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ABSTRACT

Background and objective: Elevated pressure within the cavity of the abdomen is a serious complication that can threat the life
of critically ill patients. Thus, there is an intense need to highlight the outcomes of intra-abdominal hypertension (IAH) that can
face critical care nurses. Objective: This work aimed to explore the deterioration of mechanical ventilated patients in the presence
of IAH.

Methods: Design: A non-randomized prospective study. Procedures: This trial was implemented in trauma and general intensive
care in the period between December 2015 and August 2016. The pressure within the abdomen was measured for each patient,
three times with 8-hr interval, at the third day of mechanical ventilator (MV). Sepsis-related organ failure assessment score was
measured for all patients at first day of admission. All patients who had normal intra-abdominal pressure (IAP) or developed IAH
were observed, monitored and evaluated for the clinical outcomes until discharged.

Results: Of the 60 MV patients, 83.3% developed IAH. Higher mean of MV and stay period among patients with increased
pressure within the abdomen (14.04 4= 10.30 and 16.30 £ 9.36) than normotensive patients (6.90 £ 2.80 and 11.000 £ 3.77) with
significant difference (p = .001). Non-survivor had a significantly higher mean IAP than survivor (23.266 £ 2.37 vs. 7.91 &+ 3.17)
(p value < .001).

Conclusions: The occurrence of IAH complicated 83.3% of mechanical ventilated clients in the study period: like longer stay
and use of ventilator, and high mortality rate.
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1. INTRODUCTION pressure (IAP) which lies between 5 mmHg and 7 mmHg.[?!
When the pressure is sustained or elevated due to patholog-
ical causes above 12 mmHg, developed to Intra-abdominal
hypertension (IAH)."*! New organ failure or dysfunction with
sustained IAP greater than 20 mmHg (with or without ab-
dominal perfusion pressure [APP] < 60 mmHg) is called ab-
dominal compartment syndrome (ACS).[*3! This syndrome
is responsible for the increase in prevalence of death from
90% to 100% if not immediately recognized and treated.!%”!

The nurses in the intensive care area are overwhelmed by pa-
tients with increased risk who require continuous monitoring
in addition to complex care systems. Therefore, nurses have
to be able to interpret and handle the objective and subjective
information for immediately and aggressive interventions
implementation.!]

There is a pressure inside each cavity in the body, the pressure
within the cavity of the abdomen is known as intra-abdominal
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Nurses in acute settings need to analyze the driving factors
of IAH and ACS. The prediction and care of IAH and ACS
are essential for improving the results of health.¥ Disorders
of the organ functions, sepsis, last abdominal operation, need
for mechanical ventilation with positive end-expiratory pres-
sure (PEEP) or auto-PEEP, have all been reported to increase
pressure inside the abdomen.[!

The percentage of IAH in acutely ill patients is documented
to be 50%,!'% of these, 50%, 32.1% develop IAH within
their first 24h of ICU admission.!!'":'2] The concept of IAP
and its impact on disorders in organ function in patients has
significant interest grew. IAH not only affects the abdominal
organs-but it affects various organ of the body like the respi-
ratory system, blood dynamics and cerebral perfusion.!®% 13!

The TAP and APP testing are inexpensive and useful tools
for diagnosis and detecting complications. Because of the
repeated occurrence of IAH and ACS, nurses in critical units
must regularly monitor IAP and APP. Nurses in a critical
setting play a necessary role to determine IAH and ACS,
implement and evaluate interventions.!'4!

The tasks of the trial were to:

Assess how the elevated IAP affects critically ill patients’
outcomes as a period of MV, ICU stay and mortality rate.

2. MATERIALS AND METHODS
2.1 Research design

An observational and prospective research design were uti-
lized in this trial.

2.2 Research question

Is the elevation of intra-abdominal pressure can affect the
outcomes of critical patients?

2.3 Setting

This trial was utilized in the general ICU (16 beds) and
trauma ICU (20 beds) at Assiut University Hospitals in the
period between December 2015 and August 2016.

2.4 Subjects

A convenience sampling of 105 of both sex adults trauma-
tized patients on the MV constituted the study sample. Cases
of death during the trial (less than 72 hours) and those dis-
charged from ICU due to a shortage of beds available in
the critical setting leaked out of the trial due to insufficient
measurments (number of dropped patients = 45) as shown
in the flow chart (see Figure 1). Then, total count of trial
subjects was 105-45 = 60.

Withdraw:
-Death (n=4)

Figure 1. Flow chart of the study

The criteria included were: (1) Age > 18 years old; (2) Pa-
tients on Mechanical ventilation; (3) Keep urine catheter in
patients; (4) ICU stays > 48 hours.

The exclusion criteria were: (1) Unable to lay flat for any
reason; (2) Abdominal trauma; (3) Underwent early surgical
treatment primarily esophageal, gastric or bladder surgery;
(4) Pregnant; (5) Morbid obesity; (6) Unlikely to survive for
24 hours.
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Assessed for eligibility (n= 105)

- disease aggravation threatening the patient’s life (6)
-transferred into another ward (35)

Included (n= 60)

2.5 Tools

Four tools were used in this study.
Tool I: Patients’ assessment sheet

This sheet was designed by the principle investigator after
the literature reviewing to assess patient’s conditions and this
sheet contained two parts.

Part one: It included patients’ socio-demographic data as
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their year’s old, gender and body mass index (BMI).

Part two: Tt included patients’ clinical data as date of admis-
sion, diagnosis, date of discharge

Tool II: Intra-abdominal pressure assessment instru-
ment

This instrument was developed by the principle investigator
after the literature reviewing to assess patient’s abdominal
pressure and this tool contained two parts.

Part one: Intra-abdominal hypertension is classified into four
categories; class I: IAP from 12 to 15 mmHg, class II: IAP
from 16 to 20 mmHg, class III: IAP from 21 to 25 mmHg,
and class IV: IAP more than 25 mmHg.>-8]

Fart two: It included abdominal perfusion pressure (APP =
MAP - IAP. MAP is the mean arterial pressure. ) 13!

Tool III: SOFA score assessment tool

In 1994 Sequential Organ Failure Assessment (SOFA) scale
was designed by the European Society of Critical Care
Medicine (ESCCM)), as a scale for measuring the conditions
of acutely ill patients and incidence of failure. The score is
based on 6 various scores, one each for the respiratory, car-
diovascular, coagulation, and hepatic, renal and neurological
systems. When the SOFA score increased during the first
two days of admission in the ICU will expect a mortality
rate of at least 50% up to 95%. Grading yields less than 9
predictive mortality at 33% while higher than 11 can be close
to or above 95%.[1°!

Tool IV: Patients’ evaluation instrument

This instrument was developed by the principle investigator
after the literature reviewing to evaluate patient’s outcome as
mortality, period of MV and ICU stay.

2.6 Procedures

Steps of measuring intra-abdominal pressure:

The IAP was measured in each patient, three measurements
with 8-hour interval, at the third day of mechanical ventila-
tor connection (Evita 4, Drager Medical, Liibeck Germany)
in a pressure control mode to maintain blood gases in pa-
tients within normal range by the same investigator to avoid
fluctuation between observer.

Patients were sedated to a Richmond Agitation and Sedation
Scale of -5 (RASS) to be sure there are no cramps in the
abdominal muscle. IAP was measured by urinary catheteri-
zation. IAP was measured in the supine position at the end
of expiration after ensuring that abdominal muscle contrac-
tions were absent. The symphysis pubis was considered the
reference line, and the pressure was expressed in mmHg (1
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mmHg 1/4 1.36 cm H,0).

A pressure transducer is connected to an invasive pressure
monitoring connected to three-way stopcock. Smaller than
16-gauge needle-cannula was entered into the urinary collect-
ing tubing sampling port then the needle was disconnected.
By using pressure tubing, the cannula was attached to the
stopcock.

When the system is washed with saline solution and zeroing
it at the point of the mid-axillary line at the iliac crest, the
urinary collecting tube was clamped immediately and dis-
charged to the sampling port. The stopcock was clamped to
the patient and the pressure transducer, and 25 ml of saline
was instilled into the bladder after aspirating from the IV
bag.

Then the syringe and IV tubing are clamped by the stopcock.
After a fixation period of 30-60 second to allow for balance
to occur, with the patient in the full reference position. Af-
ter identifying IAP determination, the clamp was removed,
and the amount of saline used subtracted from the patient’s
urinary output for that hour.[®!

2.7 Evaluation
The mean of IAP value was calculated as the level achieved
among the measurements. Mortality, duration of MV, period
of ICU acceptance and abdominal perfusion were assessed
for each patient.

2.8 Ethical consideration

The trial approval was obtained from the faculty of nursing
research ethics committee before initiating the study. The re-
searcher clarified the purpose and aim of the trial, to patients
included in the study. Oral consent was obtained from pa-
tient’s care giver to ensure willingness to engage in the study.
The researcher maintained anonymity and confidentiality of
subjects’ data. Patients were informed that they are allowed
to withdraw from the study at any time without penalty.

2.9 Statistical interpretations

Statistical analyses were performed using SPSS 21 for win-
dows (SPSS Inc. Chicago, USA). Values are expressed as
mean and SD for continuous variable or as percentages for
categorical variables. The Chi-square test or Fisher’s exact
test were used to compare categorical variables. Statistical
significance was set at p < .05. Roc curve was used to test
the cut-off value of IAP and mortality.

3. RESULTS

3.1 Clinical profile of the studied patients
Of the total 60 MV patients, ten patients had normal IAP
and fifty patients had IAH. Patients with normal IAP had
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mean age 54.20 4 4.87, 80% were male, 20% with body
mass index (BMI) > 30 kg/m?, 100% ranged in SOFA score
from 0 to 9, and 60% diagnosed RTA with cerebral infarction,
20% had PaO5/FiO4, < 300 and 20% managed with PEEP
> 10. As compared, patients with IAH had mean age 53.84
+ 7.73 years, 52% were male, 24% with BMI > 30 kg/m?
50% ranged in SOFA score at 16 or more, and 40% had
the similar diagnosis, 32% had PaO4/FiO3, < 300 and 14%

managed with PEEP > 10. Three IAP measurements were
done, that is, at morning shift as baseline, at 12 h and at
24 h. From these measurements, maximal (highest in 24 h)
and mean IAP were recorded. Using mean IAP, the patients
considered to have IAH were 50 (83.33%) with mean 19.86
+ 4.28 mmHg (see Table 1). Figure 2 points to the presence
of strong positive correlation between mean IAP and SOFA
score (p value < .001%*, r =.705).

Table 1. Frequency distribution of patient’s characteristics and clinical data

Patients with normal IAP

Patients with IAH

Items (n=10) (n =50) p value
N % N %
Age (yrs.) 54.20 + 4.87 53.84 +7.73 .88
Sex Female 2 20.0 24 48.0 103
Male 8 80.0 26 52.0
BMI > 30 kg/m? 2 20.0 12 24.0 785
0-9 10 100.0 13 26.0
SOFA grading 10-15 0 0.0 12 24.0 .001
> 16 0 0.0 25 50.0
Poly trauma 1 10.0 17 34.0 .01
Diagnosis RTA, Cerebral infarction 6 60.0 20 40.0
Diabetic Ketoacidosis 1 10.0 6 12.0
ARDS 2 20.0 7 14.0
PaO,/FiO, <300 2 20.0 16 320 450
PEEP >10cm H,0 2 20.0 7 14.0 .628
1% reading 10.80 £ 0.42 19.2 £ 4.36 .001
IAP mmHg 2" reading 10.90 + 0.87 19.80 + 4.33 .001
(mean + SD) 3" reading 10.40 £ 0.51 20.58 +4.31 .001
Mean three readings 10.70 £ 0.39 19.86 £ 4.28 .001

Note. IAP = intra-abdominal pressure, IAH = Intra-abdominal hypertension, BMI = body mass index, ARDS = Acute respiratory distress syndrome,

RTA = Rood traffic accidents, PEEP = Positive end expiratory pressure.
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Figure 2. Correlation between mean IAP and sofa score among studied patients (p value < .001 and r = .705)
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3.2 Outcome of elevated IAP during ICU study period

The study revealed that IAH deteriorated the condition of
MYV patients as a reduction in APP (67.18 + 9.50), a plus
MV days (14.04 £ 10.30), a plus ICU days (16.30 & 9.36),
and higher SOFA (13.66 + 4.35), with significant differences
when compared with normal IAP patients (p =.013, p =.035,
p =.085, p < .001 respectively) (see Table 2). There was
a dramatic effect with increased pressure in the abdomen,
Table 3 revealed that All patients at grade 4 (100%) suffered
from MV > 20 days, SOFA score > 16, ICU stays > 20 days,
and died, supported with statistical significant differences

between IAH grades (p < .001) respectively. Figure 3 clar-
ifies that the highest percentage of IAH patients (38% and
32%) were found at grade III (21-25), and grade II (16-20)
respectively.

3.3 ICU survival of MV patients plus IAH

Table 4 elucidates that non-survivors (41.67%) had a plus
MYV days (19.76 + 11.75), a plus ICU days (20.80 &+ 11.22),
higher SOFA score (17.32 4 1.144), and less APP (59.97
=+ 4.14), and higher IAP (23.26 £ 2.37) than the survived
patients (58.33%) with statistical significant differences re-
garding all items (p < .001) respectively.

Table 2. Outcomes of intra-abdominal pressure among the studied patients

R Patients with normal IAP  Patients with IAH o value Mean SFd. error  95%Cl
(n=10) (n=50) difference difference Lower Upper
Age(yrs.) 54.20 + 4.87 53.84 £ 7.73 .88 0.36 2.55 -4.74 5.46
APP 75.30+7.12 67.18 £ 9.50 .013 8.12 3.17 1.75 14.48
MV (days) 6.90 + 2.80 14.04 +10.30 .035 -7.14 3.30 -13.75 -0.52
ICU (days) 11.00 + 3.77 16.30 +9.36 .085 -5.30 3.03 -11.35 0.75
SOFA 7.40+1.42 13.66 + 4.35 <.001 -6.26 1.40 -9.06 -3.46
Note. CI = Confidence interval, APP = Abdominal perfusion pressure
Table 3. Outcomes of different intra-abdominal hypertension grading
1AH (n = 50)
ltems Grade 1 Grade 2 Grade 3 Grade 4 Sl
(n=12) (n=16) (n=19) (n=3)
N % N % N % N %
<7 4 33.3 4 25.0 0 0 0
7-14 8 66.6 10 62.5 10 52.6 0
MV (days) <.001
15-20 0 0.0 125 5.26 0
>20 0 0.0 0.0 421 3 100
0-9 11 91.7 12.5 0.0 0 0.0 <.001
?(glr::\ 10-15 1 8.3 10 62.5 5.3 0 0.0 <.001
> 16 0 0.0 25 18 94.7 3 100 <.001
<7 0 0.0 0 0.0 0 0.0 0 0.0
7-14 10 83.3 12 75 10 52.6 0 0.0
ICU (days) <.001
15-20 2 16.6 4 25 0.0 0 0.0
> 20 0.0 0 0.0 474 3 100
. Non-survivors 0 0.0 4 25.0 18 94.7 3 100
Mortality - <.001
Survivors 12 100 12 75.0 1 5.26 0 0.0

Using the ROC curve statistical method, we tested our mor-
tality results against the level of intra-abdominal pressure,
duration of MV and length of ICU stay to measure the sensi-
tivity and specificity of this measurement, and hence detect
the method with the best predictability for the mortality in
our cases. The level below the ROC curve was measured

Published by Sciedu Press

for intra-abdominal pressure, duration of MV and length of
ICU stay. Larger values of the test result variables indicate
stronger evidence for a positive actual state (better matching).
Intra-abdominal provided area under the curve of 0.988. The
cutoff point of intra-abdominal was 20.83. Duration of MV
provided area under the curve of 0.887, the cutoff point of
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MYV was 12.5. Length of ICU provided area under the curve perfusion pressure among studied patients (p value < .001
of 0.822, the cutoff point of the ICU was 15.5 as illustrated and r = .45) (see Figure 5).
in Figure 4. Correlation between mean IAP and abdominal

Grading distribution of patients with
intra-abdominal hypertension (n=50)

@IAH grading 12-15
OIAH grading 16-20
OIAH grading 21-25

@ IAH grading >25

Figure 3. Intra-abdominal hypertension grading

Table 4. Comparison between survivors and non-survivors among the studied sample

Survivors Non-survivors 95% ClI
ltems (n=35) (n=25) p value Mean SFd' error

(58.33%6) (41.67%) difference difference Lower Upper
Age(yrs.) 52.88 +7.91 55.32 +6.24 21 2.43 1.90 -1.37 6.24
MV (days) 7.91+3.17 19.76 + 11.75 <.001 11.84 2.07 7.68 16.00
ICU (days) 1157 +3.41 20.80 +11.22 <.001 9.22 2.01 5.20 13.25
SOFA score 9.25+2.93 17.32+1.144 <.001 8.06 0.62 6.82 9.30
APP 74.65+7.44 59.97 +4.14 <.001 -14.67 1.64 -17.97 -11.38
IAP 14.80 + 3.52 23.26 £ 2.37 <.001 8.45 0.811 6.83 10.08

Note. CI = Confidence interval, APP = Abdominal perfusion pressure, IAP = Intra-abdominal pressure.
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Figure 4. Roc curve for mortality results against the level of intra-abdominal, duration of MV and length of ICU stay
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Figure 5. The correlation between mean IAP & abdominal perfusion pressure

4. DISCUSSION

IAH, over the old decade, has been increasingly recognized
as a cause of morbidity and mortality in patients with se-
rious illness coupled with severe organ dysfunction when
already present in ICU acceptance and independent results
are expected when developed during ICU stay.[!”]

IAH occurs in approximately 50% of patients in the crit-
ical settings of general adults.!'8! The figure of this trial
highlighted that there was a higher rate of IAH (83%) and
75% of them were IAH grade II & III. These results could
be explained by that all our participants were mechanically
ventilated which increase the risk for IAH. Most of the IAH
patients were with BMI more than 30%, which illustrate
that high BMI increase the risk for IAH. It can be explained
that the weight of the adipose tissue that has a direct pres-
sure effect on the content within the abdomen. These results
were consistent with the results of De Keulenaer et al. &
Kyoung & Hong!'®-?%! who found a quite high rate of IAH ,
in 42 (91.3%) patients at 1.4 + 1.0 days after ICU admission.
Moreover, (Arabadzhiev, Ivanov, & Peeva, 2014)!1 stated
that 57.5% of his patients were normal IAP and 42.5% were
with IAH. Contrary to these results, in 2008, 123 patients
were staying in the critical setting and screened for IAP for
at least 24 hours and observed only a 30.1% rate of IAH.[??!

The PEEP program benefits are well recorded in the previous
trials: as it improve gas exchange.[*>24 So far, the use of
PEEP has been aggravated IAH in this trial. This occurs as

Published by Sciedu Press

PEEP transfer the pressure-volume curve to the right side,
the added pressure subsequently directed to the abdomen.[?*!
Furthermore, various trials have documented that the applica-
tion of PEEP to support acute lung injury lead to reduction in
visceral blood flow.”! Verzilii et al. (2010)2°! found that at a
PEEP of 12 cm H»O increased IAP 3.5 mmHg from baseline
(11.7 mmHg).

Previous research has consistently shown that the elevation
in the pressure within the abdomen is associated with the
results of poor focused care.?”! Furthermore, in this study it
also observed a considerable increase in the period of MV
and ICU stay in patients with intra-abdominal hypertension
than normal IAP patients (p value < .001**). These results
could be illustrated to the multiple systematic effect of intra-
abdominal hypertension which reduce perfusion and cardiac
output for multiple system organs and affect their functions
by negative way and give poor outcomes. These results were
in line with Kyoung & Hong?’! who reported that Patients
with increased IAP have longer intensive care and MV re-
quirements than normal TAP patients (p = .002 and p = .009)
respectively and duration of ventilator support (p =.007). So
there were significant increases in terms of critical setting
stay (p < .001), mechanical ventilation period (p < .001) in
IAH patients rather than non IAH patients.

High abdominal pressure (AP) was identified as an indepen-
dent indicator of mortality during critical illness.!?®! With
regard to mortality, it was observed a dramatic rise in mortal-
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ity in patients with increased pressure within the abdomen
rather than normotensive patients (p = .003**). These results
were consistent with Kyung and Hong!?"! who reported that
the duration of IAH as an independent indicator for 60 days
of death (p = .014). In addition, Dalfino et al.??! & Rein-
tam et al. & Starkopf!*”! reported a much higher medical
institution death rate in patients with IAH.

Moreover, the current trial illustrated that elevated pressure
within the abdomen correlate positively with high SOVA
score and high mortality. This was in line with Hill et al.[?”!
who reported that days with elevated intra-abdominal pres-
sure and several combined gastric symptoms were associated
with the worst consecutive, SOFA score (p = .005) and low
perfusion pressure (p = .001). The combination of elevated
pressure within the abdomen and gastric signs that occur
together positively correlated with the period of ICU accep-
tance (p = .001). Days associated with elevated pressure
within the abdomen along with multiple gastric signs were
combined with the worst SOFA result (p = .005). Critically
ill who did not die had an obvious lower SOFA versus those
who died 11.7 against 6.86 (p = .03). The bad SOFA score
was also dramatically increased in those who developed ACS
against those who did not (p = .0005). Also, severe acute
pancreatitis (SAP) patients were assessed for IAH in another
trial and reported high death rate, ICU acceptance period and
multisystem dysfunction.B"!

The current trial illustrated that intra-abdominal pressure
gave point below the curve of 0.988. The cutoff point of
intra-abdominal pressure was 20.83. Period of MV gave
point below the curve of 0.887; the cutoff point of MV was
12.5. Length of ICU gave point below the curve of 0.822;
the cutoff point of length of ICU was 15.5. In this regard,
Sugrue Balogh & Malbrain®!! stated that the IAP (more than
18 mmHg) was an independent predictor of renal failure.

Implications for critical care nursing practice
The critical care nurse is positioned in a good place to moni-
tor and detect changes in the circulatory and respiratory pro-

files which could lead to IAH. Therefore, the considerations
for nursing practice are not only to suggest that monitoring
is a priority, but perhaps the focus needs to identify those
at risk patients. Therefore, nurses should be aware of some
of the vital changes that increase risk to develop IAH. For
example,

(1) Patients on PEEP are risky to develop IAH especially
if they are overweight or have another factor which
may lead to fluid shifts, so IAP should be screened in
these patient groups.

The perfusion pressure of the abdomen should be main-
tained above 60 mmHg to ensure proper perfusion of
the visceral structures.

@)

(3) Obese patients should regularly be monitored and as-
sessed by nurse of intra-abdominal pressure as one of

continuous routine assessment.

5. CONCLUSIONS

Nurse in acute setting is in a good position to determine the
early stages of IAP increase in critical cases. Therefore the
critical care nurses should monitor all patients for IAP as
a routine care from the first day of admission to discharge
especially overweight and high PEEP patients to early dis-
cover IAH and avoid the deteriorus effect associated with it.
Also critical care nurses should provide in-service education
and training for each new nurses how to measure IAP. In
addition, the guidelines of management of intra-abdominal
hypertension should be available in written format in critical
care units and emergency units.
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