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Introduction

European and American urological guidelines
identify retrograde intrarenal surgery (RIRS) as
the intervention of choice for renal stones with
diameter <2cm.! However, recent progress in
technology and the consequent advancements in
available instrumentation allow for a much wider
scope of treatment in urolithiasis, pushing the
classical limits of RIRS.? Different parameters
play an important role in RIRS outcomes, with
intrarenal pressure (IRP) and temperature (IRT)
having been thoroughly linked to postoperative
complications and long-term effects on renal
function. For this, new devices with the ability to
better regulate suction and irrigation have been
developed, with methods to check and control for
changes in IRP and IRT.? Suction, irrigation,
IRT and IRP are subjects of great debate in recent
times, as this quadrifecta can lead to optimised
clinical outcomes, including a complete single-
procedure stone clearance and lower complica-
tion rates, especially regarding infectious
complications and sepsis.* In this editorial, we
discuss the current concepts and future perspec-
tives on achieving this quadrifecta which can lead
to best clinical outcomes (Figure 1).

The quadrifecta

Irrigation

Fluid irrigation during ureteroscopy (URS) plays
a critical role in ensuring visibility and procedural
efficacy in RIRS since success heavily relies on
clear visualisation of renal anatomy and stone
characteristics.” The continuous infusion of ster-
ile solution to maintain a clear field, by flushing
out blood, debris and stone fragments, can be
achieved by different methods. Irrigation devices
range from simple manual irrigation, involving
handheld syringes or gravity-fed systems where
the saline solution is manually controlled by the
surgeon or an assistant, to gravity-fed irrigation
systems, providing a continuous flow of saline
solution from an elevated bag, to more sophisti-
cated and automated systems.® These include
pressurised irrigation hand or foot or automated
pumps, where the latter can offer more precise
control over the irrigation flow and pressure via
pedals or other controls to maintain a steady infu-
sion rate, and are particularly beneficial in main-
taining a stable and clear visual field. The most
advanced option for irrigation is the automated
irrigation system, able to mechanically regulate
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Figure 1. Quadrifecta in RIRS.
RIRS, retrograde intrarenal surgery.

the flow and the pressure of the irrigation fluid,
adjusting the flow in real time according to sen-
sors with microprocessors. This provides optimal
visualisation whilst minimising the risk of intrare-
nal hypertension. The newest ureteroscope with
integrated irrigation and suction systems has syn-
chronised capabilities and represents the most
innovative device for irrigation during RIRS.
Constant monitoring of IRP and adjusted irriga-
tion brings several benefits, including the reduc-
tion of calyceal overdistention and fluid
reabsorption risk, with the consequent minimised
risk of infectious complications. Nevertheless,
high costs related to more advanced irrigation
systems still represent a limitation in their usage.
Hand-controlled and gravity-fed systems are still
very well accepted and the irrigation device of
choice of many surgeons worldwide.”

Suction

Suction plays a pivotal role in facilitating the
removal of debris, irrigation fluids, and stone
fragments during endourological procedures such
as RIRS.8 The stone basketing techniques, classi-
cally applied to remove larger fragments during
RIRS and clear the view, can be time consuming
and may leave fragments behind, leading to
potential steinstrasse, postoperative pain and

1lt in fornix

even reintervention. Moreover, multiple accesses
to the renal cavities increase the risk of tissue
damage and bleeding. The introduction of suc-
tion devices was clearly needed to overcome these
limitations, and several methods have been pro-
posed for this aim.® The simplest and less effec-
tive is where suction technique can be achieved
by the manual aspiration from a syringe port of
any rigid or flexible ureteroscope. Using the same
irrigation channel can help remove debris and
blood from the renal cavities, but is limited by the
need to interrupt the lasering and the irrigation
inflow. Integrated system can help achieve opti-
mal suction via an additional channel.'® An inno-
vative way to get this outcome is via the
direct-in-suction scopes (DISS), flexible uretero-
scopes with suctioning channel that can be con-
trolled whilst manoeuvring the instrument and
activating the laser fibre. Suction can therefore be
used to remove clots and debris, and even small
fragments.!! The ease of use is one of the main
advantages, and the clear view obtained thereafter
can speed the procedural times by avoiding laser
interruptions. Moreover, suctioning ureteric
access sheaths (SUAS) come with even better
variations of usage. Suctioning system integrated
into a UAS allows for a continuous flow, improved
visibility and aspiration of debris, clots and
even slightly larger fragments. Via ‘attracting’ the
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fragment through suction, it can be driven in the
access sheath and removed, often without the
need for manual basketing.? The most recent
version of SUAS is represented by the flexible and
navigable ureteral access sheath (FANS), a SUAS
with a bendable tip able to follow the flexible ure-
teroscope movement and reach every calyx. Due
to this mechanism, the potential for complete
stone clearance is maximised.!?

Intrarenal temperature

IRT is directly connected with laser activation.
During laser lithotripsy in a liquid medium, IRT
can increase as a consequence of laser-related
heat generation, thus injuring the mucosa. The
proportion of emitted laser energy that reaches
the stone determines the efficiency, and conse-
quently the dissipated energy. Whilst in vitro
studies have been performed to investigate energy
dissipation, efficiency should be optimised at
best, by using the lower energy rates required to
ablate a stone.l* High-power lasers were found to
reduce operative time, but have higher joules/
mm? values, indicating less efficiency. High power
can also cause temperature increases and poten-
tial tissue damage, as not all energy targets the
stone. This can lead to complications such as ure-
ter strictures.

Temperature control during ureteroscopy is cru-
cial. Studies showed that higher laser power
increases fluid temperature, which can be miti-
gated by increasing irrigation flow.!> The intro-
duction of the thulium fibre laser (TFL) was
controversial with high IRT related to a high fre-
quency of use. However, the overall results are
debatable and need further evaluation of its
effect on IRT when compared to Holmium:YAG
laser.

There is still a lack of standardisation and consen-
sus on the laser setting to effectively and safely
treat renal stones, but the main indication remains
to start with low pulse energy and rate and to
adjust the parameters according to the hardness
of the stone. In summary, to maintain safe tem-
peratures, open irrigation systems, chilled irriga-
tion, UASs, laser power below 40 W and shorter
laser activation intervals are recommended.!® To
reduce the risk of increased IRT, some tips and
tricks can be used, such as proper irrigation with
good inflow and outflow, and the use of chilled
solution to lower the temperature. Moreover, the
timing of laser lithotripsy needs to be monitored,

and on-and-off strategies might be applied to
reduce the heating effect.!”

Intrarenal pressure

The normal IRP ranges from 0 to 20cmH,O
(15mmHg). Increased IRP up to 40cmH,O
(30mmHg) can cause pyelotubular reflux, and
higher IRP can lead to pyelovenous backflow and
even result in fornix rupture. High IRP is linked
to complications and kidney damage.!8

Pyelorenal backflow occurs when the contents of
the renal pelvis and calyceal system leak into sur-
rounding tissues, including the peripelvic sinus,
renal vein, collecting ducts and tubules, or renal
interstitium. Studies have shown pyelovenous
backflow can occur at pressures lower than 30 cm
H,O (22mgHg) and becomes evident at over
40cm H,O. Pyelosinous backflow and forniceal
rupture have been observed at higher IRP in ani-
mal studies. Pyelovenous backflow can cause
excessive irrigation fluid absorption, leading to
fluid overload, electrolyte imbalance and cardio-
vascular instability. Fluid absorption during RIRS
is usually low due to the smaller instrument cali-
bre, but high-pressure irrigation can still pose
risks.1?

Infectious complications such as urinary tract
infections and sepsis during endourological proce-
dures are linked to increased IRP and backflow,
with irrigation volume being a significant risk fac-
tor for systemic inflammatory response syn-
drome.?° High IRP can also cause irreversible
kidney damage, with significant pathological
changes observed at higher IRP (>204cm H,O).
Forniceal rupture can lead to complications such
as perirenal pseudocysts, retroperitoneal oedema
and perinephric abscess. Increased IRP can also
result in calyceal urothelium denudation and renal
tubule damage, oxidative damage due to venous
outflow obstruction and compression of microves-
sels. Other complications include ureteric stricture
formation, potential for stone growth due to papil-
lary damage, subcapsular haematomas and perire-
nal bleeding.?! During RIRS for urothelial cancer,
there is a potential risk of tumour seeding due to
high IRP, although further investigation is needed.

IRP during ureteroscopy is influenced by irriga-
tion flow, UAS use and whether the working
channel is free or occupied. When irrigation
flow exceeds 6 mL/min, the ureter acts like an
open tube, making flow and pressure directly
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proportional. IRP can rise significantly to unac-
ceptable levels when irrigation pressure is
increased without a UAS. At the same time,
using a UAS allows for stronger irrigation flow,
whilst preserving IRP. These results have been
confirmed by several studies on different uret-
eroscopes and UAS, finding a correlation with
UAS and ureteroscope size ratio, ensuring a
good outflow.??2 Nevertheless, studies suggest
that whilst a UAS can help reduce IRP, it does
not always guarantee a safe level of IRP.

Up to date, gravity-based irrigation is the pre-
ferred method to perform RIRS safely. Innovative
technologies now enable a continuous control of
IRP by incorporating sensors that provide real-
time data that allows for immediate adjustment.
Advanced automated systems are even able to
modulate irrigation and suction in response to
pressure readings, ensuring a consistent and safe
pressure level throughout the procedure.

Interplay between suction, irrigation,

temperature and pressure

Suction, irrigation, IRP and IRT are deeply inter-
sected during RIRS, and their role is interdepend-
ent.?3:2¢ Balancing the parameters allows for a safe
and effective stone treatment, optimising out-
comes for best practice. Good irrigation, along-
side the use of suction, helps lower IRT and IRP,
thus enabling fast and continuous laser litho-
tripsy, even at high energy settings. It must be
kept in mind, though, that laser settings should
generally remain low even with the aid of suction-
ing devices. Once a good balance of the quadri-
fecta is obtained, the expert endourologist is now
able to ‘play’ with the parameters, adjusting
inflow and laser settings at their best whilst
remaining in a safe clinical environment.

Future directions

Whilst suction, irrigation, IRT and IRP are so
deeply connected, technological advancements
are moving towards the creation of automated
systems that monitor and adjust the different
parameters to ensure safety. Real-time sensors
delivering information on the intrarenal status
will allow for a precise and immediate control of
inflow and outflow, whilst providing information
on the safety of laser lithotripsy. These systems
still have high related costs, and their main limita-
tion is the restricted availability outside research

settings, especially for countries with a public
national health system. Perhaps, there would also
be an increasing role of artificial intelligence
amidst all of these system integrations.25

Suction is attracting huge interest in the endouro-
logical world, and attention is drawn to the
possible combination of suctioning devices.2%27
The concurrent use of DISS and suctioning
UAS would possibly represent an ideal method
to remove debris or larger fragments, ensuring
a continuous optimal view for lithotripsy.28
Nevertheless, such a strong suctioning system
would necessarily require strong irrigation
devices, with unknown effects on IRP. In vitro
and ex vivo studies will be required to investigate
the outcomes and safety of more advanced irriga-
tion and suctioning systems.

Moreover, hands-on training sessions with simu-
lators would help trainees and expert endourolo-
gists gain confidence with the newest technologies,
by providing a safe environment to train and test
new devices without the risk of endangering the
patient. Ensuring the availability of simulators
would probably help endourologists to accept and
introduce suctioning devices and automated sys-
tems in their practice, spreading a best practice of
RIRS with optimisation of the quadrifecta and
operative outcomes.

Take home messages

1. The interplay between suction, irrigation,
temperature and pressure in RIRS is com-
plex and pivotal for achieving optimal out-
comes. Understanding and managing these
parameters can significantly enhance the
effectiveness and safety of the procedure.

2. Irrigation is essential to clear the surgical
field by flushing out blood, stone fragments
and other debris. However, excessive irriga-
tion can increase IRP, risking renal damage
or related complications.

3. Suction aims to remove the irrigating fluid
and debris. If suction is too aggressive, it
can lead to inadequate irrigation, resulting
in poor visibility. Conversely, insufficient
suction can lead to fluid buildup, increasing
IRP.

4. IRT can increase significantly during laser
lithotripsy, especially if irrigation and out-
flows are not optimised. It is mandatory to
ensure safety levels of delivered energy and
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to maximise laser efficiency and low dissi-
pation to prevent thermal damage.

5. High IRP can lead to forniceal rupture,
postoperative pain, infection and fluid
extravasation, potentially causing perirenal
hematoma or urinoma. Proper regulation
of irrigation flow and suction is crucial to
maintain a safe IRP, reducing the risk of
backflow and urosepsis.

6. By meticulously managing the quadrifecta
interplay, surgeons can significantly
improve the safety and efficacy of RIRS,
leading to better patient outcomes and
reduced complication rates.

7. Using devices that provide real-time feed-
back on IRP and IRT allows endourologists
to adjust irrigation and suction dynami-
cally. This ensures that the surgical field
remains clear without risking pressure- or
temperature-related complications.

8. Urologists must be trained to understand
the complex interplay between these param-
eters and to use technology effectively to
manage them, and the use of simulators
would represent a safe and efficient instru-
ment in doing so.

Conclusion

The successful execution of RIRS hinges on the
careful balancing of suction, irrigation, tempera-
ture and pressure. The interdependence of these
factors requires continuous monitoring and
adjustments to optimize surgical outcomes and
minimize complications. Proper training and
technological advancements, such as pressure
sensors and automated fluid management sys-
tems, can enhance the surgeon’s ability to control
these variables effectively, ensuring safer and
more efficient RIRS procedures.
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