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Abstract
Purpose  To perform a review on the latest evidence related to intrarenal pressures (IRPs) generated during upper-tract 
endourology, and present different tools to maintain decreased values, to decrease complication rates.
Methods  A literature search was performed using PubMed, restricted to original English-written articles, including animal, 
artificial model and human studies. Different keywords were: percutaneous nephrolithotomy, PCNL, ureteroscopy, URS, 
RIRS, irrigation flow, irrigation pressure, intrarenal pressure, intrapelvic pressure and renal-pelvic pressure.
Results  IRPs reported during retrograde intrarenal surgery (RIRS), PCNL, miniPCNL, and microPCNL range 40.8–199.35, 
3–40.8, 10–45 and 15.37–41.21 cm H2O, respectively. By utilizing ureteral access sheaths (UASs) IRPs usually remain lower 
than 30 cm H2O at an irrigation pressure (IP) of ≤ 100 cm H2O but could increase to > 40 cm H2O at an IP of 200 cm H2O. 
By utilizing the minimally invasive PCNL system, IRPs remain low at 20 cm H2O even at high IPs. Utilizing endoluminal 
isoproterenol during RIRS, could reduce IRP increases with a rate of 27–107%, and maintain low IRPs values, usually below 
50 cm H2O.
Conclusions  Increased IRP values have been reported during RIRS and UASs constitute the most efficient tool for decreasing 
them. IRPs during mini-PCNL can be decreased utilizing the vacuum-cleaner and purging effects but might remain uncon-
trolled during micro- and ultra-mini PCNL. Intraluminal pharmacological treatment could play a role in IRP decrease, with 
isoproterenol being the most studied agent.

Keywords  Percutaneous nephrolithotomy · PCNL · Ureteroscopy · URS · RIRS · Irrigation flow · Irrigation pressure · 
Intrarenal pressure · Intrapelvic pressure · Renal-pelvic pressure

Introduction

Endourological upper-tract treatment constitutes a main field 
in everyday urology. Retrograde intrarenal surgery (RIRS) 
and percutaneous nephrolithotomy (PCNL) constitute the 
main means of active renal stone treatment and are char-
acterized by a huge variety of new techniques and instru-
mentation. To achieve better visibility during a procedure, 

irrigation flow (IF) and irrigation pressures (IPs) have to 
be increased. Nevertheless, consequent intraoperative incre-
ments in intrarenal pressures (IRPs) are able to deteriorate 
any procedure and IRPs lower than 30 cm H2O should be 
maintained to avoid complications. Yet, only a few endourol-
ogists are aware of normal and pathological IRP values, as 
well as usual IRP ranges during different procedures.

Materials and methods

Evidence acquisition

A review of the literature was performed using PubMed. 
Original works restricted to the English language were iden-
tified. We included articles discussing IRP, IP, and IF in 
endourology. All experimental and observational studies 
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were judged as eligible, including but not restricted to con-
trolled clinical trials, case series, case–control and cohort 
studies. Reviews, comments and editorials were excluded. 
The literature search was conducted by the first author using 
the keywords, percutaneous nephrolithotomy OR PCNL, 
ureteroscopy, OR URS, OR RIRS, and then restricted with 
the keywords (AND) irrigation flow, OR irrigation pres-
sure OR intrarenal pressure OR intrapelvic pressure OR 

renal-pelvic pressure. This search identified 552 records 
(Fig. 1). After excluding duplicate references, 511 unique 
references were reviewed by title or abstract. A list of arti-
cles judged to be highly relevant by the junior (T.T.) and sen-
ior (U.N.) authors was distributed to the coauthors, to reach 
a final consensus on the articles included and the structure 
of the review. Eligible studies known to the authors but not 
identified by the search were also evaluated for inclusion, 

Fig. 1   Flowchart of the literature reasearch
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adding an additional 17 unique records. A total of 90 unique 
references (experimental studies, controlled clinical trials, 
case series, case–control and cohort studies) were included 
in the qualitative synthesis. Due to study heterogeneity and 
the nonstandardized quality appraisal, a narrative synthesis 
was performed. The limitations of using a single database for 
review are taken into account [1]. Moreover, outcomes may 
be limited by study heterogeneity and selection bias. IRPs 
are measured in cm H2O, mm Hg, or mbar. In this work, all 
pressures were converted to cm H2O (1 cm H2O = 0.73 mm 
Hg = 0.97 mbar) which is the most common IRP unit in the 
international literature. Due to the journal word and refer-
ence restrictions, the review was divided into two works. 
This second part deals with reported IRPs, during different 
upper-tract endourological procedures and presents possible 
ways to maintain low pressures even by increasing IF.

Outcomes

IRPs during RIRS (Table 1)

Nine studies [2–10] have been identified, five [2, 6–9] 
human, one [4] in vitro human cadaveric, one [2] in vitro 
mini-pig, and one [10] in vivo porcine study. Five studies 
[2, 3, 8–10] utilized semi-rigid ureteroscopes, four [4–7] 
flexible ureteroscopes, and one [3] study utilized both. The 
irrigation pressures reported are 68–272 cm H2O [2–4, 9]. 
The FRs are reported only in three studies and range from 
8 to 27 mL/min [4, 6, 7]. The irrigation is usually based on 
gravity and also includes powerful manual irrigation [3, 5]. 
The IRPs reported range 8.27–199.35 cm H2O depending on 
the IP used. The maximal IRPs measured during powerful 
manual irrigation reach 598.4 cm H2O [2, 3].

RIRS devices that influence IRPs

Ureteral access sheaths (UASs) (Table 2) We have identi-
fied five studies [4, 5, 11–13] assessing IRPs during flexible 
ureteroscopy (fURS). Of them, only one [5] is an in vivo 
human, one [4] being an in vitro cadaveric, one [11] ex vivo 
porcine, and two [12, 13] in vitro artificial model stud-
ies. Multiple flexible ureteroscopes with variable calibers 
have been tested (6.9–8.5 mm). The UAS sizes tested were 
9.5/11.5 F [13], 10/12 F [4, 11–13], 11/13 F [13], 12/14 F 
[4, 5, 12, 13] and 14/16 F [4, 12]. IPs were set up to 60 cm 
H2O in one study [13], 100 cm H2O in two studies [11, 12], 
and 200 cm H2O in two studies [4, 12], as one work did 
not report IPs [5]. The range of achieved FRs, according 
to IP, ureteroscope and UAS size, was 2.83–50 mL/min [4, 
11–13]. At IPs of 60–100 cm H2O, IRPs were 33.8–46.68, 
13.4–57.00, 4.08–29.00, 2.72–< 20.00, and < 20.00 cm H2O 
for UASs of 9.5/11.5 F, 10/12 F, 11/13 F, 12/14 F, and 14/16 

F, respectively. At IPs of 200 cm H2O, reported IRPs showed 
great variations, as in one study [4] IRPs ranged 14.5–29 cm 
H2O, while in another [12] IRPs ranged 40–100-cm H2O not 
taking into account the UAS caliber. An important conclu-
sion is that at an IP of ≤ 100 cm H2O, IRPs remain lower 
than 30 cm H2O if a UAS bigger than 10/12 F is utilized. 
An IP of 200 cm H2O may offer high irrigation flows but 
could result in IRPs > 40 cm H2O. There are no significant 
differences between flow and pressure of the 12/14F and the 
14/16F UAS. Most importantly, the compatibility between 
the ureteroscopes and UASs should be anticipated and con-
sidered during fURS [11].

Other devices The automated infusion/pressure control 
devices include pre-setting the desired IRP and altering the 
IP with an automated irrigation/suction pump system to 
maintain the desired IRP [14–17]. Perfusion flow is usu-
ally set at 50–150 mL/min, IRP warning value at 27.2 cm 
H2O, and maximum (limit) value at 40.8 cm H2O [17]. Such 
devices can monitor additional vital parameters like body 
temperature [18].

Pedal irrigation [19] or roller pump devices [3] are able 
to deliver irrigant boluses and continuous high-flow through 
the ureteroscope. By utilizing IPs of 100–272 cm H2O, high 
IRPs ranging 92–149.6 cm H2O have been recorded [3, 19]. 
At the same time, by manual 60 mL syringe irrigation, IRPs 
reach 156.4 cm H2O by gentle, and 469.2–557.6 cm H2O by 
powerful irrigation [3].

Various devices have been designed to prevent retrograde 
stone migration by occluding the lumen of the ureter proxi-
mal to the stone. An additional benefit of these devices may 
be a decrease in IRP from retardation of irrigant flow into 
the renal pelvis. Utilizing coil or multifold film antirepul-
sion devices, presented IRPs ranging 7.62–19.04 cm H2O 
and 7.62–19.04 cm H2O, respectively, even at high IPs of 
408 cm H2O [20].

By utilizing instruments with combined inflow and out-
flow channel, problems concerning good vision on the one 
hand and high IRP on the other hand can occur. The contin-
uous-flow semi-rigid ureteroscope can provide a 100 times 
higher flow capacity while simultaneously preserving IRPs 
of 15 cm H2O and < 20 cm H2O at an irrigation solution 
level of 50 cm and 100 cm, respectively [21].

Finally, the use of a micro- semi-rigid ureteroscope (4.85 
Fr) seems to achieve IRPs lower than 40.8 cm H2O at 90% 
of the cases [10].

IRPs during PCNL (Table 3)

Eleven studies [22–32] have been identified. Five of them 
[25–28, 31] were in vivo human studies, one [24] was an 
in vitro human kidney model, one [30] an ex vivo human 
cadaveric model, two [23, 29] were in vitro chamber or 
cast-based artificial models, one [22] included an in vivo 



136	 World Journal of Urology (2019) 37:133–142

1 3

Ta
bl

e 
1  

IR
Ps

 d
ur

in
g 

R
IR

S

sU
RS

 se
m

iri
gi

d 
ur

et
er

os
co

py
 fU

RS
 fl

ex
ib

le
 u

re
te

ro
sc

op
y 

m
-s

U
RS

 m
ic

ro
-s

em
iri

gi
d 

ur
et

er
os

co
py

 P
C

N
 p

er
cu

ta
ne

ou
s n

ep
hr

os
to

m
y 

D
U

 d
ist

al
 u

re
te

r M
U

 m
id

dl
e 

ur
et

er
 P

rU
 p

ro
xi

m
al

 u
re

te
r N

A 
no

t 
av

ai
la

bl
e

St
ud

y
Ye

ar
Ex

pe
rim

en
t

In
str

um
en

ts
Pr

es
su

re
 m

ea
s-

ur
em

en
t

IP
 in

 c
m

 H
2O

FR
Pr

es
su

re
s 

m
ea

su
re

d
Ir

rig
at

io
n

C
on

co
m

i-
ta

nt
 o

bs
tru

c-
tio

n

M
ea

n 
pr

es
su

re
s 

(r
an

ge
) i

n 
cm

 
H

2O

M
ax

im
um

 p
re

s-
su

re
s i

n 
cm

 H
2O

W
ils

on
 e

t a
l. 

[3
]

19
90

In
 v

iv
o,

 h
um

an
sU

R
S,

 fU
R

S
A

nt
eg

ra
de

ly
 

(ti
p)

10
0

N
A

IR
P

G
ra

vi
ty

 +
 m

an
-

ua
l

N
o

(4
0.

8–
61

.2
)

59
8.

4
(w

ith
 p

ow
er

fu
l 

m
an

ua
l i

rr
ig

a-
tio

n)
Sc

hw
al

b 
et

 a
l. 

[2
]

19
93

In
 v

itr
o,

 m
in

ip
ig

 
ki

dn
ey

s
sU

R
S

A
nt

eg
ra

de
ly

 
(ti

p)
<

 1
22

.4
>

 2
04

IR
P

N
A

59
7.

04

Re
hm

an
 e

t a
l. 

[4
]

20
03

In
 v

itr
o,

 c
ad

av
-

er
ic

 k
id

ne
ys

fU
R

S
A

nt
eg

ra
de

ly
 

(ti
p)

10
0

20
0

47
–5

4 
m

L/
3 

m
in

79
–8

1 
m

L/
3 

m
in

IR
P

G
ra

vi
ty

N
A

30 51
.5

–5
8.

9
59

.9
2

A
ug

e 
et

 a
l. 

[5
]

20
04

In
 v

iv
o,

 h
um

an
fU

R
S

A
nt

eg
ra

de
ly

 
(ti

p)
N

A
N

A
D

U
M

U
Pr

U
IR

P

G
ra

vi
ty

 +
 m

an
-

ua
l

N
o

81
.6

89
.2

2
10

7.
71

12
8.

38

N
A

Ju
ng

 e
t a

l. 
[6

]
20

08
In

 v
iv

o,
 h

um
an

fU
R

S
Re

tro
gr

ad
el

y 
(ti

p)
N

A
8 

m
L/

m
in

IR
P

G
ra

vi
ty

N
A

44
.8

8
43

2.
48

Ju
ng

 e
t a

l. 
[7

]
20

08
In

 v
iv

o,
 h

um
an

fU
R

S
Re

tro
gr

ad
el

y 
(ti

p)
N

A
8 

m
L/

m
in

IR
P

G
ra

vi
ty

N
A

63
.9

2
49

0.
96

C
ai

 e
t a

l. 
[8

]
20

12
In

 v
iv

o,
 h

um
an

sU
R

S
Re

tro
gr

ad
el

y 
(o

ut
flo

w
)

N
A

N
A

U
re

te
r

N
A

A
cu

te
C

hr
on

ic
N

o

10
1.

32
 (2

9.
92

–
24

4.
8)

44
.2

 (1
2.

24
–

72
.0

8)
13

.8
7 

(1
0.

88
–

17
.6

8)

N
A

Sh
ao

 e
t a

l. 
[9

]
20

12
In

 v
iv

o,
 h

um
an

sU
R

S
A

nt
eg

ra
de

ly
 

(ti
p)

68 13
6

27
2

IR
P

46
.0

6 ±
 6.

85
99

.0
7 ±

 14
.6

2
16

6.
27

 ±
 33

.0
8

N
A

C
ab

al
le

ro
-

Ro
m

eu
 e

t a
l. 

[1
0]

20
18

In
 v

iv
o,

 p
or

ci
ne

sU
R

S
m

-U
R

S
A

nt
eg

ra
de

ly
 

(ti
p)

N
A

N
A

IR
P

G
ra

vi
ty

N
o

8.
27

–2
8.

07
6.

90
–1

9.
18

40
.8

 in
 3

5%
40

.8
 in

 1
0%



137World Journal of Urology (2019) 37:133–142	

1 3

human as well as in vitro pork kidney models, and one [32] 
an in vivo porcine model. Six groups [22–25, 30, 31] utilized 
standard PCNL, and two [26, 27] miniPCNL (mPCNL). 
Finally, one study [29] compared IRPs during mPCNL, one 
[28] compared IRPs during microPCNL with IRPs during 
standard PCNL, and two compared IRPs during standard 
PCNL with IRPs during flexible nephroscopy [31, 32]. The 
IPs ranged 25–130 cm H2O in seven [22–25, 28, 29, 31] and 
200–340 cm H2O in three studies [26, 27, 32]. In one work 
the IPs ranged 68–408 cm H2O [30]. The FRs were calcu-
lated in three studies [23, 26, 27], and ranged 0–400 mL/
min. The IRPs ranged 3–41.21 cm H2O in seven PCNL stud-
ies [22–24, 28, 30–32] with sheaths ranging 26–34 F, and 
13–50 cm H2O in two PCNL papers utilizing sheaths of 26, 
and 22 F [24, 29]. In one PCNL study, IRPs were higher 
than 40.8 cm H2O only in 24%, and in another, in 35% of the 
cases [25, 31]. On the other hand, during mPCNL, the IRPs 
measured ranged < 10–45 cm H2O with sheath caliber rang-
ing 21–14 F [26, 27, 29, 32]. Finally, IRPs during micro-
PCNL utilizing a 4.8 F micro-shaft ranged 15.37–41.21 cm 
H2O [28].

How to maintain sufficient flow and decrease 
pressure in PCNL

The minimally invasive PCNL (MIP) concept and the vac-
uum-cleaner effect Due to the big caliber of standard PCNL 
instruments, IRPs above the level of 40 cm H2O only rarely 
complicate the procedure [22–25, 28, 29]. However, by 
smaller systems, an irrigation backflow via access sheath 
is not possible. The mismatch between in- and outflow 
can cause high IRPs. The open sheath designs of the first-
generation miniaturized instruments [33] are not sufficient 

for pressure control, because of the unfavorable ratio of 
the small inner diameter of the sheath and relatively larger 
nephroscope diameter, which is necessary for scope stability.

The minimally invasive PCNL (MIP) concept first uti-
lized a 18 F nephroscope sheath with an open proximal end 
in a cadaveric pork model [33]. The sheath is designed to 
maintain reduced IRPs whatever the irrigation pressure. The 
smallest instrument in PCNL with regular backflow, through 
an access sheath of 11/12 F, is the MIP S (Karl Storz, Ger-
many) [34]. Closing of the control sheath results in an 
increase in the IRP to a maximum of 136 cm H2O. Using the 
sheath with a constant output flow, the maximal IRP remains 
low at 20 cm H2O, even when the inflow pressure reaches 
125 cm H2O [33]. The vacuum-cleaner effect appears when, 
in front of the distal end of a round-shaped nephroscope, 
a slipstream develops, induced by the excursive change of 
width of the fluid flow on the outlet of the flushing canal. It 
depends on the relation between the nephroscope and inner 
sheath diameter. The strongest effect can be observed with a 
12 F nephroscope and an inner sheath diameter of 15 F [34].

Ureteral sheaths and ureteral catheters The concept of 
a retrograde ureteral catheter or UAS placement was intro-
duced during standard PCNL [30]. The authors demon-
strated significantly decreased IRPs utilizing a 10/12F or 
12/14F UAS (≈ 5–22 cm H2O), compared with an empty 
ureter (≈ 11–38 cm H2O), a ureteral catheter (≈ 15–52 cm 
H2O), or an occlusion balloon application (≈ 16–56 cm 
H2O). By utilizing a ureteral catheter during mPCNL, the 
addition of a suction device can assist the washing out of the 
fluid. A combination of pressure irrigation with a sensor-
controlled suction via a modified transurethral 8-Fr mono-J 
catheter with enlarged draining holes and an increased irri-
gation flow and reduced IRP could be achieved in a pork 

Table 2   IRPs during RIRS with UAS

fURS flexible ureteroscopy PCN percutaneous nephrostomy NA not available IP irrigation pressure FR flow rate

Study Year Experiment FURS Scope 
caliber in F

UAS caliber 
in F

Measurement IP (cm H2O) FR (mL/min) Mean IRPs in cm 
H2O

Rehman et al. 
[4]

2003 In vitro, cadav-
eric kidneys

7.5 10/12
12/14
14/16

Antegradely 
(PCN)

200 36.3–50 22.3–29.0
16.8–19.8
14.5–19.5

Monga et al. 
[11]

2004 Ex vivo, por-
cine kidneys

8.5
7.5

10/12 Retrogradely 
(tip)

100 < 15 > 54.4
21.76–< 40.8

Auge et al. [5] 2004 In vivo, human 6.9/8.4 12/14 Antegradely 
(PCN)

NA NA 20.4–55.22

Ng et al. [12] 2010 In vitro ana-
tomic model

7.5 10/12
12/14
14/16

Antegradely 
(connection)

100
200

4.6–28
40–50

29–57
< 20
< 20
40–100

Emre Sener 
et al. [13]

2016 In vitro artifi-
cial model

Multiple scopes
7.5–8.5

9.5/11.5
10/12
11/13
12/14

Retrogradely 
(tip)

60 2.83–17.13 33.8–46.68
13.4–33.99
4.08–29.00
2.72–15.86
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cadaveric model [35]. The so-called purging effect could 
decrease IRPs by 14% at 102 cm H2O (19–14.5 cm H2O) and 
28% at 149.6 cm H2O inflow pressure (37–26.5 cm H2O).

Pressure/suction connected with the nephroscope Song 
et al. [36] presented a patented irrigation and clearance 
system utilized during mPCNL (16 F). Irrigation volume 
was set at 600–800 mL/min, irrigation pressure was set at 
340–408 cm H2O, and suction pressure at 136–340 cm H2O. 
The mean IRP remained 5.58 cm H2O. Yang et al. [37] pre-
sented a mini-PCNL (12F) setting with intelligent monitor-
ing and control of IRPs in a range of − 16.32 to 2.72 cm 
H2O.

Local (intraluminal) pharmacological treatment 
to decrease IRPs (Table 4)

It has been shown that ureteral smooth muscle is relaxed by 
β2 and β3-adrenergic stimulation [38]. However, there are 
significant species differences in functional β-adrenoceptor 
subtypes mediating ureteral smooth muscle relaxation, that 
is mainly β1-adrenoceptor in rats, β2-adrenoceptor in rabbits, 
mainly β3-adrenoceptor in dogs, and β2 and β3-adrenoceptors 
in humans [39, 40]. The three catecholamines (isoprena-
line, noradrenaline and adrenaline) decrease tonic con-
traction in a concentration-dependent manner. In terms of 
relaxing potency, the rank order is isoprenaline > adrena-
line > noradrenaline. Their perspective of modulating upper 
urinary tract dynamics during endoscopy could be of poten-
tial benefit.

We identified nine studies [6, 7, 41–47] assessing the 
impact of intraluminal application of different agents in IRP 
changes. The first porcine study [41] evaluated the impact 
of verapamil, prostaglandin F2α, phenylephrine and norepi-
nephrine (NE) at different concentrations and with a perfu-
sion rate of 2 mL/min. No agent demonstrated significant 
IRP variations. The influence of NE alone was researched 
in three porcine studies [42, 43, 45], in different concentra-
tions (1, 5, 50 and 100 μg/mL) and perfusion rates (2, 4, 6, 
8, 10, 15 mL/min). In one study [42], a delayed increase and 
a decrease in IRP by increasing flow rates and using 5 and 
50 microg/mL NE was recorded (< 20.4 cm H2O). Addition-
ally, a 100 microg/mL NE significantly inhibited and almost 
eliminated the IRP increase at all perfusion rates compared 
with saline perfusion (< 13.6 cm H2O). The next two studies 
[43, 45] recorded diminished IRP increase at all NE concen-
trations and at all flow rates, in a dose-dependent manner, as 
IRPs remained < 16.32 and < 21.76 cm H2O, respectively. In 
one study, a significant increase of systolic blood pressure at 
NE concentrations of 50 and 100 μg/mL was recorded [43].

Five studies [6, 7, 44, 46, 47] assessed the impact of 
isoproterenol (ISO) administered at various concentrations 
(10−5, 10−4, 10−3, 10−2, 0.1 and 10 μg/mL) and perfusion 
rates (2, 4, 5, 8, 10, 15 mL/min). Three of them [44, 46, PC
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Table 4   Local (intraluminal) pharmacological treatment to decrease IRPs

PCN percutaneous nephrostomy, NS not significant, S Significant
a Absolute values not given, only diagrams presented

Study Year Experiment Measure-
ment

Substance Concentration Perfusion/
FR (mL/
min)

IRP changes Systemic 
effects

Maximum % 
decrease of 
IRP increase 
without sys-
temic effects

Selmy et al. 
[41]

1994 In vivo
pig

Antegradely 
(PCN)

Verapamil
Prostaglan-

din F2α
Phenyle-

phrine 
Norepi-
nephrine

10−6 − 10−3 
mol/L

2 × 10−5–2 × 10−1 
mg

5, 10, 50, 100 μg/
mL

5, 10, 50, 100 μg/
mL

2 NSa No NA

Holst et al. 
[42]

2003 In vivo
pig

Retrogradely 
(tip)

Norepineph-
rine

0
5
50
100 μg/mL

2, 4, 6, 8, 10, 
15

NSa

NSa

Sa decrease 
of IRP 
increase 
only at 
4 mL/mina

Sa decrease 
of IRP 
increase in 
all FRsa

No NA

Holst et al. 
[43]

2005 In vivo
pig

Retrogradely 
(tip)

Norepineph-
rine

0
5
50
100 μg/mL

2, 4, 6, 8, 10, 
15

–
Sa

Sa

Sa

Sa

Yes, increase 
of systolic 
BP at con-
centrations 
of 50 and 
100 μg/
mL

NA

Jakobsen 
et al. [44]

2007 In vivo
pig

Retrogradely 
(tip)

Isoproter-
enol

10−5 μg/mL
10−4

10−3

10−2

0.1
10

2, 4, 5, 8, 10, 
15

Sa

Sa

NSa

Sa

Sa

Sa at 8 mL/
min

Yes, 
decrease 
of systolic 
BP and 
increase 
HR at a 
concentra-
tion of 
10 μg/mL

64% with 
concentra-
tion of 
0.1 μg/mL 
and FR of 
8 mL/min

Mortensen 
et al. [45]

2008 In vivo
pig

Retrogradely 
(tip)

Norepineph-
rine

0
1
5
50
100 μg/mL

2, 4, 6, 8, 10, 
15

–
Sa

Sa

Sa

Sa

No NA

Jung et al. 
[46]

2008 In vivo
pig

Retrogradely 
(tip)

Isoproter-
enol

0.1 μg/mL 8 S No 42%

Jung et al. 
[6]

2008 In vivo 
human

Retrogradely 
(tip)

Isoproter-
enol

0.1 μg/mL 8 S No 88%

Jung et al. 
[7]

2008 In vivo 
human

Retrogradely 
(tip)

Isoproter-
enol

0.1 μg/mL 8 S No 107%

Jakobsen 
et al. [47]

2010 In vivo
pig

Antegradely 
(PCN)

Isoproter-
enol

0.1 μg/mL 0, 4, 8, 
12,16, 25, 
33

S decrease 
of IRP 
increase in 
all FRsa

Yes, 
decrease of 
HR

27% with FR 
4 mL/min
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47] were porcine and two [6, 7] were human ureterorenos-
copy studies. The maximal decrease of IRP increase with-
out systemic side effects was recorded at concentrations of 
0.1 μg/mL and perfusion rates of 4 or 8 mL/min [44, 47]. 
In these settings, IRP increase could be reduced with a rate 
of 27–107%. In terms of absolute values, mean IRPs ranged 
44.88–70.72 cm H2O and 25.84–51.68 cm H2O for saline 
and ISO, respectively. A decrease of systolic blood pressure 
and increase of heart rate was reported at a concentration of 
10 μg/mL [44].

Conclusions

During RIRS, extremely high IRP values are reported with 
powerful manual, in comparison to gravity irrigation or 
pumps, and ureteral access sheaths constitute the most effi-
cient tool for IRP decrease. IRPs during PCNL remain at 
low levels and IRPS during mini-PCNL can be significantly 
decreased with the vacuum-cleaner and purging effects but 
remain uncontrolled during micro- and ultra-mini PCNL. 
Intraluminal pharmacological treatment could play a role 
in IRP decrease, with isoproterenol being the most stud-
ied agent, however, more human prospective studies are 
needed to adopt it in our everyday practice. Current evidence 
remains heterogeneous and there is a lack of proper designed 
and executed human studies, making IRPs a neglected pre-
dictor of upper-tract endourology complications.
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