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Purpose of review

New developments of retrograde intrarenal and percutaneous endoscopic surgery for nephrolithiasis have
significantly enhanced the indications of endourology compared to extracorporeal shock wave lithotripsy.
We want to review the most significant new technologies

Recent findings

New technology to access the renal collecting system includes marker-based tracking with iPAD, laser-
guided puncture on (Uro)Dyna-CT, electromagnetic tracking (only experimental), and optical tracking for
ultrasound-guided puncture. Miniaturization percutaneous nephrolithotomy has been further extended and
classified to Midi-PCNL (20-22F /L), Mini-PCNL (16-18F/M), Ultra/Super-mini-PCNL (12-14F/S), and
Micro-PCNL (8-10F/XS). Knowledge of Ho:YAG-aser lithotripsy including power settings for fragmentation
(depending on stone composition), dusting (0.5)/20Hz), and popcorn-effect/laser-burst (1)/30Hz)
becomes mandatory. Also hydrodynamic mechanisms for retrieval of fragments (active/passive washout,
purging, vacuum-cleaner-effect) have gained importance. Improvements of FURS focus on digital-HD-video-
technology with post-processing software (NBI/SPIES) providing better resolution and increased optical
field, further miniaturization of endoscopes to fit in smaller access sheath (12/14F), additional tip-less
Nitinol baskets and graspers, and introduction of a robotic device (Avicenna Roboflex) to improve

ergonomics of the procedure.

Summary

Based on recent technical developments, percutaneous nephrolithotomy and particularly flexible
ureteroscopy will further gain preference in management of urolithiasis compared to ESWL. Endourology
may offer a higher rate of primary success with minimal side-effects which could weigh out the slightly

higher degree of invasiveness.
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Recent technological developments in endo-
urology lead to dramatic changes in management
of urolithiasis. Extracorporeal shock wave litho-
tripsy (ESWL) is still considered first-line treat-
ment for renal stones up to 1-2cm and most
radioopaque ureteral calculi. However, a consistent
trend favors endourology [1,2]. New technology
included image-guided navigation to access the
renal collecting system, miniaturization of instru-
ments, improvement of laser lithotripters, and
robot-assisted flexible ureteroscopy. We focus on
these developments based on literature research,
a recent expert meeting of European association
of Urology (EAU)-section of Urotechnology in
collaboration with EAU-section of Urolithiasis,
and personal experience.
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A literature research was performed in Medline/
PubMed from 2012 to 2015 using keywords ‘miniper-
cutaneous nephrolithotomy (n=39)’, ‘miniaturized
percutaneous nephrolithotomy (N = 15)’, ‘micro per-
cutaneous nephrolithotomy (n=40)’, ‘robotic flex-
ible ureteroscopy (n=13)’, ‘endourology ergonomics
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New techniques in contemporary stone management

KEY POINTS

e Intra-operative navigation can be helpful for
percutaneous puncture of collecting system prior

to PCNL.

e Miniaturization of PCNL can reduce the access trauma
and is useful for stones less than 2 cm.

e The proposed classification of armamentarium used for
PCNL is very useful.

e Adequate knowledge about hydrodynamics of fragment
retrieval becomes crucial.

o Laser lithotripsy includes new concepts like dusting or
using ‘popcorn-effect’ (laser bursts).

e Digital HD-video-technology will become the standard
for FURS.

e Robotic FURS significantly improves ergonomics
of FURS.

(n=38)’, ‘laser-induced intracorporeal lithotripsy
(n=15)’, ‘laser lithotripsy urinary (n=198)’, ‘flexible
ureteroscopy (n=200)’. Additionally, an Internet-
research (web, figures, and videos) was accomplished
to be able to pick up all relevant novelties in endouro-
logic stone surgery.

Navigated puncturing of collecting system

Exact access to renal collecting system is most
important for success of (percutaneous nephro-
lithotomy) PCNL traditionally this can be accom-
plished by use of fluoroscopy, ultrasound, or
combination of both [3-5]. The puncture should
be associated with minimal bleeding and offer

optimal access to the collecting system to remove
maximal stone burden. New puncture techniques
[6-13,14%,15"] [(www.clearguidemedical.com/
news) 30 August 2015] use other modalities like
multislice computed tomography (CT) for imaging
of renal anatomy or apply recent fluoroscopic tech-
nologies for navigated puncture (Table 1).

iPAD-assisted puncture

iPAD-assisted access applies marker-based tracking
for puncture of collecting system (Fig. 1a). Preoper-
atively, a multislice CT is performed in prone posi-
tion on PCNL-cushion with six colored radiopaque
markers on the skin around the target area [8,9].
CT-data are transferred to a special open software
(Medical Imaging Interaction Toolkit), creating
three-dimensional-images based on segmentation
of interesting structures (kidney, collecting system,
ribs, bowel, liver, and spleen).

During PCNL, patient lies in same prone posi-
tion. The iPAD is used as camera, computer, and
display. Data transfer to central server/laptop is
based on Wi-Fi. When virtual and real markers
overlap, virtual anatomy displayed on iPAD corre-
lates with real anatomy and can be used for punc-
ture. Two-dimensional digital fluoroscopy serves as
real-time imaging mode (Fig. 1b).

Based on experimental studies feasibility was
tested in three patients followed by a comparative
matched-pair analysis (Table 1). We could demon-
strate safety and efficacy of the technique based on
an Idea, Development, Exploration, Assessment,
Long-term results-approach, however, no signifi-
cant improvement considering puncture time or
radiation exposure. Future improvements are
necessary and may include tracking of puncture
needle respectively in combination with other track-
ing/localization modalities [15"].

Table 1. Comparison of new techniques to puncture the renal collecting system compared with standard technique

Technique Puncture time (min) Number of punctures Study design

PAKY [6] 104 + 6.5 224+ 1.6 Clinical PCNL

EMT [7] 0.3 (0.2-0.74) 2 Porcine kidney (in vivo)
Acubot [8] 0.6 (0.2-1.3) n.a. Kidney-model

Dyna-CT [13] 4.6 (2-10.2) 1 Puncture model
Dyna-CT [14"] 1.0 (0.5-1.5) 1.3 (1-3) Clinical PCNL

iPAD [10] 1.6 (0.2-9.0) 2 (1-¢) Kidney model

iPAD" 4.38 (0.58-20) 1.9 (1-4) Clinical PCNL
US/Fluoro™ 1.78 (0.75-5.18) 1.3 (1-2) Clinical PCNL

PAKY, percutaneous access of the kidney robot; PCNL, percutaneous nephrolithotomy; n.a., not available.

"Present study.
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FIGURE 1. Markerbased iPAD-assisted puncture of renal
collecting system prior to percutaneous nephrolithotomy;
Algorithm: preoperative computed tomography with patient
in prone position and markers on skin; segmentation of
relevant structures and planning; positioning of patient on
PCNL-cushion; marker detection by Medical Imaging
Interaction Toolkit and visualization of virtual anatomy on
iPAD. Puncture of the kidney with iPAD-assistance. iPAD
fixed on dedicated arm. Verification of successful puncture
by fluoroscopy. PCNL, percutaneous nephrolithotomy.

Dyna computed tomography for three-
dimensional-computed tomography-guided
puncture

(Uro-)Dyna-CT (Siemens Medical Solutions, Erlan-
gen, Germany) represents a digital angiography
unit, which can be rotated around the patient
thereby creating an image similar to CT. Segmenta-
tion of data allows three-dimensional reconstruc-
tion of target structures (Fig. 2a). Special software
(Artis Zee Ceiling) enables multiplanar reconstruc-
tions. Based on ‘bull’‘s eye’-technology, a laser light
(syngo iGuide) simulates the puncture line (Fig. 2b).
This road map is provided in any position of the
C-arm that might be necessary during puncture.
Following experimental studies this technology
was tested in a pilot study (Table 1) [13,14"]. Image
acquisition uses higher radiation doses than stand-
ard fluoroscopy. However, being in an acceptable

0963-0643 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 2. Laser-guided puncture of renal collecting system
with (Uro)Dyna-CT, (Uro)Dyna-computed tomography-
segmented images of stone-bearing kidney, three-
dimensional demonstration of collecting system and
defermination of puncture line. Laser cross indicates the point
of needle insertion according to bull’s eye view.

range compared with alternative procedures
(CT-guided punctures with multislice-CT) used for
complex cases.

Electromagnetic tracking for puncture

Electromagnetic tracking (EMT) uses a magnetic
field generated around the patient to measure
position of ferromagnetic structures inside the
body. For percutaneous access to renal collecting
system a sensor coil attached to tip of ureteral
catheter is used [11,12]. EMT may be interfered by
ferromagnetic objects like surgical table, instru-
ments, or electrical powered devices [8,15™]. A
real-time EMT system (Aurora, NDI, Waterloo,
Canada) displays all relevant structures on the
screen (Fig. 3 only online). Until now, the system
has been used only experimentally (Table 1).
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FIGURE 3. Electromagnetic tracking used for puncturing of
the renal collecting system. Control of needle on double
display showing position of needle (red) and ureteral
catheter with electromagnetic sensor (green) in three
dimensions. Videoendoscopic verification of successful
puncture.

EMT-tracking does not visualize anatomical struc-
tures. Therefore, clinically it might be used only in
combination with imaging modalities [15"].

Optical tracking for ultrasound-guided
puncture

In 2014, Clearguide One (Clearguide-medical,
Baltimore, USA) got US Food and Drug Adminis-
tration approval as an optical tracking device to
enable easy ultrasound-guided punctures (Fig. 4)
[(www.clearguidemedical.com/news) 30 August
2015]. The company is a Johns—Hopkins University
spin-off, trying to commercialize products of
previous projects [7,8]. Until now, there are no
publications in urology.

Miniaturization of armamentarium

Initially, small caliber instruments for PCNL were
used for special indications (urolithiasis in children,
stones in diverticula) using modified short uretero-
scopes. Thereafter, minipercutaneous nephrolithot-
omy was introduced as ‘new’ treatment concept to
minimize access trauma without decreasing effi-
ciency [16,17]. During the last years the concept
of miniaturizing instruments has been further
extended  [16-18,19%%,20%,21,22,23"%,24-28,29".
Two factors contributed to this paradigm shift:

98 WwWw.co-urology.com

FIGURE 4. Optical tracking of ultrasound-guided puncture
on phantom model. Two infrared sensors determine the
position of the ultrasound probe and display the respective
puncture line on ultrasound monitor.

improvement of ultrasound and Holmium-YAG-
laser lithotripters; new knowledge about stone frag-
mentation; and new insights in hydrodynamics of
irrigation and shaft for clearance of fragments. For
better definition of various instrument sizes a classi-
fication has been proposed (Table 2) [297].

Midipercutaneous nephrolithotomy

(L, 20-22 F)

Classical sizes of percutaneous shafts include 26-28
F with Amplatz-shaft of 30 F (XL) [4,5]. Improved
ultrasound lithotripters using smaller probes with
increased transducer frequencies (23.3-26.4Hz)
allowed reduction of instrument size to 21 F still
enabling simultaneous aspirations [18]. Thus, size
and number of fragments to be extracted is not
important (Fig. 5 — only online). In our hands,
Midi-PCNL is effective for stones 1.5-3.0cm in
diameter obviating use of larger instruments in most
instances. A new approach with similar shaft-size
(21 F) represents minimally invasive percutaneous
litholapaxy-concept [20"]. Here Holmium-YAG-
laser is used for complete stone disintegration. Shaft
design should enable optimal flushout of fragments
based on recent hydrodynamic studies [20%,23",24].

Minipercutaneous nephrolithotomy

(M, 16-18 F)

The concept of miniaturized PCNL originally used
such diameters [16,17,19"",21]. Nowadays, various
modifications exist: Amplatz-shaft-like metal sheath
(Fig. 6a — only online), adaptable sizes of shaft for
patients, or video-technology [18,19%%,22]. Miniper-
cutaneous nephrolithotomy relies on efficacy of

Volume 26 e Number 1 e January 2016
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Table 2. New proposal for nomenclature in percutaneous nephrolithotomy

Outer sheath Inner area
PCNL-technique caliber (F) (mm?) Acronym Irrigation Comment
Conventional [3-5] 24-30 59 XL Closed/open Continuous flow Optional use of Amplatz sheath
Midi* 20-22 38 L Closed/open Smaller US-probe (3.7 mm)
Mini/MIP [16-18,19"%,20",21] 16-18 25 M Closed/open Continuous flow Holmium-YAG-laser (0.4 mm)
Ultra-mini (UMP/SMP) [26,27] 11-14 12.5 S Closed/open Holmium-YAG-aser (0.4 mm)
Micro [28] 8-10 7 XS Closed Holmium-YAG-laser (0.2 mm)

PCNL, percutaneous nephrolithotomy; SMP, super-minipercutaneous nephrolithotomy.Present study Adapted with permission from [28].

Ho-YAG-laser lithotripsy together with the
Bernouilli-(Vacuum cleaner)-effect (Fig. 6b only
online) to flush out fragments due to increased
flow velocity inside the small tube. Although less
invasiveness of minipercutaneous nephrolithotomy
has not been clearly documented, it is usually
related to less blood loss and shorter hospital stay
with similar stone-free rates as classical PCNL
[21,22,25].

Ultra-minipercutaneous nephrolithotomy
(S,11-14 F)

Ultra-minipercutaneous nephrolithotomy represents
next step of miniaturization (Fig. 7 — only online)
[26]. The system consists of a small 6 F-working
sheath with a three-channel working element
(ultra-thin 1mm telescope, irrigation, 365 p-laser
fiber). ultra-mini percutaneous nephrolithotomy
(UMP) must rely on complete laser-induced dis-
integration, as there is only minimal outflow via
the shaft. UMP still enables to flush out fragments by

whirlpool effect: the telescope is withdrawn and
saline is injected via a side port of shaft to create
fluid jets [20"]. Thus, a high pressure zone is created
in a small area and fragments will automatically
start escaping from the low-pressure zone. UMP
may not require percutaneous nephrostomy (i.e.,
tubeless). The concept of super-minipercutaneous
nephrolithotomy using 7 F nephroscope and a
modified 10-14 F access sheath with suction-
evacuation function is similar to UMP [27].

(b) Bernouilli’s principle

Decrease of cross section in a tube
Increase of flow velocity

Drop of fluid pressure

FIGURE 5. Midipercutaneous nephrolithotomy (L). Excellent
endoscopic view (HD-Image One, Karl Storz) of 2.4 mm-

(8F)-ultrasonic lithotripsy using 21 F nephroscope (Richard
Wolf).

0963-0643 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 6. Minipercutaneous nephrolithotomy (M). 18F-
Amplatz-sheath and nephroscope (Karl Storz), Scheme of
Bernouilli‘s principle as physical basis of vacuum-cleaner
effect.
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FIGURE 7. Ulira-minipercutaneous nephrolithotomy (X).
UMP-device with 14F-outer sheath enabling separate
irrigation and 6 F working sheath with ultrathin 1Tmm-
endoscope and two working channels for irrigation and

365 plaser fiber.

Micropercutaneous nephrolithotomy

(XS, 8-10 F)

Micro-PCNL consists of a 4 F needle bearing a micro-
optic, and an 8-10 F sheath enabling navigation
into the kidney, respectively Holmium-YAG-laser
lithotripsy without needle bending (Fig. 8a only
online) [28]. Arrangement of the three channels
is comparable to UMP (irrigation, micro optic,
200-230 p-laser fiber). A dedicated arm stabilizes

the camera. Based on 15 patients, Desai concluded,
that Microperc would be of interest in selected cases
(stone in caliceal diverticulum, ectopic kidney,
small lower calyx stone) as alternative to ESWL. In
the meantime calculi up to 2 cm have been success-
fully treated [28]. Own experiences, confirmed effec-
tive puncture with all-seeing needle and well
tolerated sheath manipulation inside the kidney
(Fig. 8b only online). However, irrigation is poor,
requiring bloodless puncture for effective laser lith-
otripsy. Image quality of micro-optic is significantly
worse than all alternatives (Fig. 8c only online).

Tubeless percutaneous nephrolithotomy

Tubeless PCNL was introduced in the last century
[30]. Nowadays, it has become clinical routine
being established in EAU and American Urological
Association guidelines [31]. However, there are a
variety of modifications including antegrade
Double J (DJ)-placement, leaving ureteral catheter
in place, removing everything (stentless, tubeless),
leaving a DJ-stent with a suture externalized via the
access tract for stent removal [18,19"%,32]. Addition-
ally, various sealants have been tested for tract
closure. However, there are no randomized studies,
which could prove any advantage in favor of
sealants [18].

3-way
adapter

FIGURE 8. Micropercutaneous nephrolithotomy (S). A 4F needle with a micro-optic inside. 8/10 F sheaths allow manipulation
inside the kidney. Three-way-adapter for irrigation and 230 p-laser fiber. Combined ultrasound-flivorsocopic guided puncture
of renal collecting system and endoscopic manipulation of device to pelvic stone. Endoscopic view during laser lithotripsy.
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Hydrodynamic background of percutaneous
nephrolithotomy

Smaller access diameters combined with laser litho-
tripsy lead to an increased number of harvested frag-
ments. Dealing with rapidly expanding number of
small fragments, respectively, dust induced a shift
from mechanical devices to hydrodynamic effects for
stone retrieval [20%]. Several principles of hydrodyn-
amic-aided fragment retrieval can be distinguished:
passive washout is defined as stone clearance by
transportation based on ureteral peristalsis.

Active washout could be used in several ways: by
transportation of fragments within continuous irri-
gation backflow through access sheath alongside
the scope; by filling of collecting system with high
pressure and quickly remove the scope resulting in
immediate inversion of irrigation flow and pressure
with spillage-like removal of stones via the access
sheath [27]; by sweeping fragments down the ureter;
or by irrigation with a syringe via an additional
channel of access sheath [26].

Purging effect means fragment transportation
by pressure-controlled irrigation using inflow via
percutaneous access and outflow through a Mono-
J-catheter or access sheath. Advantage of purging
effect includes relatively high irrigation fluid-turn-
over and fragment transportation without excess of
intrarenal pressure [20%].

Vacuum cleaner effect leads to directed trapping
of fragments in a hydrodynamic pseudocavity in
front of the scope in a low-pressure situation. The
difference to other hydrodynamic stone retrieval
effects represents active trapping of fragments.
Vacuum cleaner effect is based on Bernouilli‘s prin-
ciple (Fig. 6b) mimicking a mechanical forceps like
an invisible grasper and cannot be seen as a simple
wash-out-phenomenon. In larger scopes there is no
cavity with low-fluid movement explaining why
vacuum cleaner effect does not occur in higher
sheath diameters [23""].

To reduce stone removal time and increase
primary stone-free rate, endourologists must be
aware of the above-mentioned hydrodynamic
effects. Further technical innovations such as Lith-
Assist — a 11.6F-device for laser lithotripsy with
simultaneous suction could be helpful, but need
further miniaturization [33].

Digital endoscopes

Equally, there has been a significant change regard-
ing quality of flexible ureteroscopes and extension
of indications [34]. Introduction of small-caliber
digital flexible endoscopes (F 8-9, Olympus URF-

0963-0643 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Image enhancement using SPIES (Storz
Professional Image Enhancement System; Clara + Chroma)
during FURS with digital flexible ureteroscope (Karl Storz
Flex XC) to optimize visualization of pelvic stone (uric acid).

V2, Storz Flex XC) provides excellent image with
increased resolution and field. Digital technology
enables postprocessing of image (Storz Professional
Image Enhancement System, narrow band imag-
ing), which can be used for diagnosis of upper tract
tumors, but also for calculi (Fig. 9 only online) [35].
Recently a two-channel-endoscope is available with
digital technology (Cobra-HD, Richard Wolf) [36].

Access sheath

Success of hydrophilic guidewires stimulated intro-
duction of hydrophilic access sheath in different
length and sizes. Whereas, initially only Flex XC
(Karl Storz, Tuttlingen, Germany) was able to pass
via a 12/14 F access sheath (i.e., Flexor, Cook-
Europe), now most digital devices can be intro-
duced. Ideally, access sheath is placed 2cm below
ureteropelvic junction not to interfere with deflec-
tion-mechanism of scope (Fig. 10a and b - only
online). Even 12/14 F access sheaths allow retrieval
of fragments up to 3.5mm. There are reports of
injury due to primary use of access sheath in up
to 45% (grade A-lesion) [37",38]. Therefore, we
prefer presenting of our (robotic) flexible ureteror-
enoscopy (FURS)-patients. With this concept injury
rates can be neglected.

Improved baskets

Nitinol tip-less Dormia-baskets are available from
several companies [38]. In our hand the NGage
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FIGURE 10. Robot-assisted flexible ureterorenoscopy — use of tipless devices, Adequate placement of 12/14 access sheath
2 cm below uretero-pelvic junction to provide optimal deflection of ureteroscope. Access to lower calix by use of Avicenna
Roboflex Retrieval of larger fragments using NGage nitinol extracting device (Cook).

extracting device (Cook-Europe, Ireland) acting like
a grasper, which can be opened in case of problems
proved to be helpful for retrieval of larger fragments
(Fig. 10c only online).

Theories of effective laser lithotripsy

Holmium-YAG laser lithotripsy represents gold
standard for rigid and flexible URS as for miniatur-
ized PCNL. However, optimal laser lithotripter set-
tings and most appropriate laser fibers have not yet
been defined [397].

Physics of Holmium-YAG-laser lithotripsy

In previously used laser lithotripters (i.e., dye-laser,
neodym-YAG-laser) stone fragmentation was based
on intracorporeal shock wave lithotripsy: laser pulse
duration of less than 10 s induced plasma bubbles.
When these collapse, cavitation bubbles produce
shock waves to break the stone [40,41]. Holmium-
YAG-lasers disintegrate stones based on a photo-
thermal effect: laser pulse duration of 100-
1000 ps induce temperature rise inside the stone.
Holmium-laser radiation is absorbed by residual
water in the stone creating vapor pressure breaking
the stone from inside. Holmium laser pulse is much
too long and cavitation by far too weak to contribute
primarily to fragmentation process [41].

Laser lithotripters allow controlling main
parameters like pulse energy (J) and pulse frequency
(Hz), and total power output (W) as product both.

102 www.co-urology.com

According to adjustment of these parameters,
energy intensity delivered at tip of laser fiber is
regulated. In 1999, Spore et al. [42] tried to deter-
mine optimal power setting using an in-vitro model
of human calculi. Ablation speed correlated with
average power for all types of calculi: struvite stones
being the softest calculi, followed by calcium-
oxalate-dihydrate, uric acid, calcium-oxalate-mono-
hydrate, and cystine stones. In recent experiments
using plaster of Paris, disintegrative efficiency corre-
lated only with pulse energy and not with applied
total power [43].

Stone dusting

Apart from ablation speed and disintegrative effi-
ciency, there are other important factors of laser
lithotripsy. In the ureter, ‘smash & go’ concepts
have been replaced by fragmenting the calculus into
a few extractable pieces. However, in the kidney due
to increased indications of FURS toward lager
stones, this concept requires multiple passages for
stone extraction via the access sheath [34,39%.
Therefore, other strategies like dusting, fine frag-
mentation or the use of ‘popcorn-effect’ have been
introduced [397].

Holmium-YAG-lithotripsy requires direct con-
tact of fiber to the stone, which may become cum-
bersome and time-consuming when the stone
breaks early. The concept of dusting aims at fine-
fragmentation of calculi around their surface
without disintegration. This can be achieved by

Volume 26 o Number 1 o January 2016
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FIGURE 11. Robotassisted flexible ureterorenoscopy -
application of different concepts of stone fragmentation,
dusting of large pelvic stone, ‘painting’ of stone surface with
laser fiber and low power high frequency setting (0.5,
20Hz), popcorn-effect (laser burst) to disintegrate multiple
larger fragments with medium power high frequency setting
(1), 30Hz).

‘painting’ fiber-movements over stone surface using
photothermal laser effects (Fig. 11a).

There is a debate about fragment size resulting
from different lithotripter settings. According to
others and own experiences low-pulse energy in
combination with high frequencies (i.e., 0.5]/20-
40 Hz) produces smaller stone fragments (‘dusting
effect’) than high-pulse energies [39%,42,43,44"].
Fragment size may also depend on surgical tech-
niques employed: whether the stone is repeatedly
perforated, chipped, and fragmented or only

0963-0643 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

‘painted” with the laser fiber [39%]. Another
advantage of low power setting includes minimal
trauma to mucosa when eventually in contact
(Fig. 11a).

Popcorn effect

When stone burden is still significant, but pieces are
smaller, firing the laser in a noncontact fashion
results in a whirlpool-like phenomenon independ-
ent of irrigation (Fig. 11b). As it resembles kernels of
corn flying about in a popcorn machine, this was
called ‘popcorn effect’ [45]. This phenomenon is not
completely understood. Movement of fragments
may be caused by a shockwave-induced collapse
of vapor or cavitation bubbles (‘Moses effect’): dis-
tributed acoustic energy throughout the medium
leads to contact of fragments with the fiber during
pulse emission inducing photothermal ablation.
The ‘popcorn- effect’ should be frequency depend-
ent. In-vitro experiments could verify this only for
1,5], whereas at 1], a frequency of 40 Hz was less
effective than 30Hz [45]. The phenomenon is
similar to high-frequency application of shock
waves (burst) and, therefore, should be better called
‘laser bursts’ [46,47].

Modification of pulse mode

Holmium-YAG-devices providing modification of
pulse duration between 150 and 1500 ps compared
with 350 and 700 ps in older systems are on the
market. Subjective impressions indicated that lon-
ger pulses create smaller fragments. However, a
recent in-vitro study using hard BegoStones, verified
this observation only for a single setting (365 pm
fiber, 1] 10 Hz); for all other settings (i.e., 200 um,
0.5], 20Hz), there was no difference [48].

Modifications of laser fiber

Spore et al. discussed problems of degradation of
laser fibers, particularly when using small diameters
(200-270 pm). Degree of degradation differed with
stone composition being highest for calcium-
oxalate-monohydrate [41]. Stripping and cleaving
methods could also have a negative impact on laser
performance. A recent in-vitro study revealed better
lithotripsy performance by coated fibers. Cleaving
methods had no impact [49"].

Laser-induced heat production

As Holmium-laser lithotripsy is photothermal, heat
production is discussed as a potential risk factor
particular when applying high power settings.
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FIGURE 12. Robot-assisted flexible ureterorenoscopy — Avicenna Roboflex, Manipulator with holders for three different digital
ureteroscopes (Karl Storz Flex XC, Olympus URF-V2; Wolf Cobra-HD). Endoscope and access sheath are fixed by two
stabilizers. Manipulator in orthogonal position for insertion of instrument like the manually guided FURS. No laser fiber should
be preinserted. Console with panel and two joy sticks for manipulation. Left hand for 420° rotation and insertion/retraction;
right hand with wheel for graduated deflection. Control panel with touch screen to monitor position of endoscope and activate

irrigation and control laserfiber. FURS, flexible ureterorenoscopy.

Table 3. Robot-assisted flexible ureteroscopy with Avicenna Roboflex — Heilbronn Experience (October 2014-August 2015)

Criteria Patients” data Comment

No. of patients 90; men 31, women 59

Age (years) 56 (25-76) No children

BMI 29.1 (20.6-43.3) No limit

ASA 2.5 General anesthesia required

Urinary tract infection 13 (14%) Adequate antibiotics

Renal units Right: 40 Left: 50 Bilateral 5%

Number of stones 2.5 (1-6) No exclusion criteria

Stone load (mm?) 1621 (98-8512) Maximal 3 cm

Presented 81 (90%) Concept of presenting

b) Results

Surgeons 3 All experienced with conventional FURS
Access sheath 90 (100%) According fo concept

Preparation of robot (min) 4.5 (3-8) Short learning curve for staff

Docking time (min) 4 (2-29) Temporary malfunction (n=2)

Visual contact to stone (min) 3(-12) Including inspection of colleting system
Stone migration 9 (10%) -

Laser disintegration 83 (92%) 0.5J/20Hz

Stone clearance (mm?2/min) 25 (9-101) Depending on sfone composition

Use of NGage 81 (90%) -

Radiation exposure (cGy+cm?) 297 Mean fluoroscopic time 2 min 30s
DJ-stent postop 90 (100%) 70% string fixed to catheter (1d)
Maijor complications Clavien lllb 1 (1%) Septicemia
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Photothermal ablation through melting, carboniz-
ation, or chemical decomposition is confined to the
area of light absorption. The speed at which heat
leaves the site of light absorption depends on pulse
duration: when pulse duration is much smaller
than thermal diffusion time, heat conduction out-
side the stone-irradiate site is minimal [41]. A recent
ex-vivo experiment analyzed laser-induced heat
production in the ureter model revealing maximal
temperatures of 37.4 C° with saline irrigation
versus 49.5C° without. Even, if this model reflects
incompletely real-life scenarios with heat convec-
tion due to intact vascular supply of ureter and
collecting system, it demonstrates the importance
of continuous saline irrigation during laser litho-
tripsy [507].

ROBOTIC FLEXIBLE URETEROSCOPY

Despite progress in design of ureterorenoscopes and
accessories, surgeons have to work with suboptimal
ergonomics, which may result in orthopedic com-
plaints and be one of the reasons for imperfect
performance [51,52].

Design of a robotic device could represent an
alternative to improve ergonomics. Whereas trials to
adapt the Hansen device developed for cardiology
did not prove to be sufficient, successful clinical
introduction of Avicenna Roboflex (ELMED,
Ankara, Turkey) could be demonstrated [44™,53].
Roboflex consists of surgeons’ console, and a manip-
ulator with exchangeable holders for three different
digital ureteroscopes (Fig. 12). Surgeon controls two
joysticks to manipulate the endoscope: right wheel
enables deflection in finer degree than handpieces
of standard instruments. Left joystick allows
rotation and advancing/retracting. At console, sur-
geons fully control the inserted laser fiber and irri-
gation pump. Foot pedals of preferred laser
lithotripters (i.e., Versa Pulse, Lumenis; Sphynx, Lisa
Laser) are integrated in the console.

More than 250 patients have been treated
worldwide. In Heilbronn, three surgeons perfor-
med 90 cases reproducing initial experiences and
extending use of Roboflex for fragment removal
(Table 3). Main advantages include accuracy of
the system while providing a nonexhausting
environment especially during long-lasting surgeries
in technically demanding cases. Integration of
Roboflex in daily routine could be managed without
difficulties.

CONCLUSION

Recent technical developments of PCNL and
FURS are based on improved video-technology,

0963-0643 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

miniaturization, computation, and robotics. Endo-
urology may now offer higher rates of primary suc-
cess with minimal side-effects, which could weigh
out slightly higher degree of invasiveness compared
with ESWL.
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