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Retrograde intrarenal surgery
with intelligent control of renal
pelvic pressure for staghorn
calculi: a case report

Xiaolong He', Xin Huang', Qiliang Zhai', Leming Song and
Xiaolin Deng*

Department of Urology, The Affiliated Ganzhou Hospital of Nanchang University, Ganzhou, China

Percutaneous nephrolithotomy is the gold standard treatment for staghorn
calculi. However, this study reviews a case of an almost complete removal of
staghorn calculi following one session of retrograde intrarenal surgery with
intelligent control of renal pelvic pressure (RIRS-ICP). A 45years-old female
patient with an 8.3 X 4.5cm complete staghorn stone was infected with Proteus
mirabilis. Two sensitive antibiotics, piperacillin tazobactam and etimicin, were
administered for 3days. Semirigid 7/8.4 Fr ureteroscope was used to treat the
renal pelvis and upper calyceal calculi for 57 min. A 550 pm holmium laser fiber
with 2.0J X 30 Hz was set. Next, a disposable flexible ureteroscope of 84 Fr was
used to address residual middle and lower calyx stones for 94 min. A 200 pm
holmium laser fiber with 1.0J X 30 Hz was set. The renal pelvis pressure was
controlled within 15mmHg. A 2mm CT scan on the first postoperative day
showed inferior caliceal residue of approximately 1.0 X 0.6 cm. No complications
occurred. This suggests that RIRS-ICP is a safe and effective treatment for
staghorn calculi.
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Introduction

Staghorn calculi are large, branched kidney stones that occupy a sizable portion of the
pyelocaliceal cavities. Most authors agree to differentiate “complete” from “partial” staghorn
calculi by the extent of involved calices (1). For staghorn calculi, percutaneous nephrolithotomy
(PCNL) is still the first choice for the treatment of kidney stones >2 cm (2). The European
Association of Urology guidelines suggest retrograde intrarenal surgery (RIRS)only as a
combined approach together with PCNL. With the advent of disposable flexible ureteroscope,
RIRS has been selectively used to treat kidney stones larger than 2 cm, especially in patients
with solitary kidney. However, the efficiency and safety of conventional RIRS limit its use in
staghorn calculi. In particular, elevated renal pelvic pressure (RPP) causes absorption of liquid,
bacteria, and endotoxins during surgery, which may lead to fever, sepsis, and shock (3-5).

In order to improve the safety and efficiency of RIRS, we have invented a novel RIRS with
intelligent control of renal pelvic pressure (RIRS-ICP) (6, 7). Previous studies have confirmed
that the novel technology can significantly improve efficiency and safety (7-11). However,
there have been no reports of RIRS-ICP for the treatment of staghorn calculi. In this study,
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we review a case of an almost complete removal of staghorn calculi
following one-stage of RIRS-ICP.

Case description

A 45years-old female patient was admitted to our hospital after
2years of physical examinations, which diagnosed staghorn calculi in
the right kidney. The patient’s physical examination and symptoms
were negative. The patient had not received any previous treatment,
and was in good health. The double ] was not reserved before surgery,
and computed tomography (CT) examination suggested an
8.3x4.5cm complete staghorn stone with a CT value of 1,321 Hu
(Figures 1A, 2A). A routine urine examination suggested WBC
2405.40/pL, and a bacteria count of 2713.1/pL. Serum creatinine for
renal function was normal. A urine bacterial culture suggested Proteus
mirabilis infection. Two sensitive antibiotics, piperacillin tazobactam
and etimicin, were administered for 3 days. Following antibiotics, the
WBC count decreased to 696.7/pL in the routine urine examination,
while the bacterial count decreased to 73.2/pL.

The patient is placed in a lithotomy-oblique supine position with
the suffering kidney on top and 60° on the lateral side. Initially, a
semirigid 7/8.4 Fr ureteroscope (KARL Storz, Germany) was used for
ureteroscopy. There is an irrigation channel of 2.4 Fr and a working
channel of 3.4 Fr of the rigid ureteroscope. The main part of the renal
pelvic calculus is within the visual field of the rigid ureteroscope.
Therefore, the patented ureteral access sheath (UAS, 12/14 Fr, 35cm
length, Figure 3) with pressure measurement and suction was placed
along the guidewire. The platform selection mode was set to fully
automatic. The pressure and suctioning channels of the UAS were
connected to the irrigation and suctioning platform via a pressure
sensing pipe and suctioning pipe. After the sensing pipe is injected with
normal saline using a syringe, the normal saline and urine in the renal
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pelvis are drained through the sheath to completely empty the air in the
pressure sensor pipe for accurate pressure measurement. After that, zero
calibration was performed at the platform. The actual pressure in the
renal pelvis displayed on the platform was 0 mmHg. The perfusion flow
was initially set at 100mL/min and adjusted according to intraoperative
conditions. The RPP control value was set to —15 to —5mmHg. The
RPP alarm value was set to 15mmHg. A 550 pm Holmium laser fiber
(Lumenis) was used with the power 2.0] x 30 Hz. Ureteroscopy was used
to treat the renal pelvis and upper calyceal calculi within the visual field
for 57 min. Following this, a disposable flexible ureteroscope of 8.4 Fr
was used to deal with residual middle and lower calyx stones for 94 min.
A 200 pm Holmium laser fiber (Lumenis) was used with the power was
set to 1.0Jx30Hz. When blood clots or stone powder blocked the
outlet, the actual renal pelvis pressure exceeded 10mmHg, and the
platform sounded an alarm. Gravel particles larger than sheath gap but
less than sheath in diameter were sucked out by withdrawing the scope
intermittently without a need of stone basketing (Figure 4). The
platform directly stopped the perfusion when the actual renal pelvis
pressure exceeded 15mmHg. No ureteral perforation, avulsion or other
complications occurred during the operation. The routine blood panel
was normal immediately after the operation. The C-reactive protein
level was 8.00mg/L, and procalcitonin was <0.01 ng/mL after surgery.
The total number of WBCs was 13.89*109, C-reactive protein was
54.41mg/L and procalcitonin was 0.53ng/mL on the first day after
surgery. A 2mm CT scan and KUB on the first postoperative day
showed inferior caliceal residue of approximately 1.0 x 0.6 cm and no
perirenal exudation or bleeding (Figures 1B, 2B). Stone composition
analysis suggested carbonate apatite and calcium oxalate monohydrate.
The ureteral stent was removed 1 month after the operation, and no
ureteral stricture occurred 3months post-operation by ultrasound
showing no hydronephrosis. Because the patient did not consent to a
second surgical time or an eswl treatment. Ultrasound and CT were
checked regularly.
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5 years

FIGURE 1
KUB of (A) before and (B) after surgery.
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FIGURE 2
CT of (A) before and (B) after surgery.

FIGURE 3

(1) Pressure channel, (2) suctioning channel, (3) working channel, and (4) pressure measuring hole

The study was approved by Ethics Committee of the Ganzhou
People’s Hospital. The study was conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Discussion

Urolithiasis is a common urological disease, affecting 10%-15%
of the population (12). Approximately 10%-20% of urinary calculi are
staghorn calculi. Thirty-six percent of staghorn stones developed
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significant renal damage after 10years of conservative treatment, and
49%-68% of these are infectious. The incidence of staghorn calculi is
higher in women than that in men (13). It consists of struvite and is
associated with recurrent urinary tract infection (14). Conservative
treatment of staghorn calculi often leads to renal impairment and
sepsis, with a mortality rate of 30% (15). Therefore, staghorn calculi
should be actively treated with surgery. The goal of surgical treatment
for staghorn calculi is the complete removal of the stones to prevent
recurrence and to maximize the protection of renal function. Due to
its high stone clearance rate, PCNL has been recommended as the
most suitable method for staghorn calculi. Despite the high stone-free
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FIGURE 4
(1) Stones located outside the sheath, (2) stones located in the sheath.

rate of PCNL, there are shortcomings, such as channel damage to
renal parenchyma, renal hemorrhage and infection, long hospital
stays, and slow recovery. PCNL is riskier, especially in special patients,
including those with no hydronephrosis kidney, combined with
cardiovascular and cerebrovascular complications, solitary kidney,
and patients with coagulation dysfunction (16, 17). Multichannel
PCNL was thought to come with more complications, which could
be particularly important factors for solitary kidney patients (18).

In recent years, ureteroscopy has often been used to treat upper
urinary calculi because it passes through the natural orifices of the
human body, and a flexible ureteroscope can reach each calyx, with
the advantages of less surgical trauma and quick recovery. RIRS is
recommended for the treatment of kidney stones smaller than 2.0 cm.
With the advent of disposable flexible ureteroscope, RIRS has been
attempted in special staghorn stones, including residual fragments
after PCNL, requiring anti-coagulation, urinary tract deformation,
and solitary kidney (19-21). Following the first operation attempt,
stone clearing rates may be low, but an increase in stone clearing rates
has been documented following multiple operations; however, the risk
of complications associated with multiple procedures, such as
infection and the economic burden on patients, increases with each
operation (22). The reasons for this may include the low efficiency, the
high renal pelvic pressure, which is prone to infection, fluid absorption
and other complications (5). Low perfusion flow also resulted in
ureteral stricture due to holmium laser thermal injury (23).

How can we break up and remove stone gravel safely and
efficiently under a high flow rate? First, high-power holmium laser
equipment is necessary. Second, we have developed a novel RIRS-ICP
technique. The platform measures RPP through the sheath 6 times per
second. The platform automatically controls attraction through
pressure feedback so that the RPP always fluctuates up and down the
set value at different flow rates. When the RPP exceeds the warning
value for various reasons, the platform will sound an alarm and
automatically stop perfusion (24). This technology solves the problem
reported by Doizi et al. (25) that pressure can only be measured but
not controlled. Previous studies have confirmed that this technology
can significantly improve efficiency and safety (5, 11).
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In this case, the patient had a complex medical presentation
manifesting as a staghorn calculus 8.3 x 4.5 cm in size with uncontrolled
infection. A preoperative CT showed that the patient’s renal calculus
filled the renal pelvis and each calyx, forming a complete staghorn
calculus. Each calyx stone was close to the renal surface, and each calyx
was not connected to each other. Renal atrophy was observed. If the
standard channel method is adopted, calculi cannot be removed in one
stage, and postoperative surgery or external lithotripsy is needed.
Multiple channels of PCNL aggravate the risk of renal function damage
and bleeding. A single application of traditional flexible ureteroscopy
requires multiple stages, and each stage requires a long operation time,
resulting in a high risk of infection and high cost. Patients with positive
urine culture bacteria need to be negative before surgery in accordance
with the guidelines. This is based on the factor that even with continued
use of anti-infective therapy, negative urine culture bacteria does not
mean that the kidney stone is free of bacteria or that the small calyces
of stone obstruction are free of bacterial infection. To prevent further
renal damage caused by bacterial infection, we only administered
3 days of anti-infection treatment before surgery. CT and KUB showed
that the renal pelvis, middle and upper calyces, and ureter were at the
same level. Rigid ureteroscopic lithotripsis can be used first for 2/3 of
the total stone load.

The patient requested RIRS as much as possible, indicating that
the second or third stage of surgery could be accepted. After a full
discussion with the department team, RIRS-ICP was selected to
address the case. First, rigid and flexible ureteroscopes were used in
combination. In the first stage, a rigid ureteroscope was used, and
150mL high flow perfusion was used under safe pressure. The
operation proved convenient, also a 550 um high-power holmium
laser can be used, similar to a long-channel PCNL operation, which
greatly improves the efficiency of gravel and lithotomy. When a rigid
ureteroscope could not see the calculi, a disposable flexible
ureteroscope was used with 200 pm fiber. Although the lithotripy
efficiency was lower, flexible ureteroscopy could check the calculi of
each calyceum and reduce the residual calculi to the greatest extent.
Second, the lithotomy-oblique supine position was used instead of the
lithotomy position. In the oblique supine lithotomy position, the
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outlet of the renal pelvis is the lowest position of the collecting system.
The stone particles can easily fall into the renal pelvis and sheath
under the effect of gravity and high-flow perfusion, which significantly
improves the lithotripsy efficiency (10). Kidney stones were removed
in almost one stage from the natural orifice. There were no
complications, such as fluid extravasation, fever and sepsis, during the
long postoperative period, which was most likely due to the effective
control of intraoperative renal pelvis pressure.

Finally, the reason for reviewing a female patient case in this study
was to explore the use of the rigid ureteroscope, which is 43 cm in
length and can only be inserted into the 35cm sheath to reach the
renal pelvis and upper calyces. It is known to be suitable for upper
ureteral calculi in male patients and was thus tested in females. For
kidney calculi, a customized and extended rigid ureteroscope of 10 cm
must be used. In addition, the key to successful operation is the
placement of the sheath into the renal pelvis or upper calyces, which
is conducive to crushing the stone if immediately vacuumed out.
Therefore, preoperative imaging and ureteroscopy are very important
to evaluating the angle and motion of the upper calyces, renal pelvis
and ureter. For patients with difficulty in placing the sheath into the
pelvis, the assistant should extrude the abdomen to expand the lower
pole, thus reducing the difficulty of placing the sheath into the pelvis.
For blocked stones, the assistant can pat the renal area to promote the
loosening, tossing, and migration of stone particles to the renal pelvis.
If the sheath is difficult to place into the pelvis, a flexible ureteroscope
should be performed immediately, but the operation time may
be significantly longer.

It should be pointed out that this study is only a case report, and
the safety and effectiveness of this technique compared with
percutaneous nephrolithotomy is not strictly designed in the control
group, which requires further study.
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