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Abstract: Background and Objectives: We examined the association between the baseline perfusion
index (PI) and changes in intraoperative body temperature during general anesthesia. The PI
reflects the peripheral perfusion state. The PI may be associated with changes in body temperature
during general anesthesia because the degree of redistribution of body heat from the central to
the peripheral compartment varies depending on the peripheral perfusion state. Materials and
Methods: Thirty-eight patients who underwent brain surgery were enrolled in this study. The baseline
PI and body temperature of the patients were measured on entering the operating room. Body
temperature was recorded every 15 min after induction of anesthesia using an esophageal temperature
probe. Univariate and multivariate logistic regression analyses were performed to identify the risk
factors for intraoperative hypothermia. Results: Eighteen patients (47 %) developed hypothermia
intraoperatively. The baseline PI was significantly lower among patients in the hypothermia group
(1.8 ± 0.7) than among those in the normothermia group (3.0 ± 1.2) (P < 0.001). The baseline PI
and body temperature were independently associated with intraoperative hypothermia (PI: odds
ratio [OR], 0.270; 95% confidence interval [CI], 0.105–0.697; P = 0.007, baseline body temperature:
OR, 0.061; 95% CI, 0.005–0.743; P = 0.028). Conclusions: This study showed that low baseline PI was
the factor most related to the development of intraoperative hypothermia. Future studies should
consider the PI as a predictor of intraoperative hypothermia.

Keywords: perfusion index; intraoperative hypothermia; general anesthesia

1. Introduction

Perioperative hypothermia increases the risk of postoperative morbidity and mor-
tality [1–3]. In general, 50–90% of the patients experience perioperative hypothermia [4].
During the first hour of general anesthesia, anesthetic-induced peripheral vasodilation
causes redistribution of body heat from the central to the peripheral compartment, leading
to a rapid decrease in body temperature [5].

The peripheral perfusion index (PI) is a non-invasive measurement of the perfusion
state of peripheral blood vessels. The PI is calculated as the ratio of pulsatile to non-pulsatile
signals in arterial blood flow [6,7]. To date, the PI has been used to predict low blood
pressure [8], identify early success indicators of central and peripheral nerve blocks [9,10],
assess pain [11–13], evaluate systemic vascular resistance [14,15], indicate the success of
sympathectomy for hyperhidrosis [16], and identify the incidence of hypotension after
spinal anesthesia [17]. However, few studies have investigated the correlation between the
PI and body temperature.
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We hypothesized that the PI may be associated with changes in body temperature
during general anesthesia because the degree of redistribution of body heat from the
central to the peripheral compartment varies depending on the peripheral perfusion state.
Therefore, the purpose of this study was to evaluate the association between the PI and
development of intraoperative hypothermia during general anesthesia.

2. Materials and Methods
2.1. Patients

The Institutional Review Board of Kyung Hee University Hospital (IRB file no. KHUH
2019-03-015, the dates of approval; 10 April 2019) approved this study. After obtaining
written informed consent, we enrolled 38 adult patients undergoing elective brain surgery
(microvascular decompression, cerebral aneurysm neck clipping, and tumor removal)
under general anesthesia between April and July 2019 (Figure 1). We strictly limited
the inclusion and exclusion criteria to control for confounding factors that could affect
hypothermia during surgery to evaluate the effect of the PI alone. The exclusion criteria
were body mass index (BMI) < 20 or >30, age < 19 years or >70 years, American Society
of Anesthesiologists physical status (ASA-PS) score ≥ 3, and patients with peripheral
vascular disease or rheumatic disease. If the BMI is high or low, depending on the amount
of body fat, insulation may be affected, so the range of BMI was set to minimize this. In the
case of peripheral vascular disease, it was excluded from the study because there may be
disorders in vascular relaxation and contraction caused by the autonomic nervous system.
In addition, patients who underwent blood transfusion during surgery were excluded
from the analysis. In this study cold blood transfusion may affect body temperature, so
even those who participated in the study were excluded from the analysis.

Figure 1. Flow chart of patient enrollment.

2.2. Intervention

Patient’s demographic data were recorded such as age, sex, height, weight, ASA
class and past medical history (e.g., diabetes mellitus, hypertension). After entering the
operating room, the PI was monitored by attaching a sensor to the patient’s finger (Masimo
Radical-7; Masimo Corp., Irvine, CA, USA). The baseline core body temperature was
measured using an infrared tympanic membrane thermometer (ThermoScan® 5 IRT6030;
BRAUN, Kronberg, Germany). A blanket (full body warming blanket, model no. 30000;
3M, St. Paul, MN, USA) and forced air warming (Bair Hugger, model no. 505; Arizant
Healthcare Inc., Eden Prairie, MN, USA) were used to maintain the patient’s body at a
set temperature of 38 ◦C. Approximately 1 min elapsed before the PI graph stabilization.
Subsequently, the baseline PI was recorded and assessed every 15 min until completion
of the surgery. Electrocardiography, radial arterial blood pressure, oxygen saturation,
bispectral index (BIS) and ambient temperature were also measured and recorded. The



Medicina 2021, 57, 364 3 of 8

ambient temperature was measured at a distance of approximately 2 m from the patient to
exclude the influence of forced air warming. The level of consciousness was monitored
using BIS monitoring sensors (BIS Vista, Aspect Medical System, Minneapolis, MN, USA).
If the surgical draping site and the BIS attachment site overlapped, after discussion with
the surgeon, it was attached in the correct position as much as possible within the range
that did not interfere with the operation. Anesthesia was induced and maintained with
propofol and remifentanil. Effect-site concentrations of 2.0–2.5 µg/mL for propofol and
5.0–7.0 ng/mL for remifentanil were set for induction and maintenance of anesthesia. A
neuromuscular blockade was induced with rocuronium (0.8 mg/kg). After induction of
anesthesia, an esophageal stethoscope with a temperature probe (esophageal stethoscope
with temperature sensor; Sewoon Medical Co., Cheonan, Korea) was placed 35–37 cm from
the upper incisors, and the core body temperature was monitored every 15 min. After
tracheal intubation, an inhaled air heater (Ace Heated Controller; ACEMEDICAL, Goyang,
Korea) was connected to the breathing circuit. Mechanical ventilation was provided with
an inspired oxygen concentration of 50%, fresh gas flow of 3 L/min, tidal volume of
6–8 mL/kg, end-tidal carbon dioxide concentration of 35–40 mmHg, and a respiratory
rate adjusted to 10–15 breaths/min. The criterion for the diagnosis of intraoperative
hypothermia was a body temperature of <36.0 ◦C during the surgery [18,19].

2.3. Statistical Analysis

Continuous variables are expressed as mean ± standard deviation (SD), and categori-
cal variables are expressed as number (proportion). Demographic and clinical data of the
two groups were analyzed using the Student’s t-test, chi-square test, or Fisher’s exact test.
Univariate logistic regression analysis was used to explore the factors affecting intraop-
erative hypothermia and variables with p-value less than 0.2 and previously described
clinically important factors were included in the multivariate logistic regression analysis.
Statistical significance was defined as p < 0.05. The IBM SPSS statistical software package
for Windows (version 22.0; IBM, Armonk, NY, USA) was used for statistical analyses.

3. Results

Written informed consent was obtained from 40 patients, and the analysis was per-
formed on 38, after excluding two patients who underwent blood transfusion during the
surgery. The patients were divided into two groups: the hypothermia group who had a
core body temperature of <36.0 ◦C during the surgery and the normothermia group who
maintained a core body temperature of ≥36.0 ◦C. Demographic and intraoperative data of
the patients are summarized in Table 1. Among the 38 patients, 18 experienced hypother-
mia during the surgery. Demographic data, such as age, sex, height, weight, BMI, ASA
class, history of diabetes and hypertension, duration of anesthesia, amount of administered
fluid, dose of anesthetic agents, estimated blood loss, and ambient temperature during
the surgery were not significantly different between the two groups. Baseline PI values
(3.0 ± 1.2 vs. 1.8 ± 0.7, p < 0.001) (Figure 2) and baseline body temperature (37.1 ± 0.4 ◦C
vs. 36.7 ± 0.4 ◦C, p = 0.010) were significantly lower among patients in the hypothermia
group compared to those in the normothermia group and this trend persisted until the
end of the surgery (Figure 3). Following univariate logistic regression analysis (Table 2),
variables with p-values < 0.2 and previously described clinically important factors were
analyzed by multivariate logistic regression. Ultimately, the baseline PI and body temper-
ature values were independently associated with the occurrence of hypothermia during
surgery (Table 3).
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Table 1. Demographic and intraoperative data of the patients.

All Patients
(n = 38)

Normothermia
(n = 20)

Hypothermia
(n = 18) p-Value

Age (years) 57.8 ± 7.2 58.5 ± 5.6 57.1 ± 8.7 0.556
Sex (n (%)) 0.914

Female 25 (65.8%) 13 (65.0%) 12 (66.7%)
Male 13 (34.2%) 7 (35.0%) 6 (33.3%)

Height (cm) 160.2 ± 7.9 158.7 ± 7.9 161.8 ± 7.9 0.221
Weight (kg) 62.7 ± 10.7 61.3 ± 11.4 64.3 ± 9.9 0.399

BMI (kg/m2) 24.3 ± 2.6 24.2 ± 2.8 24.5 ± 2.4 0.759
ASA (n (%)) 0.606

I 4 (10.5%) 3 (15.0%) 1 (5.6%)
II 34 (89.5%) 17 (85.0%) 17 (94.4%)

Diabetes Mellitus (n (%)) 8 (21.1%) 4 (20.0%) 4 (22.2%) 1.000
Hypertension (n (%)) 17 (44.7%) 7 (35.0%) 10 (55.6%) 0.203

Baseline PI 2.4 ± 1.2 3.0 ± 1.2 1.8 ± 0.7 <0.001 *
Duration of surgery (min) 192.1 ± 62.0 194.0 ± 54.7 190 ± 70.8 0.846

Duration of anesthesia (min) 261.8 ± 70.6 260.3 ± 63.5 263.6 ± 79.6 0.886
Type of surgery (n (%)) 0.370

Aneurysm neck clip 18 (47.4%) 9 (45.0%) 9 (50.0%)
Microvascular decompression 16 (42.1%) 10 (50.0%) 6 (33.3%)

Mass removal 4 (10.5%) 1 (5.0%) 3 (16.7%)
Propofol (mg) 1343.5 ± 366.1 1319.0 ± 308.7 1370.8 ± 428.5 0.669

Remifentanil (mcg) 2888.4 ± 1075.5 3005.9 ± 1052.9 2757.8 ± 1115.5 0.485
Total fluid (mL) 1256.6 ± 444.2 1257.5 ± 411.4 1255.6 ± 490.2 0.989

Estimated blood loss (mL) 305.3 ± 165.9 285.0 ± 175.5 327.8 ± 156.5 0.435
Baseline temperature (◦C) † 36.9 ± 0.5 37.1 ± 0.4 36.7 ± 0.4 0.010 *

OR temperature (◦C) 20.8 ± 0.8 21.0 ± 0.8 20.6 ± 0.8 0.186

All data are presented as mean ± standard deviation (SD) or number (percentage) of patients. BMI, body mass index; ASA, American
Society of Anesthesiologists physical status score; PI, perfusion index; OR, operating room; Normothermia, patients with intraoperative
core body temperature ≥ 36.0 ◦C; Hypothermia: patients with intraoperative core body temperature < 36.0 ◦C; † Baseline temperature,
tympanic membrane temperature immediately after entering the operating room; * p < 0.05 indicating statistical significance.

Figure 2. Baseline PI in normothermia and hypothermia groups. * indicates p < 0.001.
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Figure 3. Comparison of core body temperatures between the normothermia group and the hy-
pothermia group. Core body temperatures were significantly higher in the normothermia group at
every moment. Data are expressed as mean ± standard deviation. Significant differences between
the two groups at each point are indicated as * p < 0.05 or ** p < 0.01.

Table 2. Univariate logistic regression analysis of intraoperative hypothermia.

β Wals Odds Ratio 95% Confidence Interval p-Value

Age (years) −0.028 0.366 0.972 0.888 1.065 0.545
Male 0.074 0.012 1.077 0.281 4.127 0.914

BMI (kg/m2) 0.040 0.100 1.041 0.813 1.332 0.752
ASA
II † 1.099 0.832 3.000 0.283 31.802 0.362

Diabetes Mellitus −0.134 0.028 0.875 0.184 4.166 0.867
Hypertension −0.842 1.595 0.431 0.117 1.592 0.207

Baseline PI −1.270 7.945 0.281 0.116 0.679 0.005 *
Duration of anesthesia (min) 0.001 0.022 1.001 0.992 1.010 0.882

Type of surgery
Aneurysm neck clip / 1.751 / / / 0.417

Microvascular decompression −1.099 0.776 0.333 0.029 3.842 0.378
Mass removal −1.609 1.619 0.200 0.017 2.386 0.203

Baseline temperature (◦C) †† −2.140 5.507 0.118 0.020 0.703 0.019 *
OR temperature (◦C) −0.567 1.748 0.567 0.245 1.315 0.186

BMI, body mass index; ASA, American Society of Anesthesiologists physical status score; PI, perfusion index; OR, operating room; † Odds
ratio compared with ASA I; †† Baseline temperature, tympanic membrane temperature immediately after entering the operating room;
* p < 0.05 indicating statistical significance.

Table 3. Multivariate logistic regression analysis of intraoperative hypothermia.

β Wals Odds Ratio 95% Confidence Interval p-Value

Baseline PI −1.398 6.881 0.247 0.087 0.702 0.009 *
Male 1.839 1.749 6.288 0.412 95.949 0.186

BMI (kg/m2) −0.024 0.013 0.976 0.643 1.482 0.909
Duration of anesthesia (min) −0.002 0.069 0.998 0.985 1.012 0.794

OR temperature (◦C) −0.559 0.650 0.572 0.147 2.225 0.420
Baseline temperature (◦C) † −4.278 5.198 0.014 0.000 0.549 0.023 *

PI, perfusion index; OR, operating room; † Baseline temperature, tympanic membrane temperature immediately after entering the operating
room; * p < 0.05 indicating statistical significance.
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4. Discussion

This prospective observational pilot study showed that a low baseline PI was associ-
ated with the development of intraoperative hypothermia. Our findings show that PI may
be related to body temperature as well as perfusion state implies that the perfusion state
may need to be considered in body temperature management. We can consider several
reasons why low PI can lead to hypothermia. Early hypothermia during general anesthesia
is mainly caused by the redistribution of body heat from the central to peripheral compart-
ments, due to vasodilation following use of the anesthetics [5]. The degree of redistribution
of body heat may be affected by the peripheral perfusion state, which differs across patients
and results in a difference in gradient between temperature of the central and peripheral
compartments [20,21]. Low peripheral perfusion state can lead to low peripheral body
temperature, thus lowering the overall core body temperature. Therefore, patients with low
PI may have a greater degree of decrease in core temperature due to the large redistribution
gradient due to the low peripheral compartment temperature [22]. Second, in this study,
the baseline body temperature was already lower in patients with a low baseline PI. Low
baseline body temperature per se might produce a low baseline PI in the hypothermia
patients. However, our results showed that the association of PI was statistically higher
than that of baseline body temperature (Odds ratio; baseline body temperature vs. PI, 0.014
vs. 0.247). Patients with low PI may have a low initial core temperature value due to the
already low body temperature. However, considering our findings that PI was the most
correlated with hypothermia, PI can be used as a representative value for various factors
including peripheral perfusion. It can also be considered that patients with low peripheral
perfusion may be less efficient in heat transfer using active air warming.

Abdelnasser et al. [10] reported that the PI is a useful tool to evaluate the success of
supraclavicular nerve block. In addition, Eric et al. [16] demonstrated that the PI is an
intraoperative marker of successful thoracic sympathectomy. These studies to date with
PI suggest that the PI can be considered a non-invasive parameter to assess the state of
peripheral blood flow and the autonomic nervous system. However, few studies have
reported on the correlation between the PI and body temperature. Kuroki et al. [23] reported
that the PI correlated with peripheral temperature and the peripheral-core temperature
gradient. These results are consistent with our findings that hypothermia may occur more
frequently during surgery due to low PI values.

Previous studies have reported that the risk factors for intraoperative hypothermia
are age, BMI, preoperative systolic blood pressure, heart rate, baseline core temperature,
ASA-PS score, the type of anesthesia and surgery, the duration of preparation and surgery,
and ambient temperature [20,24–29]. However, previous studies did not include the PI as a
risk factor for intraoperative hypothermia. Kasai et al. proposed a scoring model to predict
intraoperative hypothermia [25]. However, they did not consider PI as a predictor. If the PI,
which showed the strongest correlation in our study, is included in the predictor, a more
accurate predictive score can be generated. In addition, aggressive warming strategies
such as pre-warming may be necessary for patients with low PI.

However, our study has several limitations. First, the main limitation is the small
sample size. Because our study was a pilot study to find out whether PI is related to
body temperature, we sought to control the confounding factor by recruiting patients
through strict exclusion criteria. As a result, analysis was performed with a small number
of samples. In the future, studies on the validity and clinical applicability of PI with larger
numbers of samples will be needed. Second, due to our strict control, the type of surgery
and patients were homogenous. The surgery type and patients’ group were controlled to
evaluate only the effect of the PI. Future large-scale retrospective or prospective studies
on heterogeneous patient groups, including children and elderly individuals, and various
surgeries will yield clearer results.
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5. Conclusions

This prospective observational pilot study showed that a low baseline PI was indepen-
dently associated with the development of intraoperative hypothermia. Therefore, future
studies should consider the PI as a predictor of intraoperative hypothermia.

Author Contributions: S.L. and J.-H.C.: Conceptualization, data curation, writing, review, and
editing; A.-H.Y., S.-W.L., Y.-J.K., M.K., J.-Y.L.: Methodology, software, formal analysis; K.-S.K., S.-W.P.:
Supervision, project administration. All authors have read and agreed to the published version of
the manuscript.

Funding: This research did not receive any external funding.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and was approved by the Institutional Review Board of Kyung Hee
University Hospital (IRB File No. KHUH 2019-03-015, the dates of approval; 10 April 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Frank, S.M.; Fleisher, L.A.; Breslow, M.J.; Higgins, M.S.; Olson, K.F.; Kelly, S.; Beattie, C. Perioperative maintenance of normoth-

ermia reduces the incidence of morbid cardiac events. A randomized clinical trial. JAMA 1997, 277, 1127–1134. [CrossRef]
[PubMed]

2. Kurz, A.; Sessler, D.I.; 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, 1209–1215. [CrossRef] [PubMed]

3. Sun, Z.; Honar, H.; Sessler, D.I.; Dalton, J.E.; Yang, D.; Panjasawatwong, K.; Deroee, A.F.; Salmasi, V.; Saager, L.; Kurz, A.
Intraoperative core temperature patterns, transfusion requirement, and hospital duration in patients warmed with forced air.
Anesthesiology 2015, 122, 276–285. [CrossRef] [PubMed]

4. Weirich, T.L. Hypothermia/warming protocols: Why are they not widely used in the OR? AORN J. 2008, 87, 333–344. [CrossRef]
5. Sessler, D.I. Perioperative heat balance. Anesthesiology 2000, 92, 578–596. [CrossRef]
6. Huang, B.; Sun, K.; Zhu, Z.; Zhou, C.; Wu, Y.; Zhang, F.; Yan, M. Oximetry-derived perfusion index as an early indicator of

CT-guided thoracic sympathetic blockade in palmar hyperhidrosis. Clin. Radiol. 2013, 68, 1227–1232. [CrossRef]
7. Ginosar, Y.; Weiniger, C.F.; Meroz, Y.; Kurz, V.; Bdolah-Abram, T.; Babchenko, A.; Nitzan, M.; Davidson, E.M. Pulse oximeter

perfusion index as an early indicator of sympathectomy after epidural anesthesia. Acta Anaesthesiol. Scand. 2009, 53, 1018–1026.
[CrossRef]

8. Mehandale, S.G.; Rajasekhar, P. Perfusion index as a predictor of hypotension following propofol induction—A prospective
observational study. Indian J. Anaesth. 2017, 61, 990–995. [CrossRef]

9. Lee, J.Y.; Kim, E.D.; Kim, Y.N.; Kim, J.S.; Sim, W.S.; Lee, H.J.; Park, H.J.; Park, H.J. Correlation of Perfusion Index Change and
Analgesic Efficacy in Transforaminal Block for Lumbosacral Radicular Pain. J. Clin. Med. 2019, 8, 51. [CrossRef]

10. Abdelnasser, A.; Abdelhamid, B.; Elsonbaty, A.; Hasanin, A.; Rady, A. Predicting successful supraclavicular brachial plexus block
using pulse oximeter perfusion index. Br. J. Anaesth. 2017, 119, 276–280. [CrossRef]

11. Hasanin, A.; Mohamed, S.A.R.; El-Adawy, A. Evaluation of perfusion index as a tool for pain assessment in critically ill patients.
J. Clin. Monit. Comput. 2017, 31, 961–965. [CrossRef]

12. Kupeli, I.; Kulhan, N.G. Can Perfusion Index be used as an Objective Tool for Pain Assessment in Labor Analgesia? Pak. J. Med.
Sci. 2018, 34, 1262–1266. [CrossRef]

13. Kwon, J.H.; Park, H.J.; Sim, W.S.; Park, J.H.; Jung, K.H.; Oh, M.S.; Seon, H.J.; Lee, J.Y. Evaluation of the Intraoperative Perfusion
Index for Correlation with Acute Postoperative Pain in Patients Undergoing Laparoscopic Colorectal Cancer Surgery. J. Clin. Med.
2019, 8, 1299. [CrossRef]

14. van Genderen, M.E.; Bartels, S.A.; Lima, A.; Bezemer, R.; Ince, C.; Bakker, J.; van Bommel, J. Peripheral perfusion index as an
early predictor for central hypovolemia in awake healthy volunteers. Anesth. Analg. 2013, 116, 351–356. [CrossRef]

15. Ryu, K.H.; Hwang, S.H.; Shim, J.G.; Ahn, J.H.; Cho, E.A.; Lee, S.H.; Byun, J.H. Comparison of vasodilatory properties between
desflurane and sevoflurane using perfusion index: A randomised controlled trial. Br. J. Anaesth. 2020, 125, 935–942. [CrossRef]

16. Jeng, E.I.; Gravenstein, N.; Klodell, C.T. Perfusion Index: An Indicator of Success During Endoscopic Thoracic Sympathectomy
for Hyperhidrosis. Ann. Thorac. Surg. 2017, 104, 426–430. [CrossRef]

17. Toyama, S.; Kakumoto, M.; Morioka, M.; Matsuoka, K.; Omatsu, H.; Tagaito, Y.; Numai, T.; Shimoyama, M. Perfusion index
derived from a pulse oximeter can predict the incidence of hypotension during spinal anaesthesia for Caesarean delivery. Br. J.
Anaesth. 2013, 111, 235–241. [CrossRef]

18. John, M.; Crook, D.; Dasari, K.; Eljelani, F.; El-Haboby, A.; Harper, C.M. Comparison of resistive heating and forced-air warming
to prevent inadvertent perioperative hypothermia. Br. J. Anaesth. 2016, 116, 249–254. [CrossRef]

http://doi.org/10.1001/jama.1997.03540380041029
http://www.ncbi.nlm.nih.gov/pubmed/9087467
http://doi.org/10.1056/NEJM199605093341901
http://www.ncbi.nlm.nih.gov/pubmed/8606715
http://doi.org/10.1097/ALN.0000000000000551
http://www.ncbi.nlm.nih.gov/pubmed/25603202
http://doi.org/10.1016/j.aorn.2007.08.021
http://doi.org/10.1097/00000542-200002000-00042
http://doi.org/10.1016/j.crad.2013.07.003
http://doi.org/10.1111/j.1399-6576.2009.01968.x
http://doi.org/10.4103/ija.IJA_352_17
http://doi.org/10.3390/jcm8010051
http://doi.org/10.1093/bja/aex166
http://doi.org/10.1007/s10877-016-9936-3
http://doi.org/10.12669/pjms.345.15157
http://doi.org/10.3390/jcm8091299
http://doi.org/10.1213/ANE.0b013e318274e151
http://doi.org/10.1016/j.bja.2020.07.050
http://doi.org/10.1016/j.athoracsur.2017.02.023
http://doi.org/10.1093/bja/aet058
http://doi.org/10.1093/bja/aev412


Medicina 2021, 57, 364 8 of 8

19. Horn, E.P.; Bein, B.; Broch, O.; Iden, T.; Böhm, R.; Latz, S.K.; Höcker, J. Warming before and after epidural block before general
anaesthesia for major abdominal surgery prevents perioperative hypothermia: A randomised controlled trial. Eur. J. Anaesthesiol.
2016, 33, 334–340. [CrossRef]

20. Riley, C.; Andrzejowski, J. Inadvertent perioperative hypothermia. BJA Educ. 2018, 18, 227–233. [CrossRef]
21. Åström, D.O.; Veber, T.; Martinsone, Ž.; Kal,užnaja, D.; Indermitte, E.; Oudin, A.; Orru, H. Mortality Related to Cold Temperatures

in Two Capitals of the Baltics: Tallinn and Riga. Medicina 2019, 55, 429. [CrossRef]
22. Reingardiene, D. [Hypothermia]. Medicina 2003, 39, 90–97.
23. Kuroki, C.; Godai, K.; Hasegawa-Moriyama, M.; Kuniyoshi, T.; Matsunaga, A.; Kanmura, Y.; Kuwaki, T. Perfusion index as a

possible predictor for postanesthetic shivering. J. Anesth. 2014, 28, 19–25. [CrossRef]
24. Li, Y.; Liang, H.; Feng, Y. Prevalence and multivariable factors associated with inadvertent intraoperative hypothermia in

video-assisted thoracoscopic surgery: A single-center retrospective study. BMC Anesthesiol. 2020, 20, 25. [CrossRef]
25. Kasai, T.; Hirose, M.; Yaegashi, K.; Matsukawa, T.; Takamata, A.; Tanaka, Y. Preoperative risk factors of intraoperative hypothermia

in major surgery under general anesthesia. Anesth. Analg. 2002, 95, 1381–1383. [CrossRef]
26. Miyazaki, R.; Hoka, S. What is the predictor of the intraoperative body temperature in abdominal surgery? J. Anesth. 2019, 33,

67–73. [CrossRef] [PubMed]
27. Yang, L.; Huang, C.Y.; Zhou, Z.B.; Wen, Z.S.; Zhang, G.R.; Liu, K.X.; Huang, W.Q. Risk factors for hypothermia in patients under

general anesthesia: Is there a drawback of laminar airflow operating rooms? A prospective cohort study. Int. J. Surg. 2015, 21,
14–17. [CrossRef]

28. Yi, J.; Zhan, L.; Lei, Y.; Xu, S.; Si, Y.; Li, S.; Xia, Z.; Shi, Y.; Gu, X.; Yu, J.; et al. Establishment and Validation of a Prediction Equation
to Estimate Risk of Intraoperative Hypothermia in Patients Receiving General Anesthesia. Sci. Rep. 2017, 7, 13927. [CrossRef]

29. Macario, A.; Dexter, F. What are the most important risk factors for a patient’s developing intraoperative hypothermia? Anesth.
Analg. 2002, 94, 215–220. [CrossRef]

http://doi.org/10.1097/EJA.0000000000000369
http://doi.org/10.1016/j.bjae.2018.05.003
http://doi.org/10.3390/medicina55080429
http://doi.org/10.1007/s00540-013-1658-9
http://doi.org/10.1186/s12871-020-0953-x
http://doi.org/10.1097/00000539-200211000-00051
http://doi.org/10.1007/s00540-018-2585-6
http://www.ncbi.nlm.nih.gov/pubmed/30498930
http://doi.org/10.1016/j.ijsu.2015.06.079
http://doi.org/10.1038/s41598-017-12997-x
http://doi.org/10.1213/00000539-200201000-00042

	Introduction 
	Materials and Methods 
	Patients 
	Intervention 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

