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Abstract We searched to review experimental and
clinical trials concerning the capabilities of impacting
on the ureteric and pelvic activity by means of pharma-
cological stimulation. Ureteropyeloscopy may cause
high renal pelvic pressure. The normal pressure is in
the range of 5-15mmHg whereas pressure of
410 mmHg has been measured during endoscopy. The
threshold pressure for intrarenal reflux is about
35 mmHg. Studies in animals have revealed that high
renal pelvic pressures may cause permanent damage to
the renal parenchyma. Furthermore, it has been dem-
onstrated that elevated pressures may entail an
increased risk of several complications related to
endourological procedures including bleeding, perfora-
tion and infection. In other words, means by which
intrarenal pressure could be lowered during endouro-
logical procedures might be beneficial with respect to
clinical outcomes. In vitro experiments support the
existence of different receptors in the ureter and renal
pelvis. The ureteric and pelvic responses to the corre-
sponding neurotransmitters have been determined. It
seems that o-adrenergic and cholinergic agents are
stimulating whereas B-adrenergic agents inhibit ure-
teric activity. The effect may depend on the mode of
administration. Drugs exerting advantageous effects in
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the pyeloureter may cause undesirable systemic side
effects when administered intravenously. In animal
studies, renal pelvic pressure can be significantly low-
ered by topical administration of f-adrenergic agonists
without systemic side effects. In vivo human studies are
necessary to clarify the exact dose-response relation-
ship and the degree of urothelial absorption of a drug
before clinical use may be adopted.
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Introduction

Ureteropyeloscopy is regarded by most urologists as a
minimal invasive procedure followed by few complica-
tions. The primary peroperative worries are risk of per-
foration or even rupture of the ureter. There have
been, however, some reports of other risks. Pyelove-
nous lymphatic migration of transitional cell carcinoma
following flexible ureterorenoscopy has been pre-
sented, suggesting that cancer cells may be spread
because of elevated pelvic pressure [1]. Furthermore,
high pelvic pressures could result in pyelorenal back-
flow with potential risk of bacteraemia and sepsis [2, 3].
Accordingly, the challenge of lowering the intrarenal
pressure during endourological procedures is interest-
ing from a clinical point of view.

Today NSAIDs and a-adrenergic blockers are used
for medical modulation of the motility in the upper uri-
nary tract in the case of renal colic secondary to urete-
rolithiasis [4-6]. Prostaglandin synthetase inhibitors
and cyclooxygenase inhibitors have been shown to
mediate spasmolytic effects in the ureter [7, 8]. NSAIDs
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are currently considered a first-line treatment of renal
colic because of the analgesic effect. Indomethacin was
found to reduce smooth muscle activity in human renal
pelvis [4] and in pigs indomethacin reduced intrapelvic
pressure when administered intravenously [9]. The o-
blocker tamsulosin has in several studies been proven
to mediate an increased expulsion rate of ureteric
stones [6, 10, 11]. These findings suggest that patients
with small stones in the distal ureter may benefit from
this kind of medical therapy because it may induce
spontaneous stone passage. Influence on renal activity
and pelvic pressure during endourological procedures
resulting in more beneficial outcomes, i.e. fewer com-
plications and higher success rates, would extend the
clinical perspectives of pharmacological modulation in
the upper urinary tract.

In animals, high renal pelvic pressures have been
shown to cause irreversible damage to the renal paren-
chyma [3, 12, 13] (Tables 1, 2). Intraluminal renal pel-
vic pressure depends on several factors: the tension in
the pelvic wall, the compliance in the ureteropelvic
junction, the actual urine flow, external pressures
exerted by surrounding structures and the actual sys-
tem capacity [14].

The normal pelvic pressure is in the range 5-15 mmHg
[3, 13-15]. During ureterorenoscopy, renal pelvic pres-
sure as high as 410 mmHg has been measured [16]. The
pressures vary according to the surgical devices used
for instrumentation, the mode of irrigation (e.g. the
height of the irrigation bag, use of manual syringe or

mechanical roller-pump device) and the filling of the
bladder. In the case of pre-existing ureteric obstruc-
tion, the pressure may be lower according to the dis-
tended urinary tract [3, 16]. The mere introduction of
the flexible ureteroscope into the ureter raises the
renal pelvic pressure in the range 20-25 mmHg, “the
scope effect” [3] and a further rise of 20 mmHg may be
found in the case of a full bladder. Individual variations
in anatomy and compliance of the upper urinary tract
will influence the pressure as well [14].

During ureteroscopy in pigs, renal pelvic pressures
were measured in the range 28-122 mmHg depending
on the height of the irrigation bag (25-90 cm) and blad-
der filling [3]. Previous studies in man [16] disclosed
pressures of 345-410 mmHg when a syringe was used
for irrigation. Although the pelvic pressures remained
lower, in the range 70-110 mmHg, when a roller-pump
mechanical irrigation device was used, the magnitude
of the pressures gives rise to concern about the con-
ceivable injury to the kidney parenchyma but espe-
cially to pelvic rupture and septic complications.

In a study on cadaveric human kidneys, intrarenal
reflux occurred at 30 mmHg [17]. Pyelovenous reflux,
which is often associated with infection, was observed
at intrarenal pressures of 37-52 mmHg. Pyelotubular
reflux was evident at 22-30 mmHg [17]. Intrarenal
reflux rarely occurred at pressure levels below
35 mmHg, but was evident at pressures above
45 mmHg [18]. In a similar study, the threshold pres-
sure for intrarenal backflow was about 35 mmHg,

Table 1 Pharmacological agents causing increase in renal pelvic pressure

Authors Pharmacological Mode of administration Mode of Species used
agent examined investigation in investigation

Morita et al. [50] Norepinephrine Tissue bath In vitro Dog

Deane [47] Norepinephrine Tissue bath In vitro Pig

Selmy [72] Norepinephrine Topically in the ureter In vivo Pig

Catacutan-Labay et al. [62] Serotonin Intravenously In vivo Dog

Table 2 Pharmacological agents causing increase in renal and ureteric activity

Authors Pharmacological Mode of administration ~ Mode of Species used
agent examined investigation  in investigation
Rose and Gillenwater [40], McLeod et al. [44], Norepinephrine Intravenously In vivo Dog
Kondo et al. [59] and Morita et al. [60]
Danuser et al. [58] Phenylepinephrine  Intravenously In vivo Pig
Rose and Gillenwater [40], Mc Leod et al. [44], Phenylepinephrine  Intravenously In vivo Dog
Kondo et al. [59] and Morita et al. [60]
Danuser et al. [58] Epinephrine Intravenously In vivo Pig
Epinephrine Topically in the ureter In vivo Pig
Catacutan-Labay et al. [62] and Hauser et al. [74]  5-HT agonist Topically in the ureter In vivo Pig
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although abnormal conditions (low urine flow, ische-
mic damage and vesico-ureteric reflux) lower the criti-
cal pressure [13].

The fornix is susceptible to ruptures during raised
intra renal pressures [19]. When this happens the pri-
mary site of extravasation is the sinus, pyelosinous
backflow. From the sinus, backflow may extend
towards the hilum and hence into the retroperitoneal
space as well as into the veins and lymphatics [13, 19].
In animal studies, pyelosinous backflow is recorded at
intrarenal pressures of 60-70 mmHg in rabbits [19] and
at about 200 mmHg in piglets [20]. Several complica-
tions have been attributed to pyelosinous backflow
although calyceal ruptures following raised intrarenal
pressures most often seem to heal spontaneously [13].
However, recurrent episodes of increased pressure
may lead to irreversible changes such as fibrolipomath-
osis [21], perirenal pseudocysts [22], retroperitoneal
oedema [23], perinephritic abscess [24] and adhesions
with nodular masses of tissue reaction and haemor-
rhage simulating a pelvic tumour [25].

Urine is a well-known causative agent of fibrotic
reaction whenever it escapes from its normal pathway
[26]. It seems to be possible that calyceal rupture seen
in cases with prolonged intrarenal pressure and back-
flow may allow leakage of urine containing Tamm-—
Horsfall protein and bacteria into the interstitial tissue
which gives rise to an inflammatory process and subse-
quent fibrosis. This series of events may be responsible
for papillary damage [13].

In animal studies, high-pressure (>150 mmHg) ure-
terorenoscopic irrigation was found to produce denu-
dation of the calyceal urothelium with submucosal
oedema and congestion [3, 16]. Acutely, renal tubules
subjected to high irrigant pressure demonstrated
marked vacuolization and degeneration, whereas
tubules subjected to low pressure appeared normal [3].
Seventy per cent of porcine kidneys subjected to high-
pressure irrigation showed histological signs of meta-
plasia, pericalyceal vasculitis and tubular degeneration
after 4-6 weeks. These changes were less pronounced
in kidneys subjected to lower pressures (<75 mmHg)
[16]. Rupture of the intrarenal collecting system occurred
at 330 mmHg.

A peroperative complication rate of 5.6% has been
reported after ureteroscopy in 191 patients [27]. Post-
operative complications including pain, fever and sep-
sis occurred in 8.9%. The intraoperative complication
rate was 10.2% in a study including 182 ureteroscopic
procedures [28]. The most frequent complications were
bleeding and perforation of the ureter. Renography is
not routinely performed after ureteroscopic proce-
dures and to our knowledge there have not been any

investigations in man evaluating the potential harm on
the functional kidney parenchyma these procedures
may involve. In particular, the maximum pressure
safely tolerated by the kidney without following per-
manent parenchymal scarring has not been deter-
mined. Only from animal experiments do we know that
kidneys subjected to high pressures may be irreversibly
injured [3, 16].

Evidently, it may be of great importance to keep
renal pelvic pressure as low as possible during endou-
rological procedures although threshold values are not
known. Therefore, we have searched the literature
with particular interest in how renal pelvic and ureteric
pressures may be controlled pharmacologically.

Physiology of the upper urinary tract

Previously, the ureter was considered a simple tube
connecting the kidney and bladder and with a continu-
ous flow of urine depending exclusively on gravity.
Today we know that urine transport from the kidney to
the bladder is a function of pelvic and ureteric peristal-
sis [14, 29-31] and that different receptor types are rep-
resented in the renal pelvic and ureteric smooth muscle
cells [32-34].

In both man and animals, peristaltic activity begins
with the origin of electrical activity in the proximal por-
tion of the urinary collecting system [14, 34, 35]. A
main theory is that spontaneous depolarizations and
succeeding action potentials in the calyceal and renal
pelvic smooth muscle cell membranes generate the pel-
vic peristalsis which propagates through the ureter [14,
30, 34]. The theory is supported by the finding of
“pacemaker-cells” and recording of electrical activity
in the human and pig calyces, renal pelvis and ureter
[14, 35]. Canine experiments revealed that the calyces
and renal pelvis exercise control over the function of
the ureter, both in determining the distributive proper-
ties of ureteric peristalsis and in defining its range of
effectiveness [30]. A concept for the generation of ure-
teric peristalsis in multicalyceal kidneys is that several
primary oscillators exist in the calyces; in the pyeloure-
teric junction, a secondary pacemaker functions with
an intrinsic frequency slightly lower than that of the
calyceal pacemakers [35]. Both processes cooperate in
the generation of ureteric peristalsis. The frequency
gradient between calyceal and pelvic pacemaker activ-
ity is essential in initialization and controlling ortho-
grade peristalsis [36], and chronic ureteric obstruction
disrupts this coordinating mechanism [31].

Two histochemically distinct types of smooth muscle
cells have been revealed in the musculature in the
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proximal portion of the human urinary tract [37]. It
seems that one type of the cells is “atypical” in that
they are devoid of cholinesterase in comparison to the
other type. These cells are present in the walls of the
major calices and pelvis but ceases in the pelveoure-
teric region. It is proposed that the atypical cells are
capable of spontaneous contractility and perform a
pacemaker function responsible for the initiation of
ureteric peristalsis [37].

Another theory is that pelvic activity is stimulated
by stretch of the pelvic musculature which agrees with
the observation that peristalsis varies with baseline pel-
vic pressure [14]. This has led to the hypothesis that at
high urine flows (high diuresis) the pelvic pressure rises
and the smooth musculature is subjected to stress
which subsequently increases the frequency of pelvic
activity [38, 39]. Therefore, it may be that the combina-
tion of urinary distension of the pelvis and ureter and
the propagation of an action potential from the calyces
is necessary for the induction of ureteric peristaltic
activity.

A study of pressure and flow in the pig renal pelvis
showed a four-phase relationship in the flow range 0-
20 ml/min [29]. In the first phase, covering normal
urine output, urine transport takes place in isolated
boli with no increase in pelvic filling pressure. Only in
this phase does the ureteropelvic junction function
adequately and protects the renal pelvis. Phase 2, at
flow rates between 4 and 6 ml/min, is characterized by
a significant pressure increase because passive filling is

inhibited by the preceding peristaltic contraction ring.
In phase 3 (6 ml/min) the increment in pelvic pressure
decreases, probably as a function of leakage between
boli (Tables 3, 4). When the flow rate exceeds 6 ml/
min, a linear relation between pressure and flow is
found because the ureter functions as an open tube
with continuous flow, phase 4.

Existence of excitatory a~adrenergic and inhibitory
B-adrenergic as well as muscarinic cholinergic recep-
tors and the finding of high levels of catecholamines in
the ureter have been demonstrated [40]. Sakamoto
et al. [41] evidenced the existence of five different mus-
carinic receptor subtypes in the human ureter using an
immunostain antibody method. o adrenergic receptor
subtypes have been recognized along the human ureter
utilizing immunohistochemical techniques [42]. By
means of a receptor-binding assay, Park etal. [33]
demonstrated the distribution of fadrenoceptors in
the human ureter. Specimens of human ureters were
placed in a tissue bath and the adrenergic agents epi-
nephrine, norepinephrine and isoprenaline were
added. A relaxant effect on the ureter was found since
the amplitude and frequency of ureteric contractions
declined indicating that especially £, and f; receptors
induce relaxation of the ureteric smooth muscles. The
rank order of relaxing potency for the three catechol-
amines was isoproterenol > epinephrine > norepi-
nephrine. Although epinephrine and norepinephrine
are mainly considered o-adrenergic, they may predom-
inantly exert fadrenergic effects when administered

Table 3 Pharmacological agents causing decrease in renal pelvic pressure

Authors Pharmacological Mode of administration Mode of Species used
agent examined investigation  in investigation
Morita et al. [50] Acetylcholine Tissue bath In vitro Dog
Park et al. [33] Epinephrine Tissue bath In vitro Human ureter
Isoproterenol Tissue bath In vitro Human ureter
Deane et al. [47] Isoproterenol Tissue bath In vitro Pig
Weiss [51] Isoproterenol Tissue bath In vitro Rabbit
Rose and Gillenwater [40], McLeod et al. [44], Isoproterenol Intravenously In vivo Dog
Kondo et al. [59] and Morita et al. [60]
Holst et al. [43, 71] Norepinephrine Topically in the ureter In vivo Pig
Table 4 Pharmacological agents causing decrease in renal and ureteric activity
Authors Pharmacological Mode of administration Mode of Species used
agent examined investigation in investigation
Danuser et al. [58] Isoproterenol Intravenously In vivo Pig
Fenoterol Intravenously In vivo Pig
Isoproterenol Topically in the ureter In vivo Pig
Fenoterol Topically in the ureter In vivo Pig
Selmy et al. [72] Verapamil Topically in the ureter In vivo Pig
Zwergel et al. [4] Indomethacin Tissue bath In vitro Human
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directly into the ureter [43]. Conclusively the authors
stated that S, B, and f; adrenergic receptors are
expressed in human ureteral smooth muscle and that
primarily 4 and £ adrenoceptors mediate the ureteric
relaxation induced by adrenergic stimulation [33].
Most investigators agree that o~adrenergic agents tend
to stimulate ureteric activity [40, 44—46] whereas sev-
eral experiments have found f-adrenergic agonists like
isoproterenol to inhibit ureteric peristalsis [40, 44, 47,
48]. In contrast, cholinergic (parasympathetic) agonists
potentate ureteric contractility by directly stimulating
cholinergic receptors [40, 47, 49].

Pharmacological modulation of ureteric activity
and renal pelvic pressure

In vitro experiments

Morita et al. [SO] showed in excised canine ureters that
norepinephrine elevates baseline renal pelvic pressure
accelerating the ureteric peristaltic rate. Adding acetyl-
choline pacemaker discharges were initially quickened
but after 10s the baseline and contraction pressures
declined, whereas peristalsis was stimulated by acetyl-
choline.

Deane [47] examined the effects of different cate-
cholamines on freshly harvested ureters from domestic
pigs placed in Krebs’ solution in the so-called “Tren-
delenburg apparatus”. The length of the ureteric seg-
ment was measured in response to addition of a variety
of drugs. Isoproterenol depressed ureteric contractility.
When propranolol, a freceptor blocking agent, was
added the effect of isoproterenol was blocked. Pro-
pranolol administered with norepinephrine intensified
the stimulatory o~adrenergic effects on ureteric activity
induced by norepinephrine. This suggests the presence
of both o-adrenergic stimulatory and f-adrenergic
inhibitory receptors in the ureter. Furthermore, the
presence of o~adrenergic stimulatory and f-adrenergic
inhibitory receptors in the rabbit ureter has been
shown by adding norepinephrine, isoproterenol and
phenylepinephrine and their respective antagonists to
a solution containing isolated rabbit ureter [51]. Both
norepinephrine and phenylepinephrine were shown to
elicit a stimulatory effect on ureteric contraction force
whereas isoproterenol inhibited contractility. The o-
adrenergic antagonist regitine decreased the stimula-
tory effect of norepinephrine and phenylepinephrine.
Propranolol tended to potentiate the stimulatory effect
of norepinephrine.

The effects of the prostaglandin inhibitors indometh-
acin and diclofenac on peristalsis were studied in

isolated strips of human ureters [4]. Indomethacin
reduced smooth muscle activity in the renal pelvis
thereby lowering intrarenal pressure. Normally, a rise
in renal pelvic pressure stimulates the synthesis of pro-
staglandins in the kidney which causes a temporary rise
in renal blood flow and pelvic pressure [52]. Prosta-
glandin inhibitors suppressed this effect [4]. These
observations were substantiated by results from in vivo
experiments in pigs during artificially induced ureteric
obstruction [9]. Maximum pelvic pressure and the rate
of pressure increase were significantly reduced by
intravenous indomethacin. The unselective COX-
inhibitor diclofenac has been shown to inhibit ureteral
contractions and possess spasmolytic properties in sev-
eral studies [7, 8, 53, 54]. The inhibition of ureteric
activity was reversed by prostaglandin F2 alpha [7].

The effects of the calcium-channel blocker verapa-
mil and the methylxanthin derivate theophylline have
been examined by suspending strips of human ureter in
a tissue bath [55]. Subsequently, after incubation with
drugs, changes in contractility were recorded. Verapa-
mil caused ureteric relaxation probably through cal-
cium channel blockade. Surprisingly, theophylline, a
well-known smooth muscle relaxant in other tissues,
primarily in the bronchioles, had minimal effect. In
vivo, peristalsis was inhibited by theophylline when
administered intraluminally in the ureter, suggesting a
secondary phosphodiesterase inhibition.

In an in vitro study on canine ureter lidocaine
caused increased contractility and a marked reduction
of flow in the ureters when examined in a tissue bath
[56]. The authors concluded that the cessation of flow
through the ureter was a result of continuous contrac-
tion of the ureter. The generation of “aperistalsis” and
flow abolishment caused by lidocaine makes this drug
inappropriate for clinical use. The mode of action in
the ureteric smooth musculature is not well known as
no receptors are present for lidocaine. It may diffuse
through the mucosa and muscularis and elicit a direct
effect on the cell membrane causing a release of cal-
cium into the cell [57].

Intravenous administration of pharmacological agents

Danuser et al. [58] studied the effects of the fagonists
isoproterenol and fenoterol and of phenylepinephrine
administered intravenously in pigs. Phenylepinephrine
induced increasing contraction frequency and amplitude
in a dose-dependent manner. Distinct cardiovascular
side effects were, however, observed. Phenylepinephrine
effects were reversed by an o~adrenergic antagonist. Iso-
proterenol decreased contraction frequency to 13%
compared to controls and this effect was blocked by
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propranolol. Similar relaxing effects on the ureteric
activity were seen with administration of fenoterol. In
reducing pelvic pressure the B-agonists elicited high
efficacy, but the authors pointed out that the perfect
drug exerting maximal inhibiting effect on ureteric peri-
stalsis without causing systemic side effects still had to be
identified.

These results agree with experimental studies on
dog ureters [40, 44, 59, 60] in which a-adrenergic agents
such as epinephrine and norepinephrine stimulated
ureteric activity, an effect that was suppressed by o-
adrenergic blockers. Similarly urecholine, a cholinergic
agent, increased the frequency of ureteric contractions
and renal pelvic pressure. [soproterenol decreased ure-
teric wall tension, ureteric peristalsis and renal pelvic
pressure. These effects were inhibited by a B-adrener-
gic blocking agent.

Anticholinergic agents elicited a marked effect on
the ureteric activity and renal pelvic pressure in a study
in rabbits [61]. A fall in baseline ureteric pressure was
recorded and ureteric peristalsis was temporarily abol-
ished. The authors pointed out that the reproducibility
of this study in man may be uncertain because the cor-
responding doses of atropine probably would be toxic.

Serotonin (5-hydroxytryptamine) has been shown to
have a stimulatory effect on pelvic pressure and con-
traction rate and force of ureteric peristalsis in anaes-
thetized dogs [62]. The contractions induced were so
intense that they completely prevented the passage of
fluid through the ureteric lumen during the first min-
utes after administration of serotonin. Intravenous
administration of morphine did not influence the pelvic
pressure or peristalsis in humans [57, 63].

In a canine study, the anaesthetic agent pentobarbi-
tal was demonstrated to cause total blockade of ure-
teric peristalsis. Pacemaker activity was completely
abolished resulting in accumulation of urine in the
renal pelvis and subsequently passive transport
through the ureter [64]. Thus, the authors concluded
that clinical use might be controversial.

Per orally administrated drugs in patients
with ureteric stones

As described above, the influence on pyeloureteric
dynamics is well known for adrenergic agents and their
inhibitors from animal studies. To facilitate spontane-
ous stone passage researchers have examined drugs
with potential impact on ureteric smooth muscle cells.
Tamsulosin, a selective a-blocker with #-A and ¢-D
antagonism has been tested in several studies. The
addition of tamsulosin to conventional treatment was
found to be beneficial in terms of stone clearance of
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lower ureteric stones [65]. In a randomized trial
comparing corticosteroid plus tamsulosin with cortico-
steroid plus an antispasmotic agent, an increased
expulsion rate and a decreased expulsion time was sig-
nificant in the group treated with tamsulosin [10].
Additionally, the tamsulosin group required less anal-
gesia and decreased hospitalization time. In a subse-
quent randomized study, tamsulosin was shown to be
superior to nifedipine (a calcium blocker) and phloglu-
cinol in expulsion rate and time and the need for endo-
scopic intervention [66]. Autorino at al. confirmed the
efficacy of tamsulosin in the treatment of distal ureteric
stones in a randomized study including two groups of
each 32 patients receiving tamsulosin and diclofenac
versus diclofenac. After 2 weeks, stone expulsion rate
was 88% in the group treated with tamsulosin and dic-
lofenac versus 60% in the group treated with diclofe-
nac (P=0.01) [67]. The reported incidence of side
effects due to tamsulosin was relatively low in all stud-
ies compared to those reported in the treatment of
LUTS probably as a result of the short duration of
treatment. The efficacy of o~adrenergic blockers has
made several authors conclude that a conservative
approach should be considered in the management of
uncomplicated distal ureteric stones.

Two randomized clinical studies have shown that
the calcium antagonist nifedipine also improves stone
expulsion rate and time [68, 69]. The mode of action is
suggested to be inhibition of the active calcium channel
pump in the ureteric smooth muscles. Side effects in
these series were significant and implied hypotension,
asthenia and headache.

Topical administration of pharmacological agents
in the ureter

Holst et al. [43, 70, 71] have proved that norepineph-
rine significantly reduces the pressure increase in pigs
during a pressure flow study of the upper urinary tract.
Moreover, it was demonstrated that the effect is repro-
ducible and occurs in a dose-dependent manner. Maxi-
mal effect of relaxation of the pyeloureter was obtained
without side effects from cardiovascular or renal func-
tions even though significant increases in plasma levels
of norepinephrine were measured. Addition of a non-
selective B-blocking agent diminished the effect of nor-
epinephrine. These observations are in contrast to the
majority of studies concerning intravenous administra-
tion of adrenergic agents, which suggest a stimulatory
effect of norepinephrine on ureteric activity. The
authors propose that norepinephrine stimulates A
receptors when administered endoluminally, whereas
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intravenous administration stimulates a-receptors. The
studies show that a desired local effect on pyeloureteric
dynamics is obtainable by endoluminal administration
of a drug.

Danuser et al. [58] evaluated the effects on the pig
ureter of a diversity of agents administered topically.
Isoproterenol and fenoterol, non-selective f-adrener-
gic agonists, inhibited frequency and amplitude of ure-
teric contractions but caused systemic side effects in a
dose-dependent manner suggesting an absorption by
the urothelium. These effects were blocked by pro-
pranolol. Epinephrine stimulated ureteric activity and
no increase in heart rate was observed.

The influence of verapamil, prostaglandin F2a, nor-
epinephrine and phenylepinephrine on the pig ureter
when administered topically in the ureter was first
studied by Selmy et al. [72]. It was shown that verapa-
mil significantly reduced the peristaltic rate and no sys-
temic side effects were recorded, indicating minimal or
no urothelial absorption. Phenylepinephrine and nor-
epinephrine perfusion increased renal pelvic pressure
and augmented the frequency of ureteric peristalsis.
Prostaglandin F2o tended to increase ureteric peristal-
sis and pelvic pressures in high doses but no significant
findings were obtained. None of the drugs affected
heart rate or blood pressure.

A 5-HT agonist induced increased ureteric contrac-
tions when administered topically in pigs. Systemic side
effects were only seen following intravenous adminis-
tration [62, 73, 74]. The 5-HT antagonist ketanserin
had opposite effects. Responses were dose-dependent
in both cases.

Weiss et al. [75] inhibited pig ureteric motility in
vivo by adding the potassium channel opener PKF
217-744b and the calcium antagonist nicorandil intra-
luminally. The drugs decreased spontaneous contrac-
tion frequency in pigs and man and no systemic side
effects were seen when administered topically. The
authors stated that potassium channel openers may be
promising drugs for clinical application in patients with
renal colics.

The effects of topical lidocaine on motility of the
human ureter in vivo were evaluated by Andersson
and Ulmsten [57]. Topical administration of lidocaine
into the ureter elicited a brief stimulatory effect fol-
lowed by total abolishment of ureteric contractions.
The peristaltic activity gradually resumed its prelido-
caine level within 15-30 min. The depressing effect of
lidocaine on the ureteric pacemakers simulating lido-
caine’s effect on the cardiac pacemakers was, however,
questioned. It is suggested that lidocaine might exert a
direct effect on the cell membrane causing a release of
calcium into the cell.

Clinical aspects and perspectives

Modulation of ureteric peristalsis and thereby ureteric
pressure is an everyday urological practice. Promotion
of stone passage using calcium antagonists and espe-
cially a~blockers has achieved good results [6, 10, 65].
On the other hand, modulation of renal pelvic and ure-
teric pressure during ureteropyeloscopy is not used
routinely. The reviewed animal experiments, however,
reveal that many pharmacological agents might be ben-
eficial.

As stated in the introduction, ureteropyeloscopy is
regarded as a minimal invasive procedure followed by
few complications but to our knowledge nobody has
looked for long-term damage to the kidneys. Animal
studies have shown that high renal pelvic pressure may
cause harm. Prolonged exposure of the kidney to high
renal pelvic pressures (>100-150 mmHg) may result in
irreversible renal damage not seen during endoscopic
procedures with lower pelvic pressures [3, 13, 16, 19].
The risk of pyelorenal backflow with the potential for
producing bacteraemia and sepsis is increased as well
[3]- The relationship between exposure pressure, eXpo-
sure time, infectious complications and renal damage,
however, still needs to be clarified. Besides, it is obvi-
ous that variations in the patient’s anatomy, compli-
ance of the upper urinary tract and degree of
obstruction may play a role as well. To uncover the
safety limits with regard to maximum intrarenal pres-
sure tolerated by the kidney parenchyma, experimen-
tal studies including renographic examination before
and after ureteropyeloscopy are necessary. Addition-
ally, the pressure increase corresponding to variable
flow rates through the ureteroscope should be deter-
mined.

Besides possessing the potential of reducing compli-
cations and permanent damage to the renal paren-
chyma, lowering the pressure may also facilitate both
diagnostic and therapeutic endourological procedures.
With these purposes, the use of ureteric access sheaths
has been tried out. Despite the presence of an access
sheath during flexible ureteroscopy, renal pelvic pres-
sures above 40 mmHg have been measured [76]. More-
over, the necessity of further instrumentation in order
to decrease the pressure may involve other disadvan-
tages. In other words, the use of drugs capable of inhib-
iting pyeloureteral dynamics when administered
topically into the urinary tract without causing any side
effects might be advantageous with regard to clinical
practice.

Many different drugs have been studied and no single
drug can be assigned as the most effective to modulate
ureteric and renal pelvic pressures. But the studies in
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this review show that endoluminal or topical administra-
tion is superior in consideration to local gain and sys-
temic risks. Several drugs with potential usefulness have
undesirable systemic side effects when given intrave-
nously [58]. In contrast, topical administration appears
to be safe. Especially, fadrenergic agonists are effective
and safe to lower renal pelvic pressure—at least in the
pig [43, 58]. Elucidation of pressure reducing capacity,
dose-responsiveness and side effects when using combi-
nations of two or several drugs could be interesting for
future experimental investigations. For example, the
combination of a f-adrenergic agonist and an o-adrener-
gic blocker which have both shown capability in reduc-
ing ureteric and pelvic pressure may be advantageous.
Combination with a calcium antagonist or NSAID may
have complementary effects as well. The exact dose—
response relationship, the most advantageous adminis-
tration form, the mode of action inside and outside the
pelveoureteral system and the capability of consistent
and continuous effect need to be clarified before clinical
use of a drug may be profitable and secure.

Conclusion

Evidence is put forward that it is advantageous to keep
pelvic pressure as low as possible during endourologi-
cal procedures. The existence of different receptors in
the ureter and renal pelvis has been uncovered. Exper-
imental studies have paid attention to the potential of
pyeloureteric endoluminal administration of drugs in
order to modulate upper urinary tract dynamics. The
use of diagnostic and therapeutic endourological pro-
cedures is currently increasing. It is highly relevant to
study possible advantages of drug addition to the irri-
gation fluid to lower pelvic pressure for the outcome of
endourological procedures. If we intend to perfect the
endoscopic operation, it is time to go from animal stud-
ies to human studies.
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