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Introduction Saline solution is the standard irrigant used during ureteroscopy. However, there is an opin-
ion that water has better visual clarity. We aimed to compare the visual clarities of saline, water, and 5%
mannitol as an irrigant during ureteroscopy.

Material and methods An in vitro model consisting of an irrigant-filled container and a fiberoptic flex-
ible ureteroscope was designed. A 1951 USAF Resolution Test Target and color checker within irrigants
were used to evaluate the clarity of vision. The visual clarity was compared for 0.9% saline, distilled
water and 5% mannitol solution with screen resolution and color contrast. The tests were repeated
after adding human blood (2/400 ml) and contrast (20/400 ml) to the irrigants.

Results There was no significant difference in resolution values of three plain irrigants at a distance

of 10 mm. However, when blood was added to the irrigants, a better resolution of 29.3% for water and
20.6% for mannitol was achieved compared to saline. At 20 mm of distance, it was observed that the
difference was more pronounced in irrigants with blood. Water and mannitol had 55.6% and 37.1%
better resolution than saline, respectively. In the color reproduction test, there was no significant differ-
ence in the three plain irrigants, however, water had better color contrast compared to the others.
Conclusions Water and 5% mannitol did not provide a significant image clarity advantage compared to
saline. However, when blood was added to the irrigants, water provided significantly better visual clarity
compared to saline. The use of water during various clinical scenarios in flexible ureteroscopy should be
further investigated.
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INTRODUCTION

The application of flexible ureterorenoscopy in urol-
ogy was first described by Marshall in 1964 [1]. To-
day, flexible ureterorenoscopy (URS) is an integral
part of modern urological practice. With advances
in ureteroscope design and laser technology, the in-
dications of flexible URS and retrograde intrarenal
surgery (RIRS) have expanded in the minimally in-
vasive surgery of the upper urinary tract pathologies,
specifically for urinary stones and upper urothelial
tumors. Although the use of digital ureteroscopes
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with superior image quality is increasing, fiberoptic
ureteroscopes with a lower image quality are still
widely used. However, obtaining optimal image qual-
ity is quite important during RIRS with fiberoptic
devices, since suboptimal image quality may inter-
fere with the efficacy of the procedure [2].

The other determinant of image clarity in URS is the
irrigant used. Isotonic saline is used as a standard
irrigant during flexible URS and RIRS to prevent
hyponatremia and hemolysis due to hypotonic fluid
absorption and transurethral resection (TUR) syn-
drome [3]. American Urological Association (AUA)
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guidelines on urinary stone disease also strongly rec-
ommend the use of isotonic saline in URS [4]. On the
other hand, sterile water may provide a better vis-
ibility for URS and lysis red blood cells which allows
improved light emission and clarity.

There are very limited studies that compare isoton-
ic saline and sterile water in terms of visual clarity
in endoscopy. In this in vitro study, we aimed to com-
pare the visual clarity of isotonic saline, distilled
water, and additionally 5% mannitol as irrigants
for URS.

MATERIAL AND METHODS

We designed an in vitro model consisting of an ir-
rigant-filled container and a fiberoptic flexible ure-
teroscope. The test environment was prepared
by a technician then observers evaluated it blindly.
A resolution test target and a color checker placed
in an irrigant-filled container were used to evaluate
the clarity of vision (Figure 1). The fiberoptic ure-
teroscope visualized the resolution test target and
a color checker at an angle of 90 degrees. Using

screen resolution and color contrast, the visual clari-
ties were compared for 0.9% isotonic saline, ster-
ile distilled water and 5% mannitol solution. Each
400 ml of irrigant was assessed in three versions;
plain, with 2 ml of human blood added (from VU)
to simulate slight bleeding during URS, and with
20 ml of contrast added. A brand new flexible fi-
beroptic ureteroscope (The Viper, Richard Wolf,
Knittlingen, Germany) and a high definition (HD)
camera system (Evis Exera III CV-190, Olympus,
Tokyo, Japan) with a xenon light source (CLV-S190,
Olympus, Tokyo, Japan) were used during the tests.
Images were viewed on 1920x1080 pixels, 26 inch,
HD color display (FSN Medical Technologies, Ana-
heim, CA, USA).

Screen resolution was determined by viewing a 1951
USAF 3x3 inch, positive Resolution Target (stock#
36-275, Edmund Optics, Barrington, NJ, USA)
at a distance of 10 and 20 mm (Figure 2). Resolu-
tion was recorded in line pairs per millimeter (line
pairs/mm) using a reference chart attached to the
test target (Table 1). A 1951 USAF Resolution Tar-
get consists of horizontal and vertical bars organized

Figure 1. In vitro model consisting of a 1951 USAF resolution test target in an irrigant-filled container and a Wolf fiberoptic flex-
ible ureteroscope.
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Table 1. Resolution values for USAF 1951 Test Target (line pairs per mm)

Group number

Element

-2 -1 0 1 2 3 4 5 6 7 8 9
1 .250 .500 1.00 2.00 4.00 8.00 16.0 32.0 64.0 128 256 512
2 .280 .561 1.12 2.24 4.49 8.98 18.0 36.0 71.8 144 287 575
3 .315 .630 1.26 2.52 5.04 10.1 20.2 403 80.6 161 323 645
4 .353 .707 141 2.83 5.66 113 22.6 453 90.5 181 362 -
5 .397 .793 1.59 3.17 6.35 12.7 25.4 50.8 102 203 406 -
6 445 .891 1.78 3.56 7.13 143 28.5 57.0 114 228 456 -

in groups and elements. Each group is comprised
of up to nine elements within a range of twelve
groups. Every element is composed of three hori-

Table 2. Resolution (line pairs/mm) values of irrigants at a dis-
tance of 10 mm

- ’ Saline Water 5% mannitol
zontal and three vertical bars equally spaced with Plain 583 317 317
one another within a group and corresponds to an
. . . Blood added 1.78 2.52 2.24
associated resolution based on bar width and space.
Contrast added 2.52 2.83 2.83

The vertical bars are used to calculate horizontal
resolution and horizontal bars are used to calculate
vertical resolution. Resolution is defined as the high-
est group and elements in which the three bars can
still be distinguished. All test were performed twice
by three urologists.

Color representation was evaluated with a Gretag-
Macbeth color checker 5.7x8.25 cm (ColorChecker
Classic Mini, X-Rite Inc, Grand Rapids, MI, USA)
for red. Two observers (VU and ZG) graded the color
representation from 0 to 2 (0 — no similarity; 1 - lit-
tle similarity; 2 — great similarity. Gretag-Macbeth
is a test pattern scientifically designed to help de-
termine the true color balance or optical density
of any color rendition system. It is an industrial
standard that provides a non-subjective comparison
with a ‘test pattern’ of 24 scientifically prepared col-
ored squares. Each color square represents a natu-
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ral object providing a qualitative maintaining color
reference to countable values (Figure 3). The color
representation test was performed for all three vari-
ants of each irrigant at a distance of 10 and 20 mm.

RESULTS

Table 2 shows the resolution values at a distance
of 10 mm. There was no significant difference
in resolution values of the three plain irrigants
at a distance of 10 mm. Values of distilled water
and 5% mannitol were only slightly better than iso-
tonic saline. Similarly, when contrast was added
to the irrigants, there was no significant difference.

Figure 2. A. 1951 USAF Resolution Test Target. Middle: resolution in the sterile water at 20 mm using 1951 USAF Resolution Test

Target. B. Resolution in the saline with blood at 10 mm.



CENTRAL EUROPEAN JOURNAL OF UROLOGY

@)
o
o
(r]
g
.3
[1°]
q
o
—
=
w
w
o

L

Figure 3. A. Gretag-Macbeth X-rite Color Checker. B. Color contrast in the saline at 20 mm.

Table 3. Resolution (line pairs/mm) values of irrigants at a dis-
tance of 20 mm

Saline Water 5% mannitol
Plain 1.12 1.78 1.26
Blood added 0.56 1.26 0.89
Contrast added 1.12 1.59 1.26

However, when blood was added to the irrigants,
29.3% for water and 20.6% for 5% mannitol better
resolution values were obtained than saline.

As shown in Table 3, when the measuring distance
was increased to 20 mm for the plain irrigants, dis-
tilled water had a slightly better resolution value
than 5% mannitol and isotonic saline, while 5%
mannitol solution had a higher resolution value
than isotonic saline. Similar values were obtained
for the three irrigants when contrast was added to
the fluids. Moreover, it was observed that the differ-
ence was more pronounced in irrigants with blood
at a 20 mm distance. At this distance, water and
mannitol had 55.6% and 37.1% better resolution
than saline, respectively.

In the color reproduction test, there was no differ-
ence between the three plain irrigants. The addi-
tion of contrast to the irrigants also did not cause
a significant change. However, when blood was add-
ed to the irrigants, distilled water had better color
contrast compared to the others and this situation
did not change at distances of 10 and 20 mm.

DISCUSSION

Sterile water is considered to provide a clearer vi-
sual field in URS. However, data is scarce and suffi-

cient studies have not been published on this subject.
In their study which was presented during a con-
gress, Huen et al. compared sterile water with iso-
tonic saline. Serum sodium and osmolarity were
assessed before and after the ureteroscopic proce-
dures. Fluid clarity was also evaluated using spec-
troscopy. The authors concluded that sterile water
as an irrigant did not cause clinically significant
changes in serum sodium and osmolarity after URS
but sterile water appeared to give clearer endoscopic
visualization [5]. Similarly, in a prospective, ran-
domized and double-blinded study from the same
institution, Pirani et al. compared the visual clarity
of sterile water with isotonic saline by subjective sur-
geon scores and turbidimeter analysis during URS.
In this study, the authors used turbidimeter to mea-
sure fluid cloudiness in samples obtained from the
renal pelvis and concluded that using sterile water is
safe during URS, in addition to its visual superiority
to isotonic saline [6]. Although turbidimetry objec-
tively measures the particle rate of the water, alone
it is not a sufficient method for comparing image
clarity for URS. In our study, we preferred resolution
measurement instead of subjective surgeon scoring.
Talso et al. compared vision qualities of different
flexible ureteroscopes with different irrigants using
a 1951 USAF resolution test target in vitro [7]. Col-
or contrast was also evaluated with a color checker.
In this study, no significant difference appeared
in the resolution values of sterile water and isotonic
saline. However, they used iodine solution in order
to simulate bleeding as opposed to real blood as
in our study. In our study, we also tried to compare
the visual clarities of distilled water and isotonic
saline using a 1951 USAF resolution test target
and found that at a distance of 10 mm, resolution
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in distilled water was comparable with isotonic sa-
line while at a distance of 20 mm, distilled water was
slightly superior.

The main concern regarding the use of sterile water
during RIRS is the possibility that water can pass
into systemic circulation by pyelovenous and py-
elolymphatic absorption and cause TUR syndrome.
TUR syndrome is characterized by systemic fluid
overload and dilutional hyponatremia that is seen
in a variety of endoscopic surgical procedures, al-
though classically after transurethral resection of
the prostate (TURP) [8]. Depending on the amount
of fluid absorbed, the clinical picture of TUR syn-
drome may change from asymptomatic hyponatre-
mia to confusion, coma and death [9]. Additionally,
the sterile water used as irrigation fluid can cause
intravascular hemolysis when absorbed. TUR syn-
drome has also been reported after some endoscopic
procedures such as TUR of bladder tumors [10],
percutaneous nephrolithotomy (PCNL) [11, 12] di-
agnostic cystoscopy [13], arthroscopy [14] and tran-
scervical resection of the endometrium (TCRE) [15]
in which irrigation fluid was used. Several methods
have been used to measure the amount of absorbed
irrigant during endoscopic surgery. Cybulski et al. in-
vestigated the amount of fluid absorbed during URS
in a prospective study [16]. They performed a volu-
metric fluid balance and concluded that routine URS
is associated with minimal systemic fluid absorp-
tion and sterile water for URS is safe even if ure-
teral perforation occurs. Conversely, in a prospec-
tive study which ethanol 1% was used as irrigant,
it has been showed that absorbed fluid during RIRS
was not negligible [17]. Zeltser et al. stated in their
commentary that even though sterile water has bet-
ter visuality, isotonic saline should be the irrigant
of choice in ureterorenoscopic procedures since ster-
ile water may cause serious complications includ-
ing cardiovascular collapse, in accordance to their
personal observations [18]. On the other hand, it is
known that the ureteral access sheath use can de-
crease the amount of absorbed fluid. Since the ster-
ile water used for irrigation may cause intravascu-
lar hemolysis, non-electrolyte solutions containing
glycine, sorbitol and mannitol have been introduced
to prevent hemolysis. In this manner, we decided
to use 5% mannitol in addition to distilled water
and isotonic saline during the tests to see its clarity
of vision in URS.

Sterile water as a hypotonic fluid causes lysis
of red blood cells and improves visibility during

URS if bleeding exists. In our study, when blood was
added to irrigation fluids, a significantly better vi-
sual field was obtained with distilled water compared
to isotonic saline at a distance of 10 and 20 mm.
Although the visual advantage of sterile water can be
negligible in the use of digital ureteroscopes which
have higher resolution, it can be argued that sterile
water can provide a better image in case of bleeding
when using fiberoptic ureteroscopes. Additionally,
color representation was better in water when blood
was added. However, we could not observe any visual
superiority of distilled water compared to isotonic
saline when contrast was added to the irrigants.
In this context, we advocate the use of small amounts
of sterile water during flexible URS in the clinical
setting.

Our study has some limitations. The main limitation
is being of an in vitro nature. Since we performed
tests within static fluids, continuous fluid circulation
in clinical applications may lead to different results.
More advanced techniques are available to measure
image resolution. However, we preferred the 1951
USAF Test Target as it was easy to use and was used
as a standard in previous studies. For this reason,
statistical evaluation could not be made due to the
low number of variables and the resolution values
to be read from their own table. Although the use
of a resolution test target for evaluation of visual
clarity gives a numerical value, it should be kept
in mind that it is also subjective and there may be
a bias. Finally, the subjective nature of color repro-
duction evaluation and low number of observers lim-
it the study.

CONCLUSIONS

Our in vitro study showed that the use of sterile dis-
tilled water and mannitol 5% instead of isotonic sa-
line during URS with a fiberoptic scope did not pro-
vide a significant image clarity advantage. However,
when blood was added to the irrigation fluids, dis-
tilled water provided significantly better visual clar-
ity compared to isotonic saline. In cases of potential
bleeding and image quality deterioration such as im-
pacted stones or upper urinary tract tumors, the use
of sterile water as an irrigant in flexible URS should
be further investigated, especially when a fiberoptic
scope is used.
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