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Summary
Background and purpose  The control of intra-abdominal 
pressure (IAP) values clinically has gained considerable 
importance, as they affect organ functions and organ 
damage. Hence, the discussions on secure IAP values to 
be used in laparoscopic interventions still continue. In 
this study, the effects of low IAP values simultaneously 
on intrathoracic, intra-abdominal, and extra-abdominal 
organ damage are presented.

Methods  This study was conducted on 40 male 
Sprague Dawley rats in total, with an average weight of 
300 ± 20 g. A saline infusion of 10 ml/kg/h was adminis-
tered to all the rats from the tail vein. Mechanical ventila-
tor support was maintained for 1 h after the tracheotomy 
was opened. The rats in the study were separated into 
four equal groups. No pneumoperitoneum, 6-mmHg 
pneumoperitoneum, 9-mmHg pneumoperitoneum, and 
12-mmHg pneumoperitoneum was applied to Group A 

(control), Group B, Group C, and Group D, respectively. 
A total of 30 min after completion of the procedure, lung, 
terminal ileum, and testicle tissues taken from the rats 
were examined histopathologically. The results obtained 
were evaluated, and a statistical package was used for 
statistical analysis.

Results  A statistically significant difference was not 
detected between groups in the evaluation of presence of 
organ damage with respect to intestinal damage (p > 0.05). 
However, statistically significant difference was detected 
between groups with respect to lung damage (χ2 = 16.684; 
p = 0.001 < 0.05) and testicle damage (χ2 = 15.508; 
p = 0.001 < 0.05). With respect to group variable, although 
a statistically significant difference was not determined 
between mean intestinal damage scores in the groups 
(p > 0.05), a statistically significant difference was deter-
mined between mean lung damage scores (Kruskal–Wal-
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lis H (KW) = 16.743; p = 0.001 < 0.05) and mean testicle 
damage scores (KW = 15.088; p = 0.002 < 0.05).

Conclusion  In line with the data obtained from the 
study, when organs in different compartments of the 
body are evaluated as a whole, we predict that secure IAP 
values are between 6 and 9 mmHg.

Keywords  Pneumoperitoneum · Injury  · Testis  · Lung  · 
Small intestine

Abbreviations
IAP	� Intra-abdominal pressure

Introduction

Blood flow in all venter organs significantly decreases 
with the increase of intra-abdominal pressure (IAP). 
When IAP practically exceeds 10  mmHg, it is accepted 
that there are changes in the physiological parameters 
and organ functions [1, 2–4]. However, there are stud-
ies denoting that organ functions are affected at pres-
sures below 10 mmHg [1, 5–7]. The control of IAP values 
clinically has gained considerable importance, as they 
affect organ functions and damage. Nowadays, laparo-
scopic interventions are used widely in the diagnosis and 
treatment of many diseases, and for this reason, organ 
damages secondary to elevated IAP increase the impor-
tance of the subject. Hence, the discussions on secure 
IAP values to be used in laparoscopic interventions still 
continue.

At present, laparoscopic interventions instead of 
conventional methods are used in the diagnosis and 
treatment of many diseases. Control of IAP values is con-
siderably important because IAP rise observed both in 
laparoscopic interventions and in intensive care patients 
causes organ damage. In literature, there are various 
studies that show the effects of IAP increase on organ 
damage. However, data showing simultaneous damage 
in intrathoracic, intra-abdominal, and extra-abdominal 
organs with increase in IAP are limited. Besides, most 
of the studies in literature involve IAP values greater 
than 10  mmHg. Here, we present the hazardous effects 
of low IAP values on intrathoracic, intra-abdominal, 
and extra-abdominal organs simultaneously. In this 
study, IAP values of 6, 9, and 12  mmHg were applied 
for 1  h, and simultaneous changes were examined his-
topathologically in lung tissue as intrathoracic organ, in 
terminal ileum tissue as intra-abdominal organ, and in 
testicle tissue as extra-abdominal organ. Histopathologi-
cal examination is used instead of ischemia markers in 
the evaluation of organ damage.

Methods

This study was performed in the Animal Testing Labora-
tory of the Karadeniz Technical University between 13 
and 17 July 2013 with the consent obtained from the Ani-

mal Experiments Ethical Committee, Karadeniz Tech-
nical University. In this study, 40 male Spraque Dawley 
rats in total with an average weight 300 ± 20 g were used. 
All the rats were treated humanely during the study 
according to “Guide for the Care and Use of Laboratory 
Animals.” All interventions were performed under anes-
thesia. Ketamine hydrochloride (Ketalar® vial, 50  mg/
ml, Eczacıbaşı. Istanbul, Turkey) 50  mg/kg intraperi-
toneal (IP) and xylazine hydrochloride (Rompun® vial, 
23.32  mg/ml, Bayer. Istanbul, Turkey) 5  mg/kg IP were 
used in anesthesia induction. Vascular access was estab-
lished under anesthesia through tail vein with 26G angio-
cut (BD Neoflon®, Helsingborg, Sweden). After shaving 
the neck region and anterior abdominal wall, operative 
site disinfection was performed with povidone iodine 
in operating room environment, and tracheostomy was 
performed with 16G cannula (Nova Cath IV canulla, 
Medipro, Turkey). A saline infusion of 10  ml/kg/h was 
performed in all rats under mechanical ventilator sup-
port (under pressure-controlled mode; peak inspiratory 
pressure: 12  cmH

2
O, positive end expiratory pressure: 

8  cmH
2
O, fraction of inspired oxygen: 1.0, frequency: 

50/min, tidal volume: 10 ml/kg, I/E ratio: 1/1 [Versamed 
Ivent 201, Kadima, Israel]) [8]. During the procedure, all 
rats were monitored and their peak and plateau airway 
pressures were maintained under 30 cmH

2
O. Continuity 

of anesthesia was maintained with intramuscular xyla-
zine (10 mg/kg/h). Pneumoperitoneum was achieved in 
all rats other than the ones in the control group, at 6, 9, 
and 12 mmHg pressures with 18G angiocut (BD Neoflon®, 
Helsingborg, Sweden) for 1 h. The rats in the study were 
separated into four groups:

Group A (control, n = 10): mechanical ventilator sup-
port was applied and 10  ml/kg/h saline infusion was 
administered.

Group B (n = 10): pneumoperitoneum was formed 
at 6  mmHg under mechanical ventilator support with 
10 ml/kg/h saline infusion.

Group C (n = 10): pneumoperitoneum was formed 
at 9  mmHg under mechanical ventilator support with 
10 ml/kg/h saline infusion.

Group D (n = 10): pneumoperitoneum was formed 
at 12  mmHg under mechanical ventilator support with 
10 ml/kg/h saline infusion.

Thoracotomy and laparotomy were performed under 
sterile conditions 30 min after completion of 1-h mechan-
ical ventilator support in the control group and desuffla-
tion in the pneumoperitoneum group. After sampling of 
tissues from lung and terminal ileum approximately from 
the same areas, both testicle tissues were taken. The sam-
ples with which histopathological examination was to be 
performed were placed in 10 % formaldehyde separately.

Histopathological method

After the samples taken for histopathological examina-
tion were fixed in 10 % formaldehyde solution, 5-µm par-
affin sections were prepared, stained with hematoxylin 
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Results

Rat number 8 in Group B and number 3 and 7 in Group D 
died during the study, so tissue samples of these rats were 
not included in the study. Statistically significant differ-
ence was not detected with regard to average weights of 
the groups (F = 0.003; p = 1.000 > 0.05).

Organ damage levels of rats in the groups are pre-
sented in Table 2.

In evaluating organ damage in groups without con-
sidering the degree of damage, all results other than nor-
mal histopathology were assessed as “with damage (+)” 
and normal histopathological results were assessed as 
“without damage (−)”. In the view of this knowledge, sta-
tistically significant difference was not detected between 
groups with regard to the presence of intestinal damage 
(χ2 = 2.890; p = 0.409 > 0.05). However, a statistically sig-
nificant difference was detected with regard to the pres-
ence of lung damage (χ2 = 16.684; p = 0.001 < 0.05) and 
testicle damage (χ2 = 15.508; p = 0.001 < 0.05). The find-
ings regarding organ damages of groups are presented in 
Table 3.

Statistically significant difference was not detected 
with regard to group variable between mean intesti-
nal damage scores within groups (Kruskal–Wallis H 
(KW) = 2.812; p = 0.422 > 0.05). Statistically significant 
difference was determined with regard to group vari-
able between mean lung damage scores within groups 
(KW = 16.743; p = 0.001 < 0.05). In the statistical analysis 
performed to determine which group was the source of 
difference, mean lung damage scores of Group C and 
Group D were found to be higher than mean lung damage 
score of Group A (Mann–Whitney U = 8.5, p = 0.001 < 0.05; 
and Mann–Whitney U = 8, p = 0.001 < 0.05). Statistically 
significant difference was determined with regard to 
group variable between mean testicle damage scores 
in groups (KW = 15.088; p = 0.002 < 0.05). In the statisti-
cal analysis performed to determine which group was 
the source of difference, mean testicle damage scores 
of Group C and Group D were found to be higher than 
mean testicle damage score of Group A (Mann–Whit-
ney U = 20, p = 0.004 < 0.05; and Mann–Whitney U = 5, 
p = 0.000 <0.05). Mean organ damage scores of the groups 
are presented in Table 4.

and eosin, and examined by the same pathologist with 
10 × and 40 × magnification.

In lung histopathology, five randomly selected areas 
were classified under high magnification according to 
the criteria described earlier. Accordingly, it was evalu-
ated semi-quantitatively as Grade 0: normal morphology, 
Grade 1: mild intra-alveolar edema and inflammatory 
cell infiltration, Grade 2: moderate alveolar edema and 
inflammatory cell infiltration, Grade 3: severe alveolar 
edema and inflammatory cell infiltration with focal hem-
orrhage, and Grade 4: pervasive inflammatory cell infil-
tration and distortion in alveolar structure [9].

Modified Chiu point scoring system, presented in 
Table 1, was used in the histopathology of terminal ileum 
[1, 10].

For testicles, a similar four-graded classification scale 
that was defined by Cosentino et al. [11] was used to mea-
sure histopathological damage. Grade 1 denotes normal 
testicular structure with orderly arrangement of germinal 
cells; Grade 2, a less orderly, noncohesive germinal cells 
and closely packed seminiferous tubules; Grade 3, disor-
dered, sloughed germinal cells with shrunken, pycnotic 
nuclei and less distinct seminiferous tubule borders; and 
Grade 4, seminiferous tubules that are closely packed 
with coagulative necrosis of the germinal cells [12].

Statistical method

A statistical program was used for statistical analysis to 
evaluate findings obtained from the study. Kolmogorov–
Smirnov distribution test along with descriptive statistical 
methods (frequency, percent, median, and interquartile 
range) was used for the evaluation of normally distribu-
tion data. Pearson chi-square test was used for the com-
parison of qualitative data. For intergroup comparisons 
of parameters that exhibited normal distribution, one-
way analysis of variance test was used for the compari-
son of quantitative data when there were more than two 
groups. For intergroup comparisons of parameters that 
did not exhibit normal distribution, Kruskal–Wallis test 
was used for the comparison of quantitative data when 
there were more than two groups, and Mann–Whitney U 
test with Bonferroni correction was used for the detec-
tion of group causing difference. Bonferroni correction 
was determined as 0.05/6 = 0.008333. The results were 
evaluated at p < 0.05 and p < 0.01 significance level, 95 % 
confidence level, and p < 0.008333 advanced significance 
level.

Power analysis

Gpower program was used for power analysis. Effect size 
and power were calculated as 0.7071 and 0.96 accord-
ing to the rate of intestinal damage and 0.6853 and 0.95 
according to the rate of testicle damage, respectively.

Table 1  Modified Chui point scoring system

Score Histopathological findings

0 Normal

1 Desquamation and necrosis in one-third of villi

2 Progressive desquamation at the center of villus

3 Desquamation at lower one-third of villi and necrosis of crypt cells

4 Necrosis of one-third of crypt cells

5 Complete loss of basal crypt
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10  mmHg are limited. In line with our research, suffi-
cient data, especially related to testicle damage, were not 
found for IAP below 10 mmHg.

In a previous study, in the experimental sepsis model, 
a significant difference was not detected with regard to 
intestinal damage at an IAP value of 8 mmHg for 1 h [1]. 
In this study, a significant difference was not detected 
with regard to the presence of intestinal damage and 
mean damage scores for IAP values of 6, 9, and 12 mmHg 
for 1 h. According to these results, it was determined that 
12-mmHg pneumoperitoneum administered for 1 h was 
safe with regard to intestinal damage. This result was 
compatible with the results of the study performed by 
Ozmen et al. [13].

In the study performed by Karapolat et al. [14], lung 
tissue damage was reported in laparoscopic surgery per-
formed with 15 mmHg for 30 min. Although mild alveo-
lar edema was detected in 55.5 % of the rats administered 
6 mmHg IAP in our study, a significant difference was not 

Discussion

There are many studies in literature about the effects of 
IAP increase. However, in line with our research, we did 
not achieve adequate data showing effects on organ func-
tions in different compartments at the same time. Con-
sidering that different body compartments are affected at 
the same time with the increase of IAP, the usage of these 
data in clinical practice is disputable. Hence, we pres-
ent reliable IAP values in this study that may be used in 
clinical practice by examining organ damage in different 
compartments of the body at the same time.

When IAP practically exceeds 10 mmHg, it is accepted 
that there are changes in the physiological parameters 
and organ functions [1, 2–4]. However, there are stud-
ies denoting that organ functions are affected at pres-
sures below 10  mmHg [1, 5–7]. In literature, there are 
many data related to IAP values equal to and higher than 
10 mmHg, but data relating to pressure values lower than 

Table 3  Findings related to organ damages of the groups

Group A Group B Group C Group D p

n (%) n (%) n (%) n (%)

Intestinal injury − 10 (100) 8 (88.9) 9 (90) 6 (75) χχ2 = 2.890

+ 0 (0) 1 (11.1) 1 (10) 2 (25) p = 0.409

Lung injury − 9 (90) 4 (44.4) 1 (10) 1 (12.5) χχ2 = 16.684

+ 1 (10) 5 (55.6) 9 (90) 7 (87.5) p = 0.001

Testis injury − 10 (100) 6 (66.7) 4 (40) 1 (12.5) χχ2 = 15.508

+ 0 (0) 3 (33.3) 6 (60) 7 (87.5) p = 0.001

Table 4  Mean organ damage scores of the groups

Group A Group B Group C Group D KW p

Median IQR Median IQR Median IQR Median IQR

Intestine 0 0–0 0 0–0 0 0–0 0 0–0.75 2.812 0.422

Lung 0 0–0 1 0–1 1 1–3 1 1–2.5 16.743 0.001*

Testis 1 1–1 1 1–2 2 1–2 2 2–2 15.088 0.002*

KW Kruskal–Wallis H test, IQR interquartile range
*p < 0.008333

Table 2  Organ damage levels of rats in the groups

Rat 

number

Intestinal injury score (0–5) Lung injury grade (0–4) Testis injury grade (1–4)

Group A Group B Group C Group D Group A Group B Group C Group D Group A Group B Group C Group D

1 0 0 0 0 1 0 3 1 1 1 1 2

2 0 0 0 0 0 1 3 0 1 1 2 2

3 0 1 0 – 0 0 1 – 1 1 2 –

4 0 0 0 0 0 1 0 1 1 1 2 2

5 0 0 0 0 0 0 1 3 1 1 2 2

6 0 0 1 1 0 1 1 1 1 1 1 2

7 0 0 0 – 0 1 1 – 1 2 2 –

8 0 – 0 0 0 – 1 1 1 – 2 2

9 0 0 0 1 0 1 3 3 1 2 1 1

10 0 0 0 0 0 0 1 1 1 2 1 2
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are continuing. For this reason, in this study, we aimed to 
introduce the effects of standard IAP values used in clini-
cal practice and lower IAP values on rats. Data obtained 
from the study revealed safe IAP values between 6 and 
9 mmHg. Results of this study denote the need of clinical 
studies evaluating lower pressure values than the stan-
dard IAP used in clinical practice and may be a basis for 
future studies.

The results obtained in our study reveal the necessity 
for keeping IAP levels low both in laparoscopic opera-
tions and patients followed in intensive care. Significant 
damage was not observed in testicle and lung tissue at 
6-mmHg IAP, but at 9  mmHg. So, a precise safe IAP 
value could not be detected. Based on the results of this 
study, it can be said that safe IAP value is between 6 and 
9 mmHg. However, we consider that studies performed 
at pressure values between 6 and 9 mmHg are required to 
obtain a precise pressure value. Besides, time was limited 
to 1 h because we focused on low pressure values. Thus, 
we think that time-oriented studies are needed to reveal 
the changes that may be observed in a longer time.

In conclusion, IAP increase affects the functions of all 
organs. Practically, IAP should be kept between 8 and 
12 mmHg both in laparoscopic operations and in inten-
sive care patients. However, studies in literature that 
show organ functions are affected at IAP values lower 
than the proposed values present the necessity for lower-
ing these values and/or development of protective agent 
or alternative methods that will eliminate these effects. 
An important limitation of the studies in literature is that 
they do not include simultaneous information regarding 
the organ functions in different body compartments. We 
consider that the results obtained in this study can con-
tribute to determine safe IAP values to be preferred in 
clinical applications, as organ damages in different body 
compartments were simultaneously examined. Accord-
ing to the data obtained in our study, when organs in dif-
ferent body compartments are assessed as a whole, we 
predict that IAP values between 6 and 9 mmHg are safe. 
However, we believe that this study should be supported 
by new experimental and clinical studies to be performed 
at pressure values between 6 and 9 mmHg.
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