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Purpose: Inadvertent intraoperative hypothermia (IIH) is generally associated with several postoperative complications. Inspite of the 
existing guidelines, the global incidence of IIH remains unacceptably high. Understanding the conditions that influence temperature 
management is critical for developing future interventions to improve the postoperative patient outcomes. This study aimed to identify 
the major factors that hinder the implementation of IIH prevention practices.
Methods: Through a literature research, pilot small-sample investigation, and expert suggestions, 11 factors that may hinder the 
implementation of IIH prevention practices were identified. A questionnaire was developed, and each question was used to assess each 
factor. After approval by the Research Ethics Board, the questionnaires were sent to the staff anaesthesiologists at two academic 
hospitals via WeChat. Each answer was coded according to the degree to which the factor was affected, as anticipated. Finally, the 
answers were analysed based on the 80/20 rule to identify the major barriers to effective temperature management.
Results: We included 195 participants. Knowledge, memory, attention and decision processes, beliefs about consequences, and 
environmental context and resources were the major factors, with cumulative composition ratios of 24%, 43.4%, 57.7%, and 70.7%, 
respectively. Meanwhile, behavioural regulation and social influence were the secondary factors, with cumulative composition ratios of 
80.4% and 87.5%, respectively. Reinforcement, confidence in capacity, duty realisation, skills, and intention were the general factors 
with cumulative composition ratios of 94.3%, 99.8%, 100%, 100%, and 100%, respectively.
Conclusion: Four factors–knowledge, memory, attention and decision process, beliefs about consequences, and environmental 
context and resources–were the major factors that influence the effective hypothermia prevention practice.
Relevance to Clinical Practice: These major factors will be used in further studies as a basis to develop the corresponding solutions 
and improve the patient outcomes in clinical practice.
Keywords: intraoperative hypothermia, body temperature, temperature management, 80/20 rule

Introduction
Inadvertent intraoperative hypothermia (IIH) is defined as a core temperature lower than 36°C. IIH is one of the most 
prevalent events faced by anaesthesiologists, with a current prevalence of 20%–70%,1–4 even up to 90% decades ago.5,6 

It is a risk factor for a series of postoperative complications, including bleeding and blood product transfusion,7,8 

cardiovascular events,9,10 postoperative infection,10,11 shivering,12 drug metabolism disorder,13 prolonged stay in the 
postanaesthetic recovery unit14 and increased length of hospital stay,10,11,15 etc. All of these unfavourable consequences 
lead to increased hospitalisation expense,16–18 patient discomfort, and complains.7,15 Thus, it has been recommended and 
incorporated into the clinical anaesthesia practice to maintain a normal intraoperative body temperature.19
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Along with the awareness of the adverse outcomes of hypothermia, an increasing number of studies have investigated 
the effective and feasible methods to prevent IIH,20 including use of prewarming device,21 use of monitor devices, 
application of passive and active warming methods,22 implementation of supportive heat-conserving measures, and 
recognition of the specific risk factors for IIH.23 Different countries have published evidence-based guidelines to preserve 
the intraoperative body temperature.24–28 However, the prevalence of IIH remains unacceptably high, with an average of 
40–55% in advanced countries across Europe,25 Australia,4,29 and the United States.7,10 This is similar the situation in 
China. The incidence of IIH in adult patients who underwent elective surgery is 39%–44.3%,30 as reported in two 
multicentre prospective observational studies that were recently conducted in 29 hospitals in Beijing and 28 major 
teaching hospitals in China, representing the best clinical practice and healthcare resources in China.

Obviously, decreasing the incidence of IIH and improving the quality of healthcare are urgently needed. However, 
a large gap exists between guideline implementation and the intended clinical outcome. Eleven factors were found to 
influence the IIH prevention in clinical practice.31,32 Hence, the specific improvement measures will be developed if the 
most influential factors are identified.

The 80/20 rule was proposed by Italian economist Vilfredo Pareto at the beginning of the 20th century.33 According 
to this rule, 20% of the problems are the main reasons for 80% of serious adverse consequences. This principle is often 
used in hospital management to identify the primary factors that cause adverse consequences and thus establish the most 
effective improvement measures.34,35 This survey aimed to investigate the current intraoperative body temperature 
management to identify the primary factors that will be targeted in order to make changes and improvements in clinical 
anaesthesia practice, based on the 80/20 rule.

Methods
Design
A qualitative study, using an online questionnaire, was conducted to identify the major factors that hinder individuals 
from performing effective temperature management. Eleven factors (knowledge, social influence, environmental context 
and resources, memory, attention and decision process, beliefs about consequences, reinforcement, behavioural regula-
tion, skills, confidence of capacity, duty realisation, and intention) were investigated, with each questionnaire item 
containing two to three questions. Most questions were designed as required choice questions, whereas others were 
designed as optional short questions.

Participants and Recruitment
The study was conducted at the Children’s Hospital of Fudan University (CHOFU) and the West China Hospital of 
Sichuan University (WCHSU). All staff anaesthesiologists were recruited for the study. The questionnaires were sent out 
between January 1, 2021 and March 15, 2021 using a web-based platform (WenjuanXing). Only the completed 
questionnaires were included in the analysis.

Analysis
The participants were required to answer whether they were affected by the listed factors when they developed 
temperature management strategies. The factor was scored depending on the extent to which the participants were 
affected. Scores of 3, 2, 1, and 0 indicated always, often, occasionally, or never, respectively. All factors were sorted in 
descending order. The composition percentage and cumulative composition percentages were calculated in this order. 
According to the 80/20 rule, the factors with a cumulative composition percentage of 0–80% are the major factors, the 
factors with a cumulative composition percentage of 80–90% are the secondary factors, and the factors with a cumulative 
composition percentage of 90–100% are the general factors.
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Results
Participant Characteristics
A total of 231 invitations to participate were sent, but only 195 (84.4%) participants completed the questionnaires, which 
were all included in the analysis. Forty-two participants were recruited from the CHOFU, while 153 were recruited from 
the WCHSU. The participants’ characteristics are listed in Table 1.

Findings
Major Factors
The factors were sorted in descending order: knowledge, memory, attention and decision process, beliefs about 
consequences, environmental context and resources, behavioural regulation, social influence, reinforcement, confidence 
in capacity, duty realisation, skills, and intention (Figure 1). Knowledge, memory, attention and decision processes, 
beliefs about consequences, environmental context, and resources were the major factors, with cumulative composition 
ratios of 24%, 43.4%, 57.7%, and 70.7%, respectively.

In this study, 159 (81.5%) participants were aware of the side effects of IIH, 69% of whom had unfavourable clinical 
outcomes. The three most concerning issues were delays in postanaesthetic care unit (58%), coagulation disorders (39%), 
and postoperative infection (22%). Other concerning issues were as follows: acidosis, shivering, insufficient oxygen 
supply, cardiac events, and postoperative nausea and vomiting. However, 101 (51.8%) participants did not know how to 
identify an IIH, 46% recognised that a lower temperature indicates hypothermia, and 12% even considered a temperature 
of 34°C as the threshold. Furthermore, 158 participants (81%) were not familiar of any guidelines for temperature 
management.

A total of 186 (95.4%) participants reported that they sometimes neglect the need for preventing hypothermia. 
Performance of emergency surgeries, patient handover, and caring for more than one patient were the primary situations 
that made 118 (60.5%), 116 (59.5%), and 93 (47.7%) participants, respectively, neglect the need to implement 
temperature management strategies.

Table 1 Characterizations of Participants. CHOFU, Children’s 
Hospital of Fudan University, WCHFU, West China Hospital, 
Sichuan University

Characteristic Data Number (%)

Affiliation

CHOFU 42 21.5%

WCHSU 153 78.5%

Working experience (years)

0–5 127 65.1%

6–10 36 18.5%

11–20 27 13.8%

>20 5 2.6%

Status

Professor 12 6.2%

Attending physician 48 24.6%

Resident 135 69.2%
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Only 79 (40.5%) participants were convinced that their temperature management strategies could influence the 
clinical outcomes. Meanwhile, fewer participants (24, 12.3%) believed that their clinical practice would affect the 
patient’s body temperature.

A total of 193 (99.0%) participants reported that their temperature management strategies might not be effective 
owing to the environmental context and the insufficiency of resources. Moreover, 64 (32.8%), 52 (26.7%), and 50 (25.6) 
participants reported shortage of temperature monitors, warmed surgical dressing, and forced-air warming devices, 
respectively.

Only 25 (12.8%) participants frequently monitored their body temperature and performed it as a daily routine. A total 
of 141 (72.3%) participants reported that they only paid attention to patients who were at high risk of IIH. Of these, 100 
(71%) illustrated a high risk of IIH. The three most frequently referred high-risk factors were major surgery (68, 68%), 
patients’ age (41, 41%), and room temperature (31, 31%). Only three (1.5%) participants proposed that failure to 
implement hypothermia prevention in clinical practice was also a high-risk factor for IIH.

Secondary Factors
Behavioural regulation and social influence were the secondary factors, with cumulative composition ratios of 80.4% and 
87.5%, respectively.

Exactly 126 (64.6%) participants reported that public lectures were frequently launched at their institutes. However, 
only 25 (12.8%) participants reported the standardisation of temperature management practices in the department.

Figure 1 Pareto distribution of percentage contribution of each factor. Each column displays the percentage of each factor, which is aligned to the left vertical axis. Each 
factor is plotted as the cumulative percentage and fits the curve, which is aligned to the right vertical axis. The first four factors (knowledge, memory, attention and decision 
process, beliefs about consequences, and environmental context and resources) are the major factors, whose cumulative composition is 70.7%.
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A total of 154 (79.0%) participants reported some resistance from their team members, which hindered their 
temperature management practice. The frequently mentioned team members were surgeons, followed by operating 
nurses, as reported by 141 (72%) and 64 (32.8%) participants, respectively.

General Factors
Reinforcement, confidence in capacity, duty realisation, skills, and intention were the general factors with cumulative 
composition ratios of 94.3%, 99.8%, 100%, 100%, and 100%, respectively.

IIH was complained and recorded when it occurred as reported by 177 (90.7%) and 129 (66.2%) participants, 
respectively. A total of 147 (75.4%) participants always or often felt confident in their capacity to perform temperature 
management. A total of 184 participants took more than three measures to protect body temperature. The three frequently 
used devices included forced-air warming devices, water-filled mattresses, and electric warming blankets.

Discussion
To our knowledge, IIH is one of the most common adverse events related to surgery owing to the large gap between 
guideline implementation and the intended clinical outcomes. Many factors affect the anaesthesiologists when they 
develop temperature management strategies, such as knowledge, environmental context and resources, skills, etc.31,32 

Undoubtedly, great progress will be made if measures are taken to improve these factors. However, we aimed to use the 
“Pareto rule” to understand the contradiction and identify the primary reason for the poor temperature management so 
that close attention can be paid to resolving them. However, the result is not always the same, because the contradiction is 
not consistent. If the main contradiction is solved by certain means, new major contradictions will appear. Therefore, it 
does not only imply that these major factors should be improved, and that the other factors can have a positive effect on 
temperature management without improving them; rather, when these contradictions are alleviated, other problems may 
become the primary contradictions; hence, the Pareto rule can be used to identify them and finally improve the 
temperature management and patient clinical outcomes.

For this purpose, the 11 factors that were widely accepted to affect the implementation of body temperature 
management were determined based on literature research, a previous pilot investigation, and expert suggestions. 
Second, a questionnaire composed of 28 items was developed, with 1–2 items corresponding to each factor. 
Knowledge refers to the awareness of the existence of something, including the definition of hypothermia and 
temperature management guidelines. Social influence is an interpersonal process that may change an individual’s 
thoughts, feelings, or decisions. Environmental context and resources refer to the apparatus and materials. Memory, 
attention, and decision process refer to the ability of an individual to retain focus and choose between two or more 
alternatives. Beliefs of consequences refer to the belief in the reality of the outcomes of a given situation. Reinforcement 
refers to the dependent relationship between a response and a given behaviour to increase the probability of the response. 
Behavioural regulation refers to the rules that aim to manage or change a certain behaviour. Skills refer to an individual’s 
ability. Confidence in capacity refers to the beliefs about the validity of the ability. Duty realisation refers to the 
awareness of personal duties in a work setting. Intention refers to the personal subjective willingness to take action. 
After a pilot test and minor revisions, the questionnaires were sent to the Department of Anesthesiology at the two 
institutes. Data were collected and analysed using the 80/20 rule. The questionnaire survey was aimed at determining the 
primary factors that prevent participants from managing temperature effectively. These factors were the most urgent and 
effective in improving the quality of our clinical practice.

In our study, knowledge, memory, attention and decision processes, beliefs about consequences, environmental 
context, and resources were the major factors. Behavioural regulation and social influence were the secondary factors. 
Reinforcement, confidence in capacity, duty realisation, skills, and intentions were the general factors.

Most participants were aware of the side effects of IIH (knowledge). They considered themselves responsible for 
maintaining normothermia (duty realisation), and they were also willing to make efforts to achieve (intention). However, 
we found that most participants did not read any guidelines for managing IIH, which was also reported in other study.31,32 

They did not know how to identify an IIH (knowledge) and usually used a lower threshold temperature. Thus, they 
underestimated the incidence and side effects of IIH; they might aim a lower temperature goal when managing patients 
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with IIH. Several guidelines have been published in different countries.24–27 Hence, it is easy to identify the risk factors, 
temperature management strategies, prevention methods, etc. based on these guidelines. Thus, it is important for clinical 
workers to read the guidelines in details.19

One of the most important findings of our survey is that most anaesthesiologists do not routinely measure or monitor 
a patient’s body temperature (memory, attention, and decision process), although all of them know that IIH will lead to 
adverse health outcomes (knowledge). However, most anticipants only measure or monitor the body temperature of a high- 
risk patient. The three most important risk factors were reported to be major surgery, patient’s age, and room temperature. 
These participants tended to pay attention to temperature management depending on the inherent characteristics of surgery 
and the patient. Certainly, these factors increase the risk of IIH.36 However, anaesthesia itself and the inability to take 
appropriate measures to prevent IIH are also important risk factor,37 which were only proposed by three participants. 
Moreover, a high-risk patient is indicated for passive or positive warming measures rather than for body temperature 
monitoring. It is clearly recommended in some guidelines that the body temperature of all patients should be measured or 
monitored.28,38 This is the only method to detect IIH, and is quick, objective, and convenient. Active or passive warming 
methods should be used when high-risk patients are identified. This also indicates that unfamiliarity with the guidelines 
(knowledge) impacts clinical practice (memory, attention, and decision processes). However, since it is not a routine practice, 
these anticipants admit that they sometimes forget to manage the patient’s temperature, depending on their emotions and 
working conditions (attention, memory, and decision processes). The Chinese Anesthesiologists Association reported that the 
average number of anaesthesiologists per 1,0000 Chinese individuals was 0.5, while the average numbers of anaesthesiol-
ogists were 2.5 in the United States and 2.8 in the United Kingdom. In this situation, many anticipants do not take much time 
or energy to think about the temperature management practice, or even forget to manage the patient’s temperature. In our 
study, participants reported that they often neglect the need to manage the patient’s temperature during emergency situations 
patient handovers, or when caring for more than one patient. However, this did not justify the absence of temperature 
monitoring or management. On the contrary, awareness of the high prevalence and wide range of complications of IIH 
(knowledge), beliefs about the validity of the outcomes (beliefs of consequences), and using temperature as a routine 
monitoring index (behavioural regulation) can compensate for the oversight due to work overload.

In addition to these two factors, we also found two important factors that prevent anaesthesiologists from managing 
temperature effectively. A shortage of materials and apparatus (environmental context and resources) is an objective 
factor. Although the survey was conducted in two high-ranking academic hospitals in China, insufficient materials and 
apparatus remain problematic. More anaesthesiologists in primary hospitals are affected when they are developing 
temperature management strategies. They are willing to take responsibility of performing temperature management 
(duty realisation), to ensure that the patient’s temperature is maintained (intention), and to implement appropriate 
prevention methods (skills); however, it is still difficult to reach an optimal outcome if the health resources are limited. 
Another subjective factor is that the participants were unsure whether their temperature management strategy will affect 
the body temperature and clinical outcomes (beliefs about consequences), although most participants know the side 
effects of IIH (knowledge) and how to manage it (skills). This is probably due to several reasons. 1) The participants 
were all anaesthesiologists who were not usually responsible for managing postoperative complications (reinforce-
ment). 2) They encountered problems in achieving successful temperature outcomes, such as insufficient materials and 
equipment (environmental context and resources), and team cooperation (social influence). If the participants are not sure 
of the positive consequences of active temperature protection, it will certainly steer the decision-making process, 
especially when they have to face and resolve the abovementioned problems.

Interestingly, good teamwork (social influence), especially that between surgeons, is a secondary factor. Most 
surgeons do not like using a forced-air device before the patient is prepped and draped, which are usually time 
consuming.31,32 Similarly, in our institute, many surgeons refuse to set the temperature to >26°C. However, this 
temperature may still be too low, which is related to the high incidence of IIH in certain populations, such as 
neonates.39 Temperature management might fail due to poor team cooperation.29,40
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Conclusion
In this study, knowledge, memory, attention and decision processes, beliefs about consequences, and environmental 
contexts and resources were the major factors that had the greatest influence on the anaesthesiologists’ hypothermia 
prevention practices. Hence, more efforts and measures should be implemented to improve these areas.
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