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ABSTRACT

Introduction: Intraabdominal pressure monitoring is not routinely performed because the procedure assumes some
invasiveness and, like other invasive procedures, it needs to have a clear indication to be performed. The causes of
IAH are various. Mechanically ventilated patients have numerous parameters set in order to be optimally ventilated
and it is important to identify the ones with the biggest interference in abdominal pressure. Although it was stated
that mechanical ventilation is a potential factor of high intraabdominal pressure the set parameters which may lead
to this diagnostic are not clearly named.

Objectives: To evaluate the relation between intraabdominal pressure and ventilator parameters in patients with
mechanical ventilation and to determine the correlation between intraabdominal pressure and body mass index.

Material and method: This is an observational study which enrolled 16 invasive ventilated patients from which we ob-
tained 61 record sheets. The following parameters were recorded twice daily: ventilator parameters, intraabdominal
pressure, Sp0O2, Partial Oxygen pressure of arterial blood. We calculated the Body Mass Index (BMI) for each patient
and the volume tidal/body weight ratio for every recorded data point.

Results: We observed a significant correlation between intraabdominal pressure (IAP) and the value of PEEP
(p=0.0006). A significant statistical correlation was noted regarding the tidal volumes used for patient ventilation.
The mean tidal volume was 5.18 ml/kg. Another significant correlation was noted between IAP and tidal volume per
kilogram (p=0.0022). A positive correlation was found between BMI and IAP (p=0.0049), and another one related to
the age of the enrolled patients. (p=0.0045).

Conclusions: The use of positive end-expiratory pressures and high tidal volumes during mechanical ventilation may
lead to the elevation of intraabdominal pressure, a possible way of reducing this risk would be using low values of
PEEP and also low volumes for the setting of ventilation parameters. There is a close positive correlation between the
intraabdominal pressure levels and body mass index.
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B INTRODUCTION

In intensive care, most of patients are mechanically ven-
tilated since respiratory failure, regardless of its cause,
is the most frequent cause of Intensive Care Unit (ICU)
admission. In the ICU, patients benefit from thorough
invasive, as well as non-invasive monitoring.

Intraabdominal pressure monitoring is not routinely
performed because the procedure assumes some inva-

siveness and, like other invasive procedures, it needs to
have a clear indication to be performed.

Normal intraabdominal pressure (IAP) was defined-
by the World Society of Abdominal Compartment Syn-
drome to be 10-12mmHg, measured in the abdominal
cavity. Intraabdominal hypertension (IAH) is defined
above this value [1].

Intraabdominal hypertension has four degrees and is
graded as follows: Grade I- IAP=12-15 mmHg Grade
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II-IAP=16-20 mmHg Grade III-IAP=21-25 mmHg
and Grade IV-IAP>25 mmHg.The abdominal com-
partment syndrome can appear above this value, this
being a potentially lethal situation [2].

The causes of IAH are various. Some of the factors
that are recognized to be involved in IAH occurring in
intensive care units are: sepsis, oliguria, renal failure
[3], major trauma, abdominal surgery [4], acute pan-
creatitis, obesity, hypotension and shock [5], increased
severity scores [6], massive fluid resuscitation [6].

Because the abdomen takes part in respiratory me-
chanics, it is to be expected that some modifications in
the respiratory apparatus will echo in the abdominal
cavity. Mechanically ventilated patients have numerous
parameters set in order to be optimally ventilated and
it is important to identify the ones with the biggest in-
terference in abdominal pressure. Although mechani-
cal ventilation was stated by other studies [6] as a po-
tential factor of high intraabdominal pressure, the set
parameters which may lead to this diagnostic are not
clearly stated and this is why we conducted the present
study. The cut off value of intraabdominal pressure is
also uncertain, some authors suggests that even slightly
elevated pressures may lead to increased acute systemic
inflammation and acute kidney injury [7].

B AIMS/ OBJECTIVES

To evaluatethe relation between intraabdominal pres-
sure and ventilator parameters in patients with me-
chanical ventilation.

To determine the correlation between intraabdomi-
nal pressure and body mass index.

B MATERIAL AND METHODS

This is an observational study conducted between Jan-
uary and April 2016 in the Intensive Care Clinic of the
Emergency Clinical County Hospital of Tirgu Mures.
The study enrolled 16 invasive ventilated patients, 6
were women and 10 were males, aged between 49 and
84 (mean 72+8.2).

The Ethics Committee of the Hospital approved this
study and patients or their legal representatives gave
their written approval prior to entering the study.

The inclusion criteria were: patients ventilated in-
vasively using oro-tracheal intubation with monitored
abdominal pressure, monitored airway parameters,
presence of an intra-arterial catheter.
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The study protocol was as follows: the admission di-
agnostic and anthropometric data- weight, height, age
and sex were recorded.

The following parameters were recorded twice daily,
between 9 and 10 AM and between 18 and 19 PM:
ventilator parameters, using Drager Evita XL (Drager,
Lubeck, Germany) ventilators intraabdominal pres-
sure, measured with the AbViser (ConvaTec, Salt Lake
City, USA) device - the measurement was done with
the help of a urethro-vesical catheter, Peripheral Oxy-
gen saturation -SpO,, measured by peripheral pulse-
oxymetry, Partial Oxygen pressure of arterial blood
samples taken from a previously inserted arterial line.
The sample was measured with a point of care type de-
vice- GemPremier4000 (Instrumentation Laboratory
Company, Lexington, MA, USA).

The measurements were performed on consecutive
days until the invasive monitoring was interrupted. Pa-
tients were monitored for 1 to 5 days.

The studied parameters were noted in a specially
designed form: age, sex, height, weight, mode of ven-
tilation, positive end expiratory pressure (PEEP), peak
airway pressure, plateau pressure, inspiratory pressure,
airway resistance, airway dynamic compliance, tidal
volume, respiratory rate, oxygenation parameters-
(PaO,, Sp0,) and intraabdominal pressure.

The study included 61 data recordings from the 16
enrolled patients. We calculated the Body Mass In-
dex (BMI) for each patient and the volume tidal/body
weight ratio for every recorded data point.

The data were included in Microsoft Excel (Micro-
soft, Washington, USA) and statistically processed us-
ing the programs GraphPad (GraphPad Software, Inc.,
California, USA) and MedCalc (MedCalc Software,
Ostend, Belgium).

The correlations between the different studied pa-
rameters were made using the t-student andSpearman
tests. The level of statistical significance was set for
a=0.05.

B RESULTS

Analyzing the 61 datasets, we observed a significant
correlation between intraabdominal pressure (IAP)
and the value of PEEP (p=0.0006) (Table 1). Also, a
very significant statistical correlation was noted re-
garding the tidal volumes used for patient ventilation.
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The mean tidal volume was 489 ml, which in ml/
kg is 5.18 ml/kg. Another significant correlation was
noted between IAP and tidal volume per kilogram
(p=0.0022).

We did not notice any statistical significant correla-
tion between peak pressure in the airway and IAP, or
with the ventilation mode.The same results were found
between IAP and plateau airway pressure (p=0.4827)
and inspiratory airway pressure (p=0.0594).

The ventilation mode used for the patients enrolled
in the study were: continuous positive airway pressure
(CPAP, n=22, 36.06%), bi-level positive airway pressure
(BIPAPn=47.54%), synchronized intermittent manda-
tory ventilation (SIMV, n=8, 13.11%) and intermittent
positive pressure ventilation (IPPV, n=2, 3.27%). We
found no statistical significant correlation between the
mode of ventilation and IAP.

When looking at the airway resistance, our study
failed to prove significant correlation with intra-ab-
dominal pressure (p=0.0596), although the dynamic
pulmonary compliance showed a significant relation
with TAP (p=0.0462).
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Regarding the level of oxygenation, we could not
point out any significant correlation between IAP and
any of the following parameters: PaO, (p=0.1188),
SpO, (p=0.8707), FiO, (p=0.9429).

When looking at the biometric data, a positive cor-
relation was foundbetween BMI and IAP (p=0.0049),
and another one related to the age of the enrolled pa-
tients (p=0.0045).

Out of the studied sample, three patients had very
high measurements for the intraabdominal pressure
(over 20mmHg), caused by surgery complications and
needed surgical re-intervention.

H DISCUSSIONS

An abdominal pressure above the normal limit is known
to be an unfavorable prognostic factor and can lead to
the abdominal compartment syndrome, which can be
lethal. Also, a high intraabdominal pressure can lead to
organ hypoperfusion, which can end in organ failure [8].

As the actions of reducing intraabdominal pressure
become more prompt, the secondary lesions which can

Table 1. Biometric and ventilation correlations with intra-abdominal pressure

. p value R value
Mean Min Max (correlation with IAP) (correlation coeficient)
Age (mean, SD, years) 72.54 (8.2) 49 84 0.0045* -0.3594
F=6 (37.5%),

Gender (n) M=10 (62.5%)
BMI (mean, SD, kg/m?2) 31.07 (3.9) 2449  37.83 0.0049* 0.3558
IAP (mean, SD, mmHg) 12.64 (10.1) 5 51 -
Airway peak pressure 16.62 (6.9) 14 33 0.5557 -0.0769
(mean, SD, mbar)
Airway plateau pressure 15.78 (4.0) 10 25 0.4827 0.011
(mean, SD, mbar)
Inspiratory pressure (mean, 17.35(5.2) 10 28 0.0594 0.2506
SD, mbar)
Resistance (mean, SD, 28.86 (50.25) 11 203 0.0596 -0.3071
mbar/L/s)
Compliance (mean, SO, ml/" 15 oo og 6g) 17.3 156 0.0462* -0.3439
mbar)
PEEP (mean, SD, mbar) 4.6(6.1) 0 7 0.0006* 0.429
Tidal volum (mean, SD, ml) 489 (124.1) 300 842 <0.0001* 0.5471
VT/weight (mean, SD, ml/kg) 5.18 (2.1) 3.33 9.73 0.0022* 0.3841
Pa02 (mean, SD, mmHg) 127.2 (82.25) 70 396 0.1188 0.2018
SpO2 (mean, SD, %) 98.15 (2.3) 90 100 0.8707 0.0212
FiO2 (mean, SD, %) 59.34 (16.01) 40 100 0.9429 -0.0093

SD= standard deviation, Min=minimal value, Max=maximal value, IAP= intraabdominal pressure, mbar=millibar, ml=milliliter, s=seconds, CPAP= continuous positive airway pressure, BIPAP= bi-level positive
airway pressure, SIMV= synchronized intermittent mandatory ventilation, IPPV= intermittent positive pressure ventilation, VT= tidal volume, *=statistically significant
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be caused by a raised intraabdominal pressure have a
lower occurrence, and the patient’s prognostic can be
improved [9].

By repeated measurements of the intraabdominal
pressure, patients at risk for increased abdominal
pressure- mechanically ventilated, with a high BMI,
trauma patients- can be treated sooner in order to
decrease intraabdominal pressure, by decompressive
laparotomy, administering muscle relaxants, punc-
tures [10-12].

Mechanically ventilated patients are exposed to the
risk of an increased intraabdominal pressure, which
may worsen their prognosis. Recognizing the situa-
tion as early as possible is a medical objective and for
achieving it, several correlations were made by many
researchers to find relationships between ventilator pa-
rameters and IAP.

Our study found positive statistically significant
correlation between PEEP and IAP, results which are
resembling the ones of Reintam et al. [6], although he
admitted a value of PEEP above 10 cm H,O as a pre-
dictive value for IAP. The mean value of PEEP in our
study was 7 cmH,O and,although different from the
one in the literature, it is significantly correlated with
the value of the intraabdominal pressure. This result
points out a possible way of reducing the risk of IAH,
by keeping the lowest possible values for PEEP if the
patient condition allows it.

Abdominal pressure is transmitted, even in normal
conditions, to the thoracic cavity and organs. Because
of this the ventilation can be impairedby reduced pul-
monary compliance [13]. However, in our study pul-
monary compliance did not prove to be significantly
related to the IAP. This was also the conclusion of Joerg
Krebs [14], who stated that IAH, within some limits,
does not produce significant modifications in mechan-
ics of respiration.

The patients from our study were ventilated with a
mean tidal volume of 5.18 ml/kg. This small tidal vol-
ume was significantly correlated with intraabdominal
pressure values, where we had a mean of 12.6 mmHg.
These results complete the ones Ruiz Feron et al. [15],
where in they observed that patients with IAH have an
increased thoracic rigidity, so pulmonary volumes can
be decreased in these patients. As a possible method of
avoiding IAH we suggest using pulmonary volumes as
low as 5 ml/kg, volumes which proved to be correlated
with the values of [AH.
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The results of the study were obtained by measur-
ing the IAP with a bladder catheter and correlating the
values with the ventilator parameters. The literature
states that, for a better evaluation of lung mechanics,
measurement of esophageal pressure would have been
useful. This way of measuring abdominal pressure will
also help with ventilator parameters optimization in
such patients [15].

Another parameter which we found to be positively
correlated with IAP was BMI. The study performed by
Reintam [6] also states that a BMI >30 is known to be a
risk factor for IAH. Our results complied by obtaining
a mean value of BMI of 31, as a factor significantly cor-
related with TAH.

B CONCLUSIONS

The use of positive end-expiratory pressures and high
tidal volumes during mechanical ventilation may lead
to the elevation of intraabdominal pressure, a possible
way of reducing this risk would be to use low values of
PEEP and also low volumes for the setting our ventila-
tion parameters.

The pressures measured at the level of the airways as
peak, plateauand inspiratory pressures proved to have
no influence on the intra-abdominal pressure.Pulmo-
nary dynamic compliancevaluesare in concordance
with intraabdominal pressure values, also.

There is a close positive correlation between the in-
traabdominal pressure levels and body mass index.
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