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ABSTRACT

Background and objective: Intra-abdominal hypertension (IAH) is a frequent plentiful problem in patients admitted to critical
care units. It ranges from a surge incidence of morbidity and mortality to a particular need for nursing health care, so recognition
of the occurrence of IAH is a very critical issue for critical care nurses and physician. This study aimed to recognize the effects of
various body position with the various head of bed elevation on the intra-abdominal pressure (IAP) in patients with mechanical
ventilation.
Methods: Design: A non-randomized, prospective observational study was used. Setting: Trauma and general intensive care
units at Assuit University Hospitals. Method: In a prospective observational study, during the third day of mechanical ventilation,
60 patients were screened for IAP via a urinary catheter, in two various body positions in three separate degrees of the head of the
bed (HOB) elevation (0◦, 15◦, and 30◦). The position was changed at least 4 hours apart over a 24-h period.
Results: In lateral recumbence, IAP measurements were significantly elevated compared to supine position, they were 19.70
± 3.09 mmHg versus 16.00 ± 3.14 (p < .001), 22.80 ± 3.56 mmHg versus 19.03 ± 2.95 (p < .001), and 26.08 ± 3.59 mmHg
versus 21.46 ± 2.90 versus (p < .001) at 0◦, 15◦, and 30◦ respectively. The mean of IAP difference was 3.7 ± 3.0 mmHg at 0◦,
3.8 ± 1.00 mmHg at 15◦, and 5.5 ± 1.01 mmHg at 30◦ (p < .005).
Conclusions: IAP reading is significantly elevated by changing from supine to lateral position especially with HOB elevation
and significantly correlated with mortality rate in patients with mechanical ventilation
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1. INTRODUCTION
The pressure in the abdominal cavity is called intra-
abdominal pressure (IAP) and it is normally ranged from
0-5 mmHg in healthy person[1] and 5-7 mmHg in the general
patient population.[2] Body weight, posture, abdominal mus-
cles tension, and diaphragm movements all these factors are
considerably affect IAP[3, 4] .

Critical care nurses need to understand the factors that
prompt patients to develop intra-abdominal hypertension
(IAH) and abdominal compartment syndrome (ACS). Pre-
dicting and managing IAH and ACS are important to improve
health outcomes.[2] Various factors such as recent operation
in the abdomen, sepsis, system failure and need for con-
nection to mechanical ventilation with the use of positive
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end-expiratory pressure (PEEP) or auto-PEEP are associated
with elevations in IAP.[5]

Intra-abdominal hypertension has a prevalence of at least
50% in the critically ill population and has been identified as
an independent risk factor of death. However, many mem-
bers of the critical care team do not evaluate the high blood
pressure in the abdomen and do not realize the consequences
of intra-abdominal hypertension without treatment. These
consequences can be an abdominal compartment syndrome,
multi-system organ failure, and it may lead to mortality rate
of 40%-100%.[1, 6]

1.1 Background
The pathology of IAH is a frequent occurrence in critical
care units. It is essential for nurses to regularly monitor IAP
and organ perfusion to predict adverse consequences and be
proactive in the management of patients at risk.[7] IAP mea-
surement is effective, and efficient way for determining the
existence of IAH. It can direct the management.[8] The early
detection of IAH is critical for preventing ACS and need
intense monitoring of IAP in risky patients. The bedside
nurses are usually measured IAP, and in a different occasion,
critical care nurses (CCN) initiate IAP monitoring serially.[9]

Patients who managed in intensive care units (ICU) are of-
ten immobile and ventilated for extended periods of time.
Further, prolonged immobility often contributes to complica-
tions with muscle groups and multiple body organs, including
the skin, the cardiovascular system and the respiratory sys-
tem.[10] The standard nursing practice routine in the intensive
care unit often dictates that patients are re-positioned every
two hours. There are numbers of positioning practices for
critically ill patients. These include the supine position; the
semi-Fowler position, which includes head of bed elevation
by 30 degrees or more and elevation of heels to 30 degrees;
as well as lateral positioning with 30o rotation or less. These
positions generate the lower interface pressure.[11]

However, most ICU patients are cared for with elevated head
of bed (HOB) to 30 or 45 degrees to decrease ventilator-
associated pneumonia (VAP) prevalence (as an evidence).
Moreover, this position decreases the rate of pressure ulcers,
along with pressure reduction devices, and decubitus.[3, 12]

There is little evidence that describes how the side position
affects IAP. Therefore, the primary outcome of this trial was
to assess the impact of right lateral position on the IAP mea-
surements compared to reference supine position both with
15◦, 30◦ HOB elevations in patients with mechanical ven-
tilation. The second aim was to correlate the IAP changes
caused by position with the duration of MV, ICU stay and
mortality rate in critically ill.

1.2 Objectives of the trial
Evaluate the impact of right lateral position on the IAP mea-
surements compared to standard supine position both with
15◦, 30◦ HOB elevations in the patients connected to me-
chanically ventilation.

1.3 Hypothesis
(1) A considerable difference in intra-abdominal pressure

with various body positions.
(2) A dramatic change in intra-abdominal pressure with

different head of bed elevation.

2. MATERIALS AND METHODS
2.1 Design
A non-randomized, prospective observational study.

2.2 Setting
We conducted this non-randomized, prospective observa-
tional study of the general and trauma ICUs at Assiut Uni-
versity Hospitals in the period between August 2016 and
February 2017. This study took place included in an 11-bed
intensive care unit.

2.3 Subjects
A total of 85 patients agreed to participate in the trail. Of
these, 15 patients were withdrawn from the study due to
disease aggravation threatening the patient’s life (pulmonary
embolism and heart failure); and 10 died before the third day
of ICU admission; Thus, data analyses was carried out in 60
cases (see Figure 1).

The inclusion criteria were: (1) Age > 18 years old; (2)
Mechanically ventilated patient; (3) Have indwelling urine
catheter in place; (4) Length of ICU stays ≥ 48 hours.

The exclusion criteria were: (1) Cardiac failure; (2) Pul-
monary edema; (3) Underwent early surgical treatment pri-
marily esophageal, gastric or bladder surgery; (4) Pregnant;
(5) Morbid obesity; (6) Unlikely to survive for 24 hours; (7)
Unable to lay flat for any reason.

2.4 Intervention
Content validity was done by 6 expertise: 3 expertise from
critical care nursing staff and 3 from critical care medicine
staff who reviewed the tools and the teaching booklet for clar-
ity, relevance, comprehensiveness, understanding, applying
and easiness for administration. The content is valid and reli-
able. Reliability was assessed by correlation coefficient with
> 0.8 considered strong. A Pilot study was conducted on 10%
of patients for testing applicability, clarity and feasibility of
study tools.

94 ISSN 1925-4040 E-ISSN 1925-4059



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2018, Vol. 8, No. 6

Figure 1. Pathway of the participants

The local ethics committee principles of faculty of nursing
were followed by this trial (the Ethics Approval Number is
351). Written informed consent was obtained from patients’
relatives or guidance that they willing to participate in the
study after explaining the nature and the purpose of the study.
They were told that they could withdraw their consent to
participate at any time without having to face any negative
consequences.

Measurements of IAP were performed in 60 adult pa-
tients, mechanically ventilated with Evita 4 (Drager Medical,
Lübeck Germany) ventilators in a pressure control mode to
keep patients’ blood gasses within normal range.

To confirm the absence of abdominal muscle contractions,
patients were sedated to a Richmond Agitation and Sedation
Scale of 5 (RASS). IAP was measured during the third day
of MV, via an indwelling urinary catheter in supine position
with 25 ml of normal saline of bladder volumes. The end of
the catheter was connected to clear, open-ended plastic tub-
ing, and the level of the water column above the midaxillary
line reflects IAP.[13]

IAP is measured for the patients in various body positions;
the supine (HOB-0, HOB-15, and HOB-30) followed by right
lateral (HOB-0, HOB-15, and HOB-30), at least 4 hours apart
over a 24-h period. Intra-abdominal hypertension is graded
into four categories; Grade I: IAP 12-15 mmHg, Grade II:
IAP 16-20 mmHg, Grade III: IAP 21-25 mmHg, and Grade
IV: IAP > 25 mmHg. Abdominal compartment syndrome is
considered to be a sustained IAP > 20 mmHg, regardless of
abdominal perfusion pressure, with a new organ dysfunction
or failure.[2]

2.5 Evaluation
The meaning of IAP value was calculated as the level
achieved among the measurements. The socio-demographic
patient’s profile and patient’s clinical data, medical diagnosis,

duration of MV, a length of ICU stay, and lengths of hospital
stay were assessed.

2.6 Statistical interpretation
All statistical interpretation were performed using IBM SPSS
Statistics version 20 (SPSS Inc., Chicago, IL, USA). Descrip-
tive statistics for mean ± SD and median (range) were used
to describe the sample. A coefficient of determination (r2)
was used to determine the correlation between two variables.
p < .05 was considered statistically significant.

3. RESULT
During the data collection period, 60 patients were included
in the trial. 12 (20%) patients had a primary diagnosis of
Chronic Obstructive Pulmonary Disease (COPD). 24 (40%)
were Motor Car Accident (MCA) with brain edema and cere-
bral hemorrhage. 11 patients (18.3%) had heat stroke. 7
patients (11.7%) presented after firearm injury. 6 patients
(10%) were organophosphorus poisoning. The mean age was
54.80 ± 12.10 years. 80% of the patients were male (see
Table 1).

The mean IAP at various HOB elevations (HOB 0◦, HOB
15◦, and HOB 30◦) in the reference were (16.00 ± 3.14) at
HOB 0◦ versus (19.03 ± 2.95) at HOB 15◦ versus (21.46 ±
2.90) at HOB 30◦ with (p < .05). The mean IAP at various
heads of the body (HOB) elevations (HOB 0◦, HOB 15◦, and
HOB 30◦) in the right lateral position was (19.70 ± 3.09) at
HOB 0◦ versus (22.80 ± 3.56) at HOB 15◦ versus (26.08 ±
3.59) at HOB 30◦ with (p value < .05) (see Table 2).

The mean IAP at various HOB elevations (HOB 0◦, HOB
15◦, and HOB 30◦) in the reference and right lateral positions
were 16.00 ± 3.14versus 19.70 ± 3.09 mmHg with p < .001,
19.03 ± 2.95versus 22.80 ± 3.56 mmHg with p < .001, and
21.46 ± 2.90 versus 26.08 ± 3.59 mmHg with p < .001. IAP
difference was 3.7 ± 3.0 mmHg at 0◦, 3.8 ± 1.00 mmHg at
15◦, and 5.5 ± 1.01 mmHg at 30◦ (see Table 3).
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Table 1. Frequency distribution of patients regarding socio-demographic characteristics and clinical data
 

 

Items  

Age  54.80 ± 12.10 

Sex 

Female 
Male 

12 (20%) 
48 (80%) 

Diagnosis 

Chronic Obstructive Pulmonary Disease (COPD) 
Motor Car Accident (MCA) with brain edema, cerebral hemorrhage 
Heat stroke 
Fire Arm Injury (FAI) 
Organophosphorus poisoning 

12 (20%) 
24 (40%) 
11 (18.3%) 
7 (11.7%) 
6 (10%) 

Duration of mechanical ventilation (Hours) 15.21 ± 9.31 

Length of Intensive Care Unit (Days) 19.85 ± 8.44 

 Note. Data presented as mean ± SD, number (%), or median (range)  

 

Table 2. The mean & SD of Intra-Abdominal Pressure (IAP) with different of head of bed elevation
 

 

Items 
Head of bed 
elevation 

Mean ± SD p value 
95% Confidence Interval of the Difference 

lower Upper 

Intra-abdominal pressure 
Supine position 

0° 16.00 ± 3.14 
.000 -4.135 -1.931 

15° 19.03 ± 2.95 

0° 16.00 ± 3.14 
.000 -6.5609 -4.3724 

30° 21.46 ± 2.90 

Intra-abdominal pressure 
In right lateral position 

0° 19.70 ± 3.09 
.000 -4.308 -1.891 

15° 22.80 ± 3.56 

0° 19.70 ± 3.09 
.000 -7.597 -5.168 

30° 26.08 ± 3.59 

 

Table 3. The mean & SD of Intra-Abdominal Pressure (IAP) with different body position
 

 

Positions Head of bed elevation Mean ± SD p value 
95% Confidence Interval of the Difference 

lower Upper 

Reference position 
0° 

16.00 ± 3.14 < .001 
 

-4.828 -2.572 
Right lateral position 19.70 ± 3.09 

Reference position 
15° 

19.03 ± 2.95 < .001 
 

-4.950 -2.582 
Right lateral position 22.80 ± 3.56 

Reference position 
30° 

21.46 ± 2.90 
< .001 -5.244 -3.989 

Right lateral position 26.08 ± 3.59 

 

IAP grading between all positions showed a statistically sig-
nificant increase by head of bed elevation. In supine (ref-
erence), position 6 patients (10%) were in grade I (12-15
mmHg) at HOB 0◦. This number increased to be 31 (51.66%)
patients in grading II, when the HOB elevated to 15◦ and
become 35 (53.03%) in grade III when HOB at 30◦. 38
(63.33%) patients were in grade II at 0◦ but this number
increased to be 19 (31.66%) in grade III then 2 (3.33%) in

grade IV when HOB elevated to 15◦ then 30◦. In right lat-
eral, 8 patients (13.33%) were in grade I (12-15 mmHg) at
HOB 0◦. This number increased to be 13 patients (21.66%)
in grading II, when the HOB elevated to 15◦ and become
16 (26.66%) in grade III when HOB at 30◦. 28 (46.66%)
patients were in grade II at 0◦ but this number increased to
be 34 (56.66%) in grade III then 39 (65%) in grade IV when
HOB elevated to 15◦ then 30◦ (see Table 4).
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Table 4. Frequency distribution of Intra-Abdominal Pressure (IAP) Grading, number (%)
 

 

Grading of 
intra-abdominal 
pressure (IAP) 

Supine Right lateral 
p1 p2 p3 

IAP at 0° IAP at 15° IAP at 30° IAP at 0° IAP at 15° IAP at 30° 

< 12 13 (21.66%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

.001 .001 .001 

12-15 6 (10%) 10 (16.66%) 2 (3.33%) 8 (13.33%) 1 (1.66%) 0 (0%) 

16-20 38 (63.33%) 31 (51.66%) 21 (35%) 28 (46.66%) 13 (21.66%) 5 (8.33%) 

21-25 3 (5%) 19 (31.66%) 35 (53.03%) 22 (36.66%) 34 (56.66%) 16 (26.66%) 

>25 0 (0%) 0 (0%) 2 (3.33%) 2 (3.33%) 12 (20%) 39 (65%) 

 * p1 value < .05 between supine position at 0° and right lateral position at 0°   
 *p2 value < .05 between supine (reference) position at 15° and right lateral position at 15°   
 *p3 value < .05 between reference position at 30° and right lateral position at 30°      

 

4. DISCUSSION

Critical care nurses play vital role in constant observation
and recognition of subtle and dynamic changes in the status
of critically ill patients in the ICU. Therefore, a CCN must
have a good understanding of the concept of IAH and ACS
and their clinical significance in order to promptly recognize
and appropriately manage these conditions as members of
the ICU team.[9]

This study showed that the mean and standard deviation of
IAP was elevated when the position changed from the refer-
ence supine to the right lateral. These findings were similar
to that of De Keulenaer et al.[3] They included ten patients to
test the lateral decubitus position versus the standard supine
position impact on IAP at a various time intervals (morning,
afternoon and evening). The mean of IAP at these various
time intervals in the supine versus lateral positions were 6.6
± 3.2 versus 10.9 ± 2.0 mmHg, with p = .001, 5.4 ± 2.2
versus 11.0 ± 4.0, p = .0005, and 7.8 ± 3.0 versus 11.6 ±
3.8. While, the findings of this study were against the results
of Lopes et al.,[14] who found no statistically considerable
differences between IAP (p < .05) in lateral, ventral and
dorsal positions in dogs.

With regard to the effect of the head of the bed height (HOB)
on IAP, this latter trial confirmed a considerable increase in
the mean and standard deviation of IAP with head elevation.
These results guide the nursing practice when positioning
the patients at risk for intra-abdominal hypertension. The
nurses should minimize head of bed elevation in those pa-
tients not more than 30◦. These results were consistent with
Rooban et al.[12] who enrolled 20 patients in his study to
compare IAP in the standard reference position versus HOB
the 30◦ HOB position by intra-bladder pressure (IBP) and
intra-gastric pressure (IGP). The mean IGP was 11.8 ± 4.7
mmHg compared to an IBP of 12.3 ± 4.5 mmHg, in the
reference position. The mean IBP was 15.8 ± 4.9 mmHg,
in HOB 30◦ position vs. an IGP of 13.1 ± 6.1 mmHg. The

mean difference in the reference position for IGP and IBP
was -1.3 ± 4.6 mmHg (p = .037), while, the mean difference
in the HOB 30◦ for IGP and IBP was -3.5 ± 3.0 mmHg (p
< 0.001). A similar but larger prospective multi-center trial
was conducted by Cheatham et al.[8] which included 132
patients examining the effect of various positions of the body
on IAP. They confirmed a mean IAP difference of 1.5 mmHg
at 15◦ and 3.6 mmHg at 30◦. Moreover, IAP was monitored
by (Vasquez, Berg-Copas, & Wetta-Hall, 2007),[15] they in-
cluded 45 patients with trauma, comparing the reference
position vs. various elevations of HOB. They founded a
dramatic rise in the average IAP in the reference position vs.
those at HOB 45◦ (10.2 versus 16.7 mmHg).

These findings were in contrast with Cresswell et al.[16]

who reported that, the mean upper intra-abdominal pres-
sure (UIAP) when lying supine was 11.7 mmHg, vs. 9.60
mmHg with elevated head of bed to 30◦ (p < .001). Also,
the mean lower intra-abdominal pressure (LIAP) was 9.20
mmHg when supine and increased to 9.60 mmHg when the
head of the bed elevated to 30◦ (p < .001) following liver
transplantation. However, Cresswell et al.[16] included 51
ICU patients and found that in the 30◦ supine position, the
abdominal wall tension (AWT) was lower than that of the
supine position 0◦. They explained that when the head of the
bed was elevated, the wall of the abdominal muscles relaxed
and the AWT decreased.

Due to the increased incidence of IAH and ACS, it is es-
sential for critical care nurses to regularly monitor IAP and
APP. Critical care nurses have the ability to recognize IAH
and ACS, implement and evaluate management interventions.
Nursing care should be centered on evidence based practice
guidelines.[17]

Based on the new classifications of IAH grades, there was
an elevation in IAP grading in our readings, when elevating
the head of the bed. These results were in line with De Keu-
lenaer et al.[3] who found a significant change in grading
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with increased elevation of the bed where IAP at 45 degrees
would overburden by two full degrees. Thus, patients at a
high risk for development of IAH and ACS could experience
a grade 3 or 4 IAH or even ACS in high position.

5. CONCLUSION
Changing body position during care of patients with mechan-
ical ventilation from supine to right lateral was increasing the
readings of IAP especially if associated with HOB elevations.

Based on the finding of the current study, the following rec-
ommendations are suggested:

Recommendations for nursing education:

• The latest guidelines of ACS should be available in
written format in critical care units and emergency
units.

• Included in-hospital ACS teaching program in the
schools and undergraduates’ curriculum.

• Pre-employment orientation, in-service education and
training programs regarding ACS should be for all.

• Learning facilities such as update resources available
to promote self-learning regarding ACS.

• The findings of the study can add value to nursing
education if included in the critical care nursing cur-
riculum offered at nursing colleges and universities.

Recommendations for nursing practice:

• Consider supine position < 20◦-Avoid prone position.
• Restriction of fluids/permissive hypotension in trauma.
• Optimize ventilation, alveolar recruitment.
• Regular monitoring of IAP of high risk patients as

ventilated patients.
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