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Abstract Objective: To evaluate
the efficacy of the urine column (UC)
measurement compared to the intra-
vesicular pressure (IVP) measure-
ment as an estimation of intra-
abdominal pressure (IAP) in patients
with IAP up to 30 mmHg. Meth-
ods: Fifteen patients undergoing a
laparoscopic cholecystectomy were
studied. All patients were catheter-
ized. IVP measurements were
performed using a pressure transducer
connected to the culture aspiration
port. UC measurements were done by
holding up the tubing against a mea-
suring rod. The symphysis pubis was
used as the zero-reference. IAP was
raised from 0 to 30 mmHg using
increments of 5 mmHg, during which
first the IVP and then UC measure-
ment series were recorded end-
expiratory. Fifty and 100 ml of saline
were used as a priming volume.
Results: The IVP and UC measure-
ments showed a significant

correlation with IAP. Comparing IVP
and UC showed a correlation of 0.91
(p \ 0.001) for 50 ml and 0.87
(p \ 0.001) for 100 ml of saline as a
priming volume. Using 50 ml of sal-
ine, UC was 0.68 mmHg higher than
IVP (95% CI -7.21 to
?5.85 mmHg). For 100 ml of saline,
UC was 1.23 mmHg lower than IVP
(95% CI -7.41 to ?9.87 mmHg).
Conclusion: UC measurement
shows significant correlation to IVP
measurement as an estimation of the
IAP. Further study needs to be done
to conclude whether UC measure-
ment is a reliable clinical alternative
to IVP measurement.

Keywords Gastrointestinal
problems � Peri-operative care �
Multiple organ failure

Introduction

In recent literature, intra-abdominal hypertension (IAH)
and the abdominal compartment syndrome (ACS) have
encountered increasing attention [1–3]. The lack of uni-
formity in definitions for these two entities makes
comparisons between different studies difficult [4, 5], and
has led to a set of proposed definitions [6]. IAH is defined
by a sustained or repeated pathological elevation in intra-
abdominal pressure (IAP) C12 mmHg. The ACS is a
sustained IAP[20 mmHg (with or without an abdominal

perfusion pressure \60 mmHg) that is associated with
new organ dysfunction or failure [6].

Indirect methods to obtain the most reliable estimation
of the IAP are intra-gastric, inferior vena cava, or intra-
vesicular pressure (IVP) measurements [7]. IVP mea-
surement has become the gold standard in contemporary
medical literature. Kron et al. [8] were the first to describe
this method, later on revised by others [9, 10].

IVP measurement entails using a pressure transducer,
prone to mechanical failure and it is somewhat laborious
in performing. An alternative method to estimate the IAP
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is the so-called urine column (UC) measurement or U-
tube technique, first described by Harrahill [11]. This easy
and straightforward method entails raising the urine
catheter and connected tubing, hereby measuring the level
of the UC to the symphysis pubis, which is used as a zero-
reference.

The main aim of the current study was to evaluate the
efficacy of the UC measurement compared to the IVP
measurement as an estimation of IAP in patients with IAP
up to 30 mmHg. In addition, we undertook this study to
determine the most reliable bladder volume as a priming
volume.

The results of this study have been presented at the
Third World Congress on the Abdominal Compartment
Syndrome in Antwerp, March 2007 and published as an
abstract [12].

Methods

Study population

Fifteen patients undergoing a laparoscopic cholecystec-
tomy between May 2005 and January 2006 in the Máxima
Medical Centre in Veldhoven, the Netherlands, were
included in this prospective, non-randomized study.
Exclusion criteria were ventricular dysfunction
(EF \ 25%), COPD (PaCO2 [ 50 mmHg, FEV1 \ 1L),
previous bladder operations, neurogenic bladder dys-
function, recurrent urinary tract infections, pregnancy and
patients under the age of 18. For each patient Body Mass
Index [BMI (kg/m2)] was recorded. The study was
approved by the local ethics committee. All patients gave
written informed consent.

IVP and UC measurements

All procedures were performed in the operating theatre
under general anesthesia. Patients were mechanically
ventilated and catheterized with a Foley catheter. A uri-
nary drainage bag (Urimeter, Unomedical, Birkerød,
Denmark) was attached. A urine column-measuring rod,
developed for this study by the hospital technical depart-
ment, was placed between the patient’s legs. The catheter
and proximal tubing were attached to the horizontally
placed bar of the rod, using the symphysis pubis as zero-
reference. After emptying the bladder, 50 ml of warmed
(35–37�C) saline was instilled as a priming volume via the
culture aspiration port. A clamp was applied to the tubing
of the urinary drainage bag just distal to the culture aspi-
ration port once the saline had filled the catheter and
tubing up to that point. A pressure transducer was then
inserted in the culture aspiration port via a 16 gauge needle
and connected to the respiratory monitor (Dräger Cicero,

Dräger Medical, Lübeck, Germany), from which the IVP
measurements were recorded. The system was calibrated
with the patient in a supine position.

The pneumoperitoneum was created using insufflation
of carbon dioxide. After proper positioning of the first
trocar, the pneumoperitoneum was released to zero on the
laparoscopy unit (Storz Endoscope, Karl Storz, Tuttlin-
gen, Germany). This IAP measurement was used as the
zero point, reflecting physiological IAP. IAP was then
raised from 0 to 30 mmHg using increments of 5 mmHg,
during which the IVP was recorded end-expiratory after
5–10 s of equilibration.

After releasing the pneumoperitoneum, the tubing was
held up against the measuring rod. Only then was the
clamp removed, preventing drainage of priming volume
into the bag. UC measurements were performed by
repeating the steps as described above. The tubing was
held up against the measuring rod and values recorded.
The bladder was then emptied and instilled with 100 ml
of warmed saline, after which both IVP and UC mea-
surements were repeated as described above.

Summarizing, we performed IVP and UC measure-
ments with 50 and 100 ml of saline as a priming volume,
respectively, leading to four series of seven measurements
per patient, using the laparoscopically measured IAP as
standard.

All measurements were done by the same researcher
(H. v d S.). For analysis, the unit for UC measurements
was converted from centimeters of water (cm H2O) to
millimeters of mercury (mmHg) (1 mmHg = 1.36 cm
H2O).

Statistical analysis

Correlation coefficients between IAP and both IVP and
UC measurements with 50 and 100 ml of saline were
calculated with multiple regression analysis taking into
account the within-patients variation. Bland and Altman
plots were drawn. Bias values were calculated as the
mean of difference between IVP and UC measurements,
with its 95% limits of agreement (LA) for each volume
(50 and 100 ml) using precision estimates (or SD of the
bias). The percentage error was calculated as the LA
divided by the mean IAP or mean IVP [13]. Partial cor-
relation coefficients were estimated to control for the
effect of BMI on the relation between IVP and UC
measurements (50 and 100 ml). Statistical significance
was accepted with a p value less than 0.05.

Results

The mean age of the 15 patients (10 females) was 45.1 ±
11.2 years and the mean BMI was 27.3 ± 4.3 kg/m2.
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The IVP and UC measurements showed significant
correlations with IAP using both priming volumes of 50 ml
(R = 0.96 and 0.92; p \ 0.001, respectively) and 100 ml
of saline (R = 0.93 and 0.90; p \ 0.001, respectively).

Comparing IVP and UC showed a correlation of 0.91
(p \ 0.001) for a priming volume of 50 ml and a corre-
lation of 0.87 (p \ 0.001) for 100 ml of saline.

Correcting for the effect of BMI, partial correlations
between IVP and UC were 0.91 (p \ 0.001) for 50 ml
and 0.87 (p \ 0.001) for 100 ml of saline.

The differences between IVP and UC measurements
as function of the mean of the IVP and UC measurements
are presented in Bland and Altman plots, shown in Fig. 1.
Using 50 ml of saline, UC was 0.68 mmHg higher than
IVP with 95% LA of -7.21 to ?5.85 mmHg. For 100 ml
of saline, UC was 1.23 mmHg lower than IVP with 95%
LA of -7.42 to ?9.87 mmHg (Table 1).

Discussion

IAP has been shown to be a relevant parameter in criti-
cally ill patients. Measuring IVP using a pressure
transducer is the most frequently described indirect
method of estimating IAP. Our results show that both IVP
and UC measurements reflect IAP. Moreover, the present
study indicates that UC measurement could be a good
clinical alternative to IVP measurement. Measuring UC
instead of IVP has several advantages. It is simple, non-
time consuming, easily reproducible and cheap.

Based on our experience and findings during this
study, we are of the opinion that while performing a UC
measurement, three criteria should be met. First, the
meniscus of the UC must show respiratory variation.
Secondly, the meniscus should remain stable in relation to
the symphysis pubis, regardless of tube movement.
Thirdly, applying gentle oscillations to the abdomen
should be seen in the UC. These three conditions define a
proper functioning UC. If these are not met, the most
likely cause is the presence of an air bubble in the system.

In order to objectively appreciate the presented results,
a few potential drawbacks of our study should be
considered.

Using the symphysis pubis as a reference point has
been common practice in performing IVP measurements.
However, the exact localization of the symphysis pubis in
daily practice is subject to interpretation due to differ-
ences in patient body habitus, and lack of consensus of
using the bony rim or another point as the actual sym-
physis. Because of this variable interpretation, the mid-
axillary line at the level of the iliac crest, which is easier
to palpate, even in obese patients, is now being advocated
as the zero reference point [6, 14].

Our measurements were performed during valuable
operating time. This allowed us only 5–10 s as

equilibration time. Chiumello et al. [15] performed a study
using a priming volume of 50–200 ml, performing mea-
surements after 5–10 s, and after 5 min of equilibration.
There was a significantly lower IAP at 5 min compared to
5–10 s, although only with 150–200 ml as a priming vol-
ume. For 50 and 100 ml, the amounts generally used in
clinical practice, this significance was not seen. Neverthe-
less, based on their findings, it was suggested that a
sufficient equilibration time be used to allow for a reliable
IVP measurement. Possibly in our study, using only 5–10 s
of equilibration, IVP and UC may have been overestimated.

Fig. 1 a Bland and Altman plot displaying mean differences
between IVP and UC measurements (mmHg) versus average of IVP
and UC measurements (mmHg), using 50 ml of saline. The solid
line represents the mean difference between both methods, and the
dashed lines represent 95% limits of agreement. b Bland and
Altman plot displaying mean differences between IVP and UC
measurements (mmHg) versus average of IVP and UC measure-
ments (mmHg), using 100 ml of saline. The solid line represents
the mean difference between both methods, and the dashed lines
represent 95% limits of agreement
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The volume of bladder priming has been reported to
act as a confounding factor [16, 17]. For years priming
volumes of 50–100 ml have been used [8, 15, 18, 19]. Our
present study protocol was based on these studies.
Recently, however, a study was published in which
priming with 50 and 100 ml increased the measured IVP
compared to 10 ml [20]. Unfortunately, actual IAP was
not measured and used as a reference.

Based on the available evidence, an international
consensus group of critical care specialists stated that the
reference standard for intermittent IAP measurement is
via the bladder with a maximal instillation volume of
25 ml of sterile saline [6].

Although BMI has been suggested to be a possible
confounding factor [21], we did not find different corre-
lations between IVP/UC and IAP when taking the BMI
into account.

The Bland and Altman plots (Fig. 1) show that the
difference between UC and IVP for both 50 and 100 ml as
a priming volume was lower than 1.3 mmHg. Recently,
De Waele et al. [13] stated that in performing adequate
IAP measurements, bias should be 0 mmHg (range -1 to
?1 mmHg) with maximum allowed LA within a range of
4 mmHg (LA = bias ± 4 mmHg). Yet, due to our small
study population, the LA were rather wide (up to
-8.95 mmHg and ?10.85 mmHg).

The plots also show that the distribution does not
change with increasing pressure. The results suggest that
UC measurements apply even at higher pressure ranges,
although a larger study population is needed to substan-
tiate this.

The manner in which we performed our measurements
in the present surgical setting might have been of influence
on the obtained results. Using the sequence of IVP and UC
measurement at 50 and 100 ml, respectively, in three
patients we observed that after releasing an IAP of
30 mmHg (finishing the IVP measurement), the zero
measurement of the following UC was surprisingly high
compared to the previously measured zero pressure of IVP.
We hypothesize that due to intrinsic detrusor activity the
bladder does not have the ability to relax fast enough before
proceeding to next measurements. As this study was per-
formed during valuable operating time, we were unable to
prove this hypothesis. Nevertheless, we found a significant
correlation between IVP and UC measurements. In order to
limit any possible intrinsic detrusor activity due to sudden
temperature changes, the priming fluid was warmed to
body temperature (35–37�C) before instilling.

This study was conducted in a surgical setting, with
patients relatively healthy and under general anesthesia.
Whether our findings can be extrapolated to the critical
care patient with signs of the ACS is subject to further
investigation.

Conclusion

Based on our results we conclude that UC measurement
could be a good, non-invasive clinical alternative to IVP
measurement as an estimation of the IAP.
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