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Estimation of the difference
between peritoneal
microenvironment and core body
temperature during laparoscopic
surgery — a prospective
observational study

Guido Mazzinari%23*, Lucas Rovira**, Maria Vila Montafies?, Nuria Garcia Gregorio'?,
Begofia Ayas Montero’2, Maria Jose Alberola Estellés'?, Blas Flor®,
Maria Pilar Argente Navarro'? & Oscar Diaz-Cambronero?2

Maintaining patients’ temperature during surgery is beneficial since hypothermia has been linked
with perioperative complications. Laparoscopic surgery involves the insufflation of carbon dioxide
(CO,) into the peritoneal cavity and has become the standard in many surgical indications since it is
associated with better and faster recovery. However, the use of cold and dry CO, insufflation can lead
to perioperative hypothermia. We aimed to assess the difference between intraperitoneal and core
temperatures during laparoscopic surgery and evaluate the influence of duration and CO, insufflation
volume by fitting a mixed generalized additive model. In this prospective observational single-center
cohort trial, we included patients aged over 17 with American Society of Anesthesiology risk scores

I to Il undergoing laparoscopic surgery. Anesthesia, ventilation, and analgesia followed standard
protocols, while patients received active warming using blankets and warmed fluids. Temperature
data, CO, ventilation parameters, and intraabdominal pressure were collected. We recruited 51
patients. The core temperature was maintained above 36 °C and progressively raised toward 37 °C

as pneumoperitoneum time passed. In contrast, the intraperitoneal temperature decreased, thus
creating a widening difference from 0.4 [25th-75th percentile: 0.2-0.8] °C at the beginning to 2.3
[2.1-2.3] °C after 240 min. Pneumoperitoneum duration and CO, insufflation volume significantly
increased this temperature difference (P <0.001 for both parameters). Core vs. intraperitoneal
temperature difference increased linearly by 0.01 T °C per minute of pneumoperitoneum time up

to 120 min and then 0.05 T °C per minute. Each insufflated liter per unit of time, i.e. every 10 min,
increased the temperature difference by approximately 0.009 T °C. Our findings highlight the impact
of pneumoperitoneum duration and CO, insufflation volume on the difference between core and
intraperitoneal temperatures. Implementing adequate external warming during laparoscopic surgery
effectively maintains core temperature despite the use of dry and unwarmed CO, gases, but peritoneal
hypothermia remains a concern, suggesting the importance of further research into regional effects.

Trial registration: Clinicaltrials.gov: NCT04294758.
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Laparoscopic surgery is performed by insufflating carbon dioxide (CO,) into the peritoneal cavity to obtain an
adequate view during surgery. Typically, this CO, is dry and not heated, which can lead to a drop in the patient’s
body temperature. This is concerning because general anesthesia already affects temperature regulation'->. Peri-
operative hypothermia has been linked to increased postoperative cardiovascular complications®, increased
perioperative bleeding’, and increased surgical wound infection rate®. The detrimental effect of hypothermia
has been associated with vasoconstriction, resulting in reduced tissue oxygen transport and inhibition of tissue-
dependent cellular functions’. Recent studies questioned the effect of patient warming on postoperative pain
and major cardiac events'®!! but still confirmed the association between hypothermia and increased wound
infections and blood transfusion need'?.

The effects of insufflation gas heating on core temperature have been studied previously, although with
inconclusive results, due at least in part to the heterogeneity of experimental design and the bias control strategy
implemented in the studies performed!*-'*, For instance, many of these studies did not include in the design
any external measure of maintenance of normothermia, such as a fluid warmer or thermal blanket, which can
mitigate the hypothermic effect of the cold insufflation by eliminating the main mechanism of temperature loss
by convection to the environment, while others found a significant effect if gas humidification was administered
along with heating compared to dry and cold insufflation’®.

To our knowledge, there isn’t much information about measuring the temperature inside the abdomen dur-
ing cold gas insufflation despite its possible effects on the body’s systems'*!”18. One recent study studied the
correlation between intraperitoneal and core temperature at different time points. Still, it did not assess data
longitudinally nor the effect of the insufflated gas and reported data only on the first 60 min of insufflation®®.

We aim to assess the difference between intraperitoneal and core temperature along pneumoperitoneum
insufflation and estimate the effect of time and the amount of CO, insufflated on such difference in patients
undergoing laparoscopic surgery.

Methods

Study design

This was an investigator-initiated, single-center, prospective observational cohort trial conducted at La Fe Uni-
versity Hospital. The Institutional Review Board (IRB) of the la Fe hospital approved the study protocol with the
code TEMP-19 on January 29, 2020. The study adhered to the principles of the Helsinki Declaration and Spanish
biomedical research regulations (Supplementary material). All participants provided written informed consent
before joining the trial, and the study was registered on clinicaltrials.gov under the identifier NCT04294758.
We included patients over 17 years old scheduled for laparoscopic surgery with the American Society of Anes-
thesiologists (ASA) risk scores ranging from I to III. Patients with cognitive impairment, pregnant individuals,
thyroid disorders, peripheral neuropathies and breastfeeding patients were excluded.

Setting

Anesthesia was induced with propofol, fentanyl, rocuronium, and lidocaine and maintained with total intra-
venous perfusion of propofol and rocuronium without a heat and moisture exchange (HME) filter. Mechanical
ventilation was performed with a fresh gas flow (FGF) of no more than 2 L-min™! and an HME filter. Analgesia
was administered intravenously or through an epidural catheter, depending on the surgical procedure. Pneu-
moperitoneum was established using the CO, supply from the hospital’s centralized gas pipeline, which must
provide the gas at 20-25 °C and < 5% relative humidity. We tested the gas delivery system used in all surgeries
by placing a temperature sensor inside a trocar after the center’s standard 3 m insufflation set (Extrudan Asp,
Slagenrup, Denmark) without connecting it to any patient. We found the temperature remained at 22.6 °C.
The surgical team’s standard procedure was carried out using the center’s standard insufflator (Thermoflator,
Karl Storz, Tuttlingen, Germany) through the aforementioned insufflation kit connected to a 12 mm umbili-
cal trocar (Hasson type, Covidien, Dublin, Ireland or Kii balloon tip, Applied Medical, Santa Rita, California).
Core temperature was monitored in the esophagus with a YSI-400 thermistor reusable probe (General Electric,
Boston, Massachusetts, USA) introduced in the thoracic portion of the organ advancing 20 cm from the oral
entry, while the intraperitoneal temperature was monitored with a sterile disposable one (Medlinknet, Shenzen,
China) through one of the surgical ports (Fig. 1). The latter was introduced during surgery in one of the unused
trocars if there were none available in one of the 12 mm instrument trocars, but never through the one connected
to the CO, insufflation. If a position change was needed for surgical reasons, data collection was resumed at
the next 10-min interval after signal stabilization. The tip of the intraperitoneal probe was left hanging into the
pneumoperitoneum without touching any tissue. Patients were actively warmed during surgery with an adult
upper body blanket (Level 1 convective warmer, Smiths Medical, Minneapolis, Minnesota) and a warm water
blanket underneath (Aquatherm 660, Hico Medical Systems Cologne, Germany. The administered fluids were
also warmed before infusion (Hotline, Smiths Medical Minneapolis, Minnesota) and administered at a fixed rate
of 2 ml-kg™ h™! through a standard infusion line of 2.4 m (L-70 NI, Smiths Medical Minneapolis, Minnesota) All
equipment was set to warm up to 38 °C. The operating room temperature was set at the standard hospital value,
i.e., 21 °C, and was not changed throughout the study. All surgeries were performed using the center’s standard
electrosurgical equipment (Valleylab FT10, Covidien, Dublin, Ireland) set up at 40-60W both for monopolar
and bipolar circuits.

Data collection
We collected demographics and anthropometric data, and from the beginning to the end of pneumoperitoneum
insufflation for any reason (end of pneumoperitoneum phase or conversion to open surgery), every 10 min
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Fig. 1. Intraoperative layout from different surgical interventions. (A) and (B) Appendectomy; (C)
Hemicolectomy; (D) Cholecystectomy. The thermometer probe (the blue probe protruding from one of the
probes in each panel) is inserted in one of the unused 5 mm (A,B,D) trocars if available or in one of the 12 mm
trocars (D).

whenever possible, we recorded the following data: core and esophageal temperature, amount of insufflated CO,,
ventilatory tidal volume and respiratory rate, end-tidal CO, and intraabdominal pressure.

Statistical analysis

The sample size was estimated using a Monte Carlo simulation. We originally planned the study to detect a 3:C
difference but finally we carried out the study assuming a core and intraperitoneal temperature difference of
1.5 °C, a standard deviation (SD) of 0.75 and an estimation precision of + 0.5 °C, we fitted a Bayesian sequential
model with 1000 repetitions. We estimated that 50 patients were necessary to achieve the desired degree of
estimation precision.

We assessed the core and intraperitoneal temperature difference over time by fitting a mixed generalized addi-
tive model (GAM). Gams are a family of models used to assess smooth functional relationships between a set of
predictors and a response variable that are particularly suited to analyze longitudinal data with non-linear trends
such as our clinical scenario. We chose this type of analysis because GAMs enable the data to establish the trend
for the model fit, can model non-constant correlation between repeated measurements, are robust to missing
observations, and do not require equally-spaced observation for each subject®. We fitted a GAM introducing a
smooth term for time and one for the insufflated CO, liters to assess their effect on the core vs. intraperitoneal
temperature difference. We also introduced a random effect for patients to account for interindividual variability.

We conducted sensitivity analyses to assess whether other characteristics may influence the core vs. intraperi-
toneal temperature difference. The following variables were added to the model in a univariable fashion to see
whether they have an effect: age, gender, waist-hip ratio (WHR), body mass index (BMI) and minute ventilation,
previous abdominal surgeries, previous laparoscopic surgeries, previous pregnancies, and type of surgery. We
applied the Benajmini-Hochberg for multiple comparison correction and false discovery rate control.

Missing data were < 5%, complete cases analysis was carried out. Analyses were carried out using the mgcv
package®! for R version 4.2.3 (R development core team, The R Foundation for Statistical Computing, Vienna,
Austria).
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Results

We recruited 51 patients from March 2021 to January 2023. Patients’ baseline characteristics and intraoperative
data are reported in Table 1. Most patients underwent coloproctologic surgery, and conversion to open surgery
was unnecessary. Median [25th-75th percentile] values for BMI and waist WHR were 25.7 [23.2-28.1] and 1.0
[0.9-1.0], respectively. Insufflation pressure was maintained at 12 mmHg throughout the pneumoperitoneum
in every case.

Core body temperature was maintained above 36 °C and progressively raised toward 37 °C while intraperi-
toneal temperature decreased as pneumoperitoneum time passed, thus creating a widening difference from
0.4 [0.2-0.8] °C at the beginning to 2.3 [2.1-2.3] °C after 240 min. CO, insufflated liters and insufflation flow
increased with time. Minute ventilation also increased with time to maintain normocapnia, mainly by incre-
menting the respiratory rate. Intraabdominal pressure was maintained at 12 mmHg in most patients most of the
time (Fig. 2 and Table 2). There was no significant difference in core temperature between emergent and elective
surgery (0.4 °C 95%Confidence Interval, CI — 0.03 to 0.8, P=0.07).

Both pneumoperitoneum time and insufflated liters significantly increased the difference between core and
intraperitoneal temperature (p < 0.001 for both variables, model deviance explained: 73.6%). Results from fitting
the mixed GAM are reported in Fig. 3. We show the effect of pneumoperitoneum insufflation time and insuf-
flated liters both as the predicted temperature difference value by each variable value and as the marginal effects,
i.e., how much change in temperature difference per unit of value of the fitted variable. Core vs. intraperitoneal

Age (years) 67 [53-76]
Gender (female) 19/51 (37%)
Height (cm) 168.0 [163.0-174.0]
Weight (kg) 72.0 [66.0-80.0]
BMI (kg m™) 25.7 [23.2-28.1]
ASA risk score

I 14/51 (27%)

II 21/51 (41%)

11 16/51 (31%)
Previous pregnancies
0 5/19 (26%)

1 4/19 (21%)

2 5/19 (26%)

3 4/19 (21%)

7 1/19 (5.3%)
Previous abdominal surgeries
0 24/51 (47%)

1 16/51 (31%)

2 9/51 (18%)

3 2/51 (3.9%)
Previous laparoscopies (yes) 11/51 (22%)
Waist diameter (cm) 94 [88-103]
Hip diameter (cm) 99 [92-107]
Waist-hip ratio 1.0 [0.9-1.0]
Type of surgery
Appendectomy 10/51 (20%)
Cholecystectomy 3/51 (6%)
Colectomy 2/51 (3%)
Hemicolectomy 18/51 (35%)
Abdominoperineal resection 8/51 (16%)
Sigmoidectomy 6/51 (12%)
Other® 4/51 (8%)
Emergent surgery (yes) 13/51 (25%)
Total CO, insufflated (L) 195 [103-283]

Duration of pneumoperitoneum (min) 140 [93-178]

EtCO, value after intubation (mmHg) 36.0 [33-38]

Table 1. Patients baseline characteristics. Data are median [25th-75th percentile] or n/N (%). BMI, body
mass index; ASA, American Society of Anesthesiology; EtCO2, partial end-tidal carbon dioxide. *Other types
of surgery were: 1 eventroplasty, 1 sigmoidopexy; 2 small bowel resection.
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Fig. 2. Longitudinal data collection. The insufflation time in minutes is collected on the x-axis. The y-axis
shows in each panel respectively: (A) the central (blue) and peritoneal (orange) temperatures; (B) the
temperature difference; (C) the amount of insufflated liters each 10-min interval; (D) the cumulative amount
of insufflated liters; (E) the insufflation flow; (F) the respiratory tidal volume; (G) the respiratory rate; (H) the
minute ventilation volume; (I) the end-tidal carbon dioxide; (J) the intrabdominal pressure. The dots are mean
values at each time point; the bars are standard error bars at each time point. The fitted line is a smoothed linear
regression fitted with a cubic spline to retain non-linear capabilities. The grey band is the 95% confidence band.
The y-axis for (A) and (F-J) is shortened to improve readability. EtCO,.

temperature difference increased linearly by 0.01 T °C per minute of pneumoperitoneum time up to 120 min
and then 0.05 T °C per minute. Each insufflated liter per unit of time, i.e., every 10 min, increased the tem-
perature difference by approximately 0.009 T °C. The effect of insufflation reported as the effect of cumulative
liters insufflation showed how the core vs. intraperitoneal temperature difference increased up to a plateau of
approximately 2 °C.

We found no significant results in the sensitivity analysis of characteristics influencing the core vs. intraperi-
toneal difference (Table 3).

Discussion

The key findings can be summarized as follows: there is a significant difference between the core body and the
intraperitoneal temperature as the former increases due to adequate external warming while the latter decreases
during the pneumoperitoneum insuftlation. This increase in difference is linked to two factors: (i) the duration of
pneumoperitoneum, the longer the pneumoperitoneum lasts, the greater this temperature difference becomes,
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Cumulative liters
Time® (min) T °C difference | IAP (mmHg) | EtCO, (mmHg) | TV (ml) RR (bpm) | MV (L-min~') | Flow (L-min~') | Insufflated liters (L) | (L)
0 0.4 12 35.0 500 12 6.4 B 6 6
[0.2-0.8] [12-12] [32.0-37.0] [468-525] | [12-14] [5.7-7.0] [5-8] [5-8]
10 0.5 12 35.0 500 12 6.2 0.8 8 12
[0.4-0.9] [12-12] [33.0-39.0] [450-525] | [12-14] [5.7-7.0] [0.3-1.2] [3-12] [8-20]
20 0.7 12 36.5 500 12 6.6 0.8 8 20
[0.4-1.1] [12-12] [34.2-40.0] [475-525] | [12-14] [5.7-7.3] [0.4-1.6] [4-16] [14-32]
30 0.9 12 37.0 500 14 6.7 1.1 11 29
[0.5-1.3] [12-12] [34.0-39.0] [475-525] | [12-14] [6.0-7.3] [0.5-1.8] [5-18] [20-44]
40 0.8 12 37.0 500 13 6.6 1.2 12 40
[0.6-1.0] [12-12] [33.0-39.0] [475-525] | [12-14] [6.0-7.3] [0.6-2.0] [6-20] [29-65]
50 1.0 12 38.0 512 13 6.6 0.8 8 52
[0.6-1.2] [12-12] [35.0-39.0] [475-543] | [12-14] [6.0-7.3] [0.6-1.4] [6-14] [35-69]
60 1.0 12 38.0 500 12 6.6 1.1 11 65
[0.7-1.5] [12-12] [33.5-39.0] [456-525] | [12-14] [6.0-7.3] [0.8-1.8] [8-18] [44-87]
70 1.0 12 37.0 500 12 6.6 1.3 13 72
[0.8-1.7] [12-12] [34.5-39.0] [450-537] | [12-14] [6.0-7.1] [0.9-1.7] [8-17] [52-97]
30 1.1 12 37.0 500 14 6.7 1.0 10 89
[0.8-1.6] [12-12] [35.0-40.0] [475-525] | [12-14] [6.0-7.7] [0.7-2.3] [7-23] [63-112]
9 1.1 12 37.0 500 14 6.6 1.2 12 96
[0.8-1.5] [12-12] [36.0-41.0] [475-550] | [12-14] [5.7-7.3] [1.0-1.9] [10-19] [75-131]
100 1.2 12 37.0 512 12 6.6 1.1 11 107
[0.9-1.6] [12-12] [37.0-40.8] [475-550] | [12-14] [5.9-7.3] [0.9-1.7] [9-17] [84-152]
110 1.5 12 38.0 512 14 6.8 1.4 13 131
[1.1-2.0] [12-12] [36.8-40.2] [468-550] [12-14] [6.2-7.5] [1.0-2.0] [10-20] [86-174]
120 14 12 38.0 525 14 6.7 1.6 16 139
[0.9-1.8] [12-12] [35.5-40.0] [475-550] [12-14] [6.0-7.6] [1.2-2.4] [12-24] [99-201]
130 1.3 12 38.5 525 14 6.8 1.7 17 145
[1.1-1.7] [12-12] [37.0-39.8] [481-550] | [12-14] (6.6-7.8] (1.4-2.0] (14-20] [117-198]
140 1.3 12 37.0 525 14 7.3 2.2 22 172
[0.9-1.8] [12-12] [35.5-39.5] [475-550] | [13-15] (6.6-8.1] [1.3-3.4] [12-34] [128-235]
150 1.3 12 38.0 525 14 7.3 2.1 21 185
[1.2-1.8] [12-12] [36.2-40.0] [475-550] | [13-15] (6.6-7.8] [1.4-2.8] [14-28] [159-208]
160 1.8 12 37.5 525 14 7.4 23 23 198
[1.0-1.8] [12-12] [36.0-38.8] [525-568] | [13-15] [7.1-8.3] [1.4-2.9] [14-29] [177-224]
170 2.0 12 38.5 525 14 7.4 2.9 29 233
[1.7-2.4] [12-12] [35.8-40.2] [493-556] | [13-15] [6.9-8.0] [2.8-3.5] [28-35] [208-252]
180 2.1 12 39.0 525 14 7.3 3.7 37 285
[1.6-2.4] [12-12] [36.5-41.0] [500-550] | [12-15] [6.8-7.7] [3.3-4.8] [33-48) [262-350]
190 1.8 12 37.0 512 14 7.2 2.3 23 305
[1.6-2.1] [11-12] [36.2-40.8] [500-525] | [12-14] [6.2-7.4] [2.0-3.4] [20-34] [297-342]
200 1.6 12 37.0 512 14 7.2 4.0 40 371
(1.3-1.8] [11-12] [37.0-37.0] [506-518] | [14-14] [7.1-7.3] [3.2-4.7] [32-47) [368-373]
210 2.2 12 39.5 500 15 7.5 24 24 453
[2.2-2.3] [11-12] [38.2-40.8] (487-512] | [15-15] [7.4-7.5] [2.4-2.4] [24-24] [421-485]
220 2.3 12 40.5 500 15 7.5 6.0 60 513
[2.2-2.4] [11-12] [38.8-42.2] (487-512] | [15-15] [7.4-7.5] [4.2-7.7] [41.8-77.2] [463-563]
230 2.3 12 38.0 525 14 7.3 4.8 48 _
[2.2-2.3] [11-12] [37.5-39.0] [512-550] | [14-15] [7.2-8.3] [4.8-4.8] [48-48)
240 2.3 12 39.0 525 14 7.3 4.6 46 _
[2.1-2.3] [11-12] [38.0-40.0] [512-550] | [14-15] [7.2-8.3] [3.3-5.0] [34-51]

Table 2. Intraoperative data by pneumoperitoneum time. Values are median [25th-75th percentile].
IAP: intraabdominal pressure; EtCO,: end-tidal CO,; TV: tidal volume; RR: respiratory rate; MV: minute

ventilation; *Time refers to the actual pneumoperitoneum insufflation time.

and (ii) the number of insufflated liters; more insufflated liters also contribute to a larger temperature difference.
Also, (iii) the temperature difference rises linearly with the number of insufflated liters. However, its increase is
non-linear with the duration of insufflation. Initially, there’s a steeper increment during the first 120 min, but
it eventually levels off at approximately 2 °C. The sensitivity analysis of potential modifying factors found no
significant association between any characteristics and the difference in temperature between the peritoneum

and the core.

This study has several strengths. Its methodology was carefully planned and executed, utilizing statistical
methods well-suited for handling data with a hierarchical structure, especially when dealing with repeated meas-
ures and correlated data over time without relying on individual timepoint hypothesis testing. In addition, we
fitted a multivariable model to estimate the effects of both time and insufflated CO,. Also, we gathered granular
data by shortening the data collection intervals while extending the follow-up to the entire pneumoperitoneum
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Fig. 3. Mixed GAM estimates. Predictions (Left panels) and marginal effects (Right panels) of core vs.
intraperitoneal temperature difference from the GAM by time elapsed (A and B), by insufflated liters per unit
of time elapsed (C and D), by cumulative insufflated liters (E and F). The left panels show the model predictions
for the response variable plotted on the Y-axis, i.e. the temperature difference between core and intraperitoneal
temperature, based on the values of the predictors plotted on the X-axis. The right panels look at the slopes

or gradients of the relationships between each predictor and the response variable, i.e. how the rate of change
varies along different values of the predictor. Black lines are the estimates from the model. Grey bands are 95%
confidence bands. GAM, Generalized Additive Model.

duration. This method enabled us to quantify the expected temperature changes for specific insufflated gas vol-
umes and elapsed time. We also restricted the FGF during mechanical ventilation since higher FGFs can produce
heat loss and bias esophageal temperature measurements®?.
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Characteristic P-value**
Age (years) 0.525
Gender (reference: female) 0.472
BMI (kg m™) 0.795
ASA risk score (reference: ASA 1) 0.676
Previous pregnancies (reference: no) 0.676
Previous abdominal surgeries (n) 0.972
Previous laparoscopies (reference: no) 0.472
Waist-hip ratio 0.472
Emergency surgery (reference: yes) 0.087
Type of surgery (reference: other)*

Colon 0.430
Rectum 0.676

Table 3. Subgroup analysis. BMI, body mass index; ASA, American Society of Anesthesiology. Types of
surgery are regrouped as follows: Other: Appendectomy, Cholecystectomy, Eventroplasty, Sigmoidopexy, Small
bowel resection. Colon: Colectomy, Hemicolectomy, Sigmoidectomy. Rectum: Abdominoperineal resection.
**P-values are reported with Benjamini-Hochberg adjustment for multiple comparisons to control false
discovery rate.

Our findings on the effect of pneumoperitoneum duration align with previous studies. A recent trial showed a
significant difference between core and intraperitoneal temperature after 30 min of laparoscopy. However, mostly
shorter surgeries were recruited, data were collected up to 60 min, and time points were analyzed individually,
which implies independence of data, whereas temperature measurement is longitudinal, and the correlation
between data must be taken into account'®. Our study expands the studied population, including longer surgeries,
and shows how the difference in temperature keeps increasing. Another investigation on obese patients undergo-
ing gastric bypass showed significant differences in core vs. intraperitoneal temperature in a small subsample of
laparoscopic patients where both temperatures were measured*®. On the other hand, a small study conducted on
patients scheduled for laparoscopic cholecystectomy did not find any difference, probably because the abdominal
probe was touching the visceral peritoneum directly®. Interestingly, warming measures were implemented in
all these trials, and they observed, like us, how the temperature difference widens as the core temperature is
maintained while the abdominal one lowers as the insufflation continues. The number of applied active warming
measures is also relevant. In a big study with over 50,000 patients, their core temperature dropped in the first hour
of surgery despite using warming blankets?®. However, we did not see that drop in our study, partially because
we started recording the temperature pair at the beginning of pneumoperitoneum and not after the anesthetic
induction. Another reason could be that even though we did not warm patients before surgery, we used multiple
warming methods during surgery, which might have attenuated the temperature drop. Recent studies show that
using more than one warming method can keep the temperature stable during surgery?’.

Despite guidelines recommendations?, the incidence of intraoperative hypothermia is still high and even
significantly higher for laparoscopic compared to open approaches for the same surgical indications (71% vs.
63%)%. While the role of measures such as warming blankets and fluid warmers in preventing intraoperative
temperature loss is well established, the effect of heating the insufflated CO, during laparoscopy is still debated.
The insufflation of warm and humidified CO, has been shown to increase the core temperature in open wounds®
and laparoscopic patients®®. Also, recent systematic reviews showed slightly higher core temperatures if warmed
and humidified gas was administered!>!®, and another showed a small benefit if humidification was added to
standard heating, although no benefit in clinical outcomes could be found?!. Another recent meta-analysis carried
out in colorectal surgery found no differences in core temperature between standard and warm-humidified insuf-
flation, although with heterogeneity both in active warming measures and surgical indications®>. The marginal
effect of warmed insufflation on core temperature probably depends on whether adequate external warming is
implemented since it likely has a bigger impact' Indeed, our results show how core temperature can effectively
be maintained if clinical guidelines on normothermia are followed despite relatively long procedures being car-
ried out and high amounts of CO, being insufflated. Of note, the cited systematic reviews focus on core body
temperature, and intraperitoneal temperature measurements are usually not reported.

We found that the amount of CO, liters insufflated each unit of time during the pneumoperitoneum increased
core vs. intraperitoneal temperature difference linearly. Our model estimates an increase in temperature dif-
ference of 0.45 °C every 50 L each 10 min of pneumoperitoneum. Heat loss is thus related to the rate of flow
administered during the pneumoperitoneum. This fact is crucial as frequently high flows are required to evacuate
smoke from electrosurgical devices to improve visibility. We also observed that although nonlinearly, the core vs.
intraperitoneal temperature difference increased with cumulative insufflated liter. After an initial almost linear
increase, our model showed how this effect reaches a plateau around 300L. A straightforward explanation is that
the heating loss effect of CO, insufflation is counterbalanced in our sample by adequate external warming. In
other conditions, internal abdominal temperature can reach as low as 27.7 °C during laparoscopic insufflation®.
Of note, CO, is denser than other gases used for insufflation, which affects how it moves heat. It also has a
lower specific heat capacity and thermal conductivity. This means it requires less energy to raise its temperature
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and is less efficient at conducting heat. Thus, our findings may not apply to other gases used in laparoscopic
procedures®. Similarly, we derived these estimates for time and insufflated liters under steady-state insufflation
at 12 mmHg. Recently, there has been renewed interest in the potential benefit of low insuftlation pressure during
laparoscopy™®. Operating at a lower pressure can probably affect the rate of insufflation. Therefore, our model’s
estimation should be assessed at different insufflation pressures.

As we previously pointed out, there is still little evidence of clinical benefits from warming insufflated gas.
Our results show how core and intraperitoneal temperatures can diverge considerably and how the peritoneal
microenvironment is submitted to regional mild hypothermia. We should shift the focus from systemic to
regional effects on the peritoneal microenvironment®. Indeed, there is some evidence that heated CO, reduced
plasminogen activator inhibitor type 1 (PAI-1) and tumor growth factor B, which are linked to adhesion forma-
tion, although the clinical effect of this intraperitoneal hyperthermia remains to be elucidated®”*%. Also, a recent
randomized clinical trial (RCT) showed how peritoneal damage assessed by electron microscopy increased
during surgery in patients who underwent surgery with dry and cold CO, compared to those who received
warm-humidified CO, insufflation®’.

Some limitations must be acknowledged. First, we aimed to describe the effect of cold and dry insufflation
without testing any specific hypothesis; therefore, our results should be considered exploratory, and the potential
effect of this difference on clinical outcomes such as wound infection or anastomotic leaks should be assessed in
properly sized future trials. Indeed, since the descriptive nature of our aim, we did not introduce epidural anal-
gesia in our model since they are strongly correlated with surgery time and thus can create collinearity problems
in our model and compromise its explanatory value; therefore, our findings should be further investigated to
explore specific scenarios such as type of regional anesthesia or emergency surgery. Moreover, our protocol did
not use any prewarming measure since it is not routinely implemented at our center. Also, we tested the tempera-
ture at the outlet but did not constantly monitor it, thus some potential fluctuations could not be evaluated. In
addition, we used one model of commercial insufflator. However, there is quite a wide range of other insufflators
in the market with different capabilities that we cannot test in the present study. The same limitations must be
acknowledged for the electrosurgical equipment; since we used a specific equipment, results with other devices
must be confirmed. Furthermore, we analyzed potential effects from a series of baseline characteristics, although
these findings must be interpreted as exploratory due to the multiple comparisons and the specific focus of our
research question that focused on precision rather than differences between groups. Additionally, we did not
record the duration between the induction of anesthesia and the start of surgery. However, it's worth noting that
the surgical team remained consistent throughout all cases, implying that this time interval can be regarded as
relatively constant. Also, our study focused on clinical conditions where patients are actively warmed during
surgery following current guidelines*. Therefore, its results in a clinical scenario where no adequate warming
measures are implemented should be evaluated (Supplementary Information).

In conclusion, the difference between core and intraperitoneal temperature in patients undergoing laparo-
scopic surgery increases with the pneumoperitoneum duration and the number of insuftlated liters. The effect
of this regional hypothermia on clinical outcomes should be elucidated in future investigations.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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