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Simultaneous Measurement of Pressure in the Calyces During RIRS
in a Human Cadaver Model

Insan Kadavra Bobrek Modelinde RIRS Sirasinda Kalikslerin Es Zamanli Basing Olgtimi
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What’s known on the subject? and What does the study add?

In previous studies in literature, intrarenal pressure measurement has been made at the renal pelvis level. To the best of our knowledge, there
has been no study in the English literature that has shown whether the renal pelvis pressure is reflected at the same level in the renal calyces
or that has evaluated the effect of the pressure in the examined calyx on the other calyces.

Abstract T

Objective: The aim of this study was to evaluate calyceal pressure caused by irrigation of the upper, mid and lower calyces in a cadaver kidney
model and to examine the interactions.

Materials and Methods: The kidney was dissected together with the ureter from a human cadaver from a 75-year-old without a history of renal
disease. Catheters were placed in the bases of the calyces to perform pressure measurements. After recording baseline pressures while the flexible
ureteroscope working channel was empty during irrigation, pressures were then measured by administering fluid with a hand pump, 5 cc and 50
cc syringe. Then, 272 p and 350 p laser probes were placed in the flexible ureteroscope and, after recording the baseline calyceal pressures, the
measurements were repeated 3 times during hand pump irrigation.

Results: Lowest calyceal pressures were measured when a 300 p laser probe in the working channel of the flexible ureteroscope was placed in the
upper calyx during irrigation at 60 cm H20. Independent of the location of the flexible ureteroscope, the pressure in all the calyces was observed
to be >50 mmHg during all types of fluid irrigation. All the calyceal pressures were observed to be affected by each other. The pressure within the
calyx where the flexible ureteroscope was located was statistically significantly higher than in the other calyces (p<0.001).

Conclusion: Application of additional fluid irrigation during flexible ureteroscopy causes a serious increase in intrarenal pressure. If fluid irrigation
is to be applied, it should be done using a very small amount of fluid and for a very short duration.

Keywords: Intrarenal pressure, Retrograde intrarenal surgery, RIRS, Calyx pressure

Oz T
Amac: Calismamizda kadavra bobrek modelinde Ust, orta ve alt kalikste farkli irrigasyon uygulamalari ile olusan kaliksiyel basinglari ve birbirleri ile
etkilesimlerini degerlendirmeyi amacladik.

Gerec ve Yontem: Yetmis bes yasinda bilinen bobrek hastaligi dykiisii olmayan insan kadavra bobregi iireteri ile birlikte diseke edildi. Kateter uclari
kaliks tabanina gelecek sekilde yerlestirildi. Flexible ureteroskop calisma kanali bos iken bazal basinglar kayit edildikten sonra pump, 5 cc ve 50
cc enjektor ile sivi verilerek basinclar 6lciildli. Daha sonra flexible ureteroskopun igcinden 272 ve 350 p lazer probu yerlestirilerek bazal ve pump
yapilarak 3 kez ayni islemler tekrarlandi.

Bulgular: Tiim kalikslerin basinclari en diisiik 60 cm H20 irrigasyon sirasinda flexible urs st kalikste calisma kanali 300 p lazer var iken dl¢ildii.
Flexible URS lokalizasyonundan bagimsiz olarak uygulanan her tiirlii sivi irrigasyonunda tiim kalikslerde basincin 50 mmHg ve izerine ¢iktigr izlendi.
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Tuim kaliks basinglarinin birbirinden etkilendigi gézlendi. Flexible URS'nin bulundugu kaliks icinde basinclar digerlerinden daha yiiksek dlciildii ve

bu istatistiksel olarak anlamli idi (p<0,001).

Sonug: Flexible ureteroskopi sirasinda ek sivi irrigasyonu yapilmasi bobrek ici basinglarinda ciddi artisa neden olmaktadir. Sivi irrigasyonu yapilacaksa

cok kisa stireli ve miimkiim oldugunca az uygulanmalidir.

Anahtar Kelimeler: intrarenal basing, Retrograd intrarenal cerrahi, RIRC, Kaliks basing

Introduction

Technological developments in flexible ureteroscopy (fURS) aim
to increase image quality (1,2,3). By increasing pixel resolution
of digital ureteroscopes, it is aimed to obtain better vision.
However, even though developments in optical sources continue,
another factor defining vision quality during ureteroscopy is
fluid irrigation. Especially during stone breakage with laser, the
stone dust cloud disrupts the view and it is attempted to correct
this with fluid irrigation. Irrigation may lead to an increase
in intrarenal pressure. The use of a ureteral access sheath is
recommended to decrease elevated intrarenal pressure (4). There
are reports showing that even if a ureteral access sheath is used,
intrarenal pressures reach a critical level (5). In previous studies
in the literature, intrarenal pressure measurement has been
made at the renal pelvis (6,7). To the best of our knowledge,
there has been no study in the English literature investigating
whether the renal pelvis pressure was reflected at the same level
in the renal calyces or evaluating the effect of the pressure in
the examined calyx on the other calyces.

The aim of this study was to evaluate calyceal pressure caused
by irrigation of the upper, mid and lower calyces in a cadaver
kidney model and to examine the interactions.

Materials and Methods

The kidney was dissected together with the ureter from a human
cadaver of a 75-year-old without a history of renal disease. An Elite
Flex (Istem Medikal, Ankara, Turkiye) 10/12 Fr, 35 cm ureteral access
sheath was placed in the ureteral lumen below the ureteropelvic
junction and the sheath was fixed to the lumen with a 2.0 vicryl
suture. The calyx structures were identified with retrograde
pyelography. Under fluoroscopic guidance, catheters were placed
in the upper, mid and lower calyces for pressure measurements.
The pressure values were recorded by attaching the catheters to
a Dréger Fabius plus XL (Driger Medical GmbH, Germany) arterial
pressure monitor (Figure 1). A Storz Flex-x* (Tuttlingen/Germany)
flexible ureteroscope was rotated to the pelvis, the upper calyx,
the mid calyx and the lower calyx. The catheters were observed
to be placed within the calyx structures. The ends of the catheters
were placed to be at the base of the calyx.

The calyceal pressure where the measurement was made and
the simultaneous pressures formed in the other calyces were
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recorded during the measurement process. After recording
the baseline pressures while the flexible ureteroscope working
channel was empty during irrigation at 60 cm H,O level, pressures
were then measured by administering fluid with a hand pump,
and 5 cc and 50 cc syringe. Each procedure was repeated 3 times;
irrigation was applied for about 3 sec and repeated when the
pressure levels reached the baseline levels. Maximum pressure
values were noted and average pressure values were calculated.
Then, 272 and 350  laser probes were placed inside the working
channel of the flexible ureteroscope and after recording the
baseline calyceal pressures, the measurements were repeated 3
times during hand pump irrigation.

Statistical Analyses

Statistical analyses of the study data were made using IBM SPSS
Statistics 21.0 software (IBM SPSS Statistics for Windows, version
21.0 (2012 release) Armonk, NY, USA). Conformity of the data to
normal distribution was evaluated using the Shapiro-Wilks test.
In the comparison of values at different measurement times,
the Wilcoxon test was used when there were 2 groups and the
Friedman test when there were 3 or more groups. For repeated
measurements, the two-way repeated measures ANOVA (one
factor repetition) was applied. Pearson's chi-square test was
used to analyse the cross-tables formed. A p value of less than
0.05 was considered statistically significant.

Results

Figure 1. Simultaneous measurement of pressure of the calyces on cadaver
kidney model
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In thisstudy, the lowest pressuresin all the calyces were measured
when a 300 p laser probe in the working channel of the flexible
ureteroscope was placed in the upper calyx during irrigation
at 60 cm H,0. The pressures were measured to be <10 mmHg.
The highest calyceal pressure values were measured when the
pump was applied in the middle calyx while the working canal
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Figure 4. Working chanel with 300p laser

was empty and the flexible ureteroscope was in the pelvis. The
pressures were >100 mmHg (Figure 2).

Independent of the flexible ureteroscope location, the pressure
in all the calyces was observed to be >50 mmHg during all types
of fluid irrigation (p=0.610). With 5cc irrigation, there was a
12.98-fold increase in the risk of pressures >50 mmHg in all
the calyx groups even with a laser probe in the working canal,
compared to the baseline pressure measurements (p<0.001).
The greatest difference in the measurements made with 5 cc
irrigation and when the working canal was empty was observed
to be in the upper calyx group (p<0.001).

Using a hand pump together with 272 u laser created a 4.27-
fold increase in the risk of developing pressures more than 50
mmHg compared to baseline value with 272 p laser. A difference
was observed in all the calyx groups during the procedure with
the greatest difference when the flexible ureteroscope was in
the pelvis (p<0.001) (Figure 3).

Using a hand pump together with 300 u laser created a 2.89-
fold increase in the risk of developing pressures >50 mmHg
compared to the baseline value (p<0.001). A difference was
observed in all the calyx groups during the procedure with the
greatest difference when the flexible ureteroscope was in the
ureter. The lowest difference was observed when the flexible
ureteroscope was in the lower calyx (p<0.001) (Figure 4).

All the calyceal pressures were observed to be affected by
each other. The pressure within the calyx where the flexible
ureteroscope was located was found to be statistically
significantly higher than in the other calyces (p<0.001). When
the flexible ureteroscope was located in the pelvis and the upper
and mid calyx, the highest pressures were reached with pump
applied while the working canal was empty, and the highest
pressure was obtained with 50 cc irrigation when the flexible
ureteroscope was in the lower calyx (p<0.001).

Discussion

Endoscopic imaging and treatment of the upper urinary system
is greatly facilitated with fURS. It is the first-line recommended
method in the guidelines for the treatment of upper urinary
system stones in particular (8). However, there are still some
problems associated with the currently increasing widespread
use of this method. In this respect, there are developments in
finer instruments, digital camera systems to increase image
quality, the use of different laser probes and endoscopic basket
catheters specific for this procedure. While developments are
increasing success of the procedure, there are also ongoing
studies investigating the effects on kidney.

Fluid irrigation applied to increase the vision quality causes an
increase in intrarenal pressure. Under physiological conditions,
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the intrarenal pelvic pressure has been reported to vary between
0 mmHg and 15 mmHg (5). When a ureteral access sheath with
a semi-rigid or flexible ureteroscope, intrarenal pressure has
been reported to increase to 100-300 mmHg with irrigation
(59). Auge et al. (10) evaluated intrarenal pressure with
measurements made via a nephrostomy catheter in different
ureter segments without the use of a ureteral access sheath and
determined a decrease of 57%-75% in intrarenal pressure with
the use of a ureteral access sheath. There is a greater reduction
in intrarenal pressure with larger sized ureteral access sheaths.
However, even though the use of a large ureteral access sheath
may lead to lower intrarenal pressure, there is an increased risk
of ureteral damage (11). Al-Qahtani et al. (12) reported the ideal
access sheath diameter to be 10/12 Fr. For this reason, we used
10/12 Fr ureteral access sheath in the study.

As it is known from animal and human studies, with an increase
of intrarenal pressure to 20-30 mmHg, pyelo-tubular backflow
develops and blood circulation of the kidney decreases (13,14).
When intrarenal pressure increases to 30-50 mmHg, the
pyelovenous backflow becomes more evident and an increase in
both pyelosinus and pyelolymphatic pressures results in forniceal
rupture (14,15). It has been reported that a pelvic pressure of
>30 mmHg during rigid nephrolithotomy was associated with
higher pain score and longer hospital stay (16). Therefore,
pyelo-tubular and even pyelovenous and pyelolymphatic
backflow almost always occurs with the intrarenal pressure seen
during routine fURS, and this can potentially cause infectious
and hemorrhagic complications in addition to impaired renal
function (5). In the current study, even in the presence of a laser
probe in the working canal, pressures were observed to be >50
mmHg in all types of additional fluid irrigation.

In association with increasing intrarenal pressure, fluid passes
into the bloodstream. Guzelburc et al. (17) reported that fluid
absorption ranged between 20 mL and 573 mL in patients
undergoing RIRS. An increased fluid volume can create
problems in cardiac patients and those with renal failure. In the
current study, there was fluid extravasation from the kidney
parenchyma during the procedure. According to the results of
this study, administration of diuretics may be recommended in
the presence of contraindications found during fURS to avoid
fluid overload and to reduce the risk of parenchymal fluid
transfer. In the current study, it was observed that the calyceal
pressures were increased during fluid administration with
flexible ureteroscope while the working canal was empty. It is
recommended to avoid fluid irrigation while the working canal
is empty during fURS. Long duration of irrigation can increase
the risk of the development of complications. Intrarenal
pressure was observed to significantly increase even during
irrigation made using a 5 cc syringe. All the calyceal pressures
were observed to be affected by each other. It is possible to

216

reach high pressures even with a small amount of fluid due to
low renal pelvic capacity. Different results can be obtained in
different pelvic volumes. The lowest pressures in the calyces
were obtained with a 300 p laser probe in the 3.6 Fr working
channel of the fURS. As the diameter of the laser fiber increases,
the amount of fluid passing through the working channel
decreases and the intrarenal pressure remains low. However, in
our study additional 5 cc fluid applications were sufficient to
increase intrarenal pressure. When a manual pump is used in
clinical practice, the applied force will be different every time,
resulting in different amounts of fluid. Waiting for intra-renal
pressure to decrease after each additional fluid applied for dust
removal may be a solution to avoid possible complications.

Different approaches for reducing intrarenal pressure can be
found in the literature. In a study performed in a porcine model
by Zhu et al. (18), success was reported in maintaining low renal
pelvic pressure with flexible ureteroscope at different flow rates
with the use of a smart pressure control device. In the same study,
following perfusion applied while the flexible ureteroscope was
in the upper calyx, the upper calyceal pressure was temporarily
higher than the pelvic outlet pressure. Huang et al. (19)
successfully treated patients with a solitary kidney and upper
urinary tract calculus by protecting low renal pressure using a
device with a suction system. With endoluminal application of
0.1 pug/mL isoproterenol to reduce intrarenal pressure, Jung et al.
(9) reported that intrarenal pressures were reduced without any
cardiac side-effects.

Study Limitations

There are some limitationsin the currentstudy. The measurements
were made on a single cadaver kidney. The effect on pressures
in different calyx structures and length of the calyx neck could
not be evaluated. As this was a cadaver kidney, the tissue
elasticity and resistance were different from that of a normal
kidney. Therefore, the pressures in this study may be different
than in those in routine procedures. Fluid extravasation during
the procedure caused a decrease in the measured calyceal
pressures, and the amount of fluid returning from the access
sheath could not be evaluated because of the extravasation.
Fixing the sheath to the ureteropelvic junction with suturing
may also affect the pressures. In addition, the effect of different
diameters of ureteral access sheaths on calyceal pressures could
not be evaluated.

Conclusion

Application of additional fluid irrigation during fURS causes
a serious increase in intrarenal pressure. Even in irrigation
made using a 5 cc syringe, intrarenal pressure was found to
be significantly increased. If fluid irrigation is to be applied, it
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should be done using a very small amount of fluid and for a very
short duration. During fURS, diuretics can be useful for avoiding
fluid overload. Although the upper calyx is the most affected,
there the pressure may increase in all calyces.
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