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Introduction:-

Objective:- Increase in intra-abdominal pressure (IAP) is a clinical
condition developed by approximately half of Intensive Care Unit
(ICU) patients. This study aimed to investigate the possible
relationship between intra-abdominal hypertension and AKI in ICU
patients.

Patients and methods:- this study was a cross-sectional observational
study, in which 40 patients were included and divided into 2 groups:
Group 1: 20 patients having AKI and Group 2: 20 patients with no
AKI for whom IAP was measured as a control. Renal function was
evaluated according to the Acute Clinical Practice Guidelines for AKI.
Intravesical pressure measurement was done as a reflection for intra-
abdominal pressure on admission to the ICU and 48 hours after.
Results:- The mean IVP on ICU admission was 14.85 + 1.28 mmHg
and 7.57+2.39 mmHg in groups 1 and 2 respectively, the difference
between the two groups was statistically significant (p= 0.00);
whereas the mean intra-vesical pressure after 48 hours from ICU
admission was 20.20+1.73mmHg and 10.30+£3.25mmHg in groups 1
and 2 respectively and the difference was also statistically significant
(p value=0.00). ROC curve analysis has shown that both admission
and follow up IVPs had the same diagnostic criteria with the same
AUC (0.994); but admission IVP had two advantages; predicting AKI
at lower value (11.0 mmHg versus15.0 mmHg for IVP-1) and also
earlier prediction of AKI.

Conclusion:- 1AH is a frequent finding in ICU patients having AKI.
Measurement of intra-vesical pressure upon ICU admission can
predict the occurrence of AKI.

Copy Right, 1JAR, 2016,. All rights reserved.

For several decades, increased IAP has been increasingly recognized as both cause and consequence of many
adverse events in critically ill patients. Increased IAP within the closed anatomic volume of the abdominal cavity
can lead to decreased perfusion and ischemia of intra-abdominal organs. In addition, increased IAP also leads to
physiologic changes and organ dysfunction beyond the abdominal cavity because of the close anatomic relationships
with contiguous cavities. Depending on the severity of increased IAP and organ function, the conditions are defined
as intra-abdominal hypertension (IAH) or Abdominal Compartment Syndrome ACS(1). The presence of two
consecutive values of IAP above 12 mmHg characterizes the Intra-Abdominal Hypertension (IAH) that in extreme
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values constitutes the Abdominal Compartment Syndrome (ACS), defined by an IAP »20 mmHg associated to the
organic dysfunction(1),(2) ,( 3),(4),(5),(6)Although multi-organ failure is also well recognized in ACS, what is much
less appreciated and what some recent data suggest is that kidneys may be particularly at risk with much lower
levels of 1AP than would be seen in fully established ACS. These findings indicate that AKI resulting, at least in
part, from lesser degrees of IAH may be present in a much larger population of critically ill patients than believed
previously(7).

The purpose of this study was to assess the possible relationship between intra-abdominal hypertension and acute
kidney injury in a sample of our ICU patients.

Patients and methods:-
This cross-sectional observational study was conducted on 40 consecutive ICU patients in Ain Shams University
Hospitals in the period from March 2015 to June 2015. This study was approved by the Ain Shams faculty of
medicine Ethical Committee.

The inclusion criteria were patients aged over 18 years. Patients were excluded when they were diagnosed with
ESRD on dialysis or contraindications for measurement of 1AP found such as bladder or urethral injury. The 40
included patients were divided into 2 groups:

AKI group(group 1):-

20 patients having AKI and Non-AKIgroup(group 2): 20 patients with no AKI (matched for age and sex) for whom
IAP was measured as a control. Renal function was evaluated according to the Acute Clinical Practice Guidelines
for AKI.

The following data were collected at the patient’s admission: age, sex, anthropometric measures (including weight,
height, BMI), pre-existing co-morbidities, history of abdominal trauma, operations, presence of intra-abdominal or
retroperitoneal tumor, abdominal burns, primary cause of ICU admission, presence of sepsis [ defined as at least two
of the following signs and symptoms (SIRS) that are both present and new to the patient and suspicion of new
infection: 7 Hyperthermia >38.3°C or Hypothermia <36°C [1 Acutely Altered Mental $atus(] Tachycardia >90 bpm
[1 Tachypnea >20 bpm [J Leukocytosis >12,000 or Leukopenia<4,000 or >10% bands. [] Hyperglycemia (>120
mg/dl) in the absence of diabetes].Fluid balance in studied subjects was also recorded and any renal replacement
therapy given, presence or absence of mechanical ventilation (defined as the use of invasive positive pressure
ventilation through an endotracheal tube or a tracheostomy tube) was also documented. Laboratory investigations
included complete blood count(CBC), liver function tests, BUN and Serum creatinine (on admission and after 48
hours, and on discharge), Arterial blood gases(ABGs) on admission and after 48 hours. Intravesical pressure
measurement as a reflection for the intra-abdominal pressure was done on admission and after 48 hours.lAP was
measured intravesically via a Foley catheter, according to the U-tube manometer technique (8),(9). The sterile saline
instillation volume was no more than 25 mL, according to the World Society of the Abdominal Compartment
Syndrome consensus(10). IAP was measured in the supine position at the end of expiration after ensuring that
abdominal muscle contractions were absent. The symphysis pubis was considered the reference line, and the
pressure was expressed in mmHg(8),(9),(10).

Continuous and parametric variables were expressed as mean * standard deviation, continuous and non-parametric
variables were expressed as median and inter-quartile range (IQR), and the categorical variables were expressed in
absolute number and percentage. The receiver-operating characteristic (ROC) curve was drawn in order to detect the
optimal cut-off point as well as the area under the curve and 95% confidence interval (Cl 95%). The ROC curve
provides information on the trade off between sensitivity and specificity for each cut off point of and index. The
optimal cut off point for IAP was considered as the highest combined value of sensitivity and specificity: ‘“Youden
index”’. The groups were compared by chi-square for categorical variables, by ‘‘t *’ test for normally distributed
variables and Mann-Whitney test for non-normally distributed variables. The p-value of 0.05 was considered
statistically significant.

Results:
The study included sixteen males and twenty four females with mean age 53.75+ 5.96 and 54.40+12.40 in groups
land 2 respectively. The mean Body Mass Index (BMI) was 27.75+ 6.16Kg/m2 and 22.40+ 2.89 Kg/m2 in groups 1
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and 2 respectively. The patients varied in the cause of ICU admission, the most common cause however was hepatic
pre-coma (n=24, 60%). Regarding exposure to surgery prior to ICU admission, seven patients from group 1 and four
patients from group 2 were exposed to surgery prior to ICU admission and the difference was statistically non
significant (X*°1.13, p=0.29 ).

Ten patients from group 1 and three patients from group 2 suffered from sepsis,with significant difference between
both groups ( X*°5.58 ,p=0.02). The number of patients who received mechanical ventilation was six in group 1 and
two in group 2, the difference being statistically non significant (X?°2.50, p=0.11).

Regarding intra-vesical pressure on ICU admission; the mean was 14.85 *+ 1.28 mmHg and 7.57+2.39 mmHg in
groups 1 and 2 respectively, the difference between the two groups was statistically significant (p= 0.00); whereas
for intra-vesical pressure after 48 hours from ICU admission the mean was 20.20+£1.73mmHg and
10.30£3.25mmHg in groups 1 and 2 respectively and the difference between the two groups was also statistically
significant (p value=0.00). Regarding the correlation of IVP1 (intra-vesical pressure after 48hrs from ICU
admission) with different numerical variables measured in groupl using Pearson’s test, there was significant
positive correlation between IVP1 and each of haemoglobin and serum Creatinine on ICU admission (Cr0),
serum Creatinine after 48 hours from ICU admission ( Cr1), serum Creatinine on discharge from ICU (Cr2)
and Body Mass Index ( BMI), while there was significant negative correlation between 1VP1 and AST, INR,
PHO, PH1 and HCO30. ROC curve analysis was done to compare the diagnostic performance of admission I\VP and
IVP after 48 hours to predict AKI. The best cutoff value for IVP 0 to discriminate between groups-1 and 2 was at
11.0mmHg, at which specificity(Sp%) = 95;sensitivity( Sn%) = 100; negative predictive value(P-%) =
100%;positive predictive value( P+%) = 75.1 and efficacy % = 62.5,Are under curve( AUC) = 0.994,while the
best cut-off for IVP-1 to discriminate between groups-1 and 2 was at 15.0mmHg, at which Sp% = 95; Sn% = 100;
P-% = 100%; P+% = 75.1 and efficacy % = 62.5, AUC = 0.994.

Discussion:-

Intra-abdominal hypertension has a prevalence of at least 50% in the critically ill population and has been identified
as an independent risk factor for death. Yet, many of the members of the critical care team do not assess for intra-
abdominal hypertension and are unaware of the consequences of untreated intra-abdominal hypertension. Although
the means by which kidney function is impaired in patients with ACS is incompletely elucidated, available evidence
suggests that the most important factor involves alterations in renal blood flow. IAH should be considered as a
potential cause of acute kidney injury in critically ill patients; its role in other conditions, such as hepatorenal
syndrome, remains to be elucidated(1).Numerous conditions such as abdominal surgery, severe pancreatitis,
mechanical ventilation, sepsis, ileus, and massive fluid resuscitation are known risk factors for IAH. Sepsis
syndrome, the most common cause of admission to a medical ICU, requires massive fluid resuscitation to maintain
hemodynamic stability, or mechanical ventilation to treat combined pneumonia or adult respiratory distress
syndrome. All these measures are likely to increase IAH and can lead to the development of AKI in critically ill
patients(11),(12). Some studies have reported that increased IAP is associated with increased frequency of Intra-
abdominal pressure as a predictor of acute kidney injury AKI (1, 3, 5, 6, 13-16), however, for the best of our
knowledge, no Egyptian study reported the predictive value of measurement of intra-vesical pressure to further
development of AKI. In the present study, IAP was higher in AKI patients compared to the non-AKI patients. This
goes with data from previous studies that a random critically ill patient with renal failure has a higher value of IAP
than a random patient without renal failure in 85% of cases (3),(17). We found that in our AKI sample, there was a
significant positive correlation between IAP and BMI. Sugerman et al. (18) reported a positive correlation between
bladder pressures and the sagittal abdominal diameter (SAD) and found that surgical patients with a mean BMI of
52 + 1 kg/m2 had an IAP of 13.2 £ 0.5 mmHg versus surgical patients with a BMI of 24 + 2 kg/m2 , where the IAP
was significantly lower at 5.1 + 1.2 mmHg. Similar results of elevated IAP have been reported by Sanchez(19)
where 1AP was higher in patients with a high BMI. The mean IAP for patients with a BMI of 25.0-29.9 kg/m2 and
30-39.9 kg/m2 was 6.3 £ 2.9 and 8.9 + 3.5 mmHg, respectively. Our results have shown that there was non-
significant correlation between mechanical ventilation and intra-vesical pressure in the AKI group. In literature,
there is some controversy with regard to the effect of mechanical ventilation and the use of PEEP on IAP. Sussman
(20)was the first to look at the effects of PEEP on IAP and showed in their experiment that increasing PEEP to 15
cm of H20 did not affect the IAP. This was confirmed by animal data (21),(22). In our sample population, 1\VP was
found to be positively correlated with the amount of fluid balance given. Although intravascular fluid replacement
was proposed to prevent the deleterious effects of IAH on renal function (23), this approach does not seem to
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prevent ARF and may favour 1AH occurrence. Recently, several authors have found a strong correlation between
positive fluid balance and increased IAP in surgical and trauma patients(24),(25). Furthermore, in surgical critically
ill patients, net fluid balance has been recognized as the only causative factor of ACS(26) On the other side, a
negative fluid balance, obtained by means of aggressive ultrafiltration, has been recently proposed among the
conservative strategies to decrease IAP in patients with IAH(27). We also found that IVVP correlated positively with
the presence of preceding surgery prior to ICU admission, this goes with several studies. An epidemiological
multicenter study evaluated 14 ICUs in six different countries including Brazil and the occurrence of IAH was 27%
(4). However, that study evaluated not only PO of abdominal surgeries and did not evaluate specifically the renal
consequences of IAH. Many other studies as well reported the incidence of 1AH in the PO period of abdominal
surgeries, from 4 to 41% (28),(29),(30),(31). Moreover, another study reported an incidence of 23% of primary IAH
(associated with injury or disease in the pelvic abdominal region) in intensive care patients (32). In our study ROC
analysis has shown that both admission and follow up IVPs had the same diagnostic criteria with the same
AUC (0.994); but IVP 0 had two advantages; that is predicting AKI at lower value (cut-off value 11.0
mmHg Vs 15.0 mmHg for IVP-1) and also earlier prediction of AKI on admission Vs 48hrs. after admission
for 1VP-1), At this best cut-off value of 11 mmHg, sp.is 95% ,Sn.100%,p-100%,and p+95.2%,and eff. is
97.5%. So, we can speculate that single finding of a high intra-vesical pressure on admission to the ICU (>
11mmHg) can strongly predict the development of AKI, this is in accordance with previous studies which
have found that in liver recipients, renal impairment has been found to be independently correlated with
IAH and the most sensitive and specific IAP value for ARF was found to be 25 mmHg(17) ,however, in a
mainly medical population of critically ill patients values of IAP > 12 mmHg on admission were associated
with a greater degree of renal dysfunction, as compared with controls(4). Some limitations of this study should
be recognized. The reduced number of patients included in the study could compromise the statistical power and
may limit the generalization of the findings. Our patients were retrieved from three ICUs (two medical ICUs and one
surgical ICU) in one center (Ain Shams University hospitals) only. The former might have contributed to the
relatively large number of hepatic patients recruited in this study and consequently the correlations of IAP and each
of AST and INR that were not retrieved in any of the previous studies and need to be confirmed in further studies.
The number of patients studied is very small and together with an overwhelmingly high number of hepatic patients
in the study limits the general applicability of the study findings unless large, multi-center prospective studies are
done to confirm and validate such results.

Also, as IAP was measured only for the first 2 days, the effect of a changing pattern of IAP during hospitalization
could not be determined.

Tables and figures:-
Table 1:- Baseline demographic and laboratory data between groups 1 and 2.

Variable Group t P
1 2

Age 53.75 + 5.96 54.40 + 12.40 0.21 0.83 (NS)
Sex Male 8 8 X? 1.00 (NS)

Female | 12 12 0.00
BMI 27.75+6.16 22.40+£2.89 t 0.00(S)

3.52

Hemoglobin 9.85+1.79 10.50 + 1.58 1.22 0.23 (NS)
WBC 17.06 +11.39 8.85+5.11 2.94 0.01(S)
Platelets 196.00 + 147.07 136.00 + 106.26 1.48 0.15 (NS)
ALT 27.60 +9.62 43.35 + 28.06 2.38 0.02 (S)
AST 34.60 + 18.97 45,50 + 26.23 1.51 0.14 (NS)
Alb 3.05+0.79 2.61+0.71 1.86 0.07 (NS)
INR 2.26 +0.87 1.40 +0.33 4.14 0.00 (S)
Cr0 2.08 +0.86 0.87 £ 0.25 6.04 0.00 (S)
Crl 2.58+1.04 0.87 £ 0.25 7.17 0.00 (S)
Cr2 2.21+1.09 0.87 £ 0.25 5.33 0.00 (S)
BUN 52.70 +21.44 23.20+10.57 5.52 0.00 (S)

0 = value on ICU admission
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1 = value after 48 hrs. from ICU admission

2 = value on discharge from ICU

Table 2:- Admission and follow up Intra- vesical pressure in both studied groups

Group
Variable AKI Non AKI T p
VPO 14.85+1.28 7.57 +2.39 12.03 0.00
IVP1 20.20+1.73 10.30 £ 3.25 12.03 0.00

IVPO = intra-vesical pressure on ICU admission
IVP1 = intra-vesical pressure after 48 hrs. from ICU admission

Table 3:- “Correlation of IVP with the different studied numerical variables in AKI group using Pearson’s test”

Variable T P
HB 0.55 0.01 **
WBC 0.11 0.65
PIt 0.21 0.37
ALT -0.17 0.49
AST -0.57 0.01*
Alb. 0.09 0.71
INR -0.53 0.02*
Cr0 0.69 0.00 **
Crl 0.53 0.02 **
Cr2 0.77 0.00 **
BUN -0.09 0.68
BMI 0.61 0.00*8
PHO -0.64 0.00 *
PH1 -0.48 0.03 *
Volume of fluids given in 24 hrs. 0.88 0.00**

0 = value on ICU admission

1 = value after 48 hrs. from ICU admission

2 = value on discharge from ICU

Table 4:- ” Correlation of IVP with the different studied nominal variables in AKI group using Spearman’s test”.

\Variable rho P
Surgery 0.52 0.02 *
Sepsis 0.47 0.04 *
Mechanical Ventilation 0.22 0.35
IAscites 0.49 0.03*

Figure 1:- “Correlation between IVP1 and amount of fluid therapy given per 24 hours among patients in group1”
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group: 1, fluid therapy: positive
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Figure 2: “ROC curve analysis showing the diagnostic performance of admission IVP “
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Figur3:- ” ROC curve analysis showing the diagnostic performance of follow up IVP
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