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Objective: The incidence of intraoperative hypothermia remains high in pediatric patients during anesthesia and surgery even though core body temperature monitoring and warming systems have been greatly improved in recent years. We analyzed the risk factors and outcomes of intraoperative hypothermia in neonates and infants undergoing general anesthesia and surgery.



Methods: The data on the incidence of intraoperative hypothermia, other clinical characteristics, and outcomes from electronic records of 1,091 patients (501 neonates and 590 infants between 28 days and 1 year old), who received general anesthesia and surgery, were harvested and analyzed. Intraoperative hypothermia was defined as a core temperature below 36°C during surgery.



Results: The incidence of intraoperative hypothermia in neonates was 82.83%, which was extremely higher than in infants (38.31%, p < 0.001)—the same as the lowest body temperature (35.05 ± 0.69°C vs. 35.40 ± 0.68°C, p < 0.001) and the hypothermia duration (86.6 ± 44.5 min vs. 75.0 ± 52.4 min, p < 0.001). Intraoperative hypothermia was associated with prolonged PACU, ICU, hospital stay, postoperative bleeding, and transfusion in either age group. Intraoperative hypothermia in infants was also related to prolonged postoperative extubation time and surgical site infection. After univariate and multivariate analyses, the age (OR = 0.902, p < 0.001), weight (OR = 0.480, p = 0.013), prematurity (OR = 2.793, p = 0.036), surgery time of more than 60 min (OR = 3.743, p < 0.001), prewarming (OR = 0.081, p < 0.001), received >20 mL/kg fluid (OR = 2.938, p = 0.004), and emergency surgery (OR = 2.142, p = 0.019) were associated with hypothermia in neonates. Similar to neonates, age (OR = 0.991, p < 0.001), weight (OR = 0.783, p = 0.019), surgery time >60 min (OR = 2.140, p = 0.017), pre-warming (OR = 0.017, p < 0.001), and receive >20 mL/kg fluid (OR = 3.074, p = 0.001) were relevant factors to intraoperative hypothermia in infants along with the ASA grade (OR = 4.135, p < 0.001).



Conclusion: The incidence of intraoperative hypothermia was still high, especially in neonates, with a few detrimental complications. Neonates and infants each have their different risk factors associated with intraoperative hypothermia, but younger age, lower weight, longer surgery time, received more fluid, and no prewarming management were the common risk factors.
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Introduction

Intraoperative hypothermia, generally defined as a decrease in core temperature below 36°C during surgeries, is one of the most common physiological disturbances during general anesthesia in pediatric patients (1, 2). Hypothermia is closely related to postoperative cardiovascular events (3), coagulopathies (4), surgical-wound infection (5), nausea and vomiting (6), pain (7), increased blood loss, and prolonged recovery time (8, 9). In neonates and infants, cold stress can induce multiple pathophysiological distress such as catecholaminergic response, vasoconstriction, increased metabolism, and decreased lung surfactant synthesis; all these may lead to pulmonary hypertension, tissue hypoxia, arterial hypotension, hypoperfusion metabolic acidosis, and hypoglycaemia (10).

Anesthesia induction can cause body temperature to decrease by 1°C–2°C, especially in young children (11), because of the lower body weight, relatively large body surface, and immature thermoregulatory system (12). Although core body temperature monitoring and active and passive temperature management were implemented to reduce intraoperative hypothermia incidence, it was still reported to be as high as 50% in children (13, 14) and 85% in neonates (15). The current study was to retrospectively investigate the risk factors and outcomes of intraoperative hypothermia in neonates and infants undergoing general anesthesia and surgery.



Methods

This retrospective study was conducted at the Children's Hospital, Zhejiang University School of Medicine, Hangzhou, China. The study protocol was approved by the Ethics Committee (2018-IRB-048) and registered in the Chinese Clinical Trial Registry (ChiCTR1800018863; principal investigator: Jialian Zhao; date of registration: 14 October 2018). Neonates and infants receiving general anesthesia for more than 30 min were enrolled. The study recorded perioperative data of consecutive infants (between 1 and 12 months old) from 1 October 2021 to 31 March 2022 and neonates from 1 April 2021 to 31 March 2022 who underwent noncardiac surgeries. Exclusion criteria included patients with (1) preoperative hypothermia (<36°C) or hyperthermia (>38°C); (2) core temperature >38.5°C due to infection or other reasons within three days before surgery; (3) a history of hypothyroidism or hyperthyroidism or other endocrine disorders which may influence body temperature; (4) thermoregulation abnormalities such as malignant hyperthermia or neuroleptic malignant syndrome; (5) therapeutic hypothermia; (6) preoperative drugs usage that might influence body temperature such as NSAIDs; and (7) no core temperature monitored or data lost.

All patients received intravenous anesthesia (propofol- and remifentanil-based) or sevoflurane-based inhalational general anesthesia or combined. Core temperatures were monitored via an esophageal or nasopharyngeal temperature probe (Opper, China) after intubation and throughout the surgery. All patients received passive and active warming during the surgery, and several patients received active prewarming. Active prewarming was defined as patients starting receiving active warming with a Forced-Air Warmer (Covidien llc, United States) and a blanket before induction of anesthesia and lasted the whole surgical process according to the patients’ body temperature. In addition, all patients received warming infusion solution and forced air warming on and off during the surgery as necessary. Once the core temperature fell below 36°C in the electronic system, the patient was defined as having hypothermia. The lowest temperature and duration of hypothermia were also harvested. If the hypothermia lasts more than 24 h, it is defined as persistent hypothermia. However, due to the incompletion of data recording, how long and how often these active warming systems were being used was not found in the recording system. The accurate temperature of the operating room during the surgery was also not found.

Patients’ demographics and intraoperative parameters such as age, gender, weight, gestational age of the neonate, ASA (American Society of Anesthesiologists physical status classification system) grade, type and site of surgery, duration of anesthesia and surgery, artery catheterization/central vena catheterization (CVC) use, infusion, blood transfusion, vasoactive drugs use, blood loss, and urine volume were harvested. The postoperative extubation time, length of PACU stay, postoperative ICU admission, mechanical ventilation in ICU, length of ICU and postoperative hospital stay, mortality within postoperative 30 days, and postoperative complications such as surgical site infection (SSI), deep venous thrombosis (DVT), postoperative bleeding, and transfusion were also obtained.


Statistical analysis

Quantitative characteristics such as age and weight were presented as mean ± SD or median (IQR) and compared by Student’s t-test or the Mann–Whitney test as appropriate, while categorical variables were presented as n (%) and analyzed with the chi-Square test. Variables that were significant in univariate analysis were subjected to binary logistic regression (Forward, LR, an entry level of 0.05, and an exclusion level of 0.1) for the determination of risk factors. All statistical tests were two-sided and performed by SPSS 20.0 software. A p-value <.05 was considered statistically significant.




Results


Hypothermia and its associated outcomes

A total of 705 consecutive neonates and 893 infants (between 28 days and 12 months old) were enrolled in this retrospective study. After exclusion, 501 neonates and 590 infants were included (Figure 1). The overall incidence of hypothermia was 82.83% in neonates, which was extremely higher than 38.31% in infant patients (p < .001). Hypothermia tended to be much more severe in neonates (Figure 2). Among these, the lowest body temperature in neonates was 35.05 ± 0.69°C and lasted for 86.6 ± 44.5 min, while it was 35.40 ± 0.68°C in infants and lasted for 75.0 ± 52.4 min. All these were more significant in neonates than infants (p < .001 and p = .004, respectively). Patients were classified into four levels according to their lowest body temperature; most patients (55.67% in neonates and 77.43% in infants) had mild hypothermia between 35.0°C and 35.9°C. Neonates had more severe (33.0°C–33.9°C) or extremely severe (<33°C) hypothermia, while none of the infants had extremely severe hypothermia. Neonates were also more likely to have persistent hypothermia than infants after surgeries (2.17% vs. 1.32%, p = .042). Prewarming management with a forced-air warming system was used in 59.88% of neonates, which was significantly higher than in infants (31.36%, p < .001) (Table 1).


[image: Figure 1]
FIGURE 1
Flow chart of inclusion and exclusion criteria of neonates and infants.
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FIGURE 2
Lowest body temperature and weight in hypothermia patients. The blue dots were the lowest body temperatures during the surgeries in infant patients, and the orange dots represent the lowest body temperature in neonates.



TABLE 1 Characteristics of hypothermia in neonates and infants.
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Intraoperative hypothermia led to a longer PACU stay, more postoperative ICU admission, longer ICU stay, longer postoperative mechanical ventilation time, and longer postoperative hospital stay in neonates than in infants (all p values <.05). Hypothermia also led to a longer postoperative extubation time in the PACU in infants (18.3 ± 16.2 min vs.14.0 ± 9.9 min, p = .017). Surgical site infection (SSI) was more frequent in hypothermia patients, and there was a significant difference in the incidence of infection in infants with hypothermia than in those without hypothermia (2.65% vs. 0.27%, p = .014). Furthermore, intraoperative hypothermia resulted in a higher risk of postoperative bleeding (17.11% vs. 8.13%, p = .037 in neonates; 5.8% vs. 1.11%, p = .002 in infants) and postoperative transfusion in ICU (26.27% vs. 12.80%, p = .008 in neonates and 26.11% vs. 6.04%, p < .001 in infants). There was no significant difference in mortality within postoperative 30 days, even though the mortality was slightly higher in patients with hypothermia patients (Table 2).


TABLE 2 Outcomes of hypothermia and normothermia.
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Demographics, perioperative parameters, hypothermia, and univariate analysis

Patients with hypothermia were much younger (7.3 ± 6.9 days vs. 11.7 ± 8.0 days, p < .001 in neonates and 120.4 ± 83.4 days vs. 204.7 ± 103.3 days, p < .001, in infants) and had lower weight (2.8 ± 0.7 kg vs. 3.2 ± 0.6 kg, p < .001 in neonates and 5.9 ± 2.2 kg, vs. 7.7 ± 2.1 kg, p < .001 in infants). The ASA grade was higher in hypothermia patients (p < .001). Preterm neonates or infants, who were preterm, were more common in the hypothermia group (33.77% vs. 12.79%, p < .001 in neonates, while 26.54% vs. 16.76%, p = .004 in infants). Patients with hypothermia had a longer surgery time both in neonates and infants (86.5 ± 39.6 vs. 57.8 ± 38.5 min, p < .001 in neonates; 109.0 ± 72.2 vs. 68.8 ± 54.8 min, p < .001 in infants). Major surgeries with longer anesthesia time and more invasive anesthesia procedures, including artery catheterization and central vena catheterization, were higher in the hypothermia group (all p’s < .05). The use of prewarming with a forced-air warming system was significantly lower in hypothermia incidence (55.67% vs. 80.23% p < .001 in neonates; 14.16% vs. 42.03%, p < .001 in infants). Hypothermal neonates and infants received more perioperative fluid, blood transfusion, and vasoactive drugs and had more blood loss during surgeries (all p’s < .05) (Table 3).


TABLE 3 Basic characteristics and univariate analysis results of hypothermia in neonates and infants.
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Factors associated with hypothermia

Younger age, lower weight, longer surgery time, received more fluid, and no prewarming were common risk factors for hypothermia in neonates and infants (Table 4). Preterm and emergency surgery also showed a strong association with hypothermia in neonates, while higher ASA grade was a risk factor in infants. The risk factors for hypothermia in neonates include age (OR = 0.902, 95% CI: 0.869–0.937, p < .001), weight (OR = 0.480, 95% CI: 0.269–0.856, p = .013), prematurity (OR = 2.793, 95% CI: 1.069–7.294, p = .036), surgery time more than 60 min (OR = 3.743, 95% CI: 1.797–7.797, p < .001), prewarming (OR = 0.081, 95% CI: 0.038–0.173, p < .001), receiving fluid more than 20 mL/kg (OR = 2.938, 95% CI: 1.414–6.016, p = .004), and emergency surgery (OR = 2.142, 95% CI: 1.131–4.059, p = .019). Similar to neonates, age (OR = 0.991, 95% CI: 0.987–0.996, p < .001), weight (OR = 0.783, 95% CI: 0.637–0.961, p = .019), surgery time >60 min (OR = 2.140, 95% CI: 1.144–4.404, p = .017) prewarming (OR = 0.017, 95% CI: 0.008–0.037, p < .001), and receiving fluid >20 mL/L (OR = 3.074, 95% CI: 1.626–5.812, p = .001) were relevant factors to intraoperative hypothermia in infants along with the ASA grade (OR = 4.135, 95% CI: 2.602–6.572, p < .001).


TABLE 4 Risk factors associated with intraoperative hypothermia in neonates and infants.
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Discussion

This retrospective study with more than 1,000 neonates and infants receiving general anesthesia revealed a high incidence of intraoperative hypothermia (82.83% in neonates and 38.31% in infants), even when an active warming device was used in most patients. Most cases were of mild hypothermia (35°C–35.9°C), which still prolonged PACU stay, ICU stay, postoperative mechanical ventilation time, and postoperative hospital stay and increased postoperative ICU admission. In addition, intraoperative hypothermia was also associated with a high occurrence of surgical site infection, postoperative bleeding, and blood transfusion, which may delay recovery after surgeries. The risk factors of intraoperative hypothermia were largely identical but with minor differences between neonates and infants. Younger age, lower weight, longer surgery time, received more fluid, and no prewarming management were common risk factors for intraoperative hypothermia in both neonates and infants, while prematurity was a risk factor in neonates.

Hypothermia is broadly defined as a core temperature below 36.0°C in children (16, 17), and a few studies defined it as <35°C (14, 18). It has been suggested that a body temperature below 36.5°C be considered hypothermia in younger patients (16). In this study, 36°C was used to define intraoperative hypothermia since it is more commonly used. The incidence of intraoperative hypothermia was reported to range from 20% to 90% depending on the type of surgery and study population (13–16). Preterm infants and newborns were the most susceptible population to intraoperative hypothermia, with a high occurrence (19). The incidence of hypothermia in neonates in our study was 82.83%, more than double in infants, which is similarly reported previously (13, 15).

Compared with adults and older children, neonates and infants can easily have intraoperative hypothermia because of a relatively larger surface/body weight ratio, thinner keratine layer and subcutaneous fat, and an immature thermoregulatory system (20, 21). The heat loss of a naked newborn at birth in an environmental temperature of 23°C equals the heat loss of an unclothed adult at 0°C (22). Small and sick infants have a narrow thermoneutral range and are prone to thermal instability (19, 22). That is why the incidence of intraoperative hypothermia was extremely high in neonates.

Prematurity was an independent risk factor for intraoperative hypothermia in neonate patients, which may be due to their lower body weight and immature thermoregulatory system (12, 16, 20). In neonates, heat generation depends on nonshivering thermogenesis and can be initiated through a neuroendocrine pathway triggered by increased sympathetic activity and thyroid-stimulating hormone, triiodothyronine, and thyroxin release as well as norepinephrine in the brown adipose tissue (11, 23). These finally upregulate the thermogenin protein in the brown adipose tissue with a major increase around the 32nd week of gestation (24). Further, preterm infants have poor vasomotor control at birth and do not have peripheral vasoconstriction to preserve heat (11). Other risk factors for intraoperative hypothermia in neonates and infants such as younger age, lower weight, longer surgery time, and received more fluid were in accordance with other reports (7, 25, 26).

The adverse events of hypothermia are enormous such as thermal discomfort, alterations in pharmacokinetic and pharmacodynamic parameters (essentially muscle relaxants and opiates) (27), disruption of platelet function, coagulation (4, 28) and blood loss, cardiocirculatory and respiratory complications, wound healing delay, and surgical site infections (29). In neonates and preterm infants, hypothermia can lead to pulmonary hypertension, tissue hypoxia, arterial hypotension and hypoperfusion of vital organs, metabolic acidosis, and hypoglycemia (30). All these may subsequently induce multiple pathophysiological changes such as catecholaminergic response, vasoconstriction, increased metabolism, and decreased surfactant synthesis (16, 31, 32). Intraoperative hypothermia was associated with a longer postoperative extubation time, prolonged PACU, ICU, and hospital stay, and a higher rate of postoperative bleeding and transfusion, as shown clearly in our study.

Intraoperative core temperature is commonly monitored with an esophageal or nasopharyngeal temperature probe by inserting the probe into the lower third of the esophagus or nasopharynx cavity (33, 34). Other methods of core temperature measurement were tympanic membrane temperature or rectal temperature measurement (16, 35). In this study, the esophageal or nasopharyngeal temperature as the core temperature was measured. Other studies reported that only 70%–80% of pediatric patients received temperature motoring, and half of them developed hypothermia (13, 32). Improved intraoperative body temperature management, including monitoring, prevention, and warming therapy, should be formulated and implemented.

Forced-air warming and infusion warming were the most common active warming measures during the surgery. Infants often rewarm faster than adults or older children through a forced-air warmer because of the larger body surface/body weight ratio (36). Many pediatric anesthesiologists prefer forced-air warming to infusion warming because the continuous heat loss from the maintenance of infusion can usually be offset by forced-air warming (37, 38). As prevention, active prewarming is the most effective way to prevent hypothermia, which should start before anesthesia induction and last unti back to the inpatient ward or ICU or even longer during recovery. Preterm infants and neonates should be transported in a warmed incubator, and if possible it should be considered to perform surgery in the NICU for high-risk patients (20). The interruption of prewarming also can result in hypothermia (39), and with an adequate prewarming protocol, hypothermia incidence can be reduced to 20% (10), even in preterm infants (40). Our study also showed that prewarming before induction of anesthesia could protect both infants and neonates suffering from intraoperative hypothermia, indicating that the prewarming management strategy should be implemented during the whole course of anesthesia and surgery or even during postsurgery recovery.



Conclusion

Our study indicated that although core body temperature was continuously monitored and the warming system was actively used during surgery, intraoperative hypothermia still occurred in our young patients. The detrimental effects of intraoperative hypothermia reported herein are very alarming to pediatric anaesthesiologists and surgeons for taking any necessary measures to tackle hypothermia incidence. This study also calls for routine prewarming to protect neonates and infants from hypothermia. In addition, this study is retrospective, and the patients were from a single center; hence, further studies including how to improve anesthesia management in reducing hypothermia incidence in young patients are needed.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Children's Hospital, school of medicine, Zhejiang University (Hangzhou, China). Written informed consent for participation was not required for this study in accordance with national legislation and institutional requirements.



Author contributions

JZ and ZL performed the study and statistical analyses and wrote the manuscript. LC helped write the manuscript and performed statistical analyses. YG and MZ collected the data. JF and DM helped write the manuscript. YH and DL revised the manuscript and supervised all steps of this study. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (grant number 81901989) (DL), the Natural Science Foundation of Zhejiang Province (grant number LY21H150005) (DL), the Foundation for The Top-Notch Youth Talent Cultivation Project of Independent Design Project of the National Clinical Research Center for Child Health (grant number Q21B0007) (DL), the Special Fund for the Incubation of Young Clinical Scientist, and The Children's Hospital of Zhejiang University School of Medicine (grant number CHZJU2022YS002) (DL).



Acknowledgments

The authors extend their sincere thanks to the Children’s Hospital, School of Medicine, Zhejiang University for allowing and supporting us to perform this research. The authors also thank the data collectors for their substantial role in this research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce the incidence of surgical-wound infection and shorten hospitalization. Study of wound infection and temperature group. N Engl J Med. (1996) 334(19):1209–15. doi: 10.1056/NEJM199605093341901

2. Sessler DI. Complications and treatment of mild hypothermia. Anesthesiology. (2001) 95(2):531–43. doi: 10.1097/00000542-200108000-00040

3. Frank SM, Fleisher LA, Breslow MJ, Higgins MS, Olson KF, Kelly S, et al. Perioperative maintenance of normothermia reduces the incidence of morbid cardiac events. A randomized clinical trial. J Am Med Assoc. (1997) 277(14):1127–34. doi: 10.1001/jama.1997.03540380041029

4. Trckova A, Stourac P. Influence of perioperative hypothermia on blood clotting in children. Bratisl Lek Listy. (2018) 119(5):294–7. doi: 10.4149/BLL_2018_055

5. Wagner JP, Vosik DM, Eller M, Shostrom VK, Cusick RA. Unintended perioperative hypothermia and surgical site infection in children. J Surg Res. (2022) 276:235–41. doi: 10.1016/j.jss.2022.02.054

6. Sumer I, Uysal H, Yesiltas S, Turkay M. The effect of intraoperative body temperature on postoperative nausea and vomiting in pediatric patients. J Perianesth Nurs. (2021) 36(6):706–10. doi: 10.1016/j.jopan.2021.04.012

7. Mendonca FT, Ferreira JDS, Guilardi VHF, Guimaraes GMN. Prevalence of inadvertent perioperative hypothermia and associated factors: a cross-sectional study. Ther Hypothermia Temp Manag. (2021) 11(4):208–15. doi: 10.1089/ther.2020.0038

8. Rajagopalan S, Mascha E, Na J, Sessler DI. The effects of mild perioperative hypothermia on blood loss and transfusion requirement. Anesthesiology. (2008) 108(1):71–7. doi: 10.1097/01.anes.0000296719.73450.52

9. Ruetzler K, Kurz A. Consequences of perioperative hypothermia. Handb Clin Neurol. (2018) 157:687–97. doi: 10.1016/B978-0-444-64074-1.00041-0

10. Brozanski BS, Piazza AJ, Chuo J, Natarajan G, Grover TR, Smith JR, et al. STEPP IN: working together to keep infants warm in the perioperative period. Pediatrics. (2020) 145(4). doi: 10.1542/peds.2019-1121

11. Sessler DI. Perioperative thermoregulation and heat balance. Lancet. (2016) 387(10038):2655–64. doi: 10.1016/S0140-6736(15)00981-2

12. Tander B, Baris S, Karakaya D, Ariturk E, Rizalar R, Bernay F. Risk factors influencing inadvertent hypothermia in infants and neonates during anesthesia. Paediatr Anaesth. (2005) 15(7):574–9. doi: 10.1111/j.1460-9592.2005.01504.x

13. Gorges M, Afshar K, West N, Pi S, Bedford J, Whyte SD. Integrating intraoperative physiology data into outcome analysis for the ACS pediatric national surgical quality improvement program. Paediatr Anaesth. (2019) 29(1):27–37. doi: 10.1111/pan.13531

14. Lai LL, See MH, Rampal S, Ng KS, Chan L. Significant factors influencing inadvertent hypothermia in pediatric anesthesia. J Clin Monit Comput. (2019) 33(6):1105–12. doi: 10.1007/s10877-019-00259-2

15. Cui Y, Wang Y, Cao R, Li G, Deng L, Li J. The low fresh gas flow anesthesia and hypothermia in neonates undergoing digestive surgeries: a retrospective before-after study. BMC Anesthesiol. (2020) 20(1):223. doi: 10.1186/s12871-020-01140-5

16. Nemeth M, Miller C, Brauer A. Perioperative hypothermia in children. Int J Environ Res Public Health. (2021) 18(14). doi: 10.3390/ijerph18147541

17. Rauch S, Miller C, Brauer A, Wallner B, Bock M, Paal P. Perioperative hypothermia – a narrative review. Int J Environ Res Public Health. (2021) 18(16). doi: 10.3390/ijerph18168749

18. Billeter AT, Hohmann SF, Druen D, Cannon R, Polk Jr. HC Unintentional perioperative hypothermia is associated with severe complications and high mortality in elective operations. Surgery. (2014) 156(5):1245–52. doi: 10.1016/j.surg.2014.04.024

19. Sim R, Hall NJ, de Coppi P, Eaton S, Pierro A. Core temperature falls during laparotomy in infants with necrotizing enterocolitis. Eur J Pediatr Surg. (2012) 22(1):45–9. doi: 10.1055/s-0031-1284360

20. Morehouse D, Williams L, Lloyd C, McCoy DS, Miller Walters E, Guzzetta CE, et al. Perioperative hypothermia in NICU infants: its occurrence and impact on infant outcomes. Adv Neonatal Care. (2014) 14(3):154–64. doi: 10.1097/ANC.0000000000000045

21. Sessler DI. Temperature monitoring and perioperative thermoregulation. Anesthesiology. (2008) 109(2):318–38. doi: 10.1097/ALN.0b013e31817f6d76

22. Blix AS, Grav HJ, Markussen KA, White RG. Modes of thermal protection in newborn muskoxen (Ovibos moschatus). Acta Physiol Scand. (1984) 122(4):443–53. doi: 10.1111/j.1748-1716.1984.tb07532.x

23. Knobel R, Holditch-Davis D. Thermoregulation and heat loss prevention after birth and during neonatal intensive-care unit stabilization of extremely low-birthweight infants. Adv Neonatal Care. (2010) 10(5 Suppl):S7–S14. doi: 10.1097/ANC.0b013e3181ef7de2

24. Houstek J, Vizek K, Pavelka S, Kopecky J, Krejcova E, Hermanska J, et al. Type II iodothyronine 5'-deiodinase and uncoupling protein in brown adipose tissue of human newborns. J Clin Endocrinol Metab. (1993) 77(2):382–7. doi: 10.1210/jcem.77.2.8393883

25. Yi J, Zhan L, Lei Y, Xu S, Si Y, Li S, et al. Establishment and validation of a prediction equation to estimate risk of intraoperative hypothermia in patients receiving general anesthesia. Sci Rep. (2017) 7(1):13927. doi: 10.1038/s41598-017-12997-x

26. Mullany LC, Katz J, Khatry SK, LeClerq SC, Darmstadt GL, Tielsch JM. Risk of mortality associated with neonatal hypothermia in southern Nepal. Arch Pediatr Adolesc Med. (2010) 164(7):650–6. doi: 10.1001/archpediatrics.2010.103

27. Frymoyer A, Bonifacio SL, Drover DR, Su F, Wustoff CJ, Van Meurs KP. Decreased morphine clearance in neonates with hypoxic ischemic encephalopathy receiving hypothermia. J Clin Pharmacol. (2017) 57(1):64–76. doi: 10.1002/jcph.775

28. Li L, Chen X, Ma W, Li Y. The effects of hypothermia in thrombosis: a systematic review and meta-analysis. Ann Palliat Med. (2021) 10(9):9564–71. doi: 10.21037/apm-21-1925

29. Brindle ME, McDiarmid C, Short K, Miller K, MacRobie A, Lam JYK, et al. Consensus guidelines for perioperative care in neonatal intestinal surgery: enhanced recovery after surgery (ERAS((R))) society recommendations. World J Surg. (2020) 44(8):2482–92. doi: 10.1007/s00268-020-05530-1

30. Thomas G, Demena M, Hawulte B, Eyeberu A, Heluf H, Tamiru D. Neonatal mortality and associated factors among neonates admitted to the neonatal intensive care unit of dil chora referral hospital, dire dawa city, Ethiopia, 2021: a facility-based study. Front Pediatr. (2021) 9:793160. doi: 10.3389/fped.2021.793160

31. Engorn BM, Kahntroff SL, Frank KM, Singh S, Harvey HA, Barkulis CT, et al. Perioperative hypothermia in neonatal intensive care unit patients: effectiveness of a thermoregulation intervention and associated risk factors. Paediatr Anaesth. (2017) 27(2):196–204. doi: 10.1111/pan.13047

32. Kim P, Taghon T, Fetzer M, Tobias JD. Perioperative hypothermia in the pediatric population: a quality improvement project. Am J Med Qual. (2013) 28(5):400–6. doi: 10.1177/1062860612473350

33. Lei D, Tan K, Malhotra A. Temperature monitoring devices in neonates. Front Pediatr. (2021) 9:732810. doi: 10.3389/fped.2021.732810

34. Wang M, Singh A, Qureshi H, Leone A, Mascha EJ, Sessler DI. Optimal depth for nasopharyngeal temperature probe positioning. Anesth Analg. (2016) 122(5):1434–8. doi: 10.1213/ANE.0000000000001213

35. Pasquier M, Paal P, Kosinski S, Brown D, Podsiadlo P, Darocha T. Esophageal temperature measurement. N Engl J Med. (2020) 383(16):e93. doi: 10.1056/NEJMvcm1900481

36. Sessler DI. Forced-air warming in infants and children. Paediatr Anaesth. (2013) 23(6):467–8. doi: 10.1111/pan.12177

37. Witt L, Dennhardt N, Eich C, Mader T, Fischer T, Brauer A, et al. Prevention of intraoperative hypothermia in neonates and infants: results of a prospective multicenter observational study with a new forced-air warming system with increased warm air flow. Paediatr Anaesth. (2013) 23(6):469–74. doi: 10.1111/pan.12169

38. Triffterer L, Marhofer P, Sulyok I, Keplinger M, Mair S, Steinberger M, et al. Forced-air warming during pediatric surgery: a randomized comparison of a compressible with a noncompressible warming system. Anesth Analg. (2016) 122(1):219–25. doi: 10.1213/ANE.0000000000001036

39. Grote R, Wetz A, Brauer A, Menzel M. Short interruptions between pre-warming and intraoperative warming are associated with low intraoperative hypothermia rates. Acta Anaesthesiol Scand. (2020) 64(4):489–93. doi: 10.1111/aas.13521

40. Hubbard R, Edmonds K, Rydalch E, Pawelek O, Griffin E, Gautam N. Anesthetic management of catheter-based patent ductus arteriosus closure in neonates weighing <3kg: a retrospective observational study. Paediatr Anaesth. (2020) 30(4):506–10. doi: 10.1111/pan.13838



OPS/images/fped-11-1113627-g001.jpg
1598 neonates and infants were

705neonates

893 infants

Preoperative hypothermia
(<36°C) or hyperthermia
(>38°C) , n=26

fever caused by infection or
other reasons (>38.5 °C) 3
days before operation, n=72

history of endocrine disorders
can could influence body

temperature, n—4

thermoregulation
abnormalities, n=0

therapeutic hypothermia, n=57

Premedication which can

influence temperature, n=7

no core temperature was
‘monitored or data lost, n=38

Finally 501 neonates were

enrolled

Preoperative hypothermia

(<36°C) or hyperthermia
(>38°C), n=23

flever caused by infection or
other reasons (>38.5 °C) 3
days before operation, n=66

history of endocrine disorders
can could influence body
temperature, n=3

thermoregulation
abnormalities, n=0

therapeutic hypothermia, n=98

Premedication which can
influence temperature, n=11

1o core temperature was
monitored or data lost, n=102

Finally 590 infants were

enrolled





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Risk factors and outcomes of intraoperative hypothermia in neonatal and infant patients undergoing general anesthesia and surgery

		Introduction



		Methods



		Statistical analysis











		Results



		Hypothermia and its associated outcomes



		Demographics, perioperative parameters, hypothermia, and univariate analysis



		Factors associated with hypothermia











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Risk factors and outcomes of intraoperative
hypothermia in neonatal and infant patients
undergoing general anesthesia and surgery





OPS/images/fped-11-1113627-g002.jpg
Syt

© Neonate

nesaduwoy £poq

5

Weight, kg









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-11-1113627-t003.jpg
Neonate (n=501) Infant (n = 590)

Hypothermia Normothermia p-Value Hypothermia Normothermia p-Value
(n=415) (n=86) (n=226) (n=364)
Age (day) 73269 11780 120.4+834 20471033
Gender (male) 229 (55.18%) 46 (53.5%) 129 (57.08%) 205 (56.32%)
Body weight (kg) 28+07 3206 59222 77:21
ASA ion, n (%)

1.(0.24%) 2 (233%) 33 (14.60%) 169 (46.43%)
I 267 (64.34%) 72 (83.73%) 135 (59.73%) 190 (52.20%)
m 128 (30.84%) 10 (11.63%) 48 (21.24%) 2 (055%)
21V 19 (458%) 2 (2.33%) 9 (3.98%) 3 (082%)

Prematurity, n (%) 136 (33.77%) 11 (12.79%) 60 (26.54%) 61 (16.76%)

Correct gestational age (week) 38.09+283 4002 +2.46 5414+ 1301 67.0315.09

Emergency surgery, (%) 339 (81.68%) 55 (63.95%) 54 (23.89%) 59 (16.21%)

Type of surgery, n (%)
General surgery 336 (8096%) 63 (73.26%) 134 (59.29%) 150 (41.21%)
Thoracic surgery 44 (10.60%) 8 (9.30%) 19 (8.41%) 28 (7.69%)
Orthopedics surgery 0 2 (2.33%) 1(0.44%) 2 (055%)
Neurosurgery 30 (7.23%) 11 (12.79%) 35 (15.49%) 76 (20.88%)
Urology 0 0 15 (6.64%) 6 (1.65%)
Plastic surgery 0 0 13 (5.75%) 52 (14.29%)
ENT 1(0.24%) 2 (233%) 3(133%) 36 (9.89%)
Other 4 (0.96%) 0 6 (2.65%) 14 (3.85%)

Site of surgery, 1 (%)
Head and neck 31 (747%) 13 (15.12%) 43 (19.02%) 104 (28.57%)
Thorax and dorsum 34 (8.19%) 8 (9.30%) 37 (16.37%) 96 (26.37%)
Abdomen 338 (81.45%) 64 (74.42%) 143 (63.27%) 149 (40.93%)
Limbs 0 1(1.16%) 2(0.88%) 6 (165%)
Others 1(024%) 0 1(0.44%) 9 (247%)

Invasiveness of surgery, 1 (%)
Endoscopic surgery 110 (26.51%) 33 (38.37%) 101 (44.69%) 128 (35.16%)
Open surgery 305 (73.49%) 53 (61.63%) 125 (55.31%) 238 (65.38%)

‘Time of surgery (min) 865396 57.8+385 <0.001 109.0=722 68.8+548

‘Time of anesthesia (min) 138.1 =458 1026 = 48.4 <0001 163.077.1 1147 £609 <001

Artery catheterization, n (%) 376 (90.60%) 56 (65.12%) <0.001 174 (76.99%) 154 (4231%) <001

Central vena catheterization (CVC), n (%) 186 (44.82%) 28 (32.56%) 0036 96 (42.48%) 71 (19.51%) <001

n (%) 231 (55.67%) 69 (80.23%) <0.001 32 (14.16%) 153 (42.03%) <001

Perioperative IV fluid (mL/kg) 3007+ 1602 18901221 <0001 38.90 = 39.00 20911670 <001

Blood transfusion, 1 (%) 82 (19.76%) 8 (9.30%) 0022 41 (18.14%) 18 (495%) <001

Vasoactive drugs, n (%) 64 (15.42%) 6 (6.98%) 0040 19 (8.41%) 7 (1.92%) <001

Blood loss, mL/kg 230270 122165 001 248+933 0.66= 155 <001

Urine, mL/kg 5.02+463 443501 0432 12231763 7.3327.00 001

ASA, American Society of Aneshesiologists physical status classification system: ENT, ear, nose, and throat: CVC, central vena catheterization: IV, infusion of the vein.
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Neonate (n=501) Infant (n=590)

Hypothermia Normothermia pValue Hypothermia Normothermia pValue

(n=415) (n=86) (n=226) (n=364)

Postoperative extubation time in PACU (min) 3134278 1154611 0366 183+162 110499
Length of PACU stay (min) 593+46 413126 567241 180+ 156

Postoperative ICU admit, n (%) 112 (99.28%) 82 (95.35%) 178 (78.76%) 189 (51.92%)

‘Time of mechanical ventilation (h) 7 (-12) 5(1-8) <0001 3G-1) 25(23) <001
Length of ICU stay (days) 2(1-9) 10-3) <0001 10-2) 10-1) <001
Length of postoperative hospital stay (days) 14 (8-24) 11(7-17) 0003 7 (5-15) 5(225-8) <01
Surgical site infection (SS1) 12 (2:89%) 1(116%) 0707 6 (265%) 1(027%) o
Postoperative pneumonia, 1 (%) 8 (1.93%) 2 (233%) 0810 7 (310%) 11 (3.02%) 959
Deep venous thrombosis (DVT), n (%) 5 (1.20%) 0 (0%) 0591 4(177%) 5(137%) 703
Postoperative bleeding, n (%) 71 (17.11%) 7 (8.13%) 0037 13 (5.80%) 4(111%) 002
Transfusion in ICU, n (%) 109 (26.27%) 11 (12.80%) 0008 59 (2611%) 22 (604%) <001
Mortality within postoperative 30 days, 15 (361%) 1(112%) 0329 1(177%) 2 (055%) 310
n (%)

PACU, postanesthesia care unit: ICU, intensive care unit: SSI, surgical site infection: DVT, deep venous thrombosis.





