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Abstract Drugs are increasingly being used to promote
stone passage in renal colic. Diclofenac, nifedipine and
tamsulosin cause ureteric smooth muscle relaxation
in vitro; however, in clinical trials nifedipine and tamsulo-
sin promote stone passage whereas diclofenac has no
apparent benefit. We adapted a ureteric pressure transducer
catheter in an attempt to compare the human ureteric
response to these drugs in vivo. The catheter was inserted
into the contralateral ureter following ureteroscopy for
stone disease. Contraction frequency, pressure and velocity
measurements were recorded at 24 h. Each patient was ran-
domly allocated to receive oral diclofenac, nifedipine or
tamsulosin. Measurements were taken following drug
administration. Eighteen patients (mean age 50 years) were
recruited. Two patients were excluded intraoperatively and
three required early removal of the catheter. Prior to drug
administration, the mean number of contractions recorded
was 0—4.1/min and the peak contraction pressure ranged
from 11 to 35 mmHg. Conduction velocity ranged from 1.5
to 2.6 cm/s. Ureteric peristalsis persisted in all patients
despite these drugs. Diclofenac and nifedipine produced
inconsistent ureteric pressure responses but had little effect
on contraction frequency. Tamsulosin significantly reduced
ureteric pressure but had no effect on contraction frequency.
There are many limitations associated with the use of ure-
teric catheters, however, they may provide some useful
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information when used to record the response to an inter-
vention in the same patient. These preliminary results sug-
gest a reduction in pressure generation may be the essential
factor in the promotion of stone passage. More work is
required but these drugs may work by preventing the
increased, uncoordinated muscular activity seen in renal
colic whilst maintaining peristalsis, thereby promoting
stone passage.

Keywords Alpha antagonist - Calcium channel
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Introduction

Clinical research suggests stone passage in renal colic may
be promoted by ureteric relaxation using smooth muscle
relaxant drugs such as nifedipine or tamsulosin [1, 2]. How-
ever diclofenac, a prostaglandin synthetase inhibitor, appears
to reduce ureteric activity in vitro without promoting stone
passage in clinical trials [3].

Designing a method to record human ureteric activity
without causing interference is difficult. To date, various
methods have been used combining ureteric catheters with
strain gauges, strain gauge manometers or electromanome-
ters [4-9], endoluminal ultrasound [10] or laparoscopic
ultrasound [11]. A 4F silicone rubber ureteric catheter with
two pressure transducers has been designed by Gaeltec Ltd,
Dunvegan, Isle of Skye, UK and used to record the return
of peristalsis post ureteroscopy [12]. Ureteric activity was
shown to be highly variable within the first 24 h of ureter-
oscopy. Although effective at recording ureteric activity,
there were problems with insertion due to its small size and
absence of an internal lumen.
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The aim of this study was to devise a method for moni-
toring human ureteric activity and the ureteric response to
smooth muscle relaxant drugs without the need for anaes-
thesia during monitoring. Initial work aimed to determine
the ease of insertion, tolerability and quality of recordings
achieved using a modified version of the ureteric catheter
designed by Young etal. [12]. The catheter was subse-
quently used in an attempt to compare the proximal ureteric
response to diclofenac, nifedipine and tamsulosin. The aim
was to provide further information regarding the use of
these drugs in the promotion of stone passage.

Methods

We increased the catheter diameter to 6F and incorporated
a 4 cm distal hollow tip to allow insertion over a standard
0.035" guidewire (Fig. 1). The data recorder connects
directly to the catheter to record activity.

With Local Research Ethics committee approval, we
approached patients admitted for unilateral ureteroscopy
for stone disease for inclusion. Those patients on medica-
tions known to affect ureteric peristalsis in vitro were
excluded (a-adrenoceptor antagonists [13], f-adrenoceptor
agonists [14, 15], calcium channel antagonists [16], nitrates
[17, 18], angiotensin converting enzyme inhibitors [19],
non-steroidal anti-inflammatory drugs [20-22] and cyclo-
oxygenase Il inhibitors [23, 24]). Patients with bilateral dis-
ease, previous contralateral disease or instrumentation of
the contralateral ureter were also excluded.

Following informed consent, the ureteric catheter was
inserted into the contralateral ureter over a guidewire and
attached to a urethral catheter during the same anaesthetic.
The radio-opaque pressure transducers allowed confirma-
tion of position within the proximal ureter. All patients
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Fig. 1 The 6F ureteric pressure transducer catheter used for these
experiments
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received antibiotic prophylaxis on induction (3 mg/kg
intravenous gentamicin). Patients were allowed paraceta-
mol or morphine based analgesia only in the postoperative
period to prevent interference with results. None of the
recordings were performed during the duration of action
for morphine.

Post-operatively, the catheter was connected to the
Gaeltec Nanologger™ recorder to record peristaltic activ-
ity. Measurements were made 24 h post insertion follow-
ing recovery from general anaesthesia. Patients were asked
to remain on their beds during recording. An initial record-
ing of ureteric activity was made over 1 h and then patients
were randomly allocated to receive one oral dose of dic-
lofenac 50 mg, long acting (LA) nifedipine 10 mg or tam-
sulosin modified release (MR) 400 mcg. The time the drug
was given was noted. The drug effect was presumed to
occur at T, (time of maximal drug concentration) and
therefore, data was obtained for 1 h following T\, (Tpax
values: diclofenac 60 min, nifedipine LA 80 min and
tamsulosin MR 240 min). Due to the positioning of the
ureteric catheter, only proximal ureteric activity was
measured.

All patients were encouraged to maintain a fluid intake
of 2.5-3 L/day whilst the catheter was in situ.

The ureteric and urethral catheters were removed on the
ward by deflating the urethral catheter balloon and with-
drawing both catheters simultaneously. The urethral cathe-
ter was discarded. The ureteric catheter was washed with
soap and water and sterilised using Cidex OPA (0.55%
ortho-phthalaldehyde) solution.

Eighteen patients were recruited into this study, ten
females and eight males. The mean age was 50 (range 36—
67) years. Two patients were excluded intraoperatively due
to failed catheter insertion.

Since this was an initial pilot study, the sample size is
small. The results do not have a normal distribution and
therefore the data is presented in terms of median and inter-
quartile range (IQR). Rank sum test is used to determine
significance between pre and post drug values for contrac-
tion frequency and pressure generation.

Results

Sixteen patients (89%) had successful insertion of the ure-
teric pressure transducer catheter. Three of these sixteen
patients (19%), two males and one female, required early
removal of the catheter due to persistent discomfort at 5, 7
and 6 h post insertion (patients 3, 4 and 18). The discomfort
resolved rapidly following catheter removal in the two male
patients; however the discomfort persisted in patient 18 and
was thought to be related to the ureteric stent in the contra-
lateral ureter.
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Pre drug data

Table 1 summarises the patient details, mean, median and
IQRs for contraction frequency and pressure prior to
administration of any drug.

Thirteen patients (81%) tolerated the catheter for the
required 24 h. Unfortunately, one patient (patient 14) was
given the test drug by a third party prior to obtaining a base-
line recording of activity and therefore no pre drug data is
available.

In the remaining 12 patients, the catheter provided suffi-
cient tracings to allow calculation of contraction frequency
and pressure. These values were obtained from 1-h record-
ings taken at 24 h post insertion. The mean number of

contractions recorded ranged from O to 4.1/min and the
mean peak pressure generated ranged from 11 to 35 mmHg.

Patient 17 had visible activity at 5h post insertion,
however by 24 h, only very occasional contractions were
discernable.

Ureteric contractions have a typical appearance. Ten
contractions were seen over 3 min in Fig. 2a, resulting in a
mean contraction frequency of 3.3/min. Although in the
first tracing, the contractions appear to be regular, ureteric
activity was observed to vary in both frequency and pres-
sure in all patients, as shown in the second tracing from the
same patient 5 min later (Fig. 2b).

Although clear contractions were recorded in the major-
ity, patients 5, 7 and 8 were seen to have erratic contrac-

Table 1 Patient details, contraction frequency and pressure generation at 24 h post catheter insertion

Patient no. Age Sex Contraction frequency/min Pressure generation/mmHg
Mean Median IQR Mean Median IQR
1 47 F 1.53 1 1-2 144 15 11.5-17
2 55 M 0.76 0.5 0-1 17.4 13 9.3-23
5 63 M 0.58 0 0-1 10.5 9 6.5-13
7 64 M 0.4 0 0-1 12.7 11.5 9-16.3
8 58 F 04 0 0-1 12 10 9-14.5
9 44 F 4.1 4 3-5 21 21 19-23
10 57 M 1.58 1 0.8-3 34.7 35 32-39
11 48 F 0.77 1 0-1 14.2 13 10-17
13 60 F 2.58 3 2-3 25.1 25 22-28
15 54 F 0.18 0 0-0 15.6 15 13.5-18.5
16 53 F 1.03 2 2-2 27.4 28 23.3-32
17 48 M 0 0 0-0 23 23 -
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tions, sometimes biphasic or triphasic in morphology
(Fig. 3). These three also recorded the lowest contraction
frequencies. It is likely that this disruption to peristalsis was
due to the presence of the catheter.

The presence of two pressure transducers 5 cm apart
allowed calculation of conduction velocity. Provided both
transducers were sited within the ureter, conduction veloc-
ity could be calculated from the time the contraction peak is
recorded by the first transducer (P1), to the time it is
recorded by the second transducer (P2). In Fig. 4, peak 1
occurred at 0.9 s and peak 2 at 2.8 s. Therefore it took 1.9 s
for the peristaltic wave to travel 5 cm, equivalent to a con-
duction velocity of 2.6 cm/s.

Clear contractions were recorded synchronously by
both transducers in five patients. The results are summar-
ised in Table 2. The median conduction velocity ranged

Table 2 Conduction velocity data obtained using the ureteric pressure
transducer catheter

Patient no. Conduction velocity (cm/s)

Mean Median IQR
11 2.68 2.6 2.6-2.8
13 2.18 2.1 2.1-2.3
15 2.48 2.5 24-25
16 1.5 1.5 1.4-1.5
17 1.85 1.85 1.8-1.9

from 1.5 to 2.6 cm/s. It is likely that proximal migration
of the catheter prevented both transducers recording
simultaneously in the other patients. However representa-
tive recordings were still obtained using the more distal
transducer.

Post drug data
Diclofenac

Three patients had complete data from before and 60 min
following the administration of oral diclofenac 50 mg (see
Table 3).

According to the results obtained for patient 1, diclofe-
nac does not appear to have any effect on contraction fre-
quency or pressure generation. However both patients 15
and 16 showed a significant increase in contraction fre-
quency and pressure generation in the proximal ureter of
these patients.

Nifedipine

Three patients had complete data from before and 80 min
after the administration of oral nifedipine (Adalat) 10 mg.

Patient 5 showed a significant increase in contraction
frequency, whereas patient 7 shows no difference and
patient 10 demonstrated a significant reduction in contrac-
tion frequency (see Table 4).
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Table 3 Contraction frequency and pressure data from patients before and after diclofenac
Patient no. Contraction frequency/min Pressure generation/mmHg

Mean Median IQR P Mean Median IQR P
1: Pre drug 1.53 1 1-2 0.83 14.4 15 11.5-17 0.53
Post drug 1.48 1 1-2 14 14 12-16
15: Pre drug 0.18 0 0-0 0.03 15.6 15 13.5-18.5 0.02
Post drug 0.49 0 0-1 20.4 20 17.5-24
16: Pre drug 1.03 2 2-2 0.05 274 28 23.3-32 <0.001
Post drug 1.58 2 1-2 59 60 58-61
Table 4 Contraction frequency and pressure data from patients before and after nifedipine
Patient no. Contraction frequency/min Pressure generation/mmHg

Mean Median IQR Mean Median IQR P
5: Pre drug 0.58 0 0-1 0.04 10.5 9 6.5-13 0.08
Post drug 1.11 1 0-1.8 9.1 8 5.5-10
7: Pre drug 04 0 0-1 0.52 12.7 11.5 9-16.3 0.92
Post drug 0.43 0 0-1 133 12 9.3-14
10: Pre drug 1.58 1 0.8-3 0.01 34.7 35 32-39 <0.001
Post drug 0.89 0 0-2 194 22 11.5-25

Patients 5 and 7 showed no change in pressure genera-
tion, however, patient 10 showed a significant reduction in
pressure generation. Patients 5 and 7 have already been
noted to have abnormal contraction patterns presumed to be
related to the presence of the catheter and therefore their
results may be less representative of their activity.

Tamsulosin

Two patients had complete data from before and 240 min
following oral tamsulosin MR 400 mcg (see Table 5).

Patient 9 showed a significant reduction in contraction
frequency (P < 0.001). Tamsulosin did not appear to affect
the contraction frequency in patient 13 (P =0.95). How-
ever, both patients showed a substantial reduction in pres-
sure generation (P < 0.001 in both patients).

One patient developed symptoms resembling renal colic
90 minutes following the administration of tamsulosin
(patient 2). This required removal of the catheter prior to

the onset of drug action (7,,, 240 min) and so was consid-

ered to be related to the presence of the catheter not tamsul-
osin. The tracing obtained during this episode is shown in
Fig. 5 As compared with the tracing in Fig. 2, the activity
can be seen to be uncoordinated with abnormal contrac-
tions; both the contraction frequency and pressures are
increased and the contractions no longer appear similar.

Discussion

There are many published studies reporting human ureteric
activity [4-7, 9—11]. There are far fewer studies reporting
the ureteric response to drugs in vivo. None of those pub-
lished to date report the in vivo response to diclofenac,
nifedipine or tamsulosin.

Designing a method to record human ureteric activity
with minimal interference to peristalsis is difficult. To date,
various methods have been used combining ureteric cathe-
ters with strain gauges, strain gauge manometers or electro-
manometers [4-7, 9], endoluminal ultrasound [10] and

Table S Contraction frequency and pressure data from patients before and after tamsulosin

Patient no. Contraction frequency/min Pressure generation/mmHg

Mean Median IQR Mean Median IQR P
9: Pre drug 4.1 4 3-5 <0.001 21 21 19-23 <0.001
Post drug 3.1 3 2-3.8 11.9 12 9-14
13: Pre drug 2.58 3 2-3 0.95 25.1 25 22-28 <0.001
Post drug 2.67 3 2-3 16.1 16 14-18
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Fig. 5 Three-minute tracing
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laparoscopic ultrasound [11]. The early ureteric catheters
used fluid columns or external transducers with various
complications. The more recent sophisticated methods have
either required concurrent anaesthesia or fail to provide
data on all the variables possible with this catheter. For the
majority of patients involved, the catheter was well toler-
ated for over 24 h. This allowed excretion of the drugs used
for anaesthesia prior to any measurements being recorded.

There are many problems associated with this study.
Extraluminal methods for recording ureteric activity are
generally preferred over intraluminal methods predomi-
nately due to the presumed effect the catheter presence can
have on the ureter. 7F ureteric stents have been shown to
reduce ureteric activity within 4 h of placement and com-
pletely ablate ureteric peristalsis by 1 week [25].

Three of the 13 patients (23%) were noted to have con-
traction abnormalities presumed to be due to the presence
of the catheter. This has always been considered the main
limitation with the use of intraluminal methods for monitor-
ing ureteric activity. However, the contractions in these
patients were clearly different, having biphasic and tripha-
sic appearances. Conversely, the remaining ten patients
(77%) had clear, reproducible contractions, which closely
resembled those seen during episodes of spontaneous activ-
ity in human ureteric smooth muscle strips in vitro [13].
The contractions recorded have similar morphology to
those reported previously using various other methods [6—
9, 26]. It would therefore appear to be true that ureteric
catheters may affect ureteric activity; however, this assump-
tion does not appear to be true for the majority of patients
and is certainly obvious when it does occur.

Extraluminal methods are inferior since no information
regarding intraureteric pressures can be obtained. It is rea-
lised that intraluminal catheters most likely increase intra-
luminal pressures due to their presence, however, if the
pressure values recorded are used to compare the effect of
an intervention on the same patient, the changes in pres-
sure, rather than the absolute values, may still provide
important information.

Extraluminal methods are generally more invasive,
requiring electrode placement or intra-abdominal ultra-
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sound at laparotomy or laparoscopy. Although these fre-
quency recordings are assumed to be more accurate,
ureteric physiology is likely to be affected by operative dis-
section/exposure and the anaesthetic agents necessary.
Butcher et al. [27] demonstrated that mobilisation of the
canine ureter altered contraction amplitude and conduction
velocity for as long as 20-30 min. Drugs used for general
anaesthesia also have a relaxant effect on the ureter in vitro
[28] and therefore these results may still be under represen-
tative.

Direct comparisons between intraluminal and extralumi-
nal methods are difficult; however, studies suggest a slightly
higher contraction frequency rate recorded by extraluminal
methods [5-7, 9, 11, 29].

Despite limitations and complications, the ureteric cath-
eter provided important information regarding the in vivo
action of these three drugs. Contrary to results from animal
studies, diclofenac does not cause complete ablation of
human ureteric activity in vivo [21, 23]. In this study, ure-
teric contractions continued despite these drugs. Ureteric
peristalsis has always been assumed to be essential for the
spontaneous passage of stones and this work showed these
drugs did not affect peristalsis.

Diclofenac appeared to increase both ureteric contrac-
tion frequency and pressure generation in the proximal ure-
ter in vivo. Nifedipine had a variable effect; however, the
most representative tracing (patient 10) showed a reduction
in both contraction frequency and peak contraction pres-
sure. Tamsulosin resulted in a significant reduction in the
peak contraction pressure, with a variable effect on contrac-
tion frequency.

Finally problems with equipment failure and loss of data
during transfer meant that the proportion of useable patient
data was reduced. It must therefore be stressed that the
ideal method for monitoring human ureteric activity
remains unknown. However it would be worthwhile repeat-
ing these experiments using a 4F catheter of the same
design to determine whether tolerability and recording
quality improves. It would also be worthwhile using a
shorter version to monitor distal ureteric activity since tam-
sulosin has its predominant effect on the distal ureter [13].
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This study has demonstrated that peristalsis persists
despite the use of these drugs. Smooth muscle relaxant
drugs may reduce the ability to increase pressure during a
contraction, which would have the advantage of reducing
the ability to develop muscle spasm and the increased unco-
ordinated activity seen in renal colic. Greater numbers are
required to determine the effect on contraction frequency.
However further experiments would be preferred using the
same catheter design but with a 4F catheter diameter to
limit interference.

Conclusion

This ureteric pressure transducer catheter remains less than
ideal for monitoring ureteric activity; however, from these
preliminary results diclofenac may increase pressure gener-
ation. Nifedipine had conflicting effects on contraction fre-
quency but may decrease pressure generation. Tamsulosin
significantly reduced pressure generation whilst maintain-
ing contraction frequency in the proximal ureter. Most
importantly, all three drugs allowed peristalsis to continue.
The reduction in pressure generation seen with tamsulosin
may be the essential factor in the promotion of stone pas-
sage.
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