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THE MORPHOLOGY OF THE STRUCTURAL PARTS OF THE
DIAPHRAGM 14 DAYS AFTER APPLICATION OF
STANDARD INTRA-ABDOMINAL PRESSURE IN
LAPAROSCOPIC SURGERY: AN EXPERIMENTAL STUDY

Introduction. In the course of laparoscopic surgery, carbon
dioxide is injected into the abdominal cavity in order to create a
working space through pneumoperitoneum. The increase in intra-
abdominal pressure leads to an upward displacement of the diaphragm,
increased airway pressure and decreased chest wall compliance, and a
decrease in lung volume.

Materials and Methods. The experimental study was performed
on 30 mature rats, which were divided into two groups of 15 animals
each.The animals underwent the creation of a pneumoperitoneum of
standard pressure in laparoscopy under general anaesthesia for a period
of 5 hours.In the first group, the diaphragm was sampled immediately
after 5 hours.In the other group, the diaphragm was sampled 14 days
after the created pneumoperitoneum. The costal, lumbar, and tendon
parts of the diaphragm were taken separately and placed in 10%
formalin for further histological examination.

Results. Following a 5-hour pneumoperitoneum, observations were
made of muscle deformation, fragmentation and lysis in muscle parts,
and an increase in fibre heterogeneity. In transverse sections, muscle
fibres became rounded and reduced in diameter. In response to the
damage, cellular inflammatory infiltrates appeared, and a distinctive
feature was the presence of haemorrhagic infiltration. In the lumbar
region, significant changes were observed in the arterial vessels: the
endothelium was exfoliated and freely located in bloodless lumens.
The arterial wall exhibited thickening, the boundaries between its
layers became indistinct, and the myocytes manifested a vacuolated
appearance. The presence of oedema and polymorphonuclear cell
infiltrates, as well as proliferating connective tissue, was observed in
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the perivascular area.In the tendon part, the lesion area exhibited
multiple foci of destruction, which were infiltrated by lymphocytes
and macrophages, accompanied by oedema of the underlying
substance.

The data obtained from the second group revealed a heterogeneous
morphological picture, characterised by areas of normal structure and
areas exhibiting partial loss of muscle layer compactness. The
sarcoplasm was found to be heterogeneous, with foci of oedema and
disintegration, and transverse striations in these foci were not
visualised. The nuclei retained their typical location within the skeletal
muscle. The connective tissue of the endomysium and perimysium
exhibited uneven thickness, attributable to edematous loosening and
proliferation. Perivascular fibrosis was pronounced, and the
haemocirculatory bed was observed to be uniformly filled with blood.
Small-calibre arteries contained a limited number of red blood cells or
were found to be empty. A similar heterogeneity was observed in the
tendons, which exhibited both an ordered compact arrangement of
collagen fibres and areas of loosening and fragmentation.

Conclusions. The results obtained allow the conclusion to be
drawn: 14 days after the implementation of pneumoperitoneum, there
is an incomplete structural recovery of the muscle and tendon
component of the diaphragm of experimental animals. This is
evidenced by replacement fibrosis in areas of muscle fibre damage, an
increase in the amount of adipose tissue in the stroma, and a loosening
of collagen fibres. These changes cannot lead to diaphragmatic
dysfunction.

Keywords: Laparoscopy, pneumoperitoneum, intra-abdominal
pressure, diaphragm, histology, rats, experimental model.
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PE3IOME

Irop SIxoBu4 /[3100aH0BCHKUI
https://orcid.org/0000-0002-0479-5758
Kadenpa xipyprii, TepHOTiTBCHKII
Hal[lOHATEHUH MEUYHUHA YHIBEpCUTET
imeni 1.5. T'op6aueBchkoro MO3

VYxpainu, M. TepHomine, Ykpaina

Mupocaas FOpiiiosunu Kpinak
https://orcid.org/0000-0003-1020-3584
Kagenpa xipyprii, TepHomninscokuii
HalliOHAIbHUH MEMYHUI YHIBEPCUTET
imewi 1.5. T'opbaueBcrkoro MO3
VYxpaiau, M. TepHoninb, Ykpaina

Ouer IropoBuy /I3100aHOBCHKUIA
https://orcid.org/0000-0003-4343-2797
Kadenpa xipyprii Nel 3 yposoriero Ta
MaJIOiHBa3MBHOIO Xipypriero imeHi JI.A.

KoBanpuyka, TepHOIiTBCHKHIT

MOP®OJIOITA CTPYKTYPHUX YACTHH JIA®PAI'MH
YEPE3 14 JHIB ITICJIA 3ACTOCYBAHHSA CTAHOJAPTHOI'O
BHYTPIIIHbOYEPEBHOI'O TUCKY B JIAITAPOCKOIITYHINI
XIPYPI'Ti: EKCIEPUMEHTAJIBHE JOCJII)KEHHS

Beryn. [lig dac mamapocKomigHOI Xipyprii B YepeBHY IOPOKHUHY
BBOJISITh BYIJIEKUCIIMI Tra3 3 METOK CTBOPEHHs pOOOYOro IMpoCTOpy
3aB/SIKM THEBMOIEpUTOHEYMY. [liIBUIEHHS BHYTPILIHbOYEPEBHOTO
TUCKY NPHU3BOJUTH 10 3MILEHHs Jiad)parMu Bropy, IiJIBUILEHHS TUCKY
B JUXaJbHUX NUIAXaX 1 3MEHIICHHS MOJATINBOCTI TPYAHOI CTiHKH,
3MEHIIIEHHS JIETEHEBOTO 00’ eMYy .

Marepiaan i MmeToau. ExcriepuMeHTanbHe 10CHiDKEHHS BUKOHAHO
Ha 30 craTeBo3piNMX IMIypax, SKMX PO3JUIEHO Ha JBi rpynu mo 15
ocoOuH. TBapuHaM TPOBOJAMIM CTBOPEHHS ITHEBMOIIEPUTOHEYMY
CTaH/JAPTHOTO THCKY B JIaapOCKOII il 3arajgbHOI0 aHECTE3i€l0
HpOTATOM 5-TW TOMUH. Y mepuIii rpymi BigOip niadparmu 3xificHIOBaIN
Bijpa3y micIs TNPOXOKEHHS S5-TW ToamH. Y iHmINA Tpymi Bigbip
nmiapparMu  TIPOBOIMIH
MHEBMONEpUTOHeYyMy. Y miadparmi BimbOmpamu okpemMo pebpoBy,

yepe3 14 pgHIB  miCIA  CTBOPEHOTO

MOTIEPEKOBY YaCTUHU Ta CYXOXKHIKOBUH EHTp, ki momimanu y 10 %
(hopmartia A1 TOJANBIIOTO TiCTOIOTIYHOTO JOCIiPKSHHS.
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Anppiii €srenosuy Bypak
https://orcid.org/0000-0003-2899-6594
Kadenpa xipyprii Nel 3 ypororiero Ta

MAaJIOiHBa3MBHOIO Xipypriero imeHi JI.A.

KoBaspuyka, TepHOminbCchKUit
HalliOHAILHUN MEMYHUI YHIBEPCUTET
imewi 1.5. T'opbaueBchkoro MO3
VYxpainu, M. TepHomine, Ykpaina

PesynbTaTn. Yepe3 5 roauH NHEBMONEPUTOHEYMY Y M S30BHX
BimMidayiack  AedopmMartis BOJIOKOH,  IX
(parMeHTaIiss Ta I3WC, 3pOCTalla TETEPOTEHHICTh BOJOKOH — Ha
MOTIEPEYHHUX 3pi3aX M’A30Bi BOJIOKHA CTAaBaJM OKPYIJi i 3MCHIIEHI B
miamerpi. Y BiONOBigh HA MONIKOKCHHS BUHHUKAIN KIITHHHI 3amaiibHI
iHQinpTpaTH. BiaMiHHOIO 0COOIMBICTIO OyIIa MPUCYTHICTh TeMOPAridHOL
iHQinpTpanii. Y TmomepekoBiii YacTHHI CYTTEBMX 3MiH 3a3HaBaId
apTepiaibHi CYAAMHH — SHJOTENIH 3MyNIyBaBCs 1 BUIBHO 3HAXOJIUBCA Y
Oe3kpoBHUX mpocBitax. CTiHKa TNOTOBIyBajacs, Mexi ii mapis
CTHPAIKCS, MIOIUTH Mald BakyoJi30BaHWH BurisiA. HaBkono cyanH
MPOCITIKOBYBaIKCs HAOpsSK Ta ModiMOpQHI KIITHHHI iHQILIBTpaTH Ta

YacTHHAX M’ SI30BHX

npoumidepamis CHOTYYHOI TKaHWHU. B CyXOXHMIKOBOMY LEHTpi, 30Ha
ypaXeHHS TpeACTaBisula CcOOOK MHOXHHHI OCEpeaKd IeCTPYKIii
iHQiNpTpOBaHI JNiMpouuTaMH Ta MakpodaramMd TOpsIX i3 HaOPAKOM
OCHOBHOI pEYOBHHH.

Hani orpuMaHi y [Ipyrid Tpymi TOKazadl HEOTHOPITHY
Mopooriuny kaptuHy. [lopsg i3 JiisHKaMu 3BHYaliHOI OyIOBH
BUSIBJISUIN  YacTKOBY BTpaTy KOMIIAKTHOCTI M S30BOTO  ILIACTY.
CapkoriasMa HEOJHOpIZHA 3 OCepeaKkaMd HaOpsKy 1 posmaiy.
ITomepeyHa MOCMYTOBaHICTh B TaKHX OCEpEAKaxX HE Bi3yalli3yeThCs.
Slnpa 30epirany XapakTepHy MJIsi CKEJIETHHX M SI3IB JIOKaJli3allilo.
CrionyyHa TKaHWHA €HAOMI3iI0 1 MEepHMi3ifo HepiBHOMIPHOI TOBIIUHH
YaCTKOBO 3a paxyHOK HaOpSKOBOTO PO3PHUXJICHHS, YacTKOBO — ii
npormidepanii. Haifbinpme BHpakeHUH mepuBacKysApHUA (HiOpo3.
['eMOLMPKYIATOpPHE pYCIIO KPOBOHAMOBHEHE pIBHOMIPHO. ApTepii
IpiOHOTO KamiOpy MICTATh HE3HAYHY KIJIBKICTh EPHUTPOIHTIB abo
MOPOXHI. B CyX0XKHJIKOBOMY LEHTPI TaKoX HEOJHOpiJAHA KapTHHA —
MOPSA] 13 BIOPSIKOBAHUM KOMITAKTHHM PO3TAIlyBaHHSIM KOJIAr€HOBHX
BOJIOKOH BUSIBJUTUCS JIISIHKU 1X PO3PHUXJICHHS Ta (hparMeHTarlii.

BucHoBku. Pe3ynbpratu 103BOJSIIOTH 3pOOUTH BUCHOBOK, IO Yepe3
14 nHiB micis 3acTOCYBaHHS ITHEBMOIIEPHUTOHEYMY BiIOyBa€ThCs
HETIOBHE CTPYKTYPHE BiJHOBJIICHHS M’S30BOIO Ta CYXOXXHJIBHOTO
KOMIIOHCHTY HiadparMH MiJAOCIHITHAX TBApHUH Y BHUTISAL 3aMiCHOTO
($iOpo3y B MiCIX NOMIKOIKEHHS M’S30BUX BOJIOKOH Ta 3pOCTaHHS
KUTBKOCTI JKHPOBOI KIITKOBHHH B CTPOMIi, PO3PHXJICHHS KOJAreHOBHUX
BOJIOKOH. JlaHi 3MiHM HE MOXXYTb MPH3BOJUTH IO MOPYIICHHS (YHKIIi{

niadparmu.
Kirouosi cJIoBa: Jlanapockorris, ITHEBMOIIEPUTOHEYM,
BHYTpIIIHBOYEPEBHUI  TUCK,  miadparma,  ricTomoris,  mypi,

eKCIIepUMEHT.

Aemop, eionogioanvnuii 3a aucmyeannsn: Mupocnas Kpiyax, xageopa xipypeii, TepHoninbCokuii HayionanbHuu
Mmeouunutl ynieepcumem imeni 1A, I'opbauescokoeo MO3 Vkpainu, m. Tepronine, Yrpaina

e-mail: kricakmy@gmail.com

LIST OF ABBREVIATIONS
CO, — carbon dioxide

PP — pneumoperitoneum

LS — laparoscopic surgery

INTRODUCTION

In the course of laparoscopic surgery (LS), carbon
dioxide (CO») is injected into the abdominal cavity The

AC — abdominal cavity

IAP - intra-abdominal pressure
LC — lung capacity

RG - research group

cavity through insufflation creates a working space
within which surgeons are able to monitor and perform
interventions.

introduction of carbon dioxide (CO:) into the peritoneal
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The intra-abdominal pressure (IAP) during
pneumoperitoneum (PP) generally exceeds the threshold
for intra-abdominal hypertension syndrome (IAHS), i.e.
12 mmHg, which is considered the standard pressure in
the laparoscopic surgery (LS) [1]. The abdominal cavity
(AC) is comprised of rigid (spine, thorax and pelvis)
and pliable (antero-lateral abdominal wall, pelvic
muscles and diaphragm) anatomical boundaries.It has
been demonstrated that the abdomen exhibits inherent
anisotropic behaviour during a PP, which is manifested
by the difference in the ability to expand in different
directions [2, 3, 4]. It is generally accepted that there is
an initial phase in which the marginal increase in the
volume of the AC in accordance with the applied
pressure, abdominal pliability, has a linear
dependence [5]. In accordance with the established
principles of biomechanics, the materials under
consideration are subject to deformation until they reach
their maximum tensile capacity. The elastic behaviour
of the abdominal cavity is determined by the pressure-
volume ratio of the working space [4, 5, 6]. It has been

1.e.

demonstrated that at lower inspiratory pressures, the
abdomen expands with minimal resistance, and each
increase in pressure results in a greater increase in
volume. Conversely, at higher insufflation pressures, the
ease of abdominal expansion is reduced, and further
increases in pressure will result in a decrease in the rise
in intra-abdominal volume [7].

Growth IAP leads to an upward displacement of the
diaphragm, elevated airway pressure and decreased
chest wall compliance reduction lung capacity (LC) [3].
Diaphragmatic  displacement be partially
compensated for by applying sufficient positive pressure
during mechanical ventilation. A substantial body of
preclinical research has examined the impact of IAP
within the range of 5 to 25 mmHg on PAP. These
studies have demonstrated that the rate of
abdominothoracic  transmission, defined as the
proportion of abdominal pressure that is transferred to
the thorax for maximum pressure, ranges from 40% to
50% in animal models and from 20% to 62% in human

can

physiological studies [5].

The implementation of high pressure during PP has
been shown to have deleterious effects on organ
perfusion, impede mechanical ventilation, and result in
postoperative pain and prolonged postoperative
rehabilitation, particularly in patients who also have
comorbidities [8, 9]. In order to achieve the most
favourable surgical conditions, the insufflation pressure
setting should be based on a calculation of whether the
benefits of increasing the working space volume
outweigh the disadvantages
insufflation pressure.

of wusing a higher

CO2 insufflation has been demonstrated to be
associated with a sharp deterioration in haemodynamics
during surgery. Elevated IAP has been shown to cause
an increase in venous return resistance, which has been
found to lead to a significant increase in central venous
pressure, thereby disrupting blood flow in the inferior
vena cava basin [9]. There is evidence to suggest that
the use of PP for LS has systemic effects on the renal
system, with the potential to contribute to acute renal
injury or postoperative renal dysfunction. Specifically,
when the pressure exceeds 10 mmHg, PP has been
shown to reduce renal blood flow, leading to renal
dysfunction and temporary oliguria. The effect of PP on
the kidneys is a result of both the direct effect of
increased intra-abdominal pressure and indirect factors
such as carbon dioxide uptake, neuroendocrine effects
and tissue damage due to oxidative stress [10].

The focus of this study is the state of the respiratory
muscle during LS, with particular reference to the effect
of PP on it. There are few scientific studies that
investigate the function of the diaphragm during
laparoscopic surgery, and even fewer that examine its
morphological structure. However, existing studies
suggest that PP disrupts the function of the diaphragm,
with this disruption being directly related to the duration
of the latter [11, 12]. It has been demonstrated that
stretching the diaphragm can result in impaired
trophism of the diaphragmatic nerve, which can
consequently lead to postoperative pain in the
supraclavicular region and respiratory dysfunction.
However, it has been observed that the utilisation of low
pressure or laparolifting in the LS has been shown to
reduce the frequency of these manifestations [13].

The aim of this study was to investigate the
morphological features of the diaphragmatic parts in the
application of PP and how the structure of this
respiratory muscle is restored 14 days after the creation
of PP.

MATERIALS AND METHODS

For the experimental study, 30 healthy, mature rats,
aged between six and seven months and weighing
(230+£30) grams, were selected. The animals were
divided into two research groups (RG) of 15 animals
each. All experimental animals were subjected to
simulated PP, with a level of IAP of 10 mmHg for a
period of five hours. According to the literature, this
pressure corresponds to a similar pressure of 12—
15 mmHg in the human body, which is the standard
pressure in the LS [13]. This IAP has been demonstrated
to induce similar alterations in vital signs in both
rodents and humans. Why was this time period chosen?
Every year, the volume of surgical interventions for
pulmonary hypertension is expanding and requires more
time for PP storage. The modelling of the PP was
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carried out in accordance with the copyright certificate
for the work Ne 126409 [14]. CO2 was injected using a
KARL STORZ electronic laparoflator 264300 20

" STORL

KARL STORZ — ENDOSKOPE

Figure 1. Simulated pneumoperitoneum at 10 mmHg

Prior to the creation of the PP, the animals were
anaesthetised. The animals were not fed for 12 hours
prior to the first injection, but were provided with free
access to water. Two hours before anaesthesia, water
was withdrawn. The premedication consisted of
Xylazine at a dose of 10 mg/kg administered 15 minutes
prior to the main drug, followed by Ketamine Solutions
at a dose of 90 mg/kg.The animals were then fixed in a
supine position on a table.

Following a five-hour exposure to the created PP,
the animals were euthanised with diaphragm sampling,
but only in I RG. Rats from II RG were returned to their
cages after the created PP for this time and were
maintained on a standard diet for a period of 14 days,
after which the material for the study was collected. The
experimental animals were killed by intraperitoneal
injection of high doses of Thiopental sodium at a rate of
75 mg/kg body weight. The diaphragm samples were
obtained in accordance with the stipulated copyright
certificate for the work Ne 126059 [15]. The costal,
tendon and lumbar parts of the diaphragm were
separately selected from the macro preparations and
placed in separate tubes with a 10% neutral formalin
solution (Fig. 2). Following fixation, the histological
material was dehydrated in ethyl alcohols of increasing
concentration and embedded in paraffin. Histological
sections of 5-7 pm thickness were made from each
paraffin block on a microtome, which were stained with
hematoxylin and eosin and alcian blue after
deparaffinisation.

All phases of the experimental study were conducted
within the vivarium of I.Horbachevsky Ternopil
National Medical University. The work with animals
was conducted the morning, in an indoor
environment, with temperatures ranging from 20 to
22°C and relative humidity levels between 60 and 80%.

in

insufflator (Fig. 1). This device automatically insufflates
gas in order to maintain IAP at the desired level. The
device was set to a pressure reading of 10 mmHg.

Throughout the entire period of the animal experiment,
the provisions of the Law of Ukraine 'On Protection of
Animals from Cruelty', the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes of 18.03.1986, and the
Council of Europe Directive 2010/63/EU.

Figure 2. Selected preparation of the rat
diaphragm: 1 — lumbar part; 2 — tendon part; 3 — costal

part

RESULTS

In the I RG, following a period of 5 hours of PP
duration, signs of a pathological process within the
structural components of the diaphragm were observed.
This included deformation of muscle fibres, their
fragmentation and lysis, which indicated a significant
decrease in the contractility of the diaphragm.The
heterogeneity of fibres increased, with muscle fibres
becoming rounded and reduced in diameter on
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transverse sections, indicating signs of partial atrophy of
the diaphragmatic muscle. In response to the observed
damage, the development of cellular inflammatory
infiltrates was observed, with a distinctive feature being
the presence of haemorrhagic infiltration.At this stage,
the proportion of adipose tissue and collagen fibres

increased in the stroma, along with oedema and
haemorrhage (Fig. 3).

Figure 3. Transverse section of the costal part of the
diaphragm: 1 — diffuse haemorrhagic infiltration of the
endomysial connective tissue combined with edema; 2 —
atrophic changes in muscle fibres. Hematoxylin and
eosin staining. % 200

Haemorrhages were more prevalent and severe in
the cruses of diaphragm, with erythrocytes infiltrating
the endomysium. Another notable feature was the
presence of haemorrhagic seepage of necrotic fibres
(Fig. 4). The arterial vessels underwent significant
changes, including the exfoliation of the endothelium
and the presence of erythrocytes in bloodless lumens.

o ; -
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Figure 4. Morphology of the lumbar part of the
1 - diffuse 2 -

haemorrhagic soaking of necrotic fibres. Hematoxylin

diaphragm: haemorrhages;

and eosin staining. x 200
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Figure 5. Histological structure of the lumbar part of
the diaphragm: 1 — endothelial desquamation; 2 — vessel
wall; 3 — oedema, proliferation of collagen fibres in the
perivascular space. Hematoxylin and eosin staining.
x 200

The vessel walls exhibited thickening, with the
boundaries between its layers becoming indistinct, and
myocytes displayed a vacuolated appearance. Oedema
and polymorphic cellular infiltrates, as well as
connective tissue proliferation, were observed in the
perivascular areas (Fig. 5). It is noteworthy that such
alterations in small arterial vessels were observed in all
the studied cases within this experimental series.

In the tendon part, the lesion area consisted of
multiple foci of destruction infiltrated by lymphocytes
and macrophages along with oedema of the underlying
substance. Alcian blue staining did not reveal signs of
systemic disorganisation of collagen fibres, in particular
mucoid swelling, which excluded the presence of an
autoimmune factor in this case (Fig. 6, 7).
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Figure 6. Morphological picture of the tendon part
of the diaphragm: 1 — area of collagen fibre destruction,
oedema and cellular infiltration. Hematoxylin and eosin
staining. * 200
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Figure 7. Structure of the diaphragmatic tendon
under alcian blue staining. % 100

Microscopic analysis of the muscular part of the
diaphragm in the II RG 14 days after the created PP for
5 hours revealed a heterogeneous morphological
picture, both in different cases and within one case.
Alongside areas exhibiting normal structure, a partial
loss of muscle layer compactness was detected, and
occasionally, fibre orientation was disturbed. The
sarcoplasm was heterogeneous, with foci of oedema and
disintegration, and transverse striations in such foci
were not visualised. The nuclei retained the localisation
characteristic of skeletal muscle. The connective tissue
of the endomysium and perimysium was of uneven
thickness, partly due to edematous loosening and partly
to its proliferation, and perivascular fibrosis was most
pronounced.Occasionally, maturing granulation tissue
was found in the areas of previous muscle damage

(Fig. 8).

Figure 8. The costal part of the diaphragm 14 days
after the creation of the PP: 1 — replacement fibrosis
and proliferation of fatty tissue in the area of muscle

damage. Hematoxylin and eosin staining. x 100

The haemocirculatory system is evenly filled with
blood. Small-calibre arteries contain a small number of
erythrocytes or are empty. A small proportion of
endothelial cells are exfoliated, and subendothelial
oedema and swelling of smooth muscle cells are also
detected. The adventitia is thickened with proliferating
collagen fibres. In the lumbar part of the diaphragm,
similar changes were noted (Fig. 9).

Figure 9. The lumbar part of the diaphragm 14 days
after the created PP: 1 — perivascular sclerosis; 2 —
small-calibre vein full blood. Hematoxylin and eosin
staining. x 100

Figure 10. Tendinous part of the rat diaphragm 14
days after the creation of the PP: 1 - partial loss of
collagen fibre compactness;, 2 - foci of cellular
infiltration. Hematoxylin and eosin staining. x 100

The tendon part exhibited a heterogenous
configuration, characterised by a well-ordered, compact
arrangement of collagen fibres. However, this was
interspersed with areas of fibre dissolution and
fragmentation. Histiocytes and lymphocytes were
observed among fibroblasts (Fig. 10).
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DISCUSSION

In recent years, there has been a discernible tendency
to broaden the indications for LS, thereby concomitantly
increasing the volume of surgical intervention. This, in
turn, has led to an increase in the duration of the
operation itself and an increase in the time of exposure to
PP on the body as a whole. The expansion of indications
for LS also applies to elderly patients with not always
compensated comorbidities. Consequently, our study of
the respiratory muscle is highly relevant. This
underscores the significance of our experimental study
for practical medicine, aiming to elucidate the
microstructural alterations in the diaphragm. It is
noteworthy that this experiment characterises the changes
occurring under standard pressure in the abdominal
cavity, and we will further emphasise the outcomes
observed when utilising low pressure in laparoscopy. In
their scientific contributions, some authors have drawn
parallels between standard IAP in LS and low pressure.
The results come down to the fact that lower pressure
provides a sufficient volume of the abdominal cavity for
surgical manipulation with instruments, thus not affecting
the blood circulation and respiratory system as much as
the standard pressure [16, 17, 18]

The microscopic changes in the parts of the
diaphragm in I RG are associated with the direct effect of
IAP created by PP of standard pressure. This leads to the
stretching of the fibrous structures of the tendon part, the
occurrence of oedema, the fragmentation and lysis of
muscle fibres due to overstretching when the diaphragm
is displaced in the cranial direction. Disturbances at the
level of arterioles and venules lead to impaired trophism
during PP, which is manifested by haemorrhagic tissue
seepage.In the studies of the diaphragm breathing
function in robotic LS, it was found that the postoperative
diaphragm function deteriorates significantly, which does
not recover to the preoperative level after discharge.
Elevated serum levels of Club Cell Protein (CC16) post-
surgery are indicative of potential lung damage. Adverse
effects may be associated with prolonged PP during
laparoscopic surgery [19].

The study by P.S. Rustagi was based on a comparison
of diaphragmatic excursions before and after major
laparoscopic pelvic surgery under general anaesthesia in
the Trendelenburg position. Ultrasound examination of
diaphragmatic excursion and lung compliance was used
to achieve this. The results showed a significant decrease
in excursion and lung compliance. Age, duration of

PROSPECTS FOR FUTURE RESEARCH

anaesthesia, and post-procedure pain were significant
independent predictors [20].

A comparison of the results obtained with those of
other authors is rendered difficult by the lack of
information regarding the morphological structure of the
diaphragm under the influence of IAP of generated CO2
during PP. The majority of studies, as previously
described, focus on the excursion of the diaphragm or the
state of the diaphragm in macroscopic terms, as well as
the state of the lungs. Consequently, it can be concluded
that such morphological changes in such a volume may
not occur in the human body. However, it has been
demonstrated that PP, producing CO2 similar to that in
the lungs, leads to microstructural changes in the rat
diaphragm. It is important to note that the animals in this
study were not suffering from any concomitant
pathologies, which raises the question of whether these
changes would occur in the diaphragm in more severe
cases of diseases such as mechanical jaundice (one of the
most common diseases in LS), diabetes mellitus,
metabolic syndrome, or subcompensated diseases of the
cardiovascular and respiratory systems.The results
obtained in the second study group indicate that there are
residual changes in parts of the diaphragm that do not
lead to significant functional impairment in the long term.

CONCLUSIONS

Pneumoperitoneum  resulted muscle  fibre
deformation, fragmentation and lysis, indicating a
significant decrease in diaphragm contractility.
transverse sections, muscle fibres became rounded and
reduced in diameter. In response to the injury, cellular

in

In

inflammatory infiltrates with haemorrhagic infiltration
were observed. Multiple foci of destruction infiltrated by
lymphocytes and macrophages were seen in the tendons,
accompanied by oedema of the underlying substance. The
analysis of the study results indicates that 14 days
following the application of pneumoperitoneum with
carbon dioxide at a level of 10 mmHg, there is
incomplete structural recovery of the muscle component
of the diaphragm of experimental animals, manifesting as
replacement fibrosis in the areas of muscle fibre damage
and an increase in the amount of fatty fibre in the stroma.
Furthermore, the presence of haemomicrocirculatory
disorders contributes to the progression of ischaemic
muscle damage. However, it is important to note that
these changes do not inevitably lead to diaphragmatic
dysfunction.

The study of the morphological structure of the diaphragm in pneumoperitoneum has been shown to hold great
potential for enhancing our understanding of the impact of intra-abdominal pressure on respiratory function. The
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evaluation of alterations observed in response to varying pressure levels during laparoscopic surgery has the capacity to
contribute to the improvement of the postoperative period for patients.
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