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Abstract Objective: Intra-abdominal
hypertension is an independent cause
of multiorgan failure and directly

Reproducibility of bladder pressure
measurements in critically ill patients

effects other physiological meas-
urements, making it an important
factor in the management of critically
ill patients, but no clinical studies
have investigated the reproducibility
of intra-abdominal pressure (IAP)
measurement to ensure diagnostic
accuracy. This study evaluated the
intraobserver and interobserver
variability of bladder pressure meas-
urements. Design and setting:
Prospective, observational study

in a university-based adult surgi-

cal intensive care unit. Patients:
Critically ill patients undergoing
intra-abdominal pressure read-

ings, measured by nursing staff.
Measurements and results: The
study compared patient IAP measure-
ments obtained by the same nurse
(intraobserver variation) and between
two different nurses (interobserver
variation) in critical care patients
with clinical indications for IAP
monitoring. Data related to the

nursing technique and performance
were observed and collected for
each TAP measurement obtained.
Good correlation of bladder pressure
measurements between the same
and different individuals was found.
Intraobserver and interobserver Pear-
son’s correlations for measured IAP
were 0.934 and 0.950, respectively.
A unit protocol for IAP measure-
ment standardization was modified
based on observational data col-
lected. Conclusions: Intra-abdom-
inal pressure can be accurately and
reliably measured in critically ill
patients by utilizing a standardized
measurement device combined with
a standardized clinical protocol.

Keywords Intra-abdominal
pressure - Intra-abdominal hyper-
tension - Bladder pressure meas-
urement - Bladder pressure
monitoring - Intraobserver vari-
ability - Interobserver variability

Introduction

Intra-abdominal hypertension (IAH) and abdominal com-
partment syndrome (ACS) are increasingly recognized
as significant sources of morbidity and mortality in
critically ill patients [1]. However, detection of an in-
creased intra-abdominal pressure (IAP) requires a reliable,
reproducible method of measurement [2]. Noninvasive
techniques to measure IAP include pressure transduction
through a catheter in the stomach, urinary bladder, or
rectum [3]. Of these, urinary bladder pressure measure-

ment has emerged as the simplest and is considered the
standard intermittent technique by the World Society on
Abdominal Compartment Syndrome (WSACS; Consen-
sus Definitions and Recommendations, January 2005,
http://www.wsacs.org/; accessed 20 May 2005).

To date no in vivo studies have been published regard-
ing the reproducibility of bladder pressure measurements.
The goal of this study was to determine the reliability in
terms of intra- and interobserver variability of bladder
pressure measurements in a busy clinical intensive care
unit (ICU) setting.
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Materials and methods

Adult patients (or their legal representative) already under-
going IAP monitoring in a busy surgical ICU consented
to participation in this institutional review board ap-
proved study. The study utilized a commercially available
IAP monitoring system (AbViser, Wolfe Tory Medical,
Salt Lake City, UT, USA) to obtain bladder pressure
measurements. This kit interfaced with the ICU standard
pressure transducer (Transpac IV, Abbott Labs, Chicago,
IL, USA) which was zeroed at the pubic symphysis prior
to each measurement set. Prior to clinical use of this
device a carefully controlled bench-top investigation was
conducted [4]. The bench-top data proved the device to
be extremely accurate (£ 1 mmHg) against a predefined
fluid column. The ICU nursing staff received general
in-service in IAP measurement acquisition prior to study
implementation.

According to the study protocol, the patient was
placed supine and, once calm (Riker score <4), the
IAP measurements were obtained. The primary nurse
infused 50 ml saline fluid into the patient’s bladder and
the lowest end-expiratory pressure reading was recorded.
This reading was considered measurement no. 1. After
infusion drainage the same nurse repeated the process,
obtaining measurement no. 2. Comparing these two
values constituted the intraobserver variability portion
of this study. A second nurse blinded to the original
values then measured the IAP using the identical process.
This measurement was considered measurement no. 3.
Measurement no. 3 was compared to measurement no. 2
and constituted the interobserver variability data. A third
nurse acted as the observer, documenting the measurement
timing and technique as well as noting clinical factors that
might contribute to data variation. This observer noted
two factors that affected the quality of data collection:
improper patient positioning and failure to allow adequate
bladder drainage. These observations led to a more
detailed protocol and an extension of data collection
time from 5 to 8 min to allow complete bladder drainage
between measurements.

Eighty-nine nurses participated in IAP measurement
collection in 18 patients. There were 212 separate datasets
obtained, with a range of 1-39 per patient, 12 of which
were excluded for clinical concerns. Of the 176 intraob-

Table 1 Clinical measurements of intra-abdominal pressure (mmHg)

Nurse 1: Intraobserver (n=172)

Measurement 1 12.80+4.91

Measurement 2 12.23 +4.68

Measurement 1 vs. 2 0.57+1.75
Nurse 2: Interobserver (n=153)

Measurement 2 12.37 +4.88

Measurement 3 12.37+£4.82

Measurement 2 vs. 3 0.00+1.53

server datasets 4 were excluded for exceeding the collec-
tion time of 8 min and of the 169 interobserver data sets
16 were excluded for exceeding the collection time. De-
scriptive statistics for the measures obtained by the first
and second nurses are included in Table 1.

Data were analyzed using Stata 8.2 (College Station,
TX, USA). Intraobserver and interobserver variability for
the clinical phase were analyzed using Pearson’s correla-
tion coefficients and Bland—-Altman comparisons and are
illustrated with scatter plots and Bland—Altman plots [5, 6].

Results

Pearson’s correlations for intraobserver and interobserver
IAP measurement comparisons were 0.934 (p < 0.001)
and 0.950 (p <0.001), respectively, indicating low
variability between measurements and therefore high
reliability [5]. Intraobserver and interobserver scatterplots
illustrate measurement consistency across observations
(Figs. 1, 2). Bland-Altman analyses were also conducted,
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Fig.1 Intraobserver scatterplot (r =0.934, p < 0.001)
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Fig.2 Interobserver scatterplot (r =0.950, p < 0.001)

5 10



10
o o
5* o o [}
[0]
o Qo oo oo o
GC.) o oo o000 Oo0o0o o
- 0000000 o000 0o 0Oo0oo0o0o0 o
uﬂ:) 0 4 0000000 O0O000O 000 o o
a 000000 0000Q00O oo o
o o O o O [e]
-5 4 o
-104
T T T T T T T
0 5 10 15 20 25 30
Average
Fig.3 Intraobserver Bland—Altman plot
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Fig.4 Interobserver Bland—Altman plot

further demonstrating the consistency between meas-
urements [6]. For intraobserver variability the mean
difference between measured IAP was 0.570 mmHg, with
a 95% confidence interval of 0.306-0.834 mmHg. Limits
of agreement (or prediction interval) had a lower bound of
—2.938 mmHg and an upper bound of 4.078 mmHg, with
average measured pressure ranging from 4 to 25 mmHg
(Fig. 3). For interobserver variability the mean difference
between measured IAP was 0.000 mmHg, with a 95%
confidence interval of —0.245 to 0.245 mmHg. Limits
of agreement were -3.069 mmHg and 3.069 mmHg,
with average measured pressure ranging from 3.00 to
23.50 mmHg (Fig. 4).

Discussion

Having reliable, reproducible data is imperative to prop-
erly manage critically ill patients whose physiology is in
a state of rapid fluctuation. To prevent monitoring errors
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critical care textbooks emphasize the need to standardize
monitoring processes, emphasizing the need for consis-
tency from shift-to-shift and clinician-to-clinician to pre-
vent data distortion [7]. This study found intraobserver and
interobserver variations in IAP measurement are uncom-
mon but not totally eliminated using a standardized IAP-
monitoring kit and a strictly followed protocol. The cause
of these occasional variations is likely physiological. Prior
to conducting this clinical trial, we extensively evaluated
the monitoring kit using a bench-top of IAP and found no
intraobserver or interobserver variation, making device in-
troduced data variation extremely unlikely [4]. De Potter
et al. [8] have published a similar study, also confirming
that data error is unlikely using a standardized device in
a controlled bench-top setting. The most likely causes of
data variability are patient activity, nursing procedural in-
consistencies, and normal physiological variations of IAP.
Documented study events causing data variability included
coughing, resisting the ventilator, and agitation. These pa-
tient activities resulted in transient elevations in IAP pre-
sumably due to increased muscular activity and abdominal
wall contractions. Other observed inconsistencies during
measurements included incorrect patient positioning (up-
right position increases the pressure) and the timing of the
bladder infusion.

The slight variations in IAP measurement demon-
strated in this study are not surprising. Similar variations
are seen during routine hemodynamic monitoring. As with
IAP measurement, both central venous pressure (CVP)
and pulmonary artery occlusion pressure (PAOP) show
normal physiological fluctuation and require the patient
to be in a nonagitated state and correctly positioned. One
other investigator also noted similar IAP variations [9]. In
an abstract report Peters et al. [9] compared intraobserver
and interobserver variability of 50 nurses to the expertise
of the chief investigator. Nurses’ and chief investigator’s
correlation coefficients were r=0.917 and r=0.988,
respectively. These authors conclude that measuring
IAP according to recognized procedural steps results in
reliable and reproducible data with little intraobserver and
interobserver variability.

Transitioning bench-top experience to the bedside
often presents unanticipated questions. In keeping with
the protocol we adopted the WSACS recommendation to
record IAP at end-expiration. However, it rapidly became
apparent that end-expiratory pressure fluctuates from
ventilation to ventilation and may actually be higher than
inspiratory pressure in patients with forced exhalation.
Rizvi et al. [10] suggest measuring airway pressure
simultaneously to measuring other pressure parameters
that are affected by airway pressure (PAOP, CVP, and
IAP) to correct for forced exhalation. Although potentially
confounding, adjustments for forced exhalation have not
been routinely adopted for CVP or PAOP measurement
and have not been suggested by WCACS for IAP meas-
urement. To simplify and standardize this protocol we
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clarified our IAP measurement recommendation to be
the lowest end-expiratory pressure seen over a 10- to
15-second assessment interval.

A second finding was that IAP fluctuations of 4 mmHg
were relatively common. In this clinical setting we found
that fluctuations over 2 mmHg occurred in 10.5% of paired
measurements. Continuously recorded IAP suggests that
minute to minute variation in IAP is very common [3]. We
do not believe this makes the IAP measurement invalid,
rather it suggests the need to obtain frequent data points to
establish a trend rather than relying on a single measure-
ment to make important management decisions (compara-
ble to CVP, PAOP, and intracranial pressure).

This study has several limitations. The first is that only
18 patients were studied despite the fact that 212 separate
measurements were obtained. However, because this study
focuses on variability between nurses generating a data
point and not on patient characteristics, using the same pa-
tient for repeated data generation reflects a valid variabil-
ity potential. Based on the statistical analysis, it did not ap-
pear that further data collection would change the results or
conclusions, and therefore no further data were collected.
Another limitation of the study was failure to obtain either
the second or the third measurement in every case (total
measurement 212, 188, and 181 respectively). However,
only data points that had a corresponding match and met
the collection time criteria were evaluated.
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This study has several clinical implications. The first is
that by utilizing a standardized measurement device, com-
bined with a clinical protocol to minimize confounding
variables, IAP can be accurately and reliably measured in
critically ill patients. The second is that minute to minute
IAP fluctuations of more than 2 mmHg are common dur-
ing routine IAP monitoring and are likely due to normal
physiological variations. As with other physiological pres-
sures, trends over time and in response to interventions
should be emphasized. Finally, end-expiratory IAP may
fluctuate by 1-3 mmHg during sequential cycles. We sup-
port following the WCACS recommendation to measure
IAP at end-expiration but would add that in consideration
of several respiratory cycles, the lowest IAP be measured.
Simultaneous measurement of airway pressure may also
be considered for improved accuracy in the setting of
forced exhalation, but in a busy ICU setting this may not be
practical.
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