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Abstract With a new generation of Xexible uretero-
renoscopes, a new area in stone management is emerg-
ing. Limitation of vision with these new instruments is
often caused by insuYcient irrigation Xow, especially
when using instruments like stone baskets, resulting
from partial obstruction of the working and irrigation
channel with these instruments. Empirically, new avail-
able smaller stone baskets seem to dramatically
improve irrigation and therefore vision in clinical use.
The goal of this study was to show objective diVerences
in basket diameters and Xow rates in an in vitro setting.
Diameters and irrigation Xows in Xexible ureteroreno-
scopes depending on diVerent sizes of stone baskets
(Fr. 1.5–1.7–1.9–2.2–2.4–3.0) and diVerent deXections
were measured. The measured diameter of the baskets
varied within the Wrst 20 cm and the true measured size
varied from the manufacturer’s speciWed size to a
diVerent extent. The new generation of 1.5 and 1.7 Fr.
baskets improved irrigation Xow, even compared to the
smallest commonly used baskets, up to 68%. Interest-
ingly, deXection did not inXuence irrigation Xow. This
study conWrmed the subjective impression of inade-
quate description of relevant basket diameters as well
as that of a signiWcant improvement of irrigation Xow
with the newest generation of stone baskets with
smaller diameters.

Keywords Urinary lithiasis · Flexible ureteroscopes · 
Endourology

Introduction

Flexible ureterorenoscopy, especially in stone disease,
is a widely used and emerging technique in endourol-
ogy. A new generation of instruments with either dou-
ble deXection of about 180° or single deXection of
about 270° widens the spectrum of indications in every-
day endourological practice. Especially in patients with
small lower calyx calculi, new generation Xexible urete-
rorenoscopy is an eYcient treatment alternative to
either SWL with its low stone free rates or (Mini-)
PCNL with its higher morbidity.

However, despite technical improvements, there are
some major drawbacks of the procedure. Investigations in
scope deXection and also in irrigation have shown a limi-
tation of deXection and vision due to the use of common
stone baskets [1]. While using smaller baskets like 1.9 or
2.2 Fr. in the instruments, changes in scope deXection are
only minor compared to larger baskets like 3 Fr., the par-
tial obstruction of the small diameter working channel in
all new generation scopes caused by the stone baskets is
the reason for the decreased irrigation Xow and handicaps
vision even when using baskets as small as 1.9 Fr.

To our knowledge, neither irrigation Xow in newly
developed smaller nitinol baskets of 1.5 and 1.7 Fr.
size, nor the inXuence of instrument deXection on irri-
gation has been investigated until now.

In this contribution we compared the irrigation Xow
of new smaller 1.5 and 1.7 Fr. stone baskets to the com-
monly used nitinol baskets starting at 1.9 Fr. in an in
vitro setting in the straight, the 90° and the 180° deX-
ected instrument. To avoid erroneous measurement
caused by reinforced distal sheaths, like the Cook N-
Circle, measurements were performed with the sheath
1 cm inside and 1 cm outside the ureteroscope.
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Materials and methods

Six diVerent sizes of stone baskets were calibrated by
means of an outside micrometer gauge (FMS Fein-
mess, Suhl, Germany) at the tip, as well as 5 and 20 cm
behind the tip. Each measurement was performed at
two diVerent, right angle shifted positions of the gauge,
and average results were demonstrated in millimeters
with two decimals. The millimeter values were con-
verted into Fr. using the conversion ‘1 mm = 3 Fr.’ and
rounded to two decimals (Table 1).

As an example, for the new generation ureteroreno-
scopes, a Flex-X² scope 7.5 Fr. (Karl Storz, Tuttlingen,
Germany) with a 3.6 Fr. working channel was used for
all Xow measurements. All applied instruments and
baskets were unused.

A NaCl irrigation solution was connected with a
standard transfer set (Fresenius Kabi AG, Bad Hom-
burg, Germany) to the luer lock inXow of the uretero-
renoscope. Irrigation inXow pressure was calibrated at
100 cm H2O after Wxating the instrument on a table in a
horizontal position. Collecting the irrigation Xuid in a
calibrated cylinder, three precise 1-min trials were
measured with a stopwatch for each setting (Fig. 1).
The Xowmetry was processed in the described tech-
nique with straight, 90° and 180° bent instrument in
1 min trials, and irrigation Xow was documented.

The ureterorenoscope without an instrument in the
working channel was calibrated, and after insertion of
the test basket throughout the working channel with
tip of the basket sheath (closed basket) 1 cm out and
1 cm inside the ureteroscope, the measurements of irri-
gation Xow were performed.

Mean Xow values from the three measurements of
each setting were used for demonstration and statisti-
cal analysis. Flow values were compared dependent on

the type of basket and each relative Xow rate in 90° and
180° deXection was compared to that of the 0° position.
JMP (SAS Inc.) software was used for statistical analy-
sis using one-way Anova analyses and all pair Tukey–
Kramer HSD as post hoc analyses.

Results

The true diameter of the baskets varied within the Wrst
20 cm and the marketed size did not match up to the
true measured size. As required by production toler-
ance, the true diameter was found always smaller than
stated by the manufacturers, but to a diVerent extent.
Whereas most baskets (especially 5 cm from the tip)
fall two digits below the manufacturer’s speciWcation,
mainly the 1.5 Fr. basket provided a marginally smaller
value than stated. The smallest diameters were mea-
sured with constant 0.49 mm at all three points (Sacred
heart Halo 1.5 Fr.), whereas the smallest commonly
used basket (Boston ScientiWc Zero-Tip 1.9 Fr.) mea-
sured 0.63 mm to 20 cm from the tip (Table 1).

The Xow rates for the empty instrument channel as
well as using each basket in 0°, 90° and 180° in both tips
of the sheath inside and outside of the ureteroscope are
presented in Table 2. Without any instrument in the
working channel, there was a loss of 4 ml/min (8.0%) in
irrigation Xow at 180°. Using baskets, there was no rel-
evant diVerence of irrigation Xow at diVerent basket
positions detectable. Moreover, even depending on

Table 1 Diameters (Fr.) of tested baskets at the tip and 5 and
20 cm behind the tip

Manufacturer, 
type, Fr. size of 
the basket

Diameter 
at the tip

Diameter 
5 cm from 
the tip

Diameter 
20 cm 
from the 
tip

Sacred heart, 
Halo, 1.5 Fr.

1.63 1.63 1.63

Cook, Prototype, 
1.7 Fr.

1.76 1.66 1.8

Boston scientiWc, 
Zero-Tip 1.9 Fr.

2.06 1.83 2.1

Cook, N-Circle, 
2.2 Fr.

2.26 1.93 2.16

Boston scientiWc, 
Zero-Tip, 2.4 Fr.

2.6 2.3 2.5

Sacred heart, 
Vantage, 3 Fr.

3.13 3.13 3.16

Fig. 1 Workbench with horizontal ureterorenoscope connected
to the irrigation Xuid (100 cm above the bench), collection of the
irrigation Xuid in a calibrated cylinder
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scope deXection, there was no signiWcant diVerence
detected between 0°, 90° and 180° (P = 0.5069, Anova),
but a clear change of irrigation Xow depending on bas-
ket size could be observed. Whereas the base Xow rate
with the empty working channel was 50.00 and
46.00 ml/min in 0° and 180° deXection of the instru-
ment, respectively, a progressive decrease of irrigation
Xow with increasing basket size was evident. With a
3.0 Fr. basket, the Xow decreased by 49.40 (98.8%) and
45.45 (98.8%) ml/min in 0° and 180° deXection, respec-
tively. With the 1.5 Fr. basket, the Xow decreased only
by 30.00 (60.0%) and 26.00 ml/min (56.5%) during 0°
and 180° deXexion (Fig. 2).

The new 1.5 Fr. basket showed a signiWcant improve-
ment in Xow rate in all degrees of deXection, even com-
pared to the smallest available common nitinol baskets
in 1.9 Fr. In the 0° position there was a diVerence of up
to 8.50 ml/min compared to baskets with 1.9 Fr. in 180°
deXection of 6.00 ml/min, an improvement of irrigation
Xow of 68.0 and 42.9%. Statistical analysis provided sig-
niWcant diVerences between all tested baskets
(P < 0.0001, Anova, all levels signiWcantly diVerent in
Tukey–Kramer) and showed a strict improved irrigation
Xow with decreasing diameter of the basket. Mean Xow
rates were 0.53 (95% KI 0–1.13), 3.29 (KI 2.69–3.89),
12.33 (KI 11.74–12.93), 14.08 (KI 13.49–14.68), 17.83 (KI
17.24–18.43) and 19.67 (KI 19.07–20.26) for 3, 2.4, 2.2,
1.9, 1.7 and 1.5 Fr., respectively. In Tukey–Kramer dem-
onstration, a wider gap between the 2.4 and 2.2 Fr. and
also between the 1.9 and 1.7 Fr was evident.

Discussion

Two major drawbacks of Xexible ureterorenoscopy are
decrease of instrument deXection and decrease of

irrigation Xow, both depending on the size of inserted
stone baskets. Whereas the Wrst problem could be
overcome using small 1.9 or 2.2 Fr. nitinol baskets,
resulting in almost unrecognizable worsening of deXec-
tion, decrease of irrigation and therefore bad vision is
an unsolved problem in Xexible ureterorenoscopy.
Ames et al. [2] showed dramatically the decrease of
irrigation in Xexible ureterorenoscopy in a recent con-
tribution. Canales and coworkers reported a superior
Xow rate of the Halo 1.5 Fr. basket compared to Cook
3 Fr. Laser Flat Wire and Microvasive 1.9 Fr. Zerotip
baskets when used in combination with simultaneous
laser lithotripsy alongside the basket in a recent video
presentation [3]

In the present study, the deterioration of irrigant
Xow depending on basket diameter is conWrmed. New
baskets like the 1.5 Fr. Halo basket outperform 1.9 Fr.
baskets in irrigation Xow by 68.0% in straight and by
42.9% in the 180° deXected position, thus resulting in
better endoscopic vision in cases of bleeding or caliceal
debris. Despite an expected reduction of liquid Xow in
the bent position due to conceivable centrifugal forces
perpendicular to the Xow direction and continuous

Table 2 Irrigation Xow characteristics with and without test baskets in the 0°, 90° and 180° deXected ureterorenoscope

Values are represented in ml/min and percentage from each ‘without basket’ situation are given within parentheses

Flex-X2 working 
channel 3.6 Fr.

Without 
basket

Sacred heart 
Vantage 3 Fr.

Boston 
scientiWc 
Zero Tip 
2.4 Fr.

Cook N-Circle 
2.2 Fr.

Boston 
scientiWc 
Zero Tip 
1.9 Fr.

Cook Prototype 
1.7 Fr.

Sacred heart 
Halo 1.5 Fr.

0° deXection 
(sheath inside)

50.00 
(100.0%)

0.60 (1.2%) 3.50 (7.0%) 12.00 (24.0%) 14.00 
(28.0%)

18.00 (36.0%) 20.00 (40.0%)

0° deXection 
(sheath outside)

0.55 3.50 14.00 12.50 17.00 21.00

90° deXection 
(sheath inside)

48.50 
(100.0%)

0.55 (1.1%) 3.25 (6.7%) 12.00 (24.7%) 14.00 
(28.9%)

18.00 (37.1%) 17.50 (36.1%)

90° deXection 
(sheath outside)

0.45 3.25 12.00 15.00 18.00 19.50

180° deXection 
(sheath inside)

46.00 
(100.0%)

0.55 (1.2%) 3.00 (6.5%) 12.00 (26.1%) 15.00 
(32.6%)

18.00 (39.1%) 20.00 (43.5%)

180° deXection 
(sheath outside)

0.50 3.25 12.00 14.00 18.00 20.00
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Fig. 2 Loss of irrigant Xow in percentage of the baseline with ap-
plied 1.5 and 3.0 Fr. baskets in 0° and 180° deXection
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required changes in the linear momentum of the Xow,
deXection of the ureterorenoscope has only a minor
impact on irrigation Xow. Whenever possible, a small
diameter basket should be used to have optimal vision
and improve therapeutic eYcacy of this minimally
invasive procedure.

Conclusion

The smaller the stone basket is, the higher is the irriga-
tion Xow and therefore the vision. As could be shown
in the present study, bending of the instrument has
nearly no impact on irrigation, nor has the position of

the sheath slightly inside or outside the instrument.
New 1.5 or 1.7 Fr. stone baskets improve irrigation sig-
niWcantly compared to commonly used baskets, result-
ing in faster exchange of intrarenal Xuid, thus resulting
in better vision. Future studies are suggested to com-
pare possible Xow diVerences between baskets of “sim-
ilar” size provided by diVerent manufacturers.

References

1. Pasqui F et al (2004) Eur Urol 45:58
2. Ames CD et al (2006) J Endourol 20:74–77
3. Canales BK et al (2006) J Urol Suppl 175:301
123


	Size does matter: 1.5 Fr. stone baskets almost double irrigation Xow during Xexible ureteroscopy compared to 1.9 Fr. stone baskets
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


