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Summary. In order to improve the accuracy of bladder and urethral pressure recording, a measure-
ment system has been tested experimentally. It is possible to measure absolute pressure values during
withdrawal of the catheter only when the system is constantly perfused. The optimum relationship be-
tween catheter diameter, perfusion rate, withdrawal rate, measurement inertia and systemic resistance

has been analysed.

Key words: Urethral pressure profile - Bladder pressure - Experimental model.

Pressure measurement in the human body has
become an indispensable technique for both
diagnostic and experimental examinations. The
problem of pressure measurement in various
hollow organs and ductal systems is the re-
producible registration of absolute pressure
values. For simultaneous pressure measure-
ment in the bladder and urethra and registration
of the urethral profile we have consiructed a
perfused measuring system including a newly
designed catheter.

The ideal measuring system should fulfil the
five following criteria:

1. the reproducible registration of absolute
pressure values.

2. minimal catheter resistance.

. minimal inertia of registration.

4. simultaneous measurement in both bladder
and urethra.

5. catheters adjustable for various urethral
diameters.
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MATERIAL AND METHODS

Commercial catheters of Charriere 14 to 20
gauge were used. These catheters were fitted

with Polyethylene Microtubes of between 0.38
and 1.67mm diameter. (Fig. 1). The Micro-
tubes were filled with 0.9 % saline or were per-
fused at various perfusion rates from 0.21 to
12.6 ml/min.

Catheter performance was examined by in-
serting the catheter into an elastic rubber tube
contained within a rigid plastic cylinder
(Fig. 2). This model is based on the principle
of the well known Starling resistance (3). The
cylinder pressure was varied between 0 and
100 mm Hg and recordings made with the
catheter stationary and during withdrawal at
5mm/s. Direct cylinder pressure and pressure
obtained via the catheter were simultaneously
registered by Statham transducers onto a chart
recorder.

RESULTS

A non-perfused catheter did not register the
cylinder pressure values accurately during
withdrawal. Using a continuously perfused
system, absolute pressure values were ob-
tained. Accuracy and reproducibility of
measurement depended upon the three factors:



Urol. Res., Vol. 5, No. 3 (1977)

114
channel II
opening | opening 11 ‘
- 7¢cm —
A

transducer

Starling's resistance

—

Manometer

perfusion

pressure ( 0-100mmHg}

1. withdrawal rate
2. perfusion rate
3. diameter of perfused microtube.

Withdrawal rate was held constant throughout
these experiments at 5mm/s. Figure 3 shows
the minimum perfusion rate required in order
to accurately register a pressure of 100 mm Hg
in relation to the microtube diameter. It shows
that registration is not possible when the micro-
tube is of less than 0.46 mm diameter. Using
the results obtained experimentally we calculat-
ed the regression line y = 15x - 12.5 from
which it is possible to extrapolate the corre-

R !

C—
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sponding perfusion rates for any diameter of
microtube. Thus microtube II (diameter 1.14mm)
requires a minimum perfusion rate of 4.4 ml/
min in order to accurately register pressure
waves of 100 mm Hg,

That a minimal perfusion rate is required
in order to register an absolute pressure value
is also shown in Figure 4. This is due to the
inertia inherent in the system and Figure 4
shows the delay in registration at various per-
fusion rates for microtube II (diameter 1.14mm).
These figures are obtained while recording a
pressure of 100 mm Hg. With a perfusion rate
of 0.21ml/min a time interval of 132 seconds



H.H. Schauwecker and D. Hauri: Urethral Manometry 115

ml/min diameter square
126
10k
@
o
s
@
2
& 5
4L
sk
2r square mm?
e 057/101 15 2027

| 5
] T
5 foss 12 15 20
diameter mm

Fig. 3. Minimal perfusion rate to register
absolute pressure values, recording pressure
waves of 100 mm Hg regarding various
diameters of microtubes. (1) Regression line
for change in diameter y = 15x - 12, 5, (2)
Regression line for change in square y = 7,49x
- 3,56

is required for the accurate registration of the
absolute pressure values. At a flow rate of
4.4ml/min the delay in registration approxi-
mates to zero.

The resistance of the tube will give rise to a
constant error in all measurements dependent
upon the diameter and the perfusion rate.
Figure 5 illustrates the catheter resistance at
various flow rates for three different micro-
tubes. Increasing the diameter of the microtube
at a constant flow rate reduces the resistance.
At the minimum flow rate for the registration of
pressure waves of 100 mm Hg, which is 4.4 ml/
min for microtube II, the resistance is 7.5 mm
Hg. When each microtube is examined at the
individually appropriate minimum flow rate re-
quired for the recording of pressures of 100 mm
Hg the resistance approximates to 7.5 mm Hg.

DISCUSSION

It is evident from these results that a perfused
measurement system must be used for the
simultaneous recording of bladder pressure and
the urethral pressure profile. Non-perfused
side-hole catheters do not record absolute
pressure values while the catheter is being
withdrawn. To record absolute pressure values
of 100 mm Hg while withdrawing the catheter a
minimum perfusion rate is required for each
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Fig. 4. Time interval necessary to record

the given chamber pressure of 100 mm Hg using
various perfusion rates (inertia of registra-
tion). These values belong to the microtube
with diameter of 1,14 mm

mmiHg  Microtube I:squure=2.17mm2=diurneter 1.67mm

20 v I 10mmi= 0 1Llhmm
I wom: v 15%mm’= «  086mm

@ i

j g

o

@

0

[}

D|51O—

= I

g

g7

3

2_

‘]_

717 T T R
0311162231 44 62 8.6 mi/min 12.6

Perfusion rate

Fig. 5. Systemic resistance using 3 commercial
polyethylene microtubes with various flow rates
tube I  diameter 1,67 mm square 2,17 mm?
tube II diameter 1,14 mm square 1,01mm2
tube III diameter 0,86 mm square 0,57 mm?2

diameter of microtube (Fig. 3). It is possible
to use a lower perfusion rate for simple with-
drawal measurement in the urethra (e.g. with-
out coughing or abdominal pressures) for
recording pressure waves lower than 100 mm
Hg.
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The resistance for all tested microtubes pressure waves of high frequency such as
using the individual minimum perfusion rates coughing and abdominal pressure. These find-
is 7.5mm Hg. An error in measurement which ings are contrary to the results of Drouin and
increases with increasing perfusion rates, is McCurry (1).
more the result of a systemic resistance than The experimental model shows a direct de-
of viscous effects (2). The systemic resistance pendence of the accuracy in pressure record-
can be cancelled out because it is added linear- ing on the diameter of the microtubes and the
ly to all absolute pressure values measured perfusion rate. With the diagrams in Figures
during an examination. Therefore absolute 3-5 it is possible to find the optimal correla-
pressure of 50 or 100 mm Hg will be recorded tions for construction and management of the
by the system as 57.5 or 107.5mm Hg. This measuring system regarding diameter of
constant factor cancels out when the system microtubes, diameter of catheter, measure-
is calibrated. Using a higher perfusion rate in ment inertia, perfusion rate and withdrawal
a constant diameter microtube, the systemic rate.

resistance rises (Fig. 5). By increasing the
perfusion rate, the inertia of measurement
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