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Abstract
Background Hypothermia is defined as a decrease in body core temperature to below 36 °C. If intraoperative heat-preserving 
measures are omitted, a patient’s temperature will fall by 1 – 2 °C. Even mild forms of intraoperative hypothermia can lead 
to a marked increase in morbidity and mortality. Using warm and humidified gas insufflation in laparoscopy may help in the 
maintenance of intraoperative body temperature.
Methods In this prospective randomized controlled study, we investigated effects of temperature and humidity of the insuf-
flation gas on intra- and postoperative temperature management. 150 patients undergoing gynecologic laparoscopic surgery 
were randomly assigned to either insufflation with non-warmed, non-humidified  CO2 with forced air warming blanket (AIR), 
humidified warm gas without forced air warming blanket (HUMI) or humidified warm gas combined with forced air warm-
ing blanket (HUMI+). We hypothesized that the use of warmed laparoscopic gas would have benefits in the maintenance of 
body temperature and reduce the occurrence of hypothermia.
Results The use of warm and humidified gas insufflation alone led to more hypothermia episodes with longer duration and 
longer recovery times as well as significantly lower core body temperature compared to the other two groups. In the com-
parison of the AIR group and HUMI + group, HUMI + patients had a significantly higher body temperature at arrival at the 
PACU (Post Anaesthesia Care Unit), had the least occurrence of hypothermia and suffered from less shivering.
Conclusion The use of warm and humidified gas insufflation alone does not sufficiently warm the patients. The optimal 
temperature management is achieved in the combination of external forced air warming and insufflation of warm and humidi-
fied laparoscopy gas.

Keywords Warm management · Body temperature · Hypothermia · Warm humidified  CO2

Christian Bruells and Ivo Meinhold-Heerlein co-directed the study 
equally.

 * Julia Wittenborn 
 juwittenborn@ukaachen.de

1 Department of Gynecology and Obstetrics, University 
Hospital of the RWTH Aachen, Pauwelsstrasse 30, 
52074 Aachen, Germany

2 Department of Anesthesiology, University Hospital 
of the RWTH Aachen, Pauwelsstrasse 30, 52074 Aachen, 
Germany

3 Department of Medical Statistics, University Hospital 
of the RWTH Aachen, Pauwelsstrasse 30, 52074 Aachen, 
Germany

4 Department of Gynecology and Obstetrics, University 
Hospital of Gießen and Marburg, Justus-Liebig University 
Gießen, Klinikstr. 33, 35392 Giessen, Germany

5 Department of Anesthesiology and Intensive Care, 
St Elisabeth Hospital, Stadtring Kattenstroth 130, 
33332 Gütersloh, Germany

http://orcid.org/0000-0002-1841-4207
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-022-06499-z&domain=pdf


754 Archives of Gynecology and Obstetrics (2022) 306:753–767

1 3

Introduction

Intraoperative hypothermia is defined as a decrease in core 
body temperature to below 36 °C [1]. Without the use of 
heat-preserving measures, the temperature of most patients 
is reduced by 1–2 °C during an operation as their intrinsic 
thermoregulation switches off [2]. Due to the effect of general 
anesthesia, the naked body is no longer able to counteract the 
reduction in temperature by shivering or vasoconstriction [2]. 
In addition, the room temperature is often low, and cooling 
takes place across wound surfaces. Skin incisions for lapa-
roscopy are much smaller than those of open surgical proce-
dures, but the entire internal abdominal body surface interacts 
with the cold and dry insufflated gas  (CO2) [3]. Therefore, 
the temperature drop during laparoscopic procedures does 
not differ essentially from that seen during open surgery. 
Even mild forms of intraoperative hypothermia can lead to a 
marked increase in morbidity and mortality [4, 5]. The nega-
tive consequences of intraoperative hypothermia have been 
well researched and include disturbances of blood clotting with 
increased blood loss as well as increased rate of transfusions, 
myocardial dysfunction, arrhythmia and hypokalemia [5]. In 
addition, delayed wound healing and wound infections occur 
more often, with prolonged hospitalization as a result [4–6].

CO2 at room temperature is usually employed in laparo-
scopic surgery for insufflation of the pneumoperitoneum; at 
room temperature it is relatively cold and dry compared with 
body temperature. This factor is often overlooked when intra-
operative hypothermia occurs. Evidence from previous studies 
show, however, that the risk of hypothermia can be reduced 
by the use of warmed and humidified insufflation gas [7–13]. 
The question is especially relevant in gynecology as women in 
particular tend towards intraoperative hypothermia [14].

Here, we present the results of our prospective, randomized, 
controlled monocentric trial [A prospective, randomized, 
controlled, double-blinded study investigating intraoperative 
temperature and postoperative pain course following gyneco-
logical laparoscopy—TePaLa (Temperature and Pain in Lap-
aroscopy)].The part concerning postoperative pain has been 
published before [15]. This article describes the parts of the 
TePaLa trial concerning the patient’s temperature during lapa-
roscopy. We hypothesized that the use of warmed laparoscopic 
gas would have benefits in maintaining body temperature and 
in reducing the occurrence of hypothermia.

Materials and methods

Trial design

The study was designed as a monocentric, prospective, ran-
domized, double-blinded controlled trial with three parallel 

intervention arms. It was conducted at the Department of 
Gynecology and Obstetrics and the Department of Anes-
thesiology, University Hospital Aachen, Germany between 
July 2016 and September 2018. Before trial commence-
ment the study design was changed into a single-blinded 
trial, because the surgeon and the study staff could not be 
effectively blinded with respect to used devices during the 
laparoscopic procedure. All patients and ward staff were not 
aware of the used method during laparoscopy.

Ethic committee and trial registration

The study was approved by the Ethics Committee at the 
RWTH Aachen University Faculty of Medicine, Germany, 
in August 2015. The trial is registered under the name “Tem-
perature and Pain in Laparoscopy” (TePaLa) with Clinical-
Trials.gov on May 17, 2016, trial number NCT02781194.

Participants

150 patients with an indication to a laparoscopic gynecologi-
cal surgery were randomized in 3 groups of 50 subjects each. 
In group 1 (AIR), a forced air warming blanket and cold 
and dry insufflation gas has been used during surgery. In 
group 2 (HUMI), insufflation has been performed by warm 
and humidified insufflation gas and no warming blanket was 
used. Group 3 (HUMI+) was treated with a combination 
of a forced air warming blanket and warm, humidified gas.

Inclusion criteria

Eligible patients were female, aged between 18 and 69 years 
with a body mass index under 35, admitted for laparoscopic 
surgery with a planned duration of more than 60 min.

Exclusion criteria

Exclusion criteria were pregnancy or no sufficient contracep-
tion, women, who are breastfeeding, alcohol or drug abuse, 
expected non-compliance, patients unwilling or unable to 
give informed consent, patients with limited ability to com-
ply with instructions for this study, participation in another 
interventional study within the last 3 months, subjects who 
are committed to an institution and/ or penitentiary by judi-
cial or official order and employees of the investigator coop-
eration companies.

The study could have been terminated due to a violation 
of the study protocol, the declaration of Helsinki, ICH-GCP 
and/or applicable regulatory requirements. Participants of 
the study were excluded if the patient withdrew informed 
consent or did not follow instructions by the study team, if 
the safety and well-being could not be ensured any longer, 
if the risks and benefits of continuing the study had been 
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reassessed, and the risk outweighed any potential benefit, if 
the incidence of adverse events (AE) constituted a potential 
health hazard to the subjects, if perioperative temperature 
dropped below 35.0 °C (core body temperature), and if intra-
operative loss of blood was more than 500 ml.

Following physical examination and elucidation about the 
study course by a senior physician, eligible patients were 
requested to participate in the study.

Outcomes

The primary endpoint was the occurrence and total number 
of episodes of hypothermia (< 36 °C). Their duration and 
the time until recovery were secondary endpoints as well 
as the dynamic of the body temperature and its time course 
throughout the operation until the arrival in the post-anesthe-
sia care unit (PACU) and the duration of stay at the PACU.

Randomization

After written informed consent was obtained, study partici-
pants were randomized with equal allocation ratios to the 
three interventions using permuted block randomization 
(block size 6) stratified by endometriosis (Yes/No). Com-
puter generated sequences were used. To maintain allocation 
concealment, the randomization sequence and the block size 
were concealed from the investigators and the study team 
until database lock, and the assignment to study participants 
was carried out with a web-based application maintained 
by the Institute of Medical Informatics, RWTH Aachen 
University.

Interventions

Pre‑surgical treatment

Patients were warmed with a duvet for one hour before the 
procedure in the holding area of the operation theatre. An 
underbody blanket for delivery of forced air warming was 
placed on every procedure table before patients were placed 
on it but was used only in groups AIR and HUMI+. This 
ensured allocation concealment for patients and provided 
a possibility of external warming up in case of lowering 
the core body temperature below 35 °C in the HUMI group 
(exclusion criterion). During transfer from the holding area 
to the operation room, all patients were covered with pre-
warmed cotton sheets. The ambient temperature of anes-
thetic preparation room and operation theatre was 21 °C, 
measured and set by the central air conditioning system. One 
hour prior to the induction of general anesthesia, all patients 
received tympanal temperature measurements every 10 min.

Intraoperative procedures

In case if epidural anesthesia was indicated and desired by 
the patient, the epidural catheter was placed according to 
standard operating procedure. All patients received gen-
eral anesthesia as total intravenous anesthesia or low flow 
(< 1 l/ min) balanced anesthesia. After induction of anesthe-
sia patients of the AIR and HUMI + group received forced 
air warming, administered by the 3 M Bair Hugger Warm-
ing Unit, Model 775 in combination with 3 M Bair Hug-
ger Lithotomy Underbody Blanket, Model 585 (both 3 M 
company, St Paul, USA). Patients of the HUMI group were 
covered only with cotton sheets. An esophageal thermometer 
was placed immediately after induction of general anesthe-
sia and temperatures were taken every 10 min for the entire 
duration of the operation. All participants underwent laparo-
scopic surgery in a lithotomy position, which was performed 
by one of four surgeons appointed by the principal investiga-
tor because of their similar surgical technique. According 
to randomization, capnoperitoneum was established and 
maintained either with cold and dry  CO2 (21.0 °C room tem-
perature/ 0% humidity) in the AIR group or with warm and 
humidified  CO2 (depending on flow rate > 38.6 °C/ > 98%)
[16] in the HUMI and HUMI + group. Insufflation gas was 
warmed and humidified by the F&P HumiGard Surgical 
Humidifier MR860 (Fisher & Paykel Healthcare Limited, 
Auckland, New Zealand). Heated and humidified gas was 
supplied by the ST310 Laparoscopic Humidification Kit 
(Fisher & Paykel Healthcare Limited, Auckland, New Zea-
land). The actively heated tube maintained the tempera-
ture and humidity of the gas until it was delivered to the 
patient interface (37.0 °C ± 0.8/ 100.0% ± 0.05)[17]. For  CO2 
insufflation, 26432020-1 THERMOFLATOR from KARL 
STORZ was used (KARL STORZ SE & Co. KG, Tuttlingen, 
Germany). Maximum gas pressure was set to 15 mmHg, so 
that except for the laparoscopic port entry procedure, the 
maximum intraperitoneal pressure did not exceed this limit. 
Fluid management contained an intravenous fluid input 
of minimum 4 ml/kg/h with an average aim of 500 ml/h. 
Intravenous fluids were administered via HL-90-DE-230 
HOTLINE Blood and Fluid Warmer (Smiths Medical, Inc., 
Minneapolis, USA) in all groups.

For the patients transfer from the operating theatre to the 
PACU, patients were again covered with prewarmed cotton 
sheets.

Post‑surgical data acquisition

At the time of arrival at the PACU, the tympanal temperature 
was measured again. In case, the measurement was below 
36.5 °C, repeated measurements were performed until the 
patient’s body temperature reached 36.5 °C. The occurrence 
of postoperative shivering was noted.



756 Archives of Gynecology and Obstetrics (2022) 306:753–767

1 3

Statistical analysis

Outcome variables were described within each treatment 
group using standard descriptive statistics (frequency, mini-
mum, maximum, quartiles, mean, and standard deviation). 
The occurrence of episodes of hypothermia (< 36 °C), their 
duration and the time until full recovery was analyzed by 
group. Body temperature data were analyzed using a lin-
ear mixed effects model [18, 19]. The model included 
fixed effects for the treatments, measurement occasions, 
stratification and randomization blocks, as well as meas-
urement-treatment interactions. The random part included 
intercepts grouped by subjects. We based the inference on 
the treatment effect on a likelihood ratio test comparing the 
full model with a restricted model excluding all treatment 
effects. Estimated treatment effects at each measurement 
occasion were calculated from the model along with nominal 
95% confidence intervals. Furthermore, the dynamic of the 
body temperature during the whole duration of the opera-
tion until the arrival in the PACU was compared between 
the different groups.

Analyses were conducted using R [20]. Mixed models 
were fitted with lme4 [21].

Results

Study population

A total of 208 patients with an indication to a laparoscopic 
gynecologic surgery were assessed for eligibility between 
July 2016 and September 2018. 58 subjects were not 
included, as they did not meet inclusion criteria, declined 
to participate, participated in another study or for other rea-
sons. 150 patients, who finally were included into the study, 
were randomized either to the control group or to 1 of the 2 
intervention groups.

One patient randomized to the control group (AIR) acci-
dently received no warming blanket, but warm humidified 
insufflation gas instead of the allocated intervention with 
forced air warming blanket alone. One patient randomized 
into the HUMI group did not receive surgery, and conse-
quently the allocated intervention, because of preopera-
tive spontaneous rupture of the ovarian cyst that was the 
indication for laparoscopy. Two patients randomized into 
HUMI+ group did not receive the allocated intervention: in 
one case, because the planned surgery was not performed 
due to loss of indication after randomization and one patient 
received forced air warming blanket only instead of the allo-
cated intervention.

In two cases, the intervention was discontinued: one 
patient from the AIR group, because of the intraoperative 
indication to a conversion of the laparoscopic procedure into 

laparotomy, and one patient from the HUMI group, because 
of the lowering of body core temperature below 35 °C dur-
ing the intervention with the necessity to use additionally 
forced air warming blanket.

Primary—Intention to treat—analysis was performed 
(Fig. 1).

Intraoperative variables

Table 1 shows the baseline characteristics of all patients who 
received surgery. Demographic data, risk factors for cardio-
vascular complications, patient’s medical history, intraop-
erative medication, fluids and insufflated  CO2 as well as the 
type and length of operative procedures were recorded. No 
significant differences between the groups were recorded.

Primary endpoint‑intraoperative occurrence 
of hypothermia

The total number of hypothermia episodes (< 36 °C) differed 
significantly between the three groups (see Table 2).

During anaesthesia and postoperatively, there were sig-
nificantly more temperatures below 36 °C in the HUMI 
group than in the AIR or HUMI+ group. In the AIR and 
HUMI + group, hypothermic measurement were rare 
(Table 3).

Duration of hypothermia

The duration of hypothermia was significantly longer in 
the HUMI group than in the other two groups. In the AIR 
group, 22% of the patients suffered from hypothermia; in the 
HUMI+ group, it was 16% of all patients. In comparison, 
in the HUMI group, every second patient had at least one 
hypothermic episode (see Table 4, Fig. 2).

Recovery time

The time from the lowest measured temperature until the 
first measurement of a temperature > 36 °C was defined as 
recovery time. This time interval also differed significantly 
between the three groups (see Table 5, Fig. 3). In group 2 
(HUMI), three patients did not recover from hypothermia 
within the study, in the AIR group, it was one, whereas all 
patients in group 3 (HUMI+) showed recovery within study 
time.

Body temperature

Median preoperative body temperature measurements did 
not differ significantly. Perioperatively, the median tempera-
ture was highest in group 3 (HUMI+); in group 2 (HUMI), 
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the temperature measurements dropped significantly com-
pared to group 1 (AIR) and 3 (HUMI+) (Fig. 4).

Differences in temperature by groups

To evaluate the effect of Humigard® on body temperature, 
we assessed the temperature difference at certain time points 
between HUMI and HUMI + group in comparison to the 
AIR group. The results are depicted in Fig. 5, Table 6.

Treatment 2–1 (green circle) describes the estimated dif-
ference between group 2 (HUMI) versus group 1 (AIR) with 
a 95% confidence interval (p value < 0.05). The measured 
temperatures in the HUMI group are significantly lower 
compared to the AIR group at time point 3 and 4.

Treatment 3–1 (blue/triangle) describes the difference 
between group 3 (HUMI+) versus group 1 (AIR). Tem-
peratures were higher in HUMI+ group at all three time 
points, the result was statistically different at time point 
4 (Table 6).

To validate this data, we analysed the presence of poten-
tial confounders. As potential confounders high BMI (kg/
m2), quantity of warmed infusions (in ml/h) and duration 
of gas insufflation (in min.) were investigated. None of the 
above-mentioned potential confounders had an influence 
on the results of the calculation.

Fig. 1  Consort flow diagram
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Table 1  Baseline Characteristics of the investigated patient groups (all participants who underwent surgery). This table was published before in 
the part describing postoperative pain [13]

AIR group HUMI group HUMI + group P value
n = 49 n = 50 n = 49

Age (years) 40.4 ± 14.0 36.1 ± 11.7 38.7 ± 11.6 0.51
BMI 24.7 ± 3.78 26.1 ± 4.71 23.0 ± 3.55 0.05
Smoker 16 (32.7) 18 (36.0) 7 (14.3)
 Cigarettes per day 13.5 ± 6.23 11.9 ± 6.82 11.1 ± 7.45 0.39
 Smoking years 16.3 ± 14.5 16.2 ± 14.6 14.2 ± 7.6 0.79

Ex-Smoker 8 (16.3) 11 (22.0) 14 (28.6)
 Cigarettes per day 12.5 ± 6.89 16.1 ± 6.97 11.5 ± 6.17 0.53
 Smoking Years 9.57 ± 7.91 11.30 ± 9.38 9.79 ± 6.89 0.96

Risk factors for CV complications
 Hypercholesterolaemia 3 (6.1) 2 (4.0) 3 (6.1) 0.82
 Hypertension 9 (18.4) 5 (10.0) 4 (8.2) 0.26
 Overweight 19 (38.8) 24 (48.0) 12 (24.5) 0.05

Co-Morbidities
 Diabetes 3 (6.1) 1 (2.0) 3 (6.1) 0.57
 Arteriosclerosis 1 (2.0) 0 0 0.66
 Asthma 7 (14.3) 3 (6.0) 2 (4.1) 0.21
 Thyroid dysfunction 7 (14.3) 14 (28.0) 9 (18.4) 0.22

Previous abdominal surgery
 Laparoscopic 22 (44.9) 20 (40.0) 23 (46.9) 0.31
 Abdominal 12 (24.5) 12 (24.0) 6 (12.2)

Type of surgical procedure
 Endometriosis 19 (38.8) 24 (48.0) 20 (40.8) 0.62
 Hysterectomy 12 (24.5) 14 (28.0) 18 (36.7) 0.39
 Myomectomy 7 (814.3) 5 (10.0) 4 (8.2) 0.61
 Cyst removal 8 (16.3) 8 (16.0) 4 (8.2) 0.41
 Salpingo-oophorectomy 9 (18.4) 5 (10.0) 9 (18.4) 0.41
 Other 13 (26.5) 19 (38.0) 18 (36.8) 0.42

Length of surgery (min) 169 ± 97.8 166 ± 84.6 171 ± 92.6 0.96
Amount of intraperitoneal irrigating fluids 

(ml)
849 ± 600 971 ± 597 976 ± 611 0.54

Length of capnoperitoneum (min) 109 ± 78.0 109 ± 77.1 116 ± 73.1 0.88
Amount of insufflated  CO2 (l) 294 ± 338 261 ± 237 294 ± 229 0.79
Epidural catheter 11 (28.2) 16 (41.0) 12 (30.8) 0.52
Anaesthetics
 Propofol (mg/h) 419 ± 59.4 (n = 20) 437 ± 86.0 (n = 14) 387 ± 68.4 (n = 22) 0.1
 Sevoflurane (%) 1.57 ± 0.290 (n = 28) 1.56 ± 0.285 (n = 37) 1.55 ± 0.213 (n = 22) 0.98
 Desflurane (%) 5.00 (n = 1) 5.33 ± 0.808 (n = 3) 5.10 ± 0.316 (n = 5) 0.8

Intraoperative opioids
 Sufentanil (µg) 45.1 ± 15.1 (n = 47) 40.2 ± 13.0 (n = 50) 45.5 ± 18.3 (n = 48) 0.17
 Remifentanil (µg/ h) 43 (n = 1) 1200 (n = 1) (n = 0)
 Fentanil (mg) 0.5 ± 0.1 (n = 2) (n = 0) 0.4 (n = 1)
 Piritramide (mg) 5.28 ± 2.28 (n = 29) 5.27 ± 2.33 (n = 32) 4.75 ± 2.15 (n = 23) 0.64

Intraoperative non-opioids
 Metamizole (g) 1.20 ± 0.391 (n = 23) 1.21 ± 0.379 (n = 26) 1.19 ± 0.385 (n = 24) 0.98
 Paracetamol (g) 1 ± 0 (n = 8) 1 ± 0 (n = 1) 1 ± 0 (n = 4) 0.03
 Ibuprofen (g) 0 0.525 ± 0.125 (n = 2) 0.4 ± 0 (n = 2)

Intraoperative Relaxant
 Rocuroniom (mg) 49.9 ± 21.1 (n = 49) 53.5 ± 23.7 (n = 50) 51.4 ± 19.7 (n = 49) 0.71
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Temperature trends by groups

All temperature data of the different groups were included 
into a temperature trend estimation in terms of a positive 
or negative Slope (°C/min) (see Fig. 6).

A positive trend was detected in the AIR group (slope: 
0.001637) and in the HUMI+ group (slope: 0.002218). 
HUMI+ group showed a higher slope than the AIR 

group. In the HUMI group, the trend was negative (slope: 
− 0.000453) (Table 7).

Length of PACU stay

As a secondary endpoint, we analysed the length of PACU 
Stay. Usually, patients have to be normothermic, non-
shivering and without nausea, vomiting or pain as well as 
cardiopulmonary stable before they can be transferred to 
the wards [22].

The average duration of the PACU stay was 104 min. in 
the AIR group, 98 min. in the HUMI group and 96 min. in 
the HUMI+ group (see Fig. 7).

Patients who were intraoperatively warmed with 
Humigard® (HUMI) or Humigard® and BairHugger® 
(HUMI+) had shorter stays in PACU than patients warmed 
with BairHugger® alone (AIR).

Table 1  (continued)

AIR group HUMI group HUMI + group P value
n = 49 n = 50 n = 49

Length of anaesthesia (min) 193 ± 104.0 187 ± 90.8 193 ± 94.2 0.94
Amount of infusions (ml) 1638 ± 796 1690 ± 748 1714 ± 661 0.87

Table 2  Total number of hypothermia episodes (< 36 °C), rate of hypothermic measurements of all temperature measurements in the respective 
group [%], rate of hypothermic measurements per 10 min interval

Total number of hypothermia episodes 
(< 36 °C)

Rate of hypothermic measurements (%) Rate (Events per 
10 min interval)

Group AIR 45 3.8 0.036
Group HUMI 277 20.5 0.19
Group HUMI+ 53 4.3 0.041

Table 3  Hypothermia episodes over time

Period Group Total number of hypothermia 
episodes

% of all temperature meas-
urements in the respective 
period

Preoperatively (1 h prior anaesthesia induction) AIR 0 0
HUMI 0 0
HUMI+ 0 0

During anaesthesia (entire period of anaesthesia) AIR 42 5.1
HUMI 209 25
HUMI+ 49 5.8

Postoperatively (arrival at PACU until tempera-
ture > 36.5 °C)

AIR 3 3.6
HUMI 68 36.2
HUMI+ 4 4.5

Table 4  Duration of hypothermia episodes, proportion of hypother-
mic patients

Gruppe Cumulative duration of hypo-
thermia episodes (min)

Patients with at 
least one measure-
ment < 36°

AIR 10.7 11 (22%)
HUMI 61.3 25 (50%)
HUMI+ 10.7 8 (16%)
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Shivering

In the HUMI group, 34% of the patients suffered from 
shivering, in the HUMI+ group only 6%. Shivering 
occurred in 20% of patients in the AIR group (see Table 8).

Adverse events

A total of 109 (74%) study objects experienced adverse 
events during study intervention. All adverse events were 
classified as mild and they were not, or highly unlikely 
related to the study (see Supplement, Table 9).

Discussion

In the present study, we investigated the effect of three dif-
ferent intraoperative temperature management regimen using 
either standard conditions with heating blanket with forced 
air warming and dry insufflation gas at room temperature 
(AIR), no heating blanket, but warm and humidified insuf-
flation gas (HUMI) or both, heating blanket combined with 
forced air warming and warm and humidified insufflation 
gas (HUMI+). Although it was clearly shown that warm 

Fig. 2  Duration of hypothermia: Boxplots of duration of hypothermia in the TePaLa study by intervention groups. Dots represent jittered data 
points

Table 5  Recovery time, number of patients without intraoperative 
recovery

Group Recovery time (min) Number of patients 
without intraoperative 
recovery

AIR 6.7 1
HUMI 33.9 3
HUMI+ 11.3 0
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and humidified insufflation gas alone does not sufficiently 
warm the patients, we could work out that adding warm and 
humidified insufflation gas to the standard conditions with a 
forced air warming blanked has advantages for the patients 
regarding intra- and postoperative maintenance of body tem-
perature. Both has been unknown from our knowledge.

We identified two recent meta-analyses and a Cochrane 
review addressing the topic of warmed, humidified carbon 
dioxide insufflation in laparoscopic surgery. Balayssac et al. 
found significantly higher core temperatures of patients 
when using warmed and humidified gas compared to stand-
ard, but were not able to show positive effects in postopera-
tive core temperatures [23]. In the latest Cochrane analysis, 
a slightly higher body core temperature was confirmed. 
However, the benefit disappeared when the analysis only 
included trials with a known low risk of bias [24]. Dean 
et al. found a significant difference in mean core temperature 

change between the warmed, humidified group and the cold, 
dry group, with an effect size of + 0.3 °C. All three analyses 
underline the great heterogeneity between the studies.

We present a monocentric study, which, in our opinion 
has certain advantages: The whole perioperative setup from 
taking the patients to the operating theatre until release from 
the PACU followed a strict protocol, including a constant 
and comparable operating room temperature and a constant 
surgical team. Temperature was measured in the esophagus, 
which is the most reliable and valid measurement of the 
body temperature [1, 25].

When looking at our data, warm and humidified gas 
insufflation alone has a clear disadvantage in keeping 
patients warm in contrast to the combination of both 
heating blanket with forced air warming and warm and 
humidified insufflation gas or heating blanket with forced 
air warming alone. Of all the studies looking at warm, 

Fig. 3  Recovery time: Boxplots of time duration from the lowest 
measured temperature < 36 °C to final temperature recovery, defined 
as earliest temperature measure >  = 36 °C after hypothermia that was 

not followed by any subsequent measurement < 36  °C, plotted by 
intervention groups. Dots represent jittered data points
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humidified gas insufflation only three mentioned the use 
of external warming. In all three studies, it was used on 
the control group and the intervention group [12, 26, 27]. 
Our study is the first to investigate and compare warm, 
humidified gas insufflation alone against external warm-
ing alone. The results show a very clear disadvantage for 
warm and humidified gas insufflation alone regarding the 
intra-and postoperative body temperature, the occurrence 
and the duration of hypothermia and the recovery from 
hypothermia.

A possible reason for this might be the fact that in the 
operating theatre it often comes to waiting time (e. g. dur-
ing patient preparation, waiting for the operative team or for 
the system to be installed or connected), during which the 
forced air warming blanked is already in action, whereas the 
humidified gas insufflation is not. To reduce this “gap” in 
the patient warming process, Humigard should not be used 
alone [28–30].

Comparison of AIR and HUMI+ group

Looking at potential differences between the forced air 
warming alone group and the group combining forced air 
warming with insufflation of humidified, warm gas (group 
AIR vs HUMI+) slight differences can be distinguished.

Although temperature levels were very similar in both 
groups (AIR and HUMI+), temperature levels in the 
HUMI+ group were higher at all regarded time points and 
statistically significantly higher at the arrival in the PACU. 
This positive finding is underlined by the fact that the rate of 
patients with at least one measurement of body temperature 
below 36 °C is lowest in group 3. In contrast to the other 
two groups, patients with the combined warming approach 
(HUMI+) had a 100% recovery rate from hypothermia. This 
result is in contrast to Nguyen et al. who concluded that 
the addition of heated and humidified carbon dioxide gas 
is neglectable [26]. This may be due to the fact that their 

Fig. 4  Boxplot of pre-, peri- and postoperative temperature measurements by intervention groups
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sample size with ten patients per group was too small. The 
findings confirm our previously published results of a retro-
spective case–control analysis underlining the positive effect 
of the addition of warm and humidified gas insufflation [13].

Our data suggest that the treatment effect of the addi-
tional humidified and warm gas insufflation is highest at 
the end of the operation (see Figs. 5 and 6). This find-
ing is in accordance with the meta-analysis of Dean et al. 
who showed a significant difference of body temperature 
in studies applying forced air warming additionally to 
humidified, warmed gas insufflation only in patients with 
operating time > 80 min [29]. The explanation lies within 
the pathophysiology of anaesthesia induction: The inhibi-
tion of vasoconstriction has the effect of core-to-peripheral 
redistribution of body heat, decreasing core temperature. 
This can best be antagonized via prewarming and external 
forced air warming [13, 28, 30]. After this redistribution, 
which causes the greatest heat loss, the effect of warm, 
humidified gas insufflation can kick in.

Fig. 5  Estimated treatment effects on temperature (relative to inter-
vention group AIR). Line ranges are pointwise 95% confidence 
intervals. Treatment effects are estimated using a linear model with 

timepoints (1,2,3,4), treatment (1,2,3) and time point interactions (no 
treatment main effect), stratification (1,2), and blocks (1 to 6) as fixed 
effects and random intercepts grouped by subjects

Table 6  Temperature differences at time points 2, 3 und 4 in compari-
son to group 1

Time point Compared groups Effect p value

2 = start of insufflation HUMI vs AIR − 0.093 0.213
HUMI + vs AIR 0.021 0.788

3 = end of insufflation HUMI vs AIR − 0.473  < 0.001
HUMI + vs AIR 0.133 0.087

4 = arrival at PACU HUMI vs AIR − 0.38  < 0.001
HUMI + vs AIR 0.178 0.025
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Postoperative body temperature

At the time of arrival in the PACU, we were able to show 
a treatment effect by the addition of humidified, warm gas 
insufflation. Other randomized controlled double-blinded 
studies that could not confirm a potential benefit of adding 
warm, humidified gas insufflation stopped taking temperature 
measurements at the end of surgery and let the temperature of 
intravenous fluid given intraoperatively up to the discretion of 
the anesthetic team [27]. We hypothesize that this conclusion 
could have been confounded by the uncontrolled application of 

warm intravenous fluids in former studies. To exclude this bias 
temperature of fluids was controlled in our study. Additionally, 
we observed the patient’s body temperature for a longer period 
of time. In our opinion, this is quite important, as many of the 
adverse events caused by hypothermia occur in the postopera-
tive period as well (e.g. arrythmia, myocardial dysfunction, 
delayed wound healing) [1, 31].

Postoperatively, even small deviations in body tempera-
ture can result in shivering and impairment of well-being 
and in our opinion should therefore be attentively considered 
[1, 31, 32].

Shivering

Interestingly, we found the lowest occurrence of shivering in 
the HUMI + group. It affected only 6% of the patients in this 
group. In the other groups, the rates were much higher: 34% 
in the Humi group and 20% in the AIR group. Therefore, in 

Fig. 6  Temperature trends after averaging all temperature data within the different groups. The straight fat line depicts the slope

Table 7  Slopes of all 
temperature data of the different 
groups

Group Slope (°C/min)

AIR + 0.001637
HUMI − 0.000453
HUMI+ + 0.002218
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comparison to the AIR group, the addition of warmed and 
humidified insufflation gas resulted in 28% less shivering 
(Table 8). This is a fundamental difference that should be 
kept in mind as shivering is one of the leading causes of 
discomfort for postsurgical patients. It is usually triggered by 
hypothermia and causes involuntary contraction of skeletal 
muscle. It serves exclusively to produce heat (thermogen-
esis), with little of the energy expended as physical work and 
hampers patients’ conditions especially with reduced cardiac 
function unable to increase oxygen delivery.

Confounders

Adipose patients with a BMI > 35 were excluded from the 
study, because it can be assumed that due to the isolating 
properties of adipose tissue, hypothermia occurs later in 
these patients [33]. To rule out all possible confounders we 
corrected our results by BMI (kg/m2), amount of warmed 
infusions and insufflation time. It did not change significance 
levels of our results.

Limitations and strength

Our study has several strengths and limitations that need 
to be addressed. First, the study design had a clear rand-
omization, single blinding, a pre-defined surgical team and 
a reliable and valid measurement of patients’ body tem-
perature in the esophagus. All factors known to interfere 

Fig. 7  Boxplot: Duration of PACU stay (in min) by groups

Table 8  Occurrence of shivering

Group Shivering No shivering

AIR 10 (20%) 39 (80%)
HUMI 17 (34%) 33 (66%)
HUMI+ 3 (6%) 46 (94%)
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with patients’ body temperature were controlled and valid 
results could be achieved.

It can be argued that a potential weakness of the study 
was to be performed mono- and not multicentric, although 
we believe that this limitation might add to the validity of 
our data as confounding factors could be reduced given the 
constant perioperative setup as discussed above.

Other presumed effects of warm humidified gas insuffla-
tion like the reduction of postoperative adhesions were not 
investigated in this study. The trial design was tailored to 
evaluate the effect on body temperature and therefore did 
not include second-look laparoscopies which would have 
been necessary to answer the question of adhesion forma-
tion. The effect on postoperative pain was also investigated 
in this study and published before [15].

It is of interest whether the results of this monocentric 
study can be extrapolated on other patient populations (e.g. 
urologic, etc.) or reproduced in other hospital settings.

The adverse events we recorded were overall mild and 
not related to the study-nevertheless unlikely simply by the 
use of differently warm and humid insufflation gas.

Conclusion

The application of warm, humidified gas in laparoscopy 
alone is not suitable for adequate perioperative heat-pre-
serving and has clear disadvantages compared to external 
warming. Combining external warming and the insuffla-
tion of warm and humidified gas resulted in the best tem-
perature management for the patients and should, there-
fore, be considered for optimizing perioperative outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00404- 022- 06499-z.

Acknowledgements We thank the Clinical Trial Center RWTH Aachen 
for randomization and study monitoring. We also thank Fisher and 
Paykel Health Care Ltd., Auckland, New Zealand for financial support. 
There was no influence on study design, data acquisition, data analysis, 
interpretation or publication whatsoever by this company. We gratefully 
acknowledge the theatre staff to manage the patients according to the 
study conditions.

Author contributions All authors contributed to the study conception 
and design, especially IM-H, JW, CB, ES, NZ and RR. Data collection 
was performed by JW, FZ, MZ, ST, MB, DM, IM-H, JW and AK. Anal-
ysis of data was performed by AK. The first draft of the manuscript 
was written by JW and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by an unrestricted research grant 
form Fisher and Paykel Health Care Ltd., Auckland, New Zealand.

Declarations 

Conflict of interest Julia Wittenborn, Deborah Matthei, Julia van 
Waesberghe, Felix Zeppernick, Magdalena Zeppernick, Svetlana 
Tchaikovski, Markus Breuer, Ana Kowark, András Keszei, Elmar 
Stickeler, Norbert Zoremba, Rolf Rossaint, Christian Brülls, Ivo Mein-
hold-Heerlein have no conflicts of interest or financial ties to disclose.

Ethical approval The study was approved by the Ethics Committee 
at the RWTH Aachen University Faculty of Medicine, Germany, in 
August 2015. The trial is registered under the name “Temperature and 
Pain in Laparoscopy” (TePaLa) with ClinicalTrials.gov on May 17, 
2016, trial number NCT02781194. All procedures performed in stud-
ies involving human participants were in accordance with the 1964 
Helsinki Declaration and its later amendments.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sessler DI (2016) Perioperative thermoregulation and heat bal-
ance. Lancet 387:2655–2664

 2. Buggy DJ, Crossley AW (2000) Thermoregulation, mild periop-
erative hypothermia and postanaesthetic shivering. Br J Anaesth 
84:615–628

 3. Kaya AC, Radosa MP, Zimmermann JSM et al (2021) Intraop-
erative and postoperative complications of gynecological lapa-
roscopic interventions: incidence and risk factors. Arch Gynecol 
Obstet 304:1259–1269

 4. Frank SM, Fleisher LA, Breslow MJ et al (1997) Perioperative 
maintenance of normothermia reduces the incidence of morbid 
cardiac events. A randomized clinical trial. JAMA 277:1127–1134

 5. Frank SM, Higgins MS, Fleisher LA et al (1997) Adrenergic, 
respiratory, and cardiovascular effects of core cooling in humans. 
Am J Physiol 272:R557-562

 6. Melling AC, Ali B, Scott EM et al (2001) Effects of preoperative 
warming on the incidence of wound infection after clean surgery: 
a randomised controlled trial. Lancet 358:876–880

 7. Bessell JR, Karatassas A, Patterson JR et al (1995) Hypothermia 
induced by laparoscopic insufflation. A randomized study in a pig 
model. Surg Endosc 9:791–796

 8. Bessell JR, Ludbrook G, Millard SH et al (1999) Humidified gas 
prevents hypothermia induced by laparoscopic insufflation: a rand-
omized controlled study in a pig model. Surg Endosc 13:101–105

 9. Hazebroek EJ, Schreve MA, Visser P et al (2002) Impact of tem-
perature and humidity of carbon dioxide pneumoperitoneum on 

https://doi.org/10.1007/s00404-022-06499-z
http://creativecommons.org/licenses/by/4.0/


767Archives of Gynecology and Obstetrics (2022) 306:753–767 

1 3

body temperature and peritoneal morphology. J Laparoendosc 
Adv Surg Tech A 12:355–364

 10. Peng Y, Zheng M, Ye Q et al (2009) Heated and humidified  CO2 
prevents hypothermia, peritoneal injury, and intra-abdominal 
adhesions during prolonged laparoscopic insufflations. J Surg Res 
151:40–47

 11. Herrmann A, De Wilde RL (2015) Insufflation with humidified 
and heated carbon dioxide in short-term laparoscopy: a double-
blinded randomized controlled trial. Biomed Res Int. https:// doi. 
org/ 10. 1155/ 2015/ 412618 (Artn412618)

 12. Manwaring JM, Readman E, Maher PJ (2008) The effect of 
heated humidified carbon dioxide on postoperative pain, core 
temperature, and recovery times in patients having laparoscopic 
surgery: a randomized controlled trial. J Minim Invasive Gynecol 
15:161–165

 13. Wittenborn J, Clausen A, Zeppernick F et al (2019) Prevention 
of intraoperative hypothermia in laparoscopy by the use of body-
temperature and humidified  CO2: a pilot study. Geburtshilfe Frau-
enheilkd 79:969–975

 14. Lopez M, Sessler DI, Walter K et al (1994) Rate and gender 
dependence of the sweating, vasoconstriction, and shivering 
thresholds in humans. Anesthesiology 80:780–788

 15. Breuer M, Wittenborn J, Rossaint R et al (2021) Warm and humid-
ified insufflation gas during gynecologic laparoscopic surgery 
reduces postoperative pain in predisposed patients-a randomized, 
controlled multi-arm trial. Surg Endosc. https:// doi. org/ 10. 1007/ 
s00464- 021- 08742-1

 16. Sammour T, Kahokehr A, Hill AG (2010) Independent testing of 
the Fisher & Paykel Healthcare MR860 Laparoscopic Humidifica-
tion System. Minim Invasive Ther Allied Technol 19:219–223

 17. Noll E, Schaeffer R, Joshi G et al (2012) Heat loss during carbon 
dioxide insufflation: comparison of a nebulization based humidi-
fication device with a humidification and heating system. Surg 
Endosc 26:3622–3625

 18. Laird NM, Ware JH (1982) Random-effects models for longitudi-
nal data. Biometrics 38:963–974

 19. A. G, T. B (2013) Linear Mixed-Effects Models Using R. 
Springer, New York

 20. Team RC (2014) R: a language and environment for statistical 
computing. In. Vienna, Austria: R Foundation for Statistical 
Computing

 21. Bates D, Mächler M, Bolker B et al (2015) Fitting Linear Mixed-
Effects Models Usinglme4. J Stat Softw 67

 22. Intensivmedizin) DDGfA (2011) Empfehlungen, Posititionspa-
piere, Vereinbarungen. Zum Thema Aufwachraum

 23. Balayssac D, Pereira B, Bazin JE et al (2017) Warmed and humid-
ified carbon dioxide for abdominal laparoscopic surgery: meta-
analysis of the current literature. Surg Endosc 31:1–12

 24. Birch DW, Dang JT, Switzer NJ et al (2016) Heated insufflation 
with or without humidification for laparoscopic abdominal sur-
gery. Cochrane Db Syst Rev. https:// doi. org/ 10. 1002/ 14651 858. 
CD007 821. pub3 (ARTNCD007821)

 25. Torossian A, Group TS (2007) Survey on intraoperative tempera-
ture management in Europe. Eur J Anaesthesiol 24:668–675

 26. Nguyen NT, Furdui G, Fleming NW et al (2002) Effect of heated 
and humidified carbon dioxide gas on core temperature and post-
operative pain: a randomized trial. Surg Endosc 16:1050–1054

 27. Sammour T, Kahokehr A, Hayes J et al (2010) Warming and 
humidification of insufflation carbon dioxide in laparoscopic 
colonic surgery: a double-blinded randomized controlled trial. 
Ann Surg 251:1024–1033

 28. Andrzejowski J, Hoyle J, Eapen G et al (2008) Effect of prewarm-
ing on post-induction core temperature and the incidence of inad-
vertent perioperative hypothermia in patients undergoing general 
anaesthesia. Br J Anaesth 101:627–631

 29. Dean M, Ramsay R, Heriot A et al (2017) Warmed, humidified 
CO2 insufflation benefits intraoperative core temperature dur-
ing laparoscopic surgery: a meta-analysis. Asian J Endosc Surg 
10:128–136

 30. Just B, Trevien V, Delva E et al (1993) Prevention of intraopera-
tive hypothermia by preoperative skin-surface warming. Anesthe-
siology 79:214–218

 31. Slotman GJ, Jed EH, Burchard KW (1985) Adverse effects of 
hypothermia in postoperative patients. Am J Surg 149:495–501

 32. Schneider S, Armbrust R, Spies C et al (2020) Prehabilitation 
programs and ERAS protocols in gynecological oncology: a com-
prehensive review. Arch Gynecol Obstet 301:315–326

 33. Kurz A (2008) Physiology of thermoregulation. Best Pract Res 
Clin Anaesthesiol 22:627–644

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1155/2015/412618
https://doi.org/10.1155/2015/412618
https://doi.org/10.1007/s00464-021-08742-1
https://doi.org/10.1007/s00464-021-08742-1
https://doi.org/10.1002/14651858.CD007821.pub3
https://doi.org/10.1002/14651858.CD007821.pub3

	The effect of warm and humidified gas insufflation in gynecological laparoscopy on maintenance of body temperature: a prospective randomized controlled multi-arm trial
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Trial design
	Ethic committee and trial registration
	Participants
	Inclusion criteria
	Exclusion criteria
	Outcomes
	Randomization
	Interventions
	Pre-surgical treatment
	Intraoperative procedures
	Post-surgical data acquisition

	Statistical analysis

	Results
	Study population
	Intraoperative variables
	Primary endpoint-intraoperative occurrence of hypothermia
	Duration of hypothermia
	Recovery time
	Body temperature
	Differences in temperature by groups
	Temperature trends by groups
	Length of PACU stay
	Shivering
	Adverse events


	Discussion
	Comparison of AIR and HUMI+ group
	Postoperative body temperature
	Shivering
	Confounders

	Limitations and strength
	Conclusion
	Acknowledgements 
	References




