05; see Table 1).

More patients had a postoperative APACHE II score 
of 10–20 in Group R (n=18, 14.9%) than Group A (n=5, 
6.0%; P=0.046; see Table 2). Compared to Group A (n=17, 
14.0%), a higher proportion of patients in Group R 
increased from an APACHE II score of <10 to an APACHE 
II score of 10–20 after surgery (n=2, 2.4%) (P=0.005; see 
Table 3). There were no significant differences in the QoR-
15 scores on postoperative day 3, LoS, or the incidence of 
postoperative complications between the 2 groups (P>0.05). 
The incidence of postoperative non-surgical related 
complications in Group R was 9.1% (there was 1 case of 
delirium, and 10 cases of cardiovascular complications), 
while that in Group A was 6.0% (there were 5 cases of 
cardiovascular complications). There were no cases of 
postoperative infection or death in either group (see Table 4). 

In the regression model for which a postoperative grade 
increase in the APACHE II score was the outcome, only 
age, ASA and perioperative thermal management were 
included in the multivariate logistic regression model. Age 
and ASA were statistically significant in both the univariate 
logistic regression and multivariate logistic regression. 
After controlling for age and ASA, perioperative thermal 
management was statistically significant. Aggressive 
warming effectively reduced the risk of postoperative 
APACHE II grade increasing compared to routine thermal 
management [odds ratio (OR) =0.097, 95% confidence 
interval (CI): 0.020 to 0.469, P=0.0789; see Table 5 and 
Figure 1].

Discussion

This study found that compared to patients whose core 
temperature was maintained at ≥37.0 ℃, a core temperature 
<36 ℃ was associated with a significantly increased risk 
of increased APACHE II scores during elective VATS. 

https://cdn.amegroups.cn/static/public/JTD-22-873-Supplementary.pdf
http://www.R-project.org
http://www.R-project.org
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Table 1 Summary statistics of the baseline characteristics of the patients

Categories Group R (n=121) Group A (n=84) P

Age (years), mean ± SD 62.08±7.02 63.05±8.12 0.365

Sex, n (%) 0.761

Male 68 (56.2) 49 (58.3) 

Female 53 (43.8) 35 (41.7) 

ASA, n (%) 0.287

II 89 (73.6) 56 (66.7) 

III 32 (26.4) 28 (33.3) 

BMI (kg/m2), mean ± SD 23.78±2.81 23.36±3.26 0.329

Preoperative complications, n (%)

Smoking 52 (44.3) 22 (30.7) 0.015

Diabetes 19 (20.1) 15 (13.9) 0.828

Hypertension 42 (34.7) 36 (42.9) 0.301

Coronary atherosclerotic heart disease 15 (12.4) 4 (4.8) 0.108

Stroke 7 (5.8) 4 (4.8) 1.000

Preoperative APACHE II scores, n (%) 0.307

<10 120 (99.2) 81 (96.4) 

10–20 1 (0.8) 3 (3.6) 

Intraoperative body temperature (℃), median (IQR)

Highest body temperature 36.3 (0.3) 37.2 (0.1) <0.001

Minimum body temperature 35.6 (0.3) 36.5 (0.2) <0.001

Group R, the routine management group; Group A, the aggressive warming group. SD, standard deviation; ASA, American Society of 
Anesthesiologists; BMI, body mass index; APACHE II, Acute Physiology and Chronic Health Evaluation II; IQR, interquartile range.

Table 2 Comparison of postoperative APACHE II scores

APACHE II scores, n (%) Group R (n=121) Group A (n=84) χ
2

P

<10 103 (85.1) 79 (94.0) 3.964 0.046

10–20 18 (14.9) 5 (6.0)

Group R, the routine management group; Group A, the aggressive warming group. APACHE II, Acute Physiology and Chronic Health 
Evaluation II.

Table 3 Comparison of changes in APACHE II scores after surgery compared to the preoperative period

APACHE II score changes, n (%) Group R (n=121) Group A (n=84) χ
2

P

No change 104 (86.0) 82 (97.6) 8.028 0.005

Increase in grade 17 (14.0) 2 (2.4) 

Group R, the routine management group; Group A, the aggressive warming group. APACHE II, Acute Physiology and Chronic Health 
Evaluation II.



Journal of Thoracic Disease, Vol 14, No 9 September 2022 3433

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(9):3429-3437 | https://dx.doi.org/10.21037/jtd-22-873

Table 4 Comparison of QoR-15 scores, LoS, and postoperative complications between Groups R and A

Categories Group R (n=121) Group A (n=84) χ
2
/Z P

QoR-15, median (IQR) 117 (15.0) 119 (14.0) –0.611 0.541

LoS (day), median (IQR) 6 (3.0) 7 (5.0) –0.338 0.736

Complications, n (%) 11 (9.1) 5 (6.0) 0.679 0.410

Group R, the routine management group; Group A, the aggressive warming group. QoR-15, Quality of Recovery-15; LoS, length of 
hospital stay; IQR, interquartile range.

Table 5 Univariate and multivariate logistic regression results for APACHE II scores that had increased by a grade

Risk factors
Univariate logistic regression Multivariate logistic regression

OR (95% CI) P OR (95% CI) P

Age 1.091 (1.019, 1.168) 0.013 1.111 (1.028, 1.201) 0.008

Sex

Male 1 NA – –

Female 2.481 (0.934, 6.591) 0.068 – –

ASA

II 1 NA 1 NA

III 3.022 (1.161, 7.870) 0.024 3.528 (1.252, 9.941) 0.017

Perioperative thermal management

Routine management 1 NA 1 NA

Aggressive warming 0.149 (0.034, 0.664) 0.013 0.094 (0.019, 0.457) 0.003

BMI 0.969 (0.828, 1.135) 0.700 – –

Preoperative complications

Smoking 1.012 (0.380, 2.694) 0.981 – –

Diabetes 0.258 (0.033, 1.998) 0.194 – –

Hypertension 1.205 (0.462, 3.141) 0.703 – –

Coronary atherosclerotic heart disease 0.519 (0.065, 4.115) 0.534 – –

Stroke 0 (0) 0.999 – –

APACHE II, Acute Physiology and Chronic Health Evaluation II; OR, odds ratio; CI, confidence interval; ASA, American Society of 
Anesthesiologists; BMI, body mass index; NA, not available.

The logistic regression analysis confirmed that, unlike age 
and ASA grade, active warming was the only possible risk 
factor for preventing an increase in APACHE II scores. 
The incidence of complications for patients who developed 
intraoperative hypothermia was increased, but the 
difference was not statistically significant due to the limited 
sample size.

The APACHE II score is a widely used scoring system 
that has a high value in evaluating patients’ prognosis. 

The system comprises 3 parts: an acute physiological 
score, an age score; and a chronic health score. The acute 
physiological score covers 12 physiological measures, 
including body temperature, mean arterial pressure, heart 
rate, respiratory rate, Alveolar-artery Oxygen Partial 
Pressure Gradient (A-aPO2) or Partial Pressure of Oxygen 
in Arterial Blood (PaO2), Potential of Hydrogen (pH) or 
HCO3-, serum sodium, serum potassium, blood creatinine, 
hematocrit, leukocyte count, and Glasgow score, each item 
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receives a single score of 0–4, and the total score ranges 
from 0–60. The age score is 0–6 and chronic health score 
is 2–5, respectively, and the total score of the APACHE 
II varies from 0–71. A higher score indicates a worse 
prognosis. Naved et al. (25) found that patients who scored 
between 3 and 10 had a relatively lower mortality rate 
(10%), while those who scored between 31 and 40 had a 
relatively higher mortality rate (84.6%). Thus, this score 
has certain value for classifying patients according to their 
conditions, and is positively correlated with mortality. 
Consistent with previous studies (5-15), we found that the 
provision of active warming to ensure an intraoperative 
core body temperature ≥37 ℃ effectively reduced increases 
in postoperative APACHE II score and any rise in the score 
grade, optimized the recovery of patients, improved the 
prognosis of patients, and enabled patients to avoid serious 
adverse events.

We also found that the incidence of postoperative non-
surgical procedure–related complications was 9.1% in the 
routine management group and 6.0% in the aggressive 
warming group. This trend was consistent with large 
sample studies that have shown that perioperative thermal 
management is associated with adverse cardiovascular 
and cerebrovascular events (3-15). In our study, 1 patient 
in group R developed delirium. Chen et al. (26) found 
that hypothermia leads to increased blood viscosity and 
affects cerebral blood perfusion, which in turn results in 
an imbalance of cerebral oxygen supply and demand, and 
ultimately postoperative cognitive dysfunction. No deaths 
were reported in our study. This may be because the 

elective surgery patients’ physical state had been improved 
to a relatively preferable level to undergo surgery, VATS 
results in minimally invasive operation and has a short 
operation time, the number of cases of hypothermia was 
relatively low, and the sample size was limited. There was 
no significant difference in the incidence of non-surgical 
related complications between group R and group A. 
This is consistent with the findings of a systematic review 
that active body surface warming did not reduce major 
cardiovascular adverse events and mortality (27). No 
significant difference was detected in the LoS between the 2 
groups in this cohort. Conversely, Li et al. (28) reported that 
hypothermia prolonged the LoS in hospital after VATS.

QoR-15 is a patient-self-rated outcome used to estimate 
the quality of recovery after anesthesia and surgery and has 
good reliability and measurement error (29). There was no 
significant difference in the QoR-15 scores between the 2 
groups in this study, which may be related to the lagging 
measurement time on the 3rd postoperative day and other 
confounding factors. Additionally,, previous studies have 
shown that perioperative hypothermia is associated with 
an increased risk of infection (7,27,30). Li et al. (31) found 
that the higher the APACHE II score, the higher the 
incidence of infection. In this study, while the APACHE 
II score increased significantly in the hypothermia group, 
no cases of postoperative infection were observed. Our 
findings are similar to those of Yi et al. (2), who discovered 
that the correlation between perioperative hypothermia 
and infection is unclear in the Chinese population. This 
may be due to the following related reasons: (I) VATS is a 

Figure 1 Multivariate logistic regression results for APACHE II scores that had increased by a grade. ASA, American Society of 
Anesthesiologists; OR, odds ratio; CI, confidence interval; APACHE II, Acute Physiology and Chronic Health Evaluation II.
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minimally invasive and aseptic surgery with a short surgery 
time; (II) antibiotics were conventionally administered 
before and after surgery; and (III) the sample size was 
relatively limited.

The logistic regression analysis showed that age 
and elevated ASA grade were risk factors for increased 
postoperative APACHE II scores. Similarly, in several 
studies based on the Epithor database, age, ASA grade, 
sex, and comorbidities were all considered to be highly 
associated with postoperative mortality (32-34). However, 
sex and comorbidities were not associated with an increased 
postoperative APACHE II score in our study. These 
differences may be related to the different populations 
and our insufficient sample size. Active intraoperative 
temperature management is a modifiable condition, and 
its management can prevent increases in postoperative 
APACHE II scores. Our findings are consistent with 
those of cohort studies and numerous studies that support 
perioperative active warming (5-15).

Limitations

This study had several limitations. First, this was a single-
center, single-disease retrospective study. Second, other 
unknown confounders were not analyzed. Third, we were 
unable to control the level of different surgeons, different 
intraoperative anesthesia management strategies, and 
the interference of postoperative management methods, 
which would have had an effect on the research results. 
The performance of adequate preoperative preparation 
before the elective VATS would have offset the effect of 
intraoperative hypothermia on the rising APACHE II scores 
to some extent. Due to the low incidence of cardiovascular 
and cerebrovascular complications, postoperative mortality, 
the infection rate (clean-contamination surgery), and the 
limited sample size, very few adverse postoperative events 
were recorded.

Conclusions

For patients with cardiovascular risk factors who are scheduled 
for VATS, active intraoperative temperature management that 
maintains a higher than normal body temperature helps to 
significantly reduce increases in APACHE II scores, which in 
turn shortens the LoS, reduces the occurrence of non-surgical 
related cardiovascular and cerebrovascular complications, 
and improves the prognosis of patients. Elderly and high 
ASA grade were independent risk factors for increased 

postoperative APACHE II scores. Various active warming 
strategies are recommended to maintain an intraoperative 
core body temperature ≥37.0 ℃, which improves patient 
prognosis. However, our findings still need to be proven by 
prospective clinical studies with larger samples.
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Supplementary

Appendix 1

*Definitions of surgical site infections, modified from 1990 
CDC criteria: http://www.cdc.gov/hicpac/SSI/table1-SSI.
html.

1. Superficial infection

Infection involves only skin or subcutaneous tissue of the 
incision and at least one of the following: 
 Purulent drainage from the superficial incision. 
 Organisms isolated from culture of fluid or tissue 

from the superficial incision. 
 At least one of the following signs or symptoms of 

infection: pain or tenderness, localized swelling, 
redness, or heat and superficial incision is deliberately 
opened by surgeon, unless incision is culture-negative.

 Diagnosis of superficial incisional SSI by the surgeon 
or attending physician.

2. Deep infection

Infection appears to be related to the operation and infection 
involves deep soft tissues (e.g., fascial and muscle layers) of 
the incision and at least of the following: 
 Purulent drainage from the deep incision but not 

from the organ/space component of the surgical site. 
 A deep incision spontaneously dehisces or is 

deliberately opened by a surgeon when the patient 
has at least one of the following signs or symptoms: 
fever (>38 ℃), localized pain, or tenderness, unless 
site is culture-negative. 

 An abscess or other evidence of infection involving 
the deep incision is found on direct examination, 
during reoperation, or by histopathologic or radiologic 
examination. 

 Diagnosis of a deep incisional SSI by a surgeon or 
attending physician. 

3. Organ-space infection 

Infection involves any part of the anatomy (e.g., organs 
or spaces), other than the incision, which was opened or 
manipulated during an operation and at least one of the 
following: 
 Purulent drainage from a drain that is placed 

through a stab wound‡ into the organ/space. 
 Organisms isolated from an aseptically obtained 

culture of fluid or tissue in the organ/space. 
 An abscess or other evidence of infection involving 

the organ/space that is found on direct examination, 
during reoperation, or by histopathologic or 
radiologic examination. 

 Diagnosis of an organ/space SSI by a surgeon or 
attending physician.

http://www.cdc.gov/hicpac/SSI/table1-SSI.html
http://www.cdc.gov/hicpac/SSI/table1-SSI.html

