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Abstract: The sheep model is used for a variety of laparoscopy studies, as well as in routine procedures
such as oocyte aspiration and artificial insemination. However, little information is published about the
monitoring parameters and ventilatory mechanics changes and when they begin to occur during these
procedures with pneumoperitoneum. Ten adult, healthy, non-pregnant Santa Inés sheep were anesthetized
and mechanically ventilated (VT, 15 ml kg™; positive end-expiratory pressure, 3cmH,O; FiO,, 1.0), randomized
in a crossover design for four different intra-abdominal pressures (IAP) as treatments: 0 mmHg (G1), 10
mmHg (G2), 12 mmHg (G3) and 15 mmHg (G4), for 60 min, with data collected every 10 min (HR, SpO,,
body temperature, ETCO,, SAP, DAP, MAP, MACinsp, MACexp, Ppeak,RS, VT and Cdyn). End-expiratory Co,
tension (ETCO,) increased over time in all groups, except in G1. Peak airway pressure (Ppeak) and dynamic
compliance (Cdyn) increased over time in all groups but were significantly higher in G3 and G4 from 20 min
onwards. The minimum alveolar concentration (MAC) during inspiration and expiration increased over time
in all groups, except G1. Within 20 minutes of the procedure, it was possible to notice that in the groups
with higher IAP (G3 and G4) there was an increase in Ppeak and Cdyn, compatible with other findings of
clinical importance such as an increase in ETCO, a decrease in VT and SpOz.Therefore, 20 minutes after the
procedure, monitoring must be more careful, especially in animals with previous health conditions.

Key-words: laparoscopy; airway peak pressure; pneumoperitoneum; dynamic compliance.

Resumo: O modelo ovino é usado para uma variedade de estudos em laparoscopia, bem como em
procedimentos de rotina, como aspiragao de odcitos e inseminacao artificial. No entanto, pouca informacao
é publicada sobre os parametros de monitoramento, altera¢ées da mecanica ventilatéria e quando estas
comecam a ocorrer durante esses procedimentos com pneumoperitonio. Dez ovelhas Santa Inés adultas,
saudaveis e nao prenhes foram anestesiadas e ventiladas mecanicamente (VT, 15 ml.kg™"; pressao expiratéria
final positiva, 3 cmH,0; FiO,, 1,0), randomizadas em um delineamento cruzado para quatro diferentes
pressoes intra-abdominais (PIA) como tratamentos: 0 mmHg (G1), 10 mmHg (G2), 12 mmHg (G3) e 15 mmHg
(G4), por 60 min, com dados coletados a cada 10 min (FC, SpO,, temperatura corporal, ETCO,, PAS, PAD, PAM,
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CAMinsp, CAMexp, Ppico, , VT e Cdyn). A tensdo expiratéria final de CO, (ETCO,) aumentou ao longo do
tempo em todos os grupos, exceto no G1. A pressdo de pico nas vias aéreas (Ppico,rs) e a complacéncia
dinamica (Cdyn) aumentaram ao longo do tempo em todos os grupos, mas foram significativamente maiores
em G3 e G4 a partir dos 20min. A concentracao alveolar minima (CAM) durante a inspiracdo e expiracdo
aumentou ao longo do tempo em todos os grupos, exceto no G1. Em 20 minutos do procedimento, foi
possivel verificar que nos grupos com maior PIA (G3 e G4) houve aumento da Pico,rs e Cdyn, compativel
com outros achados de importancia clinica, como aumento do ETCO, e diminui¢ao do VT e SpO,,. Portanto,
20 minutos apds o procedimento, a monitorizacdo deve ser mais criteriosa, principalmente em animais com
condicbes de saude prévias.

Palavras-chave: laparoscopia; pico de pressdo nas vias aéreas; pneumoperitonio; complacéncia dinamica.

1. Introduction

The sheep modelisused widelyforavariety of studies such as extracorporeal membrane oxygenation
(ECMO), transfusion-related to acute lung injury (TRALI), proteogenomic studies to understand selective
susceptibility to endotoxin, CRASH-Sepsis and CRASH-Hemorrhage studies, studies on acute smoke
inhalation lung injury, ovine brain stem death (BSD), BiVACOR and BiVAD artificial heart and the ovine
left ventricular assist device (LVAD) and studies to assess cerebral microcirculation”. The sheep model
is also of particular interest for studies of trauma by laparotomy or laparoscopy in sheep and humans,
because of an abdominal cavity of similar size, and although the anatomical relationships are quite
different, several experimental techniques can be tested initially in sheep ?. However, in some reports,
little information is published about the monitoring and the animal model, which there are significant
information gaps, therefore limiting the understanding of the reproducibility or translatability of those
studies .

Apart from improving animal welfare standards, anesthesia and analgesia are essential to make
the procedures easier and improve both animal and personnel safety ©. It is also a requirement during
interventions in animal research to minimize or eliminate the experimental induction of pain. Complex
experiments using ovine models therefore necessitate access to a well-equipped operating theatre
with advanced organ system monitoring and point-of-care technology that allows real-time tailoring of
therapy and standardization of anesthesia and critical care practices .

In sheep, a laparoscopic approach with pneumoperitoneum, as seen in oocyte aspiration and
artificial insemination “%, causes harmful side effects, such as acidosis, hypercapnia, reduced cardiac
output, decreased lung compliance, hypothermia and postoperative pain which have been associated
with an established pneumoperitoneum with CO, insufflation during laparoscopy. Although some
authors claim that the physiological changes seen with CO, insufflation in intra-abdominal pressures
(IAP) routinely used in humans and animal models are mild and transient in duration ©, research is
needed with different anesthetic protocol, ventilation, decubitus and IAP in sheep.

To date, however, there are limited studies that describe in detail sheep anesthesia and monitoring
practices in biomedical research establishments with modern large animal intensive care units (ICUs)
M. However, alterations of ventilatory mechanics and echocardiography at endpoint of laparoscopy
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with four different IAP were already described”, and therefore this study aims to find out at what
moment these changes began to occur by gathering and comparing monitoring data of parameters
in the transoperative period in these different IAP, which can be especially important for animals with
underlying health conditions submitted to these procedures and future research using sheep as animal
models.

2. Material and methods

2.1 Ethics

Ethical approval for this study (Ethical Committee N° 2115100418) was provided by the Ethical
Committee on the Use of Animals of Fluminense Federal University, Niterdi, Brazil. In addition to the
ethical guidelines established by the University’s Committee, the experiment followed the ARRIVE
guidelines described by Percie du Sert ©.

2.2 Animal preparation

Ten female non-pregnant healthy adult Santa Ines ewes (Age: 3.8 + 1.2 yo, 48.8 + 5.6 Kg) were
used. They were clinically examined and were kept in collective stalls, fed with chopped Napier grass
(Pennisetum purpureum), commercial feed (300g/day/animal; 12% protein), water and mineral salt
ad libitum. Red blood cells, total proteins, fibrinogen, parasite control tests were done, and 72 hours
prior to experimental procedure, all animals received half of the food; 24 hours before procedure they
underwent food fasting and, the water supply was suspended 6 hours before ©.

2.3 Experimental design and protocol for measurements

All animals were submitted to the following pneumoperitoneum pressures: 0OmmHg (G1), T0mmHg
(G2), 12mmHg (G3) and 15mmHg (G4) in a crossover design”, considering G1 is the CONTROL group.
Thus, at each trial, one IAP was randomly selected, and no animal was induced to the same IAP twice.
The interval between rounds was 15 days, which is the average period used in clinical practice for patient
discharge, and was enough to reduce the fibrinogen concentration to baseline condition 9. The IAP
and sample collection times were chosen based on previous laparoscopy procedures in humans 12,
The timeline of the procedures is depicted in Figure 1.

Anesthetic induction,

establishment of ventilatory

patterns and induction of Deflation and

pneumoperitoneum Iaparorrhaphy,
followed by anesthetic
Animal preparation recovery
24 hours Pneumoperitoneum during 60 min with respective IAP l
4 >
=1 1 1 1 |
TO T1 T2 T3 T4 15 T6

Parameters monitoring times

Figure 1. Experimental design.
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After weighting, the animal was sent to the operating room. Anesthetic procedure was according
to Rodrigues et al.", pre-anesthetic medication was administered consisting of midazolam (0.3 mg.kg™,
Dormire®, Cristdlia, Butanta, Brazil) and meperidine (3.0 mg.kg™”, Unido Quimica, Embu-Guacu, Brazil) in
the same syringe intramuscularly (IM), dipyrone (20 mg.kg™, Ibasa, Porto Alegre, Brazil) intravenously
(IV). Pharmacological induction consisted of 4 mg.kg™ of IV propofol (Midfarma, Mandaguacu, Brazil)
and, once the state of unconsciousness of the animal was clinically observed, the animal was placed
in sternal recumbency and an endotracheal tube (Surgivet® FN7 — ID: 7mm; OD: 10mm; length: 55cm)
was inserted to maintain airway flow and connected to the circular anesthesia system with capnograph
tube (Dameca® Siesta Breasy, Redovre, Denmark) connected to the endotracheal tube. For anesthetic
maintenance, the inhaled anesthetic agent isoflurane (Cristélia, Itapira, Brasil) was used, with a vaporized
fraction between 1.5 and 2.5 volume percent (V%)". Subsequently, continuous citrate fentanyl IV was
started at a rate of 5 ug.kg™.h™" with a syringe infusion pump (Digicare®, Florida, USA).

Tidal volume (VT) was adjusted to 15 mL.kg"', positive end-expiratory pressure (PEEP) was set
at 3 cmH,0, mean respiratory rate (RR) adjusted to 8 breath per minute (bpm), since ideal is ranging
between 6 and 10 bpm ©. Femoral artery catheterization was proceeded for continuous monitoring of
blood pressure, using a 20G catheter (Safelet NIPRO®, Sdo Paulo, Brazil). Five minutes before peritoneal
cavity insufflation with CO,, 0.3 mg.kg-1 of atracurium besylate (Tracur®, Cristalia, Butanta, Brazil) was
administered IV, for neuromuscular blockade. After cardiovascular and ventilatory parameters were
acquired, animals were subjected to the following IAPs according to groups: G1 (0 mmHg), G2 (10
mmHg), G3 (12 mmHg) and G4 (15 mmHg).

The pneumoperitoneum was induced and maintained by the positioning of Hasson's trocar-
cannula attached to an insufflator (Eletronic Endoflator 264305 20, Karl Storz, Germany). Thereafter, the
insufflation of the peritoneal cavity was started, gradually with a CO, influx of 5L/min(4), toward the IAP
for each group. After achieving the target IAP, all animals were rigorously submitted to 60 minutes of
pneumoperitoneum. After this time, passive deflation occurred. In G1, the device was also connected at
all times, and the pressure was kept at 0 mmHg.

Postoperative management consisted of analgesia with dipyrone 50% (Dipirona Ibasa 50%,
Laboratério Ibasa Ltda, Porto Alegre, Brasil) 20 mg.kg™ IV every 24 hours, for five days and enrofloxacin
10% (Zelotril, Agener Unido, Embu-Guacu, Brasil) 2.5 mg.kg™ IV, every 24 hours, for seven days. The
animals were evaluated for pain through physical examinations and blood tests postoperatively!'.

2.4 Cardiovascular and ventilatory monitoring

The cardiovascular and ventilatory parameters (Digicare® Multi-Parameter Physiologic Monitor
Lifewindow 6000, USA) were continuously registered before peritoneal insufflation (TO) and at each
10 minutes (T1, T2, T3, T4, T5 and T6) throughout the experimental procedure that lasted 60 minutes
(Fig. 1). Specifically, continuous electrocardiogram at the DIl derivation, heart rate (HR), peripheral
oxygen saturation (SpO,), esophageal temperature, CO, tension at the end of expiration (ETCO,),
RR, invasive systolic (SAP), diastolic (DAP), and mean arterial pressures (MAP), and anesthetic agent
minimum inspiratory and expiratory alveolar concentration (MAC insp and MAC exp, respectively) were
continuously recorded.
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The system of anesthesia and mechanical controlled ventilation (Dameca® Siesta Beasy, Radovre,
Denmark) allowed to monitor PEEP, RR, peak airway pressure (Ppeak,RS) and VT. Therefore, we were able
to calculate dynamic compliance (Cdyn) by the following formula(16):

Cdyn =VT (mL) / (Ppeak,RS — PEEP)

2.5 Statistical analysis

We did not perform a formal sample size calculation a priori, but instead we used all sheep available
(10 animals). The primary outcome assessed in a previous study” was AP, ., which difference taking into
account at initial and final time of procedure, the calculated effect size was 1.50. In such way, we did a
post-hoc analysis to calculate the achieved statistical power (1-B err prob = 0.88), which was adequate.
Each variable was tested for normal distribution using Shapiro-Wilk test. Data were presented as mean
+ SD. The results obtained were assessed using Two Way Analysis of Variance (Two-way ANOVA) for
repeated measures (RM), followed by post-hoc Holm-Sidak's multiple comparisons test for interactions
among groups and sampling times. Significance for all tests was assumed when p<0.05. All the described
statistical analysis was performed using Microsoft Excel and GraphPad Prism version 9.2.0 (La Jolla, CA,
USA).

3. Results

Results are exposed in table 1 and in figure 2 with the main points reported below. In summary,
the variables that showed significant values between groups were Peak airway pressure (Ppeak) and
Dynamic compliance (Cdyn). Ppeak increased overtime in all groups, with significant higher levels in G3
and G4 from T2 onward. Cdyn decreased overtime in all groups, showing significant lower levels in G3
and G4 from T2 onward. Also, MAC insp and exp presented punctual significant differences, but none
overtime between groups, even though it was noticeable that G1 presented the lowest values in T2, T3
and T4 for both. Some variables showed no significant differences between groups, but their behavior
increasing or decreasing according to the pneumoperitoneal pressure is noticeable. For instance, ETCO2
levels were greater in the groups with sustained pneumoperitoneum (G2, G3 and G4) at each time, and
increased levels can be noticed form T2 onward, respectively. HR and Temperature decreased overtime
and SAP, DAP and MAP increased overtime in all groups with no significant difference. VT and Sp0O2
presented no significant differences between groups or times.
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Table 1. Descriptive statistics (Mean£SD) of monitored variables for comparison of the same group at different times (row) and different groups
at the same time (column).
Group

Variables Groups TO T1 T2 T3 T4 TS5 T6 Time effect offect
»<0.0001 »<0.0001 p=0.895

Interaction

Gl (0 mmHg)  128+16.7  108+17.3 98.8+20.9° 94.2+184° 93.4+17.9" 95.7+20.6° 102+18.3"
HR (bpm) G2 (10 mmHg) 141163  120£17.3°  118+19.0® 113£13.4* 109+11.7% 109+11.8®  106+15.3*
G3 (12mmHg)  128+32.0  117420.7  119+20.8  119+21.6  118+23.7  115+25.1 119426.5
G4 (15mmHg)  128+18.0 1134162  117+154  116+19.7  112424.1 1124245 1124243

ays TO

p=0.144 p=0.020  p=0.341

G1 (0 mmHg) 96.3+2.5 95.442.8 96.8+1.7 96.7+1.8 96.4+1.5 96.6+1.4 96.6+2.1
SpO2 (%) G2 (10 mmHg)  96.6+2.3 96.6+1.8 96.0+1.8 95.8+1.8 95.4+2.6 95.8+1.9 95.8+1.2
G3 (12mmHg) 94.843.4 96.44+2.9 95.743.8 96.5+4.1 95.6+3.9 94.8+4.2 94.444.2
G4 (15 mmHg)  97.846.2 96.6+3.9 94.8+1.9 95.5+1.9 93.7£3.7 92.5+4.7 92.0+7.2

p<0.0001 p=0381  p=0.976
Gl (0mmHg)  37.520.6° 37.040.6° 36.720.6° 36.4+0.6° 36240.5° 36.0£0.6°  359+05°  PvsT0,TI,
Temp. G2 (10 mmHg) 37.0+0.8°  36.6+0.6° 36.4+0.7° 36.140.6° 35.9+0.6° 35.7+0.6°  35.6+0.6°  T2,T3,T4;

(O G3(12mmHg) 3724055 36.8£0.6° 36.4+407° 363£0.6° 36.0:0.6° 358:07°  357¢02°  “vsTL T2,
i  T3,T4,Ts,
G4 (15 mmHg)  37.520.9°  37.140.9°  36.9+0.8° 36.740.8° 36.4+0.8° 36.2+0.8°  36.120.7° T6

p=0.0002 _ p=0.899  p=0.002

G1 (0 mmHg) 49.0£5.6 45.445.7 43.6+6.2 42.346.5 42.246.7 42.9+6.3 45.548.1
G2 (10 mmHg)  45.8£5.6 42.746.3 43.5+6.3 44.7£7.0 45.847.1 45.9+6.5 46.8+£7.3
G3 (12 mmHg)  44.8+£7.7 40.8£8.4 44.0+£6.5 46.246.7 46.9£7.2 47.6+6.7 48.7+£8.2
G4 (15 mmHg)  47.5+6.1 43.9+5.6* 43.5+6.4 46.2+6.6 46.4£7.2 47.8+7.4 50.4+7.8

ETCO;

(mmHg) ays TO

p<0.0001 p=0.622  p=0.015
sap Ol OmmHg) 670481  BI3#217 8094113  87.7¢144  90.6519.6 94.6+19.6  99.9+19.8° “vs TO
Hey G2(10mmHg)  832+174  869+10.1 856127 884+123  8B.6:45 9444135 B98EIZ0 T T2,
(MmHZ) 3 (12 mmHg) 743+11.1°  92.06122  89.8£102 8724115 8734115  90.94122 957463 T3, T4, TS,
G4 (15mmHg)  86.0424.7  84.846.5  88.949.9  89.2419.7 93.3+19.1 9744164  100.0+14.3 T6
p<0.0001 p=0409  p=0.160

Gl (0 mmHg)  44.6+5.1  55.94213  53.748.5  602+11.0 60.4+12.0 63.0413.4  66.0+13.8
DAP  G) (10 mmHg) 56.0£124 562463  61.6+7.2 618492 634100 6644102  64.849.3 A ys Gl
(MMHZ) 53 (12 mmHg)  50.6£13.0  66.4£160  65.6+8.6% 6324108 63.84842  66.848.0 68.345.5

G4 (15 mmHg) 55.5+9.7 A 570489 59.0+4.8 56.6%6.1 62.4+12.6  68.1£11.0 70.4£11.6

p<0.0001 p=0476  p=0.036
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Gl (0 mmHg)  53.646.4  63.2+17.0  63.248.5 7074122 71.3+13.0 744%15.7 79.2+152° Tvs TO Ays Gl
MAP G2 (10 mmHg) 67.4+13.7 69.5+8.2 67.6£10.6 71.3+£9.8 73.5+10.1 77.6£10.7 74.7£9.2
(mmHg) G3(12mmHg) 603+123 754160  74.1:8.1° 721297  7237.9° 758+73°  80.133.8° dys T3
G4 (15 mmHg) 65.6£10.5%  66.7+7.8 72.2£10.7  69.2£10.9  72.5£13.0  78.5£10.9 82.5+10.7¢
p=0.006 p=0267  p=0.006
G1 (0 mmHg) 1.1£0.15 L1£0.21  0.94+0.18° 0.96+0.17° 0.99+0.17°  1.1+0.22° 1.2+0.19
MAC insp G2 (10 mmHg) 1.1+£0.18 1.1+£0.17 1.240.144 1.1+£0.15 1.1+£0.17 1.1+£0.16 1.2+0.15 ¢ vs T6 Ays Gl
G3(12mmHg) 1.040.14  1.040.13  1.1+0.14  1.040.08  1.040.09  1.1+0.12 1.120.11
G4 (15mmHg) 114025  1.040.05  1.140.14  1.1+0.13  1.0+0.18  1.0+0.16 1.1+0.18
p<0.0001 p=0.241 p=0.002
G1 (0 mmHg) 0.9+0.2 0.9+0.1 0.8+0.0°¢ 0.8+0.07 0.8+0.07 0.9£0.1 1.0£0.2
MACexp G2 (10 mmHg)  0.8+0.2 0.9+0.1 1.0£0.1*  1.0£0.1" 1.0£0.2 1.0+0.1 1.0+0.1 ¢ s T6 N
G3(12mmHg) 08£0.08°  09+0.1  09+0.07* 09007  09£0.09  09+0.09  1.0:0.08 fys TS vs Gl
G4 (15 mmHg)  0.8+0.2 0.840.0°  1.0£0.1*  0.9+0.1 0.9+0.1 0.9+0.0 1.0+0.1
p<0.0001 p=0.002 _ p<0.0001
Gl (0 mmHg)  14.042.4  13.742.8  13.041.9  13.642.5  13.4423  14.643.9 14327
Ppeakrs G2 (10 mmHg)  13.842.4  13.842.5 147419 152420 152421  15.742.1 15.942.6  EysTO.T1  “vsGl
(emH:0) 63 (12mmHg)  13.8£2.5  14.5:2.8  17.6:34% 1826255 18342558 186:25¢ 189:26™  diiT3  BigGlL G2
G4 (15mmHg)  13.2+1.3  142+28 19.0+£3.6°2 18.843.358 19243382 19.143.12  19.943.9%¢
p=0.055 p=0.433  p=0.628
v, Gl(OmmHg 15305 157410  157:0.9  157%09  157#09  156%1.0 15.6£1.0
(mLKg C02(10mmHg) 157618 160:24 161427 161227 159425 160425 16.1£3.0
G3 (12mmHg) 153+0.6 155409 155409  15.6£1.0  15.5+1.1  15.441.2 15.3+1.2
G4 (15mmHg)  14.6+1.6 154408 153409  14.7+1.9 147419  14.5+2.0 14.542.0
Cdyn Gl (OmmHg) 655481  70.7+10.5  74.4485° 713+11.8° 71.7+¢112° 67.0£15.1  65.5+12.0 . Avs Gl
(mlemH, G2(10mmHg) 64.7+112" 662+142" 602£9.9% 57.64.86°% 57.5¢125 551102  553+118 Y10 Bygg o
0)  G3(12mmHg) 657+11.1" 62.6:11.8" 458:48°  46.6+7.08 459:63% 44765 43864  VS1BT3
G4 (15mmHg)  66.7+9.1  66.4+13.4  464+11.7° 41.6+7.8% 43.9+124* 43.5+127  38.3+88" 413, T6

Monitoring variables obtained at TO(Omin), T1(10min), T2(20min), T3(30min), T4(40min), T5(50min) and T6(60min) during procedures, expressed as means + standard
deviation (SD) of 10 animals in each group, distributed in a cross-over model. Data were assessed with Two-way ANOVA RM and post hoc Holm—Sidak multiple comparisons
test (p < 0.05). Legend: Heart rate (HR), pulse oximetry (SpO>), temperature (Temp.), end-tidal carbon dioxide (ETCO,), systolic arterial pressure (SAP), diastolic arterial
pressure (DAP), mean arterial pressure (MAP), minimum alveolar concentration in inspiration (MAC insp); minimum alveolar concentration in expiration (MAC exp), peak
pressure (Ppeak,rs), tidal volume (Vr) and dynamic compliance (Cdyn). * vs TO; ® vs TO, T1, T2, T3, T4; ¢ vs TO, T1, T2, T3, T4, T5, T6; ¢ vs T3; ¢ vs T6; "vs T5; ¢ vs TO, T1;
"vs T2, T3, T4, TS5, T6. ; * vs G1; ® vs G1, G2.
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Figure 2. Linear graph of mean values of the VT, SpO,, ETCO,, Ppeak, and Cdyn overtime.

4. Discussion

Studies like this are important since validated ovine models may, to some extent, be comparable
to other animal models such as swine that can generate robust mechanistic data that lend themselves
to translational research (. In fact, there is a stronger correlation between atelectasis and oxygenation
or shunt, respectively, in humans or sheep breathing pure oxygen, comparing to pigs, since interspecies
differences in hypoxic pulmonary vasoconstriction (HPV) are closer between humans and sheep, than
other species frequently used as animal models "7-'9. Therefore, the increase of sheep as an experimental
model requires knowledge of monitoring changes in these conditions of pneumoperitoneum to improve
care during and after these procedures.

In this study, G4 presented the VT lowest values at all times, and from 30min onward, ETCO2
increased noticeably in groups with pneumoperitoneum (G2, G3 and G4), until reached the highest
values at 60 min. In all groups there was a decrease of ETCO2 at T1 (10min), however, at T2 (20min), G2,
G3 and G4 started rising again until T6 (60min), while the opposite occurred to G1, which increased only
at final time (T6). Corroborating these findings, there was a significant difference between the PaCO2 of
G3 and G4 at final time (T6) (70.3 + 7.1 and 70.6 + 10.6, respectively) when compared to G1 (57.1 + 8.3)7.
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In sequence, it is noted that from T4 onward, even though SpO, levels presented no significant
difference, its values in G4 are remarkably lower than other groups, especially when compared to G1
and G2. Although no significant difference was observed, G4 had higher values than all other groups. In
a study with anesthetized sheep without pneumoperitoneum, but with different recumbency positions
under mechanical ventilation with pressure-controlled ventilation (12 cmH,O peak inspiratory pressure),
VTand ETCO, remained constantin animals in dorsal recumbency even after 60 and 120 min ?%. Therefore,
these findings may be due to CO, peritoneal insufflation, but also by the basal lung regions, compressed
by diaphragmatic elevation due to higher IAP, and consequent atelectasis that increase dead space and

unbalance the ventilation/perfusion ratio, causing shunt and increasing arterial pressure of CO, (PaCO,)
(21,22)

The absorption of CO, from pneumoperitoneum is not linear, it is larger in the first 30 minutes,
tending to stabilize overtime 2. However, in this study, there’s a drop of ETCO, levels after 10 min (T1),
with a gradual rise especially at 30 min (T3) in G3 and G4, which can also be noticed by the inversion of
values of G1 and G4 and T0 (49.0+5.6; 47.5+6.1) and T6 (45.5+8.1; 50.4+7.8), respectively. This is followed
by a SpO, decrease that started at T3, corroborating the fact that atelectasis, dead space, and unbalanced
ventilation/perfusion ratio occurred and may have contributed to it.

In a study with humans, ETCO, rose steadily and significantly from 29.5 to 36 mmHg after 10 min
of IAP at 15 mmHg (p<0.05) without any further changes and stayed at 35 mmHg 5 min after deflation
in supine position @3, In swine, one of the species used for videolaparoscopic studies, after one hour of
pneumoperitoneum with CO, at 16 mmHg, there was a clear tendency to hypercapnia and acidosis®®.

Corroborating previous findings, respiratory mechanics worsened in animals with increased IAP
(G3 and G4), presenting crescent values of Ppeak,RS starting at T1 onward. IAP can cause stiffening of
the chest wall and their components, abdominal wall and diaphragm muscle, which in turn increases

the transmural pressure and reflects the increase of airway pressure (Ppeak,..) during volume-controlled

7s)
RS
ventilation®, This characterizes a reduction of Cdyn, which in humans during laparoscopic procedures
with elevation of IAP can be of about 50%, observed by increment in Ppeak,RS %, In this study, Cdyn

decreased under 50% significantly from T2 onward in G3 and G4, following Ppeak, . behavior. Studies

RS
have demonstrated a reduction in pulmonary compliance with arise in peak and plateau airway pressures
along with reduction in functional residual capacity, which can predispose to ventilation-perfusion
mismatch, leading to hypoxemia ?°. In a study with sheep during spontaneous ventilation in lateral
recumbency for magnetic resonance, after 10 minutes, the values of F-shunt calculated in this group of
sheep suggested that atelectasis developed®”. Other study determined that the shunt fraction (Qs/Qt)
in sheep during mechanical ventilation was higher in sheep in right lateral recumbency with 60 min of
procedure, than with sheep in left lateral or dorsal recumbency ??. This information is important, as there
are differences in recumbency positions, but even so, it proves that changes in pulmonary perfusion and

compliance occur early in both situations.

Considering the decrease of HR, this can occur by activation of vagal tone with peritoneal
distention, and can also lead to bradyarrhythmias and asystole, during carbon dioxide insufflation (or
shortly thereafter), or with traction on pelvic structures 2%, However, in this study, G1 (0 mmHg) and
G2 (10 mmHg) showed the most evident decrease over time and could not be correlated with the vagal

effect of pneumoperitoneum, nor with increasing depth of anesthesia. For instance, monitoring of
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CAM insp and exp showed very subtle differences, which is compatible with a stable anesthesia depth.
Mean, diastolic and systolic arterial pressures increased in all groups overtime. It has been shown that
pneumoperitoneum increases MAP and systemic vascular resistance (SVR) and may decrease cardiac
output (CO), since it can cause abdominal aortic compression, allied to neuroendocrine effects that even
at short term cannot be neglected ©°32, In other study with sheep under inhalation anesthesia during
120 min and variation of recumbency, but without pneumoperitoneum, no alterations of HR and MAP

were found in dorsal recumbency, reinforcing previous explanations for MAP findings, but not HR ones
(20)

Plato airway pressure was not obtained overtime, as it could influence other ventilatory parameters
when performing the tracheal tube clamping maneuver, and without this variable was not possible to
assess the driving pressure and mechanical power values, this could only be obtained at initial and final
times and were higher in groups with IAP settled at 12 and 15mmHg"”. However, it was possible to
obtain Ppeak and calculate Cdyn at all times, which was also an important finding.

5. Conclusion

Within 20 min of procedure was possible to notice that in groups with higher IAP (12 and 15
mmHg) there was a significant progressive impairment in respiratory mechanics, expressed by increase
of Ppeak and decrease of Cdyn, and as consequence a gradual increase in the values of ETCO,, which
was more evident at 60 min. These early changes seen in healthy patients undergoing higher IAPs
during laparoscopy are of considerable importance particularly for patients with previous debilitating
respiratory conditions.

Conflict of interest statement
None of the authors has any conflict of interest to disclose.

Data availability statement
The data will be provided upon request.

Author contributions

Conceptualization: L.V. de Gouvéa, P.R. L. do Nascimento, T.R. S. Leite., D. A. B. Lessa and P. L. Silva. Data curation: L. V. de Gouvéa,
P.R. L. do Nascimento and T. R. S. Leite. Formal analysis: L. V. de Gouvéa and P. L. Silva. Funding acquisition: D. A. B. Lessa, P. L.
Silva and P. R. L. do Nascimento. Project management: L. V. de Gouvéa, P. R. L. do Nascimento, T. R. S. Leite, D. A. B. Lessa, P. L.
Silva., A. L. de S.Teixeira, P. C. do A. R. da Silva, J. A. D. Ferreira Filho, M. J. S. A. Helayel. Methodology: D. A. B. Lessa, P. L. Silva, L. V.
de Gouvéa, P. R. L. do Nascimento and T. R. S. Leite. Supervision: D. A. B. Lessa and P. L. Silva. Investigation: L. V. de Gouvéa, P. R.
L. do Nascimento, T.R. S. Leite, A. L. de S. Teixeira, P. C. do A. R. da Silva, J. A. D. Ferreira Filho, M. J. S. A. Helayel, A. N. Junior, M. G.
Chenard, L. de A. Carvalho and D. A. B. Lessa. Visualization: L. V. de Gouvéa, P.R. L. do Nascimento e T. R. S. Leite. Writing (original
draft): L. V. de Gouvéa, P. R. L. do Nascimento and T. R. S. Leite. Writing (proofreading and editing): L. V. de Gouvéa, P. R. L. do
Nascimento, T.R.S. Leite, D. A. B. Lessa and P. L. Silva.

Acknowledgments

Assistance with the study: The authors express their gratitude to the Study, Research, and Extension Group on Goats and Sheep
(GEPECO) from the Fluminense Federal University (Universidade Federal Fluminense (UFF)) for providing the animals for this
study and to all UFF’'s undergraduate and graduate students that were involved in the execution of the experiments. We also
thank Sandro Alves de Lima (Tech Service Equipamentos Médicos) and Eduardo Miranda (Digicare representative) for providing
anesthesia and the monitoring equipment.

Ciéncia Animal Brasileira | Brazilian Animal Science, v.26, 78844E, 2025.



Gouvea L.V.et al., 2025.

References

1. Chemonges S, Shekar K, Tung JP, et al. Optimal Management of the Critically Ill: Anaesthesia, Monitoring, Data Capture,
and Point-of-Care Technological Practices in Ovine Models of Critical Care. BioMed Research International. https://doi.
org/10.1155/2014/4683009.

2. Ewoldt JM, Anderson DE, Hardy J, Weisbrode SE. Evaluation of a Sheep Laparoscopic Uterine Trauma Model and Repeat
Laparoscopy for Evaluation of Adhesion Formation and Prevention with Sodium Carboxymethylcellulose. Veterinary Surgery.
2004;33(6):668-672. https://doi.org/10.1111/j.1532-950x.2004.04090.x.

3. Galatos AD. Anesthesia and Analgesia in Sheep and Goats. Veterinary Clinics of North America: Food Animal Practice.
2011;27(1):47-59. https://doi.org/10.1016/j.cvfa.2010.10.007.

4. Teixeira PPM, Cristina L, Franco ME, Ferguson T, Souza LF. Aspiracdo Folicular por Videolaparoscopia em Ovelhas Santa
Inés: Descricdes da Técnica. Revista Cientifica Eletronica de Medicina Veterinaria. 2011;16. https://faef.revista.inf.br/imagens
arquivos/arquivos_destaque/wxtbZN2Du27xvTe 2013-6-25-17-3-12.pdf.

5. Padilha L, Teixeira P, Pires-Buttler E, et al. In vitro Maturation of Oocytes from Santa Ines Ewes Subjected to Consecutive
Sessions of Follicular Aspiration by Laparoscopy. Reprod Dom Anim. 2014;49(2):243-248. https://doi.org/10.1111/rda.12261.

6. Scott J, Singh A, Valverde A. Pneumoperitoneum in Veterinary Laparoscopy: A Review. Veterinary Sciences. 2020;7(2):64.
https://doi.org/10.3390/vetsci7020064.

7. do Nascimento PRL, de Gouvéa LV, Leite TRS, et al. Cardiorespiratory effects of different intraabdominal pressures in sheep:
An experimental study. Physiological Reports. 2022;10(21). https://doi.org/10.14814/phy2.15506.

8. PercieduSertN, Ahluwalia A, Alam S, et al. Reporting animal research: Explanation and elaboration for the ARRIVE guidelines
2.0. Boutron |, ed. PLoS Biol. 2020;18(7):e3000411. https://doi.org/10.1371/journal.pbio.3000411.

9. Massone F. Anestesiologia veterinaria: farmacologia e técnicas: texto e atlas colorido. Grupo Gen - Guanabara Koogan; 2011.
Accessed August 8, 2022. http://site.ebrary.com/id/10707354.

10. Mariano RSG, Uscategu RAR, Nociti RP, et al. Comparison of two surgical approaches for Laparoscopic Ovum Pick Up in Ewes.
Arq Bras Med Vet Zootec. 2019;71(3):848-856. https://doi.org/10.1590/1678-4162-10336.

11. Neudecker J, Sauerland S, Neugebauer E, et al. The European Association for Endoscopic Surgery clinical practice guideline
on the pneumoperitoneum for laparoscopic surgery. Surg Endosc. 2002;16(7):1121-1143. https://doi.org/10.1007/s00464-001-
9166-7.

12. Novitsky YW. Advantages of Mini-laparoscopic vs Conventional Laparoscopic Cholecystectomy: Results of a Prospective
Randomized Trial. Arch Surg. 2005;140(12):1178. https://doi.org/10.1001/archsurg.140.12.1178.

13. Rodrigues JC, Teixeira-Neto FJ, Cerejo SA, et al. Effects of pneumoperitoneum and of an alveolar recruitment maneuver
followed by positive end-expiratory pressure on cardiopulmonary function in sheep anesthetized with isoflurane-fentanyl.
Veterinary Anaesthesia and Analgesia. 2017;44(4):841-853. https://doi.org/10.1016/j.vaa.2016.05.017.

14. Tranquilli WJ, Thurmon JC, Grimm KA, Lumb WV, eds. Lumb & Jones' Veterinary Anesthesia and Analgesia. 4th ed. Blackwell
Pub; 2007.

15. De Gouvéa LV, Leite TRS, Do Nascimento PRL, et al. Postprocedural clinical and laboratory evaluation of sheep submitted
to different intrabdominal pressures during laparoscopy. Small Ruminant Research. 2023;228:107092. https://doi.org/10.1016/j.
smallrumres.2023.107092.

16. Jo YY, Lee KC, Chang YJ, Jung WS, Park J, Kwak HJ. Effects of an Alveolar Recruitment Maneuver During Lung Protective
Ventilation on Postoperative Pulmonary Complications in Elderly Patients Undergoing Laparoscopy. CIA. 2020;Volume 15:1461-
1469. https://doi.org/10.2147/CIA.S264987.

17. Peake MD, Harabin AL, Brennan NJ, Sylvester JT. Steady-state vascular responses to graded hypoxia in isolated lungs of five
species. Journal of Applied Physiology. 1981;51(5):1214-1219. https://doi.org/10.1152/jappl.1981.51.5.1214.

18. Morrell NW, Nijran KS, Biggs T, Seed WA. Magnitude and time course of acute hypoxic pulmonary vasoconstriction in man.
Respiration Physiology. 1995;100(3):271-281. https://doi.org/10.1016/0034-5687(95)00002-U.

Ciéncia Animal Brasileira | Brazilian Animal Science, v.26, 78844E, 2025.


https://doi.org/10.1155/2014/468309
https://doi.org/10.1155/2014/468309
https://doi.org/10.1111/j.1532-950x.2004.04090.x. 

Gouvea L.V.et al., 2025.

19. Wolf SJ, Reske AP, Hammermiuiller S, et al. Correlation of Lung Collapse and Gas Exchange - A Computer Tomographic Study
in Sheep and Pigs with Atelectasis in Otherwise Normal Lungs. Staffieri F, ed. PLoS ONE. 2015;10(8):e0135272. https://doi.
org/10.1371/journal.pone.0135272.

20. Prado Filho RRdo, Sanches MC, Carregaro AB. Influence of recumbency on the pulmonary shuntin sevoflurane-anaesthetised
sheep. Cienc Rural. 2022;52(11):20210251. https://doi.org/10.1590/0103-8478cr20210251.

21. Wahba RWM, Tessler MJ, Kleiman SJ. Acute ventilatory complications during laparoscopic upper abdominal surgery.
Canadian Journal of Anaesthesia. 1996;43(1):77-83. https://doi.org/10.1007/bf03015963.

22. Corréa CMO, Branddao MJN, Hirata ES, Udelsmann A. Consideracdes anestésicas na cirurgia laparoscépica. ABCD, arq bras cir
dig. 2008;21(3):136-138. https://doi.org/10.1590/50102-67202008000300009.

23. Rauh R, Hemmerling TM, Rist M, Jacobi KE. Influence of pneumoperitoneum and patient positioning on respiratory system
compliance. Journal of Clinical Anesthesia. 2001;13(5):361-365. https://doi.org/10.1016/50952-8180(01)00286-0.

24, Lemos SL da S, Vinha JM, Silva IS, et al. Efeitos do pneumoperitonio com ar e CO2 na gasometria de suinos. Acta Cir Bras.
2003;18(5):445-451. https://doi.org/10.1590/50102-86502003000500010.

25. Valenza F. Management of mechanical ventilation during laparoscopic surgery. Best Practice. Published online 2010:15.
https://doi.org/10.1016/j.bpa.2010.02.002.

26. Atkinson TM, Giraud GD, Togioka BM, Jones DB, Cigarroa JE. Cardiovascular and Ventilatory Consequences of Laparoscopic
Surgery. Circulation. 2017;135(7):700-710. https://doi.org/10.1161/CIRCULATIONAHA.116.023262.

27. Bellini L, Valentini A, Bernardini M. Comparison of the efficacy of two ventilatory strategies in improving arterial oxygen
tension and content in anaesthetized sheep. Veterinary Anaesthesia and Analgesia. 2020;47(4):552-556. https://doi.
org/10.1016/j.vaa.2020.02.008.

28. Myles PS. Bradyarrhythmias and Laparoscopy: A Prospective Study of Heart Rate Changes with Laparoscopy. Aust N Z J
Obstet Gynaecol. 1991;31(2):171-173. https://doi.org/10.1111/j.1479-828X.1991.tb01811.x.

29. Cohen RV, Filho JCP, Schiavon CA, Correa JLL. Alteracdes Sistémicas e Metabdlicas da Cirurgia Laparoscédpica. 2003;1:5.
https://www.sobracil.org.br/revista/rv010102/rbvc010102_077.pdf.

30. Hikasa Y, Okuyama K, Kakuta T, Takase K, Ogasawara S. Anesthetic potency and cardiopulmonary effects of sevoflurane in
goats: comparison with isoflurane and halothane. Can J Vet Res. 1998 Oct;62(4):299-306. PMID: 9798097; PMCID: PMC1189498.

31. Hikasa Y, Saito K, Takase K, Ogasawara S. Clinical, cardiopulmonary, hematological and serum biochemical effects of
sevo urane and iso’urane anesthesia in oxygen under spontaneous breathing in sheep. Small Ruminant Research. Published
online 2000:9. https://doi.org/10.1016/50921-4488(99)00121-2.

32. Koivusalo A -M., Lindgren L. Effects of carbon dioxide pneumoperitoneum for laparoscopic cholecystectomy. Acta
Anaesthesiologica Scandinavica. 2000;44(7):834-841. https://doi.org/10.1034/j.1399-6576.2000.440709.x.

Ciéncia Animal Brasileira | Brazilian Animal Science, v.26, 78844E 2025.





