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Improving Goals of Ureteroscopy

• Faster surgery time

• Less postop pain (?stent)

• Lower complication rate (sepsis, ED rates)

• Better stone ablation/clearance (SFR)
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Pressure

3Dean & Krambeck. J Endourol 2023; 37;2. 2023



Pressure

• Ureteroscopy- 5-6% risk of urosepsis1,2

• Ureteral access sheaths (UAS) reduce risk of sepsis 
(4.3% vs 15.2%)3

• Larger UAS and smaller ureteroscopes reduce 
intrarenal pressure4

• Higher pressure during PCNL associated with greater 
postop pain, hospital stay5

1Bhojani et al. BJU Int 132;2. 2023
2Bhojani et al. J Enrourol 35;7. 2021
3Traxer et al. WJU 33. 2015
4MacCraith et al. J Endourol 35;4. 2021
5Alsyouf et al. J Urol 199;1. 2018



Sepsis

• Pyelovenous backflow >30-40 
cm H2O1

• Higher pressure irrigation (200 
vs 80 mm Hg) increases rates of 
SIRS after PCNL2

• 46% vs 11%

Bacteria + High Pressure = Sepsis

1Tokas et al. WJU 37;1. Jan 2019
2Omar et al. J Urol 196;1. July 2016
3Dean & Krambeck. J Endourol 2023; 37;2. 2023

AUA GUIDELINE STATEMENT3:
Clinicians should “make every effort to 
maintain low intrarenal irrigation  
pressure’’ to avoid the  consequences of 
high intrarenal pressure (IRP) during 
endourologic procedures.



Ways to control pressure

• Nephrostomy tube
• Larger UAS (12/14 Fr)1

• Smaller ureteroscope1

• Intermittent scope removal2

• Controlling irrigation

1MacCraith et al. J Endourol 35;4. 2021
2Oratis et al. PLOS ONE 13;11. 2018



Controlling Irrigation

• Automatic Infusion Pumps
• Not precise1

• Underestimated pressure

• Pressure bags
• Hand irrigation

• Beware of strong hands!

1De et al. J Endourol 28;5. May 2014



Intrarenal Pressure Can Now be Measured



Intrarenal Pressure Can Now be Measured

Videos courtesy of Ben Chew, MD
Bhojani N, Chew B et al. BJU Int 132. 2023.

Ureteroscopy WITH UAS Ureteroscopy WITHOUT UAS



Personal experience with IRP monitoring

• Ongoing UCSD study
• IRP at renal pelvis (Comet wire)

• 26 patients w/ UAS
• 11/13Fr (13)
• 12/14Fr (10)
• 13/15Fr (3)

• Baseline: before UAS insertion

1Finegan J, Katz J, Berger J, Bechis S, Mongha M, Sur R. WCET 2023 abstract, AUA 2024 abstract

GOAL: maintain low IRP to 
reduce sepsis/complications

40 cmH2O

30 cmH2O



Temperature



Temperature

• T >43oC  protein denaturation
• T43: time to induce cellular injury
• 0.5J x 80 Hz (40W) x 60 s

Irrigation No Medium High
Peak Temp (° C) 84.8 63.9 43.6
T43 (sec) 12.7 17.8 --

1Aldoukhi et al. J Endourol 32;8. Aug 2018



Renal Temperature -- TFL

• In-vivo porcine kidney
• Measured intrarenal fluid and tissue temp

• 0.5J x 80 Hz 
• 1J x 10 Hz
• 1.5J x 20 Hz

• +/- 14F UAS
• Single vs Dual lumen ureteroscope
• Room temp vs warmed irrigation

yield smaller stone fragments and faster treatments, there is a
risk of thermal damage to surrounding healthy renal tis-
sues.7,8 However, to date, there has been no documentation of
clinically relevant damage to the urothelium based on ther-
mal injury alone.

Although ureteroscopy (URS) and laser fragmentation
have primarily been performed using a Ho:YAG laser, there
are emerging studies that have demonstrated more effective
and more efficient lithotripsy outcomes using a superpulse
thulium fiber laser (sTFL).9–13 Among the advantages that
sTFL has over Ho:YAG is fourfold higher absorption coeffi-
cient in water, smaller operating laser fibers (50–150 lm core
diameter), lower energy per pulse (as low as 0.025 J), and
higher maximal pulse repetition rate (up to 2000 Hz).14–16

sTFL operates at a high pulse rate with two different
wavelengths (1908 and 1940 nm) that are highly absorbed by
water. Having the sTFL operate at these wavelengths takes
advantage of any fluid interfaces within the calculus thereby
rapidly reducing the calculus to dust-like particles (i.e.,
<100 lm).11,17,18 However, there are concerns over potential
thermal injury with sTFL; reports to date have been scant and
limited to in vitro studies.10,11 Accordingly we sought to
evaluate temperature changes in the renal pelvis, calices, and
parenchyma during dusting and fragmentation settings with
the sTFL using an in vivo porcine model while varying be-
tween type of ureteroscope (i.e., single vs dual lumen),
temperature of irrigation fluid, and presence/absence of an
ureteral access sheath (UAS).

Materials and Methods

Experimental groups

After obtaining approval by the Institutional Animal Care
and Use Committee (IACUC), we proceeded with the study
protocol in two (juvenile) female Yorkshire pigs for a total of
four renal units. One pig was assigned to the single lumen
ureteroscope, whereas the other was assigned to dual lumen
ureteroscope. In both pigs, the right side was first randomized
to 12F/14F UAS vs no UAS, and the remaining condition was
assigned to the contralateral side. URS was then performed by
activating the laser in four locations (upper pole calix, inter-
polar calix, lower pole calix, and renal pelvis) using three
different settings (dusting, low fragmentation, and high frag-
mentation) at each location. The aforementioned conditions
were initially performed with warmed irrigation (37!C) and
then repeated with room temperature irrigation (20!C–22!C).

Retrograde URS

A flexible cystoscope (Karl Storz, Digital, Tuttlingen,
Germany) was used to inspect the bladder and was subse-
quently used to advance a 0.035 Amplatz Superstiff (Boston
Scientific Corp, Marlborough, MA) guidewire to the renal
pelvis. After removal of the flexible cystoscope, a 5F open-
ended catheter (Cook Urological, Inc., Bloomington, IN) was
passed over the Amplatz Superstiff guidewire. On removal of
the guidewire, a retrograde pyelogram was performed to
outline the collecting system. The guidewire was replaced
and the 5F catheter was removed. For the kidneys random-
ized to UAS, a 35-cm 12F/14F access sheath catheter (Cook
Urological, Inc.) was passed over the guidewire to the renal
pelvis.

The flexible dual lumen ureteroscope (Richard Wolf,
Vernon Hills, IL) or single lumen ureteroscope (Storz Flex
X2; Karl Storz, Digital) was passed through the sheath until it
entered the collecting system. Flexible URS ensued with
examination of all renal calices. For the non-UAS kidneys, a
flexible dual lumen ureteroscope or single lumen uretero-
scope was passed over the guidewire until it entered the renal
pelvis; the guidewire was removed. Flexible URS ensued
with examination of all renal calices.

Irrigation was performed in each of the trials with pres-
surized sterile water at either room temperature (20!C–22!C)
or 37!C (3M" Ranger" Irrigation Fluid Warming System
from Arizant Healthcare, Inc., St. Paul, MN) instilled using
an Infu-Surg# Pressure Infusion Bag (Ethox Infu-surg#;
SunMed LLC., Grand Rapids, MI) maintained at 150 mm Hg
throughout the experiment. The irrigation fluid bags used at
room temperature were left in the room overnight and the
temperature was measured using the irrigation fluid warming
system. For the dual lumen ureteroscope trials, irrigation was
instilled through two separate irrigation systems attached to
the ureteroscope at 150 mm Hg.

Temperature monitoring and thermocouple placement

To measure intracaliceal temperature changes continu-
ously during laser activation, multipoint temperature sensing
(MTS) probes (Galil Medical, Arden Hills, MN) were in-
serted percutaneously into the upper, interpolar, and lower
pole calices under fluoroscopic, ultrasonic, and endoscopic
guidance (Fig. 1). The MTS probes have thermal sensors at 5,

FIG. 1. Diagram of percutaneous MTS probe configura-
tion. Grey boxes are levels of temperature sensing: 5, 15, 25,
and 35 mm from the tip. MTS = multipoint temperature
sensing.
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Okhunov et al. J Endo 2021. 35;11



Renal Temperature -- TFL

Okhunov et al. J Endo 2021. 35;11one situation in which the 44!C was not reached: the dual
lumen ureteroscope utilizing the high fragmentation setting
with room temperature irrigation fluid. Of note, the mean
peak temperatures recorded at the tip of the URS during these
trials was 34!C (28!C–49!C). These temperature measure-
ments at the tip of URS were on average 16!C (4!C–22!C)
less than the temperatures recorded at the 5 mm site on the
MTS needle. We did not observe any temperature changes at
MTS marks 10, 25, and 35 during the laser activation com-
pared with baseline temperatures.

With placement of a 14F UAS

In the presence of a 14F UAS, when using room temperature
irrigation, both ureteroscopes exhibited temperatures <44!C
for low- and high-energy fragmentation; for dusting settings

this was true only for the dual lumen ureteroscope (Tables 2
and 4). In the same circumstances, when prewarmed fluid was
used 44!C was exceeded in all three situations (i.e., low- and
high-energy fragmentation and dusting) for the single lumen
ureteroscope and for dusting (and one instance at high frag-
mentation energy) even with the dual lumen ureteroscope. In
the presence of the 14F UAS, the mean peak temperatures
recorded at the tip of the URS was 31.7!C (26!C–44!C). These
temperature measurements at the tip of URS were on average
12!C (4!C–24!C) less than the temperatures recorded at the
5 mm site on the MTS needle.

We did not observe any temperature changes at MTS
marks 15, 25, and 35 during the laser activation compared
with baseline temperatures. Table 5 depicts temperature
measurements at 5, 15, 25, and 35 mm without using a UAS,
single lumen ureteroscope with warm irrigation.

Table 2. With 14F Ureteral Access Sheath in Place

Peak temperatures (C!) in the calices and tip of the ureteroscope during dusting (0.5 J, 80 Hz, 40 W) and fragmentation modes (1.0 J,
10 Hz, 10 W and 1.5 J, 20 Hz, 30 W) with a dual lumen ureteroscope and single lumen ureteroscope using warm (37!C) and room
temperature (20!C–22!C) irrigation fluid.

Table 3. Without Placement of 14F Ureteral Access Sheath

Time to reach 44!C in the calices and at the tip of the ureteroscope during dusting (0.5 J, 80 Hz, 40 W) and fragmentation modes (1.0 J,
10 Hz, 10 W and 1.5 J, 20 Hz, 30 W) with a dual lumen ureteroscope and single lumen ureteroscope using warm (37!C) and room
temperature (20!C–22!C) irrigation fluid.
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Keep temp low: use sheath, room temp irrigation, and dual lumen URS
Dust with caution!



Laser Pedal Activation Time Affects Temperature

• Operator Duty Cycle (ODC) = lasing time/lithotripsy time
40W with 50% ODC
– for every 60 sec, 50% of time is on the pedal (total 30 sec)

1Aldoukhi et al. J Endourol 35;8. Aug 2021
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TFL vs Ho:YAG–Similar Ureteral Heat

• Ex-vivo porcine kidneys
• Antegrade URS/LL
• TFL vs p120

• Fragmentation
• 0.8J x 8 Hz

• Dusting
• 0.1J x 200 (TFL)
• 0.3J x 70 Hz (p120)

Okhunov et al. J Endo 2021. 35;11



TFL generates more heat during ureteral lithotripsy

• 3D printed model at 35.5oC
• 10 mm bego stone in ureter
• No UAS
• Room temp irrigation, 30cc/s
• Lasers 60s activation

– 30W HoYAG
– 100W HoYAG
– 60W TFL

Belle et al. J Endo 2022. 36;9.
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Controlling Temperature

• Ureteral access sheath
• Room temperature irrigation with flow on
• Short laser activation cycles
• <10W in ureter



Suction

Courtesy of Karen Stern. MD



Suction – CVAC® Aspiration System

• 7.5 Fr inner vacuum lumen
• 12 Fr outer lumen 
• Deflectable
• Goes through 12/14Fr UAS
• Vacuum up to 2.5mm fragments
• Hand irrigation

Outer lumen for 
irrigation 

Large vacuum lumen for 
effective stone removal



Suction – CVAC® Aspiration System



Suction – CVAC® aspiration system is effective

• 17 patients, RCT
• Baseline stone volume 267 mm3 

CVAC® vs. 210 mm3 (p = 0.55)
• CT scan on day 1 and 30
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Suction – CVAC® works for large stones

• 43 patients
• Mean stone size 

29 ± 12mm

• Replacement for 
PCNL in morbid 
patients

Stern et al. J Endo 2023. 37;11.



Suction – ClearPetra Ureteral Access Sheath

• Deflectable sheath
• Different sizes –

– 10/12 Fr, 11/13 Fr, 12/14 Fr.

• Irrigation via scope, aspiration between 
scope & sheath

• Aspiration adjusted by pressure vent 
on sheath

• Flexible tip pushed over scope, directed 
into calyx of choice by scope flexion



Other Suction Devices

FV-UAS 12/14Fr, Passive bending
53 consecutive patients 

Stone burden 11 – 25 mm

Post-op CT on POD#1 and 1 month
37 (69.8%) - 100% stone free

Mean stone volume clearance rate: 97.7%
(81.1%-100%)



Other Suction Devices

• Case Report

• Distal active flexible vacuum-assisted ureteric 
access sheath (DAFV-UAS)

• 10 / 12.5 French

• 10 cm deformability at the tip

• Knob controls direction at the handle



Suction Takeaways

• Potential for higher stone free rates
• Pairs well with dusting
• Enables large stone removal in poor surgical candidates
• Room for improvements 



Thank you!

Seth K Bechis, MD, MS
sbechis@health.ucsd.edu
      @BechisUrology
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