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ABSTRACT

Objective: Intra-abdominal pressure (IAP) has been investigated for its role in causing morbidity and mortality, with various studies showing different 
degrees of correlation. There remains paucity of literature on this subject, applied to patients of perforation peritonitis, especially in the Indian subcon-
tinent. 

Material and Methods: It is a prospective observational study involving 40 patients of perforation peritonitis undergoing exploratory laparotomy. IAP 
was measured as per WSACS (World Society of Abdominal Compartment Syndrome) guidelines. APACHE II (Acute Physiology And Chronic Health Evalu-
ation- II) and SOFA (Sequential Organ Failure Assessment) were calculated. Data was collected regarding occurrence of prolonged ileus, burst abdomen, 
duration of hospital stay, 30 day mortality, and was statistically analyzed to correlate with IAP.

Results: At admission, mean IAP was 13.37 mmHg, and the incidence of IAH was 65%. IAH was seen in 17.9% and 7.6% at 24 h and 48 h post-operatively. 
Incidence of prolonged ileus and burst abdomen were 7.7% and 22.5% respectively. Mortality rate was 17.5%. Mean duration of hospital stay was 13.45 
days. Post-operative IAP correlated with mortality (p: 0.014) and post-operative SOFA score (p< 0.05). Statistically significant correlation was also seen 
with the occurrence of prolonged ileus (p: 0.006). IAP did not significantly correlate with APACHE II score, occurrence of burst abdomen, and duration 
of hospital stay.

Conclusion: Rise in IAP correlates with deterioration of SOFA score, and also with the occurrence of prolonged ileus. IAP is also a predictor of mortality. 
IAP measured post-operatively (24 and 48 hours) had a better correlation with these outcomes than the value measured at admission. No statistically 
significant correlation of IAP with the occurrence of burst abdomen and duration of hospital stay could be found, which warrants further studies with 
a larger population.
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IntRODuCtIOn

Perforation peritonitis is a common surgical emergency associated with morbidity 
as well as mortality, most of which is attributed to sepsis and multi-organ dysfunc-
tion syndrome. An important, yet often unrecognized factor contributing to the ex-
acerbation of adverse outcomes in these patients is the increase in intra-abdominal 
pressure (IAP) which may be due to spillage of bowel contents, peritoneal inflam-
mation causing third-space fluid accumulation, bowel edema, adynamic ileus and 
abdominal wall spasm. The resultant intra-abdominal hypertension may be seen in 
as many as 66% of patients of perforation peritonitis (1).

Increased IAP adversely impacts the functioning of various organ systems- respi-
ratory, cardiac, renal, gastro-intestinal, which inevitably leads to increase morbidity 
and mortality (2).The presence of IAH in critically ill patients has been recognized as 
an independent predictor of mortality (3). 

Much of western literature on IAP/IAH/ACS has focused on the critically ill, compris-
ing patients of trauma, burns, medical as well as surgical illnesses admitted in the 
intensive care units (ICU). Although the number of published studies in patients of 
acute surgical illnesses is steadily increasing, there is still a paucity of literature on 
IAP in patients of perforation peritonitis, especially in the Indian subcontinent (4). 
We conducted a study to evaluate the role of IAP and correlate it with organ dys-
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function, prolonged ileus, burst abdomen, duration of hospital 
stay and 30-day all-cause mortality.

MAtERIAL and MEtHODS

This was a prospective observational study conducted in a sin-
gle unit in the Department of Surgery at a tertiary care hospital 
in New Delhi, India, over a period of one year. The study was ap-
proved by the institutional ethics committee. Study population 
consisted of patients of perforation peritonitis. Inclusion criteria 
were age ≥18 years, and patients undergoing exploratory lapa-
rotomy. Abdominal drain placement prior to laparotomy, preg-
nancy, previous abdomino-pelvic surgery and failure of urethral 
catheterization were exclusion criteria. Using the general formu-
la for sample size calculation by z-statistics, a sample size of 246 
was estimated. However, a sample size of 40 was taken for con-
venience (Figure 1). Written informed consent was taken from 
the patients or their legal representatives. Primary end point of 
the study was to determine the value of IAP in patients of perfo-
ration peritonitis. Secondary end points were organ dysfunction 
(SOFA score), occurrence of prolonged ileus, burst abdomen, du-
ration of hospital stay and 30 day all-cause mortality.

Relevant data were retrieved from the clinical notes that includ-
ed patient particulars, clinical examination findings (including 
vitals), and reports of lab investigations. APACHE II and SOFA 
scores were calculated at the time of admission (5,6). Intra-ab-
dominal pressure was indirectly determined by measuring uri-
nary bladder pressure with a Foley’s catheter according to the 
World Society of Abdominal Compartment Syndrome (WSACS) 

guidelines using saline manometry (7). A conversion factor of 
1.36 was used to convert IAP values in cm H2

O to mmHg.

Pre-operatively, IAP measurements were taken at the time of ad-
mission, just before induction of general anesthesia (GA), and 
soon after induction of GA, but before laparotomy. Post-oper-
atively IAP was measured and SOFA score was calculated at 24 
and 48 hours. Occurrence of burst abdomen, occurrence of pro-
longed ileus, and duration of hospital stay were noted. Patients 
were followed-up until 30 days postoperatively for mortality 
data.

Intra-abdominal hypertension (IAH) was defined by a sustained 
IAP of 12 mmHg or higher. Prolonged ileus was defined as the 
absence of bowel sounds and a 24 hour-gastric output (via Ryle’s 
tube) of more than 500 ml even after 3 days of laparotomy. Burst 
abdomen was defined as post-operative separation of abdom-
inal musculo-aponeurotic layers. Duration of hospital stay was 
measured from the day of admission until the day of discharge 
from the hospital. Mortality included deaths occurring within 30 
days of laparotomy irrespective of the cause. 

Statistical Analysis

The collected data was entered in MS-Excel and analyzed by 
SPSS version 25.0. For continuous variables, mean (with standard 
deviation) was reported. For categorical variables, proportions 
and percentages were reported. For quantitative data, Student 
t-test was used. Pearson’s correlation co-efficient was used to 
correlate intra-abdominal pressure with the outcomes. P-values 
<0.05 was taken for statistical significance.

Figure 1. Patient recruitment in the study.

Excluded (n= 18):

-Not willing to participate (n= 5)

-Age <18 years (n= 1)

-Previous abdominal surgery (n= 4)

-Abdominal drain placement prior to 
laparotomy (n= 8)

Eligible patients 
n= 58

Included in  
study 
n= 40

Analysed
n= 40
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RESuLtS

Mean intra-abdominal pressure at admission was 13.73 mmHg 
while mean post-operative IAP was 8.77 mmHg. Incidence of 
IAH at admission was 65% (grade I IAH 37.5%, grade II IAH 22.5%, 
grade III and IV IAH 2.5% each). One patient died within 24 hours 
of surgery, due to which post-operative IAP values at 24 and 48 
hours were obtained for 39 patients only. Post-laparotomy, nor-
mal IAP was seen in 82% and 92% after 24 and 48 hours of sur-
gery, respectively. Grade I IAH was present in 15.4% patients after 
24 hours of surgery, and 5.1% after 48 hours. Grade II IAH was 
seen in 2.5% patients after 24 as well as 48 hours. None of the 
patients had grade III or IV IAH post-operatively. Other relevant 
values have been shown in Table 1.

Pearson correlation co-efficient was calculated to determine 
the correlation between IAP measured at various time periods 
with the prognostic scores calculated at specified time intervals 
(Table 2). At Pearson co-efficient level of 0.05, the IAP measured 
after 24 hours of surgery correlated with SOFA score measured 
after 48 hours, which was statistically significant (p value 0.021). 
At the level of 0.01, statistically significant correlation was found 
between IAP measured after 24 hours, as well as after 48 hours of 
surgery (Table 3). Linear regression analysis using scatter plots be-
tween IAP and corresponding SOFA score revealed a small pos-
itive correlation between the two variables, which progressively 
increased from pre-operative to post-operative period (Figure 2).

table 1. Master table (*Values expressed as mean ± SD (Range)

n= 40

1. Mean age(years) 37.375 (18-70)

2. Sex (M:F) 24:16

3. Etiology of perforation perito-

nitis

Acid peptic disease (47.5%)

Tuberculosis (22.5%)

Enteric fever (10%)

Blunt trauma abdomen (7.5%)

Acute mesenteric ischemia (5%)

Acute appendicitis (2.5%)

Crohn’s disease (2.5%)

Penetrating trauma (2.5%)

4. Mean IAP in mmHg At admission: 13.73 ± 4.30

Pre-induction: 13.44 ± 4.90

Post-induction: 13.31 ± 4.28

24 h post-op: 9.37 ± 2.97

48 h post-op: 8.16 ± 2.93

5. Mean APACHE II score 7.55 ± 4.96 (0-21)

6. Mean SOFA score At admission: 2.25 ± 1.65 (0-6)

24 h post-op: 2.82 ± 2.98 (0-13)

48 h post-op: 2.82 ± 3.20 (0-13)

7. Occurrence of prolonged ileus 7.7% (n= 3)

8. Occurrence of burst abdomen 22.5% (n= 9)

9. Mortality 17.5% (n =7)

10. Duration of hospital stay (n= 33) 13.45 ± 10.28 days (Median 9 days)

table 2. Distribution of IAP in patients of perforation peritonitis at specified time intervals

IAP in mmHg (IAH Grade) <12 (no IAH) 12-15 (Grade I) 16-20 (Grade II) 21-25 (Grade III) >25 (Grade IV)

At admission (n= 40) 35% 37.5% 22.5% 2.5% 2.5%

Before induction of GA (n= 40) 35% 37.5% 22.5% 2.5% 2.5%

After induction of GA (n= 40) 37.5% 30% 30% 2.5% 0

24 h post-surgery (n= 39) 82.05% 15.4% 2.5% 0 0

48 h post-surgery (n= 39) 92.3% 5.1% 2.5% 0 0

table 3. Correlation between intra-abdominal pressure (IAP) and prognostic scores

APACHE II at 

presentation

SOFA score at 

presentation

SOFA score after 24 

hours of surgery

SOFA score after 48 

hours of surgery

r p r p r p r p

IAP at presentation 0.250 0.120 0.258 0.108 0.193 0.240 0.151 0.359

IAP before induction of GA 0.252 0.117 0.230 0.154 0.158 0.336 0.115 0.486

IAP after induction of GA 0.141 0.384 0.182 0.260 0.025 0.880 0.005 0.978

IAP after 24 hours of surgery 0.152 0.355 0.133 0.420 0.310 0.055 0.368* 0.021

IAP after 48 hours of surgery 0.190 0.246 0.198 0.227 0.482** 0.002 0.565** <0.001

*Correlation is significant at 0.05 level (2-tailed).
**Correlation is significant at 0.01 level (2-tailed).
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Mortality rate was 17.5%, with majority of deaths occurring in 
the age group of 31-40 years (42.5%). IAP measured at 48 hours 
post-operatively correlated with mortality (p value 0.014). There 
was a positive correlation with IAP measured at 24 hours, but 
it was not statistically significant. Prolonged ileus was seen in 
7.7% of the patients, and in them, the IAP measured at all five 
time periods correlated significantly (highest correlation seen 
with IAP just before induction of GA). Burst abdomen was seen 
in 22.5% of the cases, but its occurrence did not correlate sig-
nificantly with IAP. Mean duration of hospital stay among the 
survivors was 13.45 days, and was not associated with the IAP.

DISCuSSIOn

Intra-abdominal hypertension (IAH) is defined as the sustained 
or repeated pathologic elevation of IAP >12 mmHg. Abdomi-
nal compartment syndrome is defined as a sustained increase 
in IAP > 20 mmHg that is associated with new organ dysfunc-
tion (8). Rise of IAP in perforation peritonitis is contributed by a 
number of factors. Site of perforation facilitates the escape of 
bowel gases and luminal contents. The spillage of these con-
tents incites an inflammatory process that may involve the en-
tire peritoneal cavity. A number of chemical mediators act on 
the large available surface area of the peritoneum and result in 

table 4. Correlation between intra-abdominal pressure (IAP) and outcomes

Outcome Value Correlation with IAP (t-value)* p

Mortality rate 17.5% (n= 7) 2.587 0.014

Incidence of prolonged ileus 7.7% (n= 3) 2.948 0.006

Incidence of burst abdomen 22.5% (n= 9) 1.087 0.284

Duration of hospital stay (in survivors) 13.45 days (n= 33) -0.198 0.226

*t-value depicting the highest correlation with the mean IAP (amongst the mean IAP at 5 specified time periods) and the corresponding p-value has been shown.

Figure 2. Scatter plots between IAP and SOFA score.
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third-space accumulation of fluid which can be as high as 4 to 6 
liters (9). Edema of the abdominal contents increases their vol-
ume. In addition, adynamic ileus ensues that further distends 
the gut with fluid and swallowed air. Fluid secretion into the 
gut is markedly enhanced, whilst absorption of the fluid from 
the gut is markedly impaired. There is therefore, sequestration 
of a large volume of fluid within the lumen of the gut. Marked 
peritoneal inflammation is often associated with guarding. This 
spasm of the abdominal musculature impedes abdominal wall 
expansion, thereby contributing to the increase in IAP.

In our study, mean IAP in patients of perforation peritonitis, 
measured at admission was 13.73 ± 4.30 mmHg. Following this 
measurement, Ryle’s tube insertion was done and patients were 
resuscitated to be taken up for surgery. The patients were then 
shifted inside the operating room where IAP was measured just 
prior to induction of GA. Mean value was 13.44 ± 4.90 mmHg, 
which was slightly less than the IAP at admission. This can be 
explained by gastric decompression following Ryle’s tube inser-
tion. Post-induction, but prior to laparotomy, the mean value 
was 13.31 ± 4.28 mmHg. This further fall can be explained by 
relaxation of the abdominal muscles caused by muscle relax-
ants that are used as a part of general anesthesia. In fact, neu-
romuscular blockade is one of the proposed non-operative 
methods of management of IAH/ACS in non-surgical patients 
(10). It can be seen in Table 2 that there is a slight increase in 
the incidence of grade II IAH after induction of general anes-
thesia. This paradox can be attributed to the effect of positive 
airway pressure during which the diaphragm is pushed down, 
thereby marginally increasing the IAP. The next measurements 
of IAP were taken at 24 and 48 hours post-operatively. Mean 
values were 9.63 ± 2.96 and 8.44 ± 2.9 mmHg, respectively, both 
falling in the range of normal IAP. Overall, mean post-operative 
IAP was 8.77 ± 3.01. Incidence of IAH at admission in our study 
was 65%. Post-operatively, IAH was seen in only 17.9% and 7.6% 
respectively at 24 and 48 hours respectively. 

Mean IAP in the cases studied by Sugrue et al. (11) before and 
after decompression is 16.6 ± 9.4 mm Hg and 10.3 ± 3.1 mm Hg, 
respectively, while Meldrum et al. (12) have reported IAP values 
of 27 ± 2.3 and 14 ± 4.6 mmHg, respectively. Daga and coworkers 
(13) have reported an overall 65% incidence of IAH at admission, 
which is similar to our study. The incidence of IAH fell to just 8% 
after 24 hours of surgery, which was lower than in our study. Kid-
wai et al. (1) in their study have reported an overall IAH incidence 
of 32%, while that in the sub-group of patients with perforation 
peritonitis was 66.32%. In the IROI study, IAH was present in 34.0% 
of the critically ill patients on the day of ICU admission (14). The 
severity of intra-abdominal hypertension was as follows: grade I, 
47.5%; grade II, 36.6%; grade III, 11.7%; and grade IV, 4.2%. 

A large number of studies have demonstrated that raised IAP ad-
versely affects various organ systems (15-17). This dysfunction is 

often reflected in the deterioration of prognostic scores such as 
APACHE II and SOFA score, which are widely used world over. 

Mean APACHE II score at admission in our study was 7.55 ± 4.96 
(range 0-21), and there was no correlation with the values of 
IAP. Mean SOFA score at admission, and post-operatively at 24 
and 48 hours respectively were 2.25 ± 1.65, 2.82 ± 2.98 and 2.82 
± 3.20. In our study, 24 hours post-operative SOFA score cor-
related with IAP measured after 48 hours of surgery and was 
significant (p value 0.021). Also, 48 hours post-operative SOFA 
score correlated significantly with both the IAP values mea-
sured post-operatively (24 and 48 hours, p value 0.002, <0.001 
respectively) (Table 3).

Median baseline APACHE II score reported by De-Waele and 
coworkers was 25.5 (20.0-31.8). The higher score was because 
the study included patients with established ACS who were to 
undergo decompressive laparotomy (DL). Median SOFA score 
before DL was 10 (7-12) which initially increased to 11 (8-13) at 
24 h (p= 0.02), then reduced to 9 (5-13) on day 3 (p= 0.871) and 
6 (4-11) on day 7 (p= 0.098) after DL. Their study confirmed the 
beneficial effect of timely DL on organ dysfunction (18). 

In a study by Kulkarni et al., mean APACHE II score was 11.38 
(range of 1-23). They concluded that APACHE-II score between 
11 and 20 was a better predictor of risk of mortality in patients 
with perforation peritonitis (19). In the study by Pereira and col-
leagues, mean SOFA score on admission was 6.54 ± 2.71, while 
it was higher in patients with the diagnosis of ACS (8.42 ± 1.27) 
(20). The authors have concluded that SOFA score at admission 
higher than 7 correlated with IAH, with an accuracy of 68.8% 
(p< 0.03). Dorigatti et al. have concluded in their study that 
elevated IAP correlated with higher central venous pressure 
(CVP) (p= 0.0421); positive end-expiratory pressure (PEEP) (p= 
0.0056); elevated airway pressure (p= 0.0015); accumulated flu-
id balance (p= 0.0273), and elevated SOFA (p= 0.0393) in septic 
patients (21).

Mortality rate in our study was 17.5%. A similar mortality rate 
(16.7%) has been reported in another study (22). The mortali-
ty rate reported by Meena et al. was 14.7% while Jhobta et al. 
(23) has reported mortality rate of 10%. 

In our study, among the various IAP values, statistically signifi-
cant correlation with mortality was seen only with post-opera-
tive IAP measurement taken at 48 hours (p value 0.014). Kidwai 
and colleagues have reported that elevated IAP pre-operatively 
and post-operatively at 6 hours was found to independently 
predict the occurrence of death (p< 0.05) but not at 0, 12 and 
24 hours post-operatively (p> 0.05) (1). In the IROI study, the 
authors have concluded that the severity of intra-abdominal 
hypertension during the first 2 weeks of the ICU stay was iden-
tified as an independent predictor of 28- and 90-day mortality, 
whereas the presence of intra-abdominal hypertension on the 
day of ICU admission did not predict mortality (14). 
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Prolonged ileus was seen in only 7.7% (n= 3) patients. In these 
patients, its occurrence correlated significantly with all five IAP 
values, highest with IAP just before induction of GA (p value 
0.006). Agrawal and colleagues have reported occurrence of 
prolonged ileus in 8% of patients but found no statistically sig-
nificant correlation with IAP (24).

It has been postulated that poor healing and possible dehis-
cence of abdominal surgical wounds may result from reduced 
blood flow to the abdominal wall caused by increased IAP (25). 
Burst abdomen occurred in 22.5% (n= 9) cases and there was 
no correlation with IAP. A similar incidence (20%) has been re-
ported in one Indian study (26). No significant association has 
been found between IAP at any point of time and occurrence of 
burst abdomen in the study by Khan et al. (27).

Among the 33 survivors, mean duration of hospital stay was 
13.45 ± 10.28 days (median 9 days). There was no correlation 
with IAP measurements. Mean post-operative duration of hos-
pital stay was 7.6 ± 4.2 days in the study by Gupta et al. Another 
study reported a prolonged hospital stay in 47% of the cases 
(13). Al-Bahrani et al. found have that a high admission IAP is 
associated with prolonged intensive care stay (28).

Intra-abdominal pressure undoubtedly influences patient 
outcome, contributing to both mortality as well as morbidity, 
although to a varying extent. While some outcomes may be 
significantly affected, others tend to be less conducive to the 
changes in IAP.

The study has a few limitations. First, the sample size was relative-
ly small as the study was conducted in only one surgery unit of 
the institute. Second, the duration of symptoms was not taken 
into consideration. Also, some patients were operated within a 
few hours of admission, while some others needed longer time 
for optimization prior to be taken up for surgery. This difference 
in time lag could not be accounted for in the study. Third, there 
is a possibility of human observational bias as the IAP was read 
on a saline manometer instead of a digital pressure transducer. 
Fourth, the first post-operative measurement of IAP was taken 
only after 24 hours of surgery even though some studies have 
shown that post-operative IAP measured at much earlier times 
(4-6 hours) predicts outcomes. Lastly, occurrence of burst abdo-
men is multi-factorial and IAP is only one of the putative factors. 
The confounding effect of other factors could not be eliminated.

COnCLuSIOn

Rise in IAP correlates with deterioration of SOFA score and also 
with the occurrence of prolonged ileus. It is also a predictor 
of mortality. IAP measured post-operatively (24 and 48 hours) 
had a better correlation with these outcomes than the value 
measured at admission. No statistically significant correlation 
could be found with the occurrence of burst abdomen, as well 
as duration of hospital stay. Further understanding of these re-
lationships warrants studies with a larger sample size. Thus, IAP 

measurement is a simple inexpensive bedside tool which can 
be regularly used in clinical practice to understand its role in the 
outcomes of these patients, and for their better management. 
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Perforasyon peritonitinin sonuçlarında karın içi basıncın rolü:  
İleriye dönük bir gözlemsel çalışma

Pritesh Kumar N, Lovenish Bains, Pawan Lal, Anurag Mishra, Mohd Yasir Beg, Haraesh Maranna

Maulana Azad Tıp Üniversitesi, Cerrahi Anabilim Dalı, Yeni Delhi, Hindistan

ÖZET

Giriş ve Amaç: Karın içi basıncın (IAP), morbidite ve mortaliteye etkisindeki rolünü araştıran çeşitli çalışmalarda farklı korelasyon dereceleri gös-
termiştir. Bu konuda perforasyon peritoniti hastalarında, özellikle Hint yarımadasındaki çalışmalara dayanan literatür eksikliği vardır.

Gereç ve Yöntem: Bu araştırma, laparotomi yapılan perforasyon peritonitli 40 hastayı içeren prospektif bir gözlemsel çalışmadır. IAP, WSACS 
(World Society of Abdominal Compartment Syndrome) yönergelerine göre ölçülmüştür. Bu itibarla hastalarda APACHE II (Acute Physiology and 
Chronic Health Evaluation- II) ve SOFA skorları (Sequential Organ Failure Assessment) hesaplandı. Uzamış ileus, evantrasyon, hastanede kalış 
süresi, 30 günlük mortalite ile ilgili veriler toplandı ve IAP ile korelasyon gösterecek şekilde istatistiksel olarak analiz edildi.

Bulgular: Başvuru sırasında ortalama IAP 13,37 mmHg ve IAH insidansı %65 idi. Ameliyat sonrası 24. saat ve 48. saatte IAH %17,9 ve %7,6’da gö-
rüldü. Uzamış ileus ve evantrasyon insidansı sırasıyla %7,7 ve %22,5 idi. Ölüm oranı %17,5 idi. Ortalama hastanede kalış süresi 13,45 gündü. Ame-
liyat sonrası IAP mortalite (p: 0,014) ve ameliyat sonrası SOFA skoru (p< 0,05) ile korele idi. Uzamış ileus oluşumu ile de istatistiksel olarak anlamlı 
korelasyon görüldü (p: 0,006). IAP, APACHE II skoru, patlama karnının oluşumu ve hastanede kalış süresi ile anlamlı bir korelasyon göstermedi.

Sonuç: IAP’deki artış, SOFA skorunun bozulması ve ayrıca uzamış ileus oluşumu ile ilişkilidir. IAP ayrıca mortalitenin bir öngörücüsüdür. Posto-
peratif olarak ölçülen IAP (24 ve 48 saat), bu sonuçlarla, başvuru sırasında ölçülen değerden daha iyi bir korelasyona sahipti. IAP’nin evantrasyon 
oluşumu ve hastanede kalış süresi ile istatistiksel olarak anlamlı bir korelasyonu bulunamamıştır. Bu daha geniş bir popülasyonla yapılacak daha 
ileri çalışmaları desteklemektedir.
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