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Abstract

Background: Routine core temperature monitoring in patients undergoing neuraxial anaesthesia (NA) for orthopaedic surgery is not commonly performed. The incidence of hypothermia is likely high, given the low operating room temperatures recommended for these procedures.

Aim: This study aimed to determine the incidence and severity of perioperative hypothermia in patients undergoing orthopaedic surgery performed under NA.

Setting: A regional, government hospital in KwaZulu-Natal, South Africa.

Methods: We conducted a single-centre, prospective, observational study of all adults (≥ 18 years) undergoing NA for elective and emergency orthopaedic surgery in a South African regional hospital. The primary outcome was the incidence of clinically significant hypothermia occurring at any time point after NA was started until departure from theatre.

Results: We analysed results from 154 study participants. Hypothermia (core temperature < 35 °C) was found in 69 out of 154 participants (45.5%; 95% confidence interval [CI]: 37.7–53.4). Severe hypothermia (core temperature < 34 °C) was found in 22 out of 154 participants (14.3%; 95% CI: 9.6–20.8). Hypothermia was associated with lower ambient temperature, increasing age and increased blood loss.

Conclusion: Hypothermia was present in almost half of participants undergoing orthopaedic surgery under NA, and one in seven experienced severe hypothermia. Temperature monitoring should be considered essential in all patients undergoing NA for orthopaedic procedures although core temperature monitoring may not always be available or practical. Preventing unnecessarily low ambient theatre temperatures should be considered as a strategy to prevent hypothermia. Avoiding prolonged patient exposure following insertion of NA should also be prioritised.

Contribution: Further research into effective prevention of hypothermia and the potential clinical impact of perioperative hypothermia in orthopaedic procedures under NA is warranted.
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Introduction

Perioperative hypothermia is a common and important problem.1 It is defined as a core body temperature of < 36 °C or a decrease of > 1 °C from baseline and occurs in both general anaesthesia (GA) and neuraxial anaesthesia (NA).1 During GA, hypothermia is commonly encountered because of a widening of the thermoregulatory inter-threshold range, a decrease in the shivering threshold and redistribution of blood from core to peripheral vasculature.2 Patients under NA develop hypothermia because of a resetting of the shivering and vasoconstriction threshold, combined with vasomotor paralysis, resulting in central to peripheral redistribution of heat.3,4

Current anaesthetic guidelines recommend the use of core temperature (Tc) monitoring in patients undergoing any anaesthesia for longer than 30 min duration.5 However, Tc is not routinely monitored in patients undergoing NA. This is because of accurate Tc monitors being inappropriately invasive for NA and readily available non-invasive devices being unreliable at lower Tc.6,7 Inadequate monitoring, coupled with the complications of perioperative hypothermia, demonstrates that hypothermia needs to be recognised through accurate temperature monitoring and addressed.4,6

Lower limb orthopaedic surgery patients commonly undergo NA, where patients may be vulnerable to hypothermia. Orthopaedic operating theatres are particularly strict with maintaining cooler ambient temperatures. Most theatres aim for an ambient temperature of 18 °C – 21 °C to maintain personnel comfort and limit surgical site infections (SSI) despite local infrastructure policies recommending temperatures to be maintained in the range of 18 °C – 24 °C.8 In obstetric patients receiving NA, low ambient temperatures have been shown to worsen patient hypothermia, which may persist for up to 8 h into the postoperative period.1 The rationale for lower ambient temperatures in orthopaedic theatres relates to the prevention of sepsis, yet hypothermia may predispose patients to infection secondary to immune suppression. The incidence and severity of hypothermia in the orthopaedic patient population have not been adequately quantified. We aimed to prospectively determine the incidence of clinically significant perioperative hypothermia (Tc < 35 °C) in orthopaedic patients undergoing NA to address this knowledge gap and inform future anaesthetic practice.

Research methods and design

Study design and population

This was a single-centre, prospective, observational study in adults undergoing NA for elective and emergency orthopaedic surgery procedures. Participants were monitored from the time of NA commencement until leaving the operating theatre.

Study’s setting

Harry Gwala Regional Hospital is located in the uMgungundlovu District in KwaZulu-Natal (KZN), which serves a population of approximately 1.4 million people. It is the fourth largest hospital in South Africa, with a capacity of approximately 900 beds. Traumatic injuries because of violence and road-traffic accidents represent a large portion of workload at hospitals in KZN.9 This results in a significant number of patients presenting with lower limb injuries requiring orthopaedic intervention under NA. Tc is not routinely monitored during NA in this facility.

Participants

We recruited all adult participants (≥ 18 years) undergoing NA for elective and emergency orthopaedic surgery, who gave written consent. Patients who were converted to GA during the procedure were excluded from the study.

Measurements and Outcomes

Temperature monitoring

The primary outcome was the incidence of clinically significant hypothermia (Tc < 35 °C) occurring at any time point after NA was started until leaving the operating theatre. We further quantified the incidence of severe hypothermia (defined for this study as Tc < 34 °C). We measured Tc using the disposable, single-use, Dräger Tcore™ non-invasive temperature monitor, which uses dual heat flux technology and allows for the mathematical determination of Tc. Furthermore, it provides a continuous, accurate reading when compared to current validated invasive methods including the gold-standard Swan-Ganz pulmonary artery catheter. We collected additional data on the following secondary outcomes: intraoperative blood loss (estimation made by the surgical team based on a visual estimation of swabs and measured blood loss in suction bottles), and shivering.

Procedure

The disposable, single-use Dräger Tcore™ temperature monitoring sensor was placed on the patient’s forehead at the same time as other monitors were placed, prior to NA. Temperature readings were recorded at 10-min intervals starting 10 min after application of the sensor, to allow for the manufacturer-recommended warm-up of the sensor. Tc was documented on the case report form on initial placement of the sensor, but baseline Tc was defined as the documented Tc at 10 min after sensor placement. Ambient temperature of the operating theatre was measured using the fixed, wall-mounted, digital thermometer at the time of initiation of NA.

Conduct of anaesthesia

All NA was provided as per the preference of the attending anaesthetist, in accordance with departmental protocol, overseen by anaesthetists with either a Diploma of Anaesthesia or Specialist qualification. Patient preoperative warming was not conducted as it is not a standard practice in the Pietermaritzburg Anaesthetics Department. Following initiation of NA, patients were actively warmed using a forced air warming device and warmed intravenous fluids, administered at the discretion of the attending anaesthetist. Data were recorded on a paper-based case report form that was completed by the anaesthetist and stored securely on completion by the investigators.

Statistical analysis

Statistical analysis was conducted as follows: The baseline characteristics of the included patients were reported as mean (standard deviation [s.d.]) for continuous normally distributed variables; median (interquartile range [IQR] and range) for data not normally distributed and count (percent) for categorical variables. Comparison of baseline variables between those with and without the primary outcome was performed using Student’s t-test for normally distributed data and the Mann-Whitney U test for data not normally distributed. Categorical data were analysed using the chi-square test. If an expected cell count in the cross tabulation was less than 5, we used the Fisher’s exact test. We assessed data normality graphically (using data plots and histograms where appropriate, as well as through measures of skewness and kurtosis). For all analyses, a p-value of < 0.05 defined statistical significance. Regarding the primary outcome, we calculated the proportion of patients with a decrease in Tc to < 35 °C from their baseline Tc, together with the associated 95% confidence interval [CI]. We anticipated an incidence of approximately 10%, based on recovery room data from our institution. The sample size calculation required 139 observations, based on an estimate with 95% confidence, a population incidence of 10% and an error margin of 5%. To allow for missing and excluded data of up to 15%, we aimed to recruit a minimum of 160 participants in this study.

We used the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement guidelines to report our findings.10 Raw, de-identified data are available from the corresponding author on request.

Ethical considerations

We obtained ethics approval for this study from the University of KwaZulu-Natal Biomedical Research Ethics Committee (BREC/00004508/2022) and the Provincial Department of Health (NHRD ref. KZ_202210_007). All participants gave written, informed consent prior to participation.

Results

Data collection occurred between 22 May 2023 and 01 December 2023. During this period, 160 participants were recruited. No participants refused consent. Six recruited participants were subsequently excluded from analysis as they did not meet study criteria (4 converted to GA; 1 < 18 years; in 1 no Tc measurements recorded). A total of 1822 measurements were recorded from the remaining 154 participants of a maximum of 1831 expected measurements (99.5% completion rate).

Hypothermia (Tc < 35 °C) was found in 69 out of 154 participants (45.5%; 95% CI: 37.7–53.4). Participant and management characteristics are summarised in Table 1, grouped by the primary outcome.
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Severe hypothermia (Tc < 34 °C) was found in 22 out of 154 participants (14.3%; 95% CI: 9.6–20.8). The mean lowest Tc recorded in participants was 35.0 °C (s.d.: 1.02). Univariable comparisons showed a significant difference in mean blood loss between normothermic and hypothermic participants (124.1 mL [s.d. 114.7; 95% CI: 98.4–149.8] vs. 199.9 mL [s.d.: 180.1; 95% CI: 156.3–243.5]; p < 0.01). This difference was greater in normothermic versus severely hypothermic participants (138.3 mL [s.d.: 125.4; 95% CI: 116.2–160.4] vs. 284.3 mL [s.d.: 230.3; 95% CI: 179.5–389.1]; p < 0.01). Spinal-to-skin incision was significantly longer in the hypothermic versus normothermic group, as shown in Table 1. Mean ambient theatre temperature was 18.2 °C (s.d.: 2.75). We did not perform multivariable analysis.

The mean changes in Tc for the cohort are illustrated in Figure 1.
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Discussion

This prospective observational study found that hypothermia (Tc < 35 °C) was present in almost half of participants undergoing orthopaedic surgery under NA, with one in seven participants experiencing severe hypothermia (Tc < 34 °C).

Most participants in this study were actively warmed intraoperatively using forced air warming devices (97%) and warmed fluids (73%). Despite these standard measures, there was still a significant incidence of hypothermia. This suggests that current, routine intraoperative warming measures are ineffective at preventing perioperative hypothermia. Although most studies assessing hypothermia and NA are not specific to orthopaedic surgery, an incidence as high as 90% has been found.11 Use of active warming has been shown to decrease the incidence of hypothermia, and in those patients where hypothermia does develop, a faster recovery to normothermia, when under NA, compared to GA.11,12

The incidence of shivering among participants did not correlate with hypothermia, as only 13% of participants had this positive finding, and there was no difference between the normothermic and hypothermic groups, either during surgery or postoperatively. This suggests that shivering is not a good surrogate marker of hypothermia during NA.

There was a clear association between increasing participants’ age and hypothermia, with a mean difference of 16 years between the normothermic and hypothermic groups. Older patients are more vulnerable to develop hypothermia as a result of the physiological changes associated with ageing, including degenerative body changes, decreased reserve, low metabolic rates, cold intolerance and altered compensatory abilities.13 This group may represent a high-risk group that could be prioritised for preventative measures in clinical practice.

Blood loss between the normothermia (124 mL) and hypothermia (199 mL) groups was statistically significant, with an increased blood loss of approximately 60% seen in the hypothermic group. Practically, this represents only 75 mL because of low total blood loss amounts. The ‘severe hypothermia’ group, however, showed blood loss of 150 mL more than those with Tc > 34 °C. Blood loss of 150 mL is more likely to have a significant clinical impact, supporting the avoidance of severe hypothermia as an important clinical target. A meta-analysis looking at the effect of perioperative hypothermia on surgical blood loss found that even mild hypothermia resulted in increased blood loss by approximately 16% (95% CI: 4–26).14 Our study showed more significant blood loss than previous studies although this was not a primary outcome, and determination of blood loss relied on a combination of objective and subjective measures. Prospective research designed specifically to assess this outcome would be required to address this knowledge gap.

We also found an association between hypothermia and increasing time from NA-to-skin incision on univariable comparison. The hypothermia group took approximately 4 min longer until skin incision occurred. Hypothermia is often assumed to occur as a result of prolonged surgical duration, but findings from this study support the physiological principle of redistribution of heat from central to peripheral areas soon after insertion of NA, caused by vasomotor paralysis.3,6 During this initial period post-NA insertion, patients are left exposed prior to cleaning and application of surgical drapes. Patient exposure should be limited in duration and prevented where possible to avoid worsening the risk of hypothermia during this phase of surgery.

Average ambient temperature measured in this study was 18.2 °C, which is on the lower end of accepted ranges, falling marginally within acceptable local infrastructure policy (recommended 18 °C – 24 °C).8 Orthopaedic operating theatre temperatures are kept low in an attempt to reduce the risk of SSIs. Maintenance of normothermia is recommended as an essential step in the prevention of SSIs by both the National Institute for Health and Care Excellence (NICE) and Centers for Disease Control and Prevention (CDC).15,16 Normothermia promotes faster wound healing through increased collagen production at the incision site.17 Hypothermia impairs immune function by reducing macrophage function and platelet adhesion, resulting in delayed wound healing and increases risk of re-contamination of surgical wounds.18 Given the significant incidence of hypothermia seen in our study, it is plausible that increasing operating room temperature to at least 20 °C – 22 °C could result in a reduced incidence of hypothermia while still maintaining ambient temperatures that fall within operating standards.

We did not measure SSIs in this study, but it is an important area of concern in hypothermic patients. Studies testing the association between perioperative hypothermia and the incidence of SSIs have shown varying results. A recent systematic review found that the nature of the surgical intervention influenced the likelihood of development of SSIs. Hypothermic patients undergoing ‘clean’ operations (elective plastic surgery and shoulder arthroplasty) had a reduced risk of developing SSIs because of the elective nature of the procedure and likelihood of the wound remaining uncontaminated.19,20 In contrast, hypothermic patients with contaminated wounds or undergoing emergent post-traumatic surgery showed a higher incidence of SSIs.19 In our study, most participants were undergoing procedures following traumatic injuries, suggesting that hypothermia should be avoided to reduce the risk of preventable SSIs. Further studies focused on orthopaedic emergency procedures performed under NA, hypothermia and the incidence of SSIs are still needed.

Given the high incidence of hypothermia seen in our study, temperature monitoring in orthopaedic patients undergoing NA is necessary. Despite this, routine monitoring is not performed by anaesthetists in our setting because of a lack of cost-effective and appropriate, non-invasive temperature monitoring devices.6,21 Oral and infrared thermometers are affordable and reusable and therefore ideal for resource-constrained environments. However, their use is limited in the perioperative period because of concerns regarding their reliability and validity. A recent study by Vawda et al. showed poor agreement in measurements between oral, infrared and the Dräger Tcore™ temperature monitoring systems in obstetric patients undergoing spinal anaesthesia, suggesting that they are not interchangeable.22 The Dräger Tcore™ non-invasive temperature monitor that was used in our study uses dual heat flux technology and provides a continuous, accurate reading when compared to the gold-standard Swan-Ganz pulmonary artery catheter, and has been validated for use in the perioperative setting.23,24 However, these studies suggest that concerns remain regarding the reliable detection of hypothermia and the precision of readings. The sensor is also single use, and cost precludes its routine use in the state sector. However, it is possible that the use of accurate temperature monitoring may assist in reducing the incidence of perioperative hypothermia and potential complications such as SSIs and increased blood loss, which may result in lower healthcare costs. Further research is warranted to find an appropriate Tc monitor for NA in low- and middle-income settings and to assess the cost-effectiveness of routine Tc monitoring.

There were some limitations of this study. This was a single-centre study, which may reduce generalisability. However, as a busy regional hospital, the case load and type are likely to apply to many other South African hospitals. We also believe that the lower ambient operating room temperatures, which may have contributed to the high incidence of hypothermia seen in this study, are commonly seen in other settings. Anaesthesia practice was largely left at the discretion of the attending anaesthetist on the day of surgery, which could have been a confounding variable; however, institutional practices are determined by local and international guidelines under the supervision of a specialist anaesthesiologist. The associations discussed were based on univariable analysis and should therefore be treated as exploratory in nature. Finally, we were unable to quantify outcomes such as the incidence of sepsis because of resource constraints, limiting the ability to assess the clinical impact of hypothermia beyond the operating theatre.

This study focused on quantifying the problem of perioperative hypothermia in orthopaedic NA and was not powered to determine the clinical impact of hypothermia. Given the incidence and severity of the hypothermia that has been demonstrated, further research should examine both preventative measures aimed at reducing hypothermia and at quantifying clinically relevant complications of perioperative hypothermia including SSIs, bleeding and perioperative morbidity and mortality. Research related to the impact of hypothermia on patients’ experience is also lacking and should be considered in the future. Novel techniques for pre- and intra-operative warming, with particular focus on resource-limited settings, could be explored further.

Conclusion

This study found that hypothermia was present in almost half of participants undergoing orthopaedic surgery under NA, and one in seven experienced severe hypothermia. Temperature monitoring should be considered essential in all patients undergoing NA for orthopaedic procedures although Tc monitoring may not always be available or practical. Preventing unnecessarily low ambient theatre temperatures should be considered as a strategy to prevent hypothermia. Avoiding prolonged patient exposure following insertion of NA should also be prioritised. Further research into effective prevention of hypothermia and the potential clinical impact of perioperative hypothermia in orthopaedic procedures under NA is warranted.
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FIGURE 1: Mean participant temperatures during neuraxial anaesthesia at

10-min intervals.
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TABLE 1: Participant and management characteristics grouped by the primary outcome (T_< 35 °C).

Variable Total (n = 154) Normothermia (1 = 85) Hypothermia (n = 69) »
Mean sd. Median IQR # % Mean sd. Median IR # % Mean sd. Median IQR #n %
Age (years) 452 182 - - - - 379 130 - - - - 540 197 - E - - <001
Weight (kg) E E 70 65-80 - - - - 70 6580 - - E - 70 658 - - 070
Height (cm) - - 165 160-170 - - - - 166 162-171 - - - - 165 158-169 - - 005
Female E E E - 83 539 - E - - a0 471 - - - - 43 623 o1
Male - - - - 7 42 - - - - 45 529 - - - - 26 377 on
Warming
Ambient theatre 182 27 - - - - 187 29 - - E - 175 24 - E - - oo
temperature (°C)
Forced air warmer E E E - 19 %8 - E - - 79/88 940 - . - - 70/70 1000 0.06
Warmed fluids E E E -2 727 - E - - sosa 702 - - - - 53/70 757 047
Duration (minutes)
NA-to-skin incision 292 104 - - - - 273 108 - - - - 314 95 - - - - oo
Surgical %4 392 - - - - 954 410 - - - - 979 370 - - - - on
NA-to-end of surgery 1255 428 - - - - 1231 441 - - - - 1290 410 - E - - 045
NA-to-wheels out 1346 445 - - - - 1313 472 - - - - 1392 404 - - - - 033
Intraoperative blood 159 152 - - - - 124 15 - - - - 199 180 - - - - <001
loss (mL)
Intraoperative shivering - - - - 20151 132 - - - - 13/82 159 - - - - 7/69 101 053
Postoperative shivering - - - - 16/146 110 - - - - 7/82 85 - - - - 964 1841 013

n, number; kg, kilogram; cm, centimetre; °C, degrees Celsius; mL, millilit

s.d., standard deviation; IQR, interquartile range; NA, neuraxial anaesthesi:
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