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INTRODUCTION
Laparoscopy is a widely used surgical technique in 
modern medicine. It offers a number of advantages 
over other surgical procedures, including rapid tissue 
recovery, reduced postoperative pain, less damage 
to wound tissue, shorter hospitalisation periods and 
a quicker return to work [1, 2]. Since the advent of 
laparoscopy in the late 1980s, numerous studies 
have documented the effects of carbon dioxide-
induced pneumoperitoneum (carboxyperitoneum (CP)), 
demonstrating cardiorespiratory changes, hypercarbia, 
hormonal changes, and as an effect on cancer cell survival 
[3, 4]. The majority of these studies use small animals, 
namely rats, due to their ease of use and simplicity. In these 
studies, CPs with pressures ranging from 3 to 20 mmHg are 
used [5-9]. For humans, surgeons use a standard operating 
pressure of 15 mmHg, which generally provides good 
visualisation of the abdominal cavity.

The growing use of laparoscopic surgical techniques 
has sparked significant interest in experimental 

research, particularly in relation to organ damage 
caused by increased intra-abdominal pressure. 
However, there is a limited body of literature examining 
the impact of CP on the diaphragm. This highlights 
an unaddressed question regarding the influence of 
CP pressure on the organs and systems of the body, 
including the respiratory muscle.

AIM 
 To investigate the morphological changes in the costal 
part of the diaphragm following the induction of 
pneumoperitoneum at 10 mmHg for varying durations 
in a rat model, using objective methods.

MATERIALS AND METHODS
All work on experimental animals was carried out in 
accordance with the relevant legislation, including 
the Law of Ukraine ‘On Protection of Animals from 
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Cruelty’, the European Convention for the Protection 
of Vertebrate Animals Used for Experimental and Other 
Scientific Purposes of 18 March 1986, and Council of 
Europe Directive 2010/63/EU. To create the model of the 
experiment, 50 sexually mature rats aged 5-6 months 
and weighing (225.0±20.0) grams were used. The rats 
were sourced from an accredited vivarium at the I Hor-
bachevsky Ternopil National Medical University. Table 
1 presents the division of animals into groups. The 
experiments were conducted in the morning indoors 
at a relative humidity of (60-80) %, temperature of (18-
20) °C and illumination of 200 lux. The animals were 
euthanised by an overdose of Thiopental sodium at a 
rate of 75 mg/kg of body weight intraperitoneally.

Prior to laparocentesis, all animals were anaesthetised 
with a combination of Ketamine Solutions (90 mg/kg) 
and Xylazine (10 mg/kg), administered via intramuscular 
injection. The animals in the intact group were not 
subjected to any additional treatment. In the control 
group, the abdominal wall was punctured with a Veress 
needle and maintained for a period of five hours to 
ascertain whether such an impact on the body would 
result in histological alterations to the diaphragm. In the 
main groups, carboxyperitoneum was created at the level 

of 10 mmHg, according to the copyright certificate for the 
work No. 126409 of 16 May 2024 [10], with the KARL STORZ 
electronic laparoflator 264300 20. The insufflator was used 
to set the appropriate level of pressure in the abdominal 
cavity and the rate of carbon dioxide delivery at 0.1 l/min 
for 1, 3 and 5 hours, respectively, according to the number 
of the main group (Fig. 1). This pressure level was set based 
on the findings of a literature analysis, which indicated that 
this pressure in rats produces comparable changes to the 
pressure of 15 mmHg in humans, which is regarded as a 
standard pressure [11, 12]. During the anaesthesia and the 
creation of a pneumoperitoneum, spontaneous breathing 
was maintained throughout the experiment.

After the experiment, the rat diaphragm was sampled 
in accordance with the copyright certificate for the work 
No. 126059 of 29 April 2024 [13]. The preparation of the 
macro sample of the diaphragm is illustrated in Fig. 2. 

Following the separation of the costal part of the diaphragm, 
it was placed in a 10% solution of neutral formalin. Following 
the fixation of the selected material, it was dehydrated in 
ethyl alcohols of increasing concentration and embedded in 
paraffin. Histological sections 5-7 µm thick were made from 
each paraffin block on a microtome, which were stained with 
hematoxylin and eosin after deparaffinisation.

Table 1. Distribution of individuals into experimental groups
Group of animals Characteristics of the group

Intact group
 (n = 10) Taking the costal part of the diaphragm, which was considered normal

Control group
 (n = 10) Taking the costal part of the diaphragm after anaesthesia and laparocentesis

I the main group
 (n = 10) Taking the costal part of the diaphragm after pneumoperitoneum at 10 mmHg for 1 hour

ІІ the main group
(n = 10) Taking the costal part of the diaphragm after pneumoperitoneum at 10 mmHg for 3 hours

ІІІ the main group
(n = 10) Taking the costal part of the diaphragm after pneumoperitoneum at 10 mmHg for 5 hours

Total animals – 50 

Fig. 1. Created carboxyperitoneum at 10 mmHg (left - insufflator, right - experimental animal)
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RESULTS
The costal part of the diaphragm is composed of 
transversely striated muscle fibres that form a dense 
layer, which serves as the basis for its structure. The 
microscopic appearance of this type of muscle can be 
observed on the slides prepared with a longitudinal 
section of the specimen. The variation in fibre size and 
thickness is not significant, and the sarcoplasm itself has 
a light eosinophilic colour. The relationship between 

the dyes was heterogeneous, and the sarcoplasm 
was often heterogeneous as well. The nuclei, which 
were elongated-oval in shape, were located under the 
sarcolemma and were not always oriented parallel to 
the fibre in a uniform manner. The transverse striation, 
which took the form of straight or arcuate stripes on the 
longitudinal sections, varied. There were few fibrocytes 
present in the stroma, which was formed by blood-filled 
capillaries (Fig. 3).

Upon examination of a cross-section of the specimen, 
the muscle fibres are predominantly polygonal or 
oval-rounded in shape. Each muscle fibre is surround-
ed by thin collagen fibres, which are clearly visible, 
and the fibre bundles are also surrounded by a dense 
connective tissue layer, the perimysium. The presence 
of fibroblasts and capillaries in the connective tissue is 
minimal (Fig. 4). 

It should be noted that the preparations obtained 
from the control group animals did not differ histolog-
ically, indicating that this type of exposure does not 
affect the structure of the diaphragm.

In the main groups, the creation of CP with an 
intra-abdominal pressure of 10 mmHg resulted in 
pathological changes in the selected areas of the dia-
phragm. Consequently, the muscles exhibited a partial 
loss of compactness due to perimysial and endomysial 
oedema, particularly in regions with adipose tissue and 
cellular infiltrates, following the initial hour of CP. With 
regard to the nuclei, they lost their monomorphism and 
were observed in regions that were not characteristic 
of their typical localisation. The sarcoplasm was found 
to be highly heterogeneous. Areas of compaction were 

Fig. 2. Removed macrosection of the diaphragm: 1 – crus of the 
diaphragm; 2 – costal part; 3 - sternal part; 4 - tendon part; 5 - 
esophagus

Fig. 3. Morphological structure of the costal  
part of the diaphragm of an intact animal: 
sarcoplasm (1); nuclei (2); capillaries located in 
the endomysium (3). Hematoxylin and eosin 
staining. × 200
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Fig. 4. Morphological structure of the costal  part 
of the diaphragm of an intact rat in a transverse 
section. Sublemmal arrangement of nuclei (1), 
perimysium with a localised vascular bundle (2). 
Hematoxylin and eosin staining. × 200

Fig. 5. Morphological structure of the costal part 
of the diaphragm one hour following the induction 
of pneumoperitoneum. Connective tissue oedema 
(1), fiber destruction and cellular infiltration (2). 
Hematoxylin and eosin staining. × 200

Fig. 6. Transverse striated muscles of the rat 
diaphragm 1 one hour following the induction of 
pneumoperitoneum.The transverse striation of 
muscle fibres is preserved. Fatty infiltration of the 
perimysium. Hematoxylin and eosin staining. × 400
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fragments, partial lysis, vacuolisation and eosinophilic 
degeneration. Some myofibrils are uncoiled with their 
deformation. Oedema, the volume of adipose tissue 
and the number of collagen fibres increase in the 
stroma, especially around the vessels (Fig. 7).

After 5 hours of CP, the histological picture described 
at the previous stage appeared, with an increase in the 
volume of muscle fibre deformation, fragmentation 
and lysis, indicating a sharp decrease in the contractile 
ability of the diaphragm. In transverse sections, muscle 
fibres became rounded and their diameter decreased, 
indicating signs of muscle atrophy, which in turn led 
to the appearance of cellular inflammatory infiltrates. 
A distinctive feature was the presence of haemorrhagic 

replaced by liquefaction, disintegration and, on occa-
sion, cytolysis. This was accompanied by a change in 
the orientation of the fibres themselves (Fig. 5).

However, in conjunction with these alterations, there 
were also compact muscle groups that demonstrated 
minimal change and preserved, well-visualised trans-
verse striations (Fig. 6).

Three hours after CP, degenerative changes in the 
sarcoplasm were observed, accompanied by the 
destruction of the basal membranes of muscle fibres. In 
these areas, single or grouped preserved pyknotic nuclei 
and macrophages were identified. In most cases, the 
muscle fibres had preserved sarcolemma, but showed 
signs of damage - sarcoplasmic disintegration into 

Fig. 7. Morphological structure of the 
costal part of the diaphragm three hours 
after pneumoperitoneum. Disintegration of 
basal membranes and fibres themselves (1), 
collagenisation of the perivascular stroma 
(2) and its oedema between fibres (3). 
Hematoxylin and eosin staining× 200

Fig. 8. Transverse section of the costal 
part of the rat diaphragm 5 hours after 
pneumoperitoneum. Diffuse haemorrhagic 
infiltration of the endomysial connective tissue 
combined with edema (1), atrophy of muscle 
fibres (2). Hematoxylin and eosin staining × 200
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abdominal organs. Intra-abdominal pressure of 10 
mm Hg for 60 minutes in rats increased oxidative 
stress in intestinal tissue [3, 4]. Another study 
evaluated the effect of insufflation at 4, 8 or 12 mm 
Hg on kidney and liver blood flow, testicular structure, 
and liver regeneration rate [9, 11]. A decrease in 
renal blood flow was observed during CO2 inflation, 
but this decrease was only significant in the group 
infused at 8 and 12 mmHg. In terms of portal hepatic 
blood flow, a pneumoperitoneum of 12 mmHg was 
sufficient to cause a significant decrease in portal 
hepatic blood flow [11]. The data of our study indicate 
a haemorrhagic infiltration of the muscular part of the 
diaphragm, capillaries in the endomysium are full of 
blood, arterioles in the perimysium contain plasma or 
a small number of erythrocytes. The venous connec-
tion was observed to be full of blood. Comprehensive 
morphological data on the diaphragm are not yet 
complete. In the present study, we summarise the 
beginning of the morphological description of the 
diaphragm and describe the state of the morpholog-
ical features under the influence of CP. In addition, 
we correlate how the morphological structure of the 
costal part of the diaphragm changes with the dura-
tion of pneumothorax. 

CONCLUSIONS
The creation of pneumoperitoneum with carbon 
dioxide leads to morphological and structural changes 
in the costal part of the diaphragm, the severity of which 
is directly related to the duration of intra-abdominal 
pressure.  Histological samples showed deformation 
of muscle fibres, their fragmentation and lysis. In cross-
section, the fibres were rounded and slightly reduced 
in diameter, a sign of atrophy. Sometimes there were 
areas of inflammatory infiltration and haemorrhagic 
infiltration. In the stroma, oedema and sometimes 
haemorrhage were observed at different times, and the 
percentage of adipose and collagen fibres increased. 
This provides the basis for further research to determine 
the correlation between the level of pressure and the 
duration of laparoscopic surgery.

PROSPECTS FOR FURTHER RESEARCH 
The next work will investigate the effect of lower 
pressure carboxyperitoneum, namely 5 mmHg, on 
the morphology of the diaphragm and the structure 
of the diaphragm 14 days after pneumoperitoneum. 
How does this respiratory muscle recover, are there any 
residual changes in it?  

infiltration. In the stroma at this stage, in addition to 
oedema and haemorrhage, the proportion of adipose 
and collagen fibres increased (Fig 8).  

DISCUSSION
The diaphragm is a dome-shaped structure that 
separates the thoracic and abdominal cavities. It is 
the main respiratory muscle and is innervated by the 
phrenic nerves, which arise from the nerve roots from 
C3 to C5, and consist mainly of fatigue-resistant slow 
type I myofibres and fast-twitch type IIa myofibres. 
Its mechanical action is best understood by consid-
ering its anatomy and attachment to the chest wall.  
The diaphragm is attached to the lower chest in an 
area called the adductor zone. During diaphragmatic 
contraction, the contents of the abdominal cavity are 
displaced caudally, the pressure in the abdominal 
cavity increases at the point of contact and the lower 
chest expands. The created pneumoperitoneum 
prevents the diaphragm from contracting, due to the 
pressure created in the abdominal cavity [14].  The 
effect of carbon dioxide and intra-abdominal pressure 
on the human body during laparoscopic surgery is 
not well understood, especially on the morphological 
structure of the abdominal organs [15-18].

The diaphragm is the main breathing muscle. 
Diaphragm dysfunction is an underestimated cause of 
breathing difficulties and can be caused by a variety of 
factors, including surgery, trauma, tumour and infection 
[16, 17]. The sudden increase in abdominal volume also 
stretches the diaphragm and stiffens the chest wall, 
as shown in studies in dogs and pigs with their heads 
up. Thus, pneumoperitoneum can cause stiffening of 
the abdominal wall and diaphragm, while increasing 
pleural pressure and compressing the lungs [15].

In this study, the morphology of the costal part of 
the diaphragm of experimental animals subjected to 
10 mmHg pneumoperitoneum for different durations 
was studied to see how this parameter affects 
the morphology of the muscle. There are several 
experimental studies on this subject, which have also 
investigated the effects of intra-abdominal pressure in 
pigs and rats, using higher pressures than those used 
in human clinical practice, since 8-10 mmHg has been 
established in rats as the pressure corresponding to 
the standard human pressure of 15 mmHg. [5-7, 11, 15] 
Thus, this is the first study to show whether 10 mmHg 
pneumoperitoneum can cause morphological changes 
in the diaphragm.

Most of the experiments investigating morphological 
changes after pneumoperitoneum focus on intra-
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