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ABSTRACT

Background: Increased intra‑abdominal pressure (IAP) results in 
dysfunction of  vital organs. The aim of  the present study was to 
evaluate the effect of  mechanical ventilation mode on IAP.
Methods: In a cohort study, a total of  60 patients aged 20‑70 years 
who were admitted to the ICU and underwent mechanical ventilation 
were recruited. Mechanical ventilation included one of  the three 
modes: Biphasic positive airway pressure (BIPAP) group, synchronize 
intermittent mandatory ventilation (SIMV) group, or continuous 
positive airway pressure (CPAP) group. For each patient, mechanical 
ventilation mode and its parameters, blood pressure, SpO2, and status 
of  tube feeding and IAP were recorded.
Results: Our findings indicate that the study groups were not significantly 
different in terms of  anthropometric characteristics including 
age (64.5 ± 4, P = 0.1), gender (male/female 31/29, P = 0.63), and body 
mass index (24 ± 1.2, P = 0.11). Increase IAP was related to the type 
of  respiratory mode with the more increased IAP observed in SIMV 
mode, followed by BIPAP and CPAP modes (P = 0.01). There were 
significant correlations between increased IAP and respiratory variables 
including respiratory rate, pressure support ventilation, and inspiratory 
pressure (P < 0.05). Tube feeding tolerance through NG‑tube was lower 
in SIMV group, followed by BIPAP and CPAP groups (P < 0.05).
Conclusions: There is a significant relationship between respiratory 
modes and IAP; therefore, it is better to utilize those types of  mechanical 
ventilation like CPAP and BIPAP mode in patients who are prone to 
Intra‑abdominal hypertension.
Keywords: Abdominal compartment syndrome, intra‑abdominal 
pressure, mechanical ventilation mode

INTRODUCTION
Intra‑abdominal pressure (IAP) and its impact on abdominal 

viscera has been a focus of  interest for researchers as far 
back as 19th century.[1,2] The term abdominal compartment 
syndrome (ACS) is coined to describe the pathophysiologic 
manifestations secondary to increased IAP.[3‑5] Many studies 
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have suggested that IAP of  even 10 mmHg may 
have injurious impacts on organ functions.[6,7] IAP 
of  over 12 mmHg plus ischaemia in at least one 
organ is termed intra‑abdominal hypertension 
(IAH).[2,8‑14] Increased IAP plays a pivotal role in the 
development of  multi‑organ dysfunction syndrome, 
which is a major cause of  mortality in intensive 
care unit (ICU).[15,16] The World Society of  the 
Abdominal Compartment Syndrome (WSACS) 
recommends baseline IAP measurements for all 
patients on entry into ICU, as well as in patients 
with at least 2 risk factors for IAH.[8,17‑19] In 
the Shamimi study, it was shown that routine 
measurement of  IAP is necessary in high‑risk 
patients.[9] Also, in Sheikhei study, implementing 
education on methods of  early diagnosis of  IAP 
for medical team was stressed.[10] The present study 
investigated the relationship between increased 
IAP and type of  mechanical ventilation, including 
the most commonly used types of  continuous 
positive airway pressure (CPAP), biphasic positive 
airway pressure (BIPAP), and synchronize 
intermittent mandatory ventilation (SIMV), with 
their respective parameters to decrease IAH and 
ACS incidence in susceptible patients.

METHODS
After approval of  University Ethics Committee 

and acquisition of  informed consent from patients’ 
relatives, cases who were admitted to ICU were 
recruited into this Cohort study from November 
2010 through November 2011. Inclusion criteria 
included patients aged 20‑70 years and requiring 
mechanical ventilation in ICU. Patients who 
were not included into the study were patients 
with abdominal or chest trauma, patients with 
intra‑abdominal pathologies, patients who had 
received more than 10 units of  red blood cells or 
more than 5 liters of  intravenous liquids over the 
last 24 h, patients with sepsis or hepatic, pulmonary 
or renal dysfunction, body mass index (BMI) 
of  over 30, and patients in positions other than 
supine. With a review of  previous studies on 
medical database, we calculated a sample size 
of  at least 54 patients, (α = 0.05, β = 10%, study 
power 90%). Thus, 60 patients were recruited 
through convenience sampling from patients 
under mechanical ventilation in ICU of  Emam 
Reza Hospital and with respect to patients’ needs 

for ventilator support (in other words respiratory 
failure of  patients) including SIMV, BIPAP, and 
CPAP mechanical ventilation mode. After 24 h, we 
measured patients’ IAP. Since previous studies[6,7] 
as well as the WSACS guidelines[8] recommend 
indirect measurement of  intra‑abdominal pressure 
intravesically using a Foley catheter, we used it 
as the standard method. The procedure is quite 
safe and does not increase the risk of  urinary 
infection.[20,21] First, the patient’s bladder was 
voided and the urine bag was detached from Foley 
catheter. Subsequently, according to the current 
guidelines,[8] the bag was filled with 25 cc normal 
saline and attached to Foley catheter via a serum 
microset. The zero point was set at the level of  
midaxillary line. One minute delay was provided 
to allow the bladder muscles to relax, and then the 
fluid level was read at the end of  expiration to ensure 
relaxation of  abdominal muscles. The procedure 
was repeated three times for each patient with 
30 min time interval and the mean of  these numbers 
divided by 1.36 (to convert cmH

2
O to mmHg) was 

recorded as the patient’s IAP [Figure 1]. Moreover, 
anthropometric characteristics of  patients (i.e., age, 
sex, BMI) as well as their blood pressure, SpO

2
, and 

status of  tube feeding were recorded every 30 min 
on data sheets.

Pearson’s correlation coefficient was used to 
investigate any relationship between IAP as the 
dependent variable and respiratory parameters of  
ventilator as independent variables. Furthermore, 
ANOVA and Chi‑square tests were utilized 
to compare the quantitative and qualitative 
anthropometric characteristics among the three 

Figure 1: Measurement of intra-abdominal pressure
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groups respectively. Those parameters with greatest 
impact on the three groups were determined using 
Post hoc test. Fischer’s exact test was used to assess 
the expected frequencies.

Statistical analysis was performed on SPSS 
software version 18. Quantitative data are expressed 
as mean ± standard deviation and qualitative data are 
expressed as frequency. Frequency data are expressed 
as count (%) and P < 0.05 were considered significant.

RESULTS
This was a cohort study on 60 patients, 

consisting of  (36.7%) in BIPAP group, (33.3%) in 
SIMV group and (30%) in CPAP group. Patients 
comprised of  31 (51.7%) men and 29 (48.3%) 
women (P = 0.643). The recruited patients’ age 
ranged from 53‑70 years, with a mean age of  
64.5 ± 4.2 years (P = 0.103). The mean BMI of  
patients indicated no significant difference among 
the three groups (P = 0.257) [Table 1].

Our findings indicate that increased IAP and 
decreased APP were related to type of  respiratory 
mode [Table 2]. Also, correlation of  IAP with pressure 
support ventilation (PSV) was negative [Table 3]. 
NG‑Tube feeding tolerance (gastric residual volume 
lower than 250 cc during lavage),[22] was better in 
CPAP group than others [Table 2]. The mean arterial 
pressure of  patients did not show any significant 
difference among the three groups [Table 2].

DISCUSSION AND CONCLUSION
IAP is an important physiologic parameter for 

patients admitted to ICU, and its measurement is 
becoming more frequent in many ICUs.[23] Previous 
studies have revealed the impact of  increased 
IAP on respiratory function of  ill patients.[24] In 
the present study, we investigated the effect of  
mechanical ventilation mode on increased IAP 
to determine the optimal mechanical ventilation 
mode with the optimal settings on ventilator for 
patients susceptible to increased IAP. In our study, 
the anthropometric parameters of  age, gender, 
and BMI were not significantly different among 
the three groups, and since our study population 
had normal distribution, these factors could not 
affect our findings [Table 1]. On the other hand, 
a study by Walker et al. conducted on 14 patients 
consisted of  93% male patients and 7% female 
patients.[12] Previous studies have suggested a 
correlation between increased IAP and BMI.[25] 
Since previous studies have established the impact 
of  PEEP on increased IAP, we set the PEEP value 
equal to 5 for all our patients.[23]

Table 1: Anthropometric characteristics of three groups

Groups SIMV BIPAP CPAP P value
Age 
(years old)

66.1±4.2 64±4.1 63.39±3.8 0.103*

Sex 
(male/female)

10/10 13/9 8/10 0.634**

BMI 
(kg/m2)

23.71±1.2 24.20±1.4 24.25±1.1 0.108*

BMI=Body mass index, SIMV=Synchronized intermittent 
mandatory ventilation, CPAP=Continuous positive airway 
pressure, BIPAP=Biphasic positive airway pressure, 
*ANOVA, **Chi-square

Table 2: Comparison of evaluated variables between three ventilator modes

Groups SIMV BIPAP CPAP P value Post hoc analysis
NG-tube feeding 
tolerance (yes/no) (%)

12/8 (60) 19/3 (86.4) 17/1 (94.4) 0.027**

MAP (mmHg) 94.0±1.82 95.9±1.68 97.83±2.13 0.089*
IAP (mmHg) 15.5±2.39 13.47±1.97 11.2±1.45 0.01+

0.039*
0.048#

APP (mmHg) 78.5±0.57 82.43±0.29 86.63±0.68 0.038*
0.024+

0.042#

SIMV=Synchronized intermittent mandatory ventilation, CPAP=Continuous positive airway pressure, BIPAP=Biphasic positive 
airway pressure, MAP=Mean arterial pressure, IAP=Intra-abdominal pressure, APP=Abdominal perfusion pressure, *ANOVA 
**Chi-square, *Comparison between SIMV and BIPAP, #Comparison between BIPAP and CPAP, +Comparison between SIMV 
and CPAP, NG=Naso-gastric
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Our findings indicate that increased IAP is 
mostly affected by SIMV, followed by BIPAP and 
CPAP. Similarly, peak flow (a parameter used in 
SIMV mode) showed positive correlation with 
increased IAP. Also, the positive correlation 
between Peak inspiratory pressure (Pinsp) 
(a parameter used in BIPAP mode) and increased 
IAP accounts for the greater liability of  BIPAP 
compared to CPAP.

Our study demonstrates that PSV has a negative 
correlation with IAP in different respiratory modes, 
as with increasing PSV, the IAP is less likely to 
increase. Moreover, as mentioned above, the SIMV, 
BIPAP, and CPAP modes had the greatest impact 
on increased IAP, in decreasing order. On the other 
hand, the PSV value is highest in CPAP, BIPAP, and 
SIMV modes, in decreasing order. Previous studies 
have indicated that PSV improves oxygenation and 
increases the mixed venous blood oxygen, which 
may be a result of  reduced oxygen consumption by 
respiratory muscles. Moreover, PSV corrects blood 
redistribution through improving the ventilation to 
perfusion ratio in different regions of  the lung.[26‑28]

Two studies by Bailey and Malbrain et al. 
revealed that increased IAP leads to tissue 
ischemia in all abdominal viscera except the 
adrenals. Human studies are rare; nevertheless, 
animal studies have been suggested that when 
IAP reaches 20 mmHg, perfusion of  intestinal 
mucosa is compromised, thus jeopardizing the 
physiologic function of  intestinal mucosa as a 
protective barrier, resulting in infiltration of  colon 
bacteria into bloodstream and septic shock, as 
well as reduction of  nutrient absorption.[2,6] In our 
study, tube feeding was better tolerated in CPAP, 

BIPAP, and SIMV groups, in decreasing order. 
This may be partially accounted for the equation 
APP = MAP‑IAP, where abdominal perfusion 
pressure (APP) is the difference between mean 
arterial pressure (MAP) and IAP. Since MAP was 
not significantly different among our three groups, 
the APP is only related to IAP changes. Better 
perfusion of  the gastrointestinal tract translates as 
better absorption of  nutrients, thus accounting for 
the difference in tube feeding tolerance among the 
three groups.[8] In addition, some studies suggest 
that the digestive tract is most sensitive to IAH and 
its injury precedes cardiac, pulmonary, and renal 
symptoms [Table 2].[29,30]

Our findings could indicate a significant 
relationship between respiratory modes and 
changes in IAP, as well as between ventilator 
settings (i.e., respiratory rate, PSV, Pinsp, and 
peak flow) and increased IAP. Therefore, it could 
be advisable to use those respiratory modes and 
ventilator settings which are least likely to increase 
IAP in patients who are at risk of  IAH or those 
who do not tolerate tube feeding [Table 3].

The most important limitation of  our present 
study is the fact that it has only addressed SIMV, 
BIPAP and CPAP modes in adults, and its results 
cannot be applied to other modes and children. 
Thus, we recommend future studies to deal with 
these issues.
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