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Purpose: Kidney stone disease affects 5% of the population and is associated with non-negligible morbidity. Retrograde in-
trarenal surgery and percutaneous nephrolithotomy are the treatments of choice. We analyzed the results from our patients who
underwent retrograde intrarenal surgery at controlled pressure.
Materials and Methods: We conducted an observational, descriptive, retrospective study of 403 patients who underwent ret-
rograde intrarenal surgery at the Hospital Clínico Universitario Lozano Blesa (Zaragoza, Spain) between January 2013 and
December 2019.
Results: The mean surgical time was 111.1 minutes, with a mean stone volume of 3.5 cm3 (maximum volume, 38.3 cm3). A total of
70 patients (17.3%) developed postoperative Clavien-Dindo complications—64 minor (91.4%) and 6 major (8.6%). In addition,
28 patients (6.9%) presented with an early complication (<3 months), with urinary tract infection and pyelonephritis being the
most common. The stone-free rate was 69.0%, with a retreatment rate of 4.7%.
Conclusions: Sex was statistically significantly related to the onset of minor Clavien postoperative complications (p = 0.001).
Similarly, corticosteroid use was associated with the onset of major Clavien complications (p = 0.030). Neither surgical time
nor stone volume was found to be statistically significantly related to the onset of Clavien postoperative complications or early
complications.
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Introduction

Kidney stone disease is characterized by the formation
of calculi in the urinary tract. Its incidence in resource-rich
countries is high, affecting up to 5% of the population [1,2],
with relapse rates in the range of 24% to 50% depending on
the series and peak incidence between the third and fourth
decades of life [3,4].

The European Association of Urology (EAU) guide-
lines [5] consider percutaneous nephrolithotomy (PCNL)
the treatment of choice for kidney stones greater than 2 cm
in size, though PCNL is not devoid of complications and re-
quirement for skills. Retrograde Intrarenal Surgery (RIRS)
[6,7] affords a comparable success rate, causes fewer com-
plications than percutaneous nephrolithotomy (PNL), and
seems to be a promising alternative to PNL when larger
stones are to be treated.

Intrarenal Pressure during Endourologic Surgery
Retrograde intrarenal surgery and PCNL are the 2

most widely used endourologic techniques for treating kid-
ney stones, although both require increasing irrigation flow
and pressure to distend cavities and allow optimal visibil-
ity during surgery, which results in an increased intrarenal
pressure (IRP) that may cause postoperative complications.
Increasing intravesical pressures result in an increase in
IRP; Therefore, draining the bladder is recommended in any
endourologic procedure [7–9].

Retrograde Flow

Hinman and Redewill [9] demonstrated the existence
of retrograde flow at pressures of 40.8 to 47.6 mm Hg
in a canine model. Subsequent studies showed that this
phenomenon can occur at pressures of up to 13.6 mm Hg
[10,11]. In a porcine model, a clear retrograde flow ap-
peared at an IRP of 272 mm Hg, which led to rupture of
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the fornix. Several factors, including ischemic disease, low
urinary flow, or vesicoureteral reflux, favor high pressures
and therefore may produce retrograde flow [12,13].

Role of IRP in Kidney Damage and Systemic
Complications

High IRP has been associated with denudation of the
calyceal urothelium; Rupture of the fornix and parenchyma,
which favors the onset of subcapsular hematomas or leaks
and is a risk factor for postoperative fever and sepsis [14,
15]. Finally, high IRP can result in decreased flow in the
renal vein and compression of the renal microvasculature,
which in turn may lead to ischemic kidney damage [16–19].

In light of all these points, we aimed to analyze the re-
sults obtained in our series of patients who underwent RIRS
at controlled pressure; Study the factors that may affect the
onset of immediate postoperative complication, identify the
correlation, if any, between infectious complications and
urinary cultures before surgery; And evaluate the stone-free
rate (SFR) as a function of stone volume.

Materials and Methods

Study Design
We conducted an observational, descriptive, retro-

spective study made up of 403 patients who underwent
RIRS at the Hospital Clínico Universitario (HCU) Lozano
Blesa (Zaragoza, Spain) between January 2013 and Decem-
ber 2019.

Study Population
Patient candidates for RIRS treatment were selected

according to the criteria the Urology Department at HCU
Lozano Blesa had established based on EAU guideline
recommendations [5]. The Lithotripsy Unit at the HCU
Lozano Blesa is the reference center for treatment of kidney
stone disease for the autonomous community of Aragon.

Inclusion criteria were as follows: Candidacy for
RIRS irrespective of stone size. The exclusion criteria were
(1) RIRS with diagnostic rather than therapeutic intent, (2)
therapeutic RIRS for urothelial tumors (either biopsy or
photovaporization), (3) RIRS in which the target stone has
been expelled, and (4) RIRS in which access to the renal
cavities in a first attempt through a stenotic or diseased
ureter is not possible.

Study Variables
Our study considered the following primary variables:
- Total stone volume (mm3) for all stones determined

using the following formula:

Stone volume = number π/6 ×
Height × Width × Length

- Surgical time (minutes)

- Clavien-Dindo complications (0 = no complications;
1 = minor complications; 2 = major complications)

- Early complications (0 = no; 1 = yes) (Early compli-
cations were defined as those appearing in the first 3 months
after surgery.)

- SFR (Y = yes; N = no) (Patients with stone fragments
<2 mm were considered stone free.)

In addition, we studied variables related to the patient,
the surgical procedure, and other variables (haematuria
postoperatively, pain after surgery, postoperative tachycar-
dia, systolic and diastolic blood pressure for 24 h postoper-
atively, and hospital stay).

Surgical Technique
Retrograde intrarenal surgery consists of endourologi-

cal treatment for kidney stones by a retrograde transureteral
approach. The irrigation pump is first purged at 100 mm
Hg for 1 minute, then programmed at 25 mm Hg with
0.9% saline solution. The pump (Arthrex ContinuousWave
III Arthroscopy Pump, model AR-6475; Erwin-Hielscher-
Strasse 981249, München, Germany) is an open-system,
continuous-flow irrigation pump with no pressure pulses
that stops irrigation when the irrigation pressure reaches the
same value as the region irrigated.

Preoperative antibiotic prophylaxis is based on a urine
culture performed 7 to 10 days before surgery. Subse-
quently, with the patient in the lithotomy position and under
general anesthesia, a semirigid ureteroscopy is performed
using a hydrophilic guide wire (Sensor, Boston Scientific,
Marlborough, MA, USA) previously introduced into the re-
nal cavities under fluoroscopy. In the event of concomitant
ureteral stones or kidney stones that can be treated with a
semirigid ureteroscope (Olympus ureteroscope, Hamburgo,
Germany; Wolf ureteroscope, Knittlingen, Germany; or
Storz ureteroscope, Madrid, Spain), this scope is inserted in
parallel to a safety guide wire, and stone vaporization is per-
formed using a holmium laser 400 µm (Dornier MedTech,
Barcelona, Spain) until fragments smaller than 2 mm are
obtained.

In the case of stones that cannot be treated us-
ing a semirigid ureteroscope, a ureteral sheath (12–14 Fr
(ReTrace, Coloplast)) is advanced over a guide wire to
the proximal ureter under fluoroscopy. Then, a flexible
ureteroscope is introduced (flexible digital URF-V Olym-
pus 8.5/9.9-Fr ureteroscope, with tip flexion of 180° up-
wards and 260° downwards, rotation of up to 90° in the in-
sertion tube, a 3.5-Fr working channel and irrigation chan-
nel, and a working length of 670 mm) through the ureteral
sheath. The irrigation pump is at 40 mm Hg. The renal
cavities are explored until all treatable kidney stones have
been identified and vaporized using the 200-µm holmium
laser fiber. The laser settings for each treatment were the
same. Finally, a double-J ureteral catheter is placed on the
guide wire under fluoroscopy.
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Postoperative Monitoring
For postoperative evaluation of surgical outcome, a

plain radiograph was taken 4 to 6 weeks after surgery,
with concomitant evaluation of postoperative complica-
tions from the date of surgery. In addition, in our project
other early complications, like pyelonephritis, urinary in-
fection, or renal colic, were evaluated during the 3 months
after.

In the event of an absence of fragments in the imag-
ing test or if the fragments were expellable, the SFR was
recorded and the double-J ureteral catheter was removed
by cystoscopy. Surgical success, or SFR, was considered
the absence of residual stones or the presence of fragments
smaller than 2 mm in diameter in the control examination.
Finally, therapeutic recommendations for the prophylaxis
of stone relapse were provided.

Results

Of the 403 patients included in our study, 202 were
female and 201 were male, with a mean age of 56.9 ± 16.3
years. An analysis of the medical history of the series re-
vealed that 35.2% of patients presented with at least 1 con-
dition, with type 2 diabetes and active smoking being the
most prevalent (Table 1).

Table 1. Demographic and clinical variables of study patients.
Variable No. (%)

Sex (male) 201 (49.9)
Type 2 diabetes 79 (19.6)
Active smoker 70 (17.4)
IBD 2 (0.5)
Corticosteroids 2 (0.5)
Bariatric surgery 3 (0.7)
Bilateral stones 5 (1.2)
Staghorn stones 31 (7.7)
Prior double-J catheter 163 (40.4)
Presurgical UC Yes 264 (65.5)

Positive 81 (30.6)
Negative 183 (69.3)

Age, mean ± SD, y 56.9 ± 16.3
Stone volume, mean ± SD, cm3 3.5 ± 5.4
Maximum diameter, mean ± SD, cm 1.8 ± 1.1
Abbreviations: IBD, inflammatory bowel disease; UC, urine
culture; SD, standard deviation.

The mean stone volume was 3.5 ± 5.4 cm3, with a
maximum of 38.3 cm3. Only 65.5% of presurgical urine
cultures were recorded, with 30.7% of these cultures posi-
tive for at least 1 microorganism. The clinical variables are
presented in Table 1.

The mean surgical time was 111.1 minutes, with a
maximum of 330 minutes. Both ureteroscopes were used
in 75.2% of cases. As regards intraoperative complications,

Table 2. Clavien-Dindo postoperative complications and
early complications.

Frequency %

No complications 333 82.6
Minor complications 64 15.8

Clavien 1 40 9.9
Clavien 2 24 6.0

Major complications 6 1.5
Clavien 3 0 0
Clavien 4 5 1.2
Clavien 5 1 0.2

Early complications (<3 mo) 28 6.94
Urinary symptoms 2 0.49
Renal colic 5 1.24
Pyelonephritis 7 1.73
UTI 11 2.72
Hematuria 1 0.2
AUR 1 0.2

Death (edema of the glottis) 1 0.2
Abbreviations: AUR, acute urinary retention; UTI, urinary
tract infection.

2 patients experienced a leak of contrast agent, and 1 had
frank hematuria.

Regarding the onset of Clavien-Dindo postoperative
complications, 70 patients developed some type of com-
plication, mostly minor (91.4%); Only 6 patients presented
with a major complication. Patient distribution by compli-
cation is shown in Table 2.

The mean hospital stay was 2± 3.4 days, with a max-
imum stay of 60 days in the case of a patient who had to
be admitted to the intensive care unit (ICU) and intubated.
The patient required a subsequent tracheostomy because of
poor evolution.

A total of 28 patients presented with some type of
early complication (<3 months), with urinary tract infec-
tion (UTI) and pyelonephritis being the most common (Ta-
ble 2). An SFR was achieved in 69% of the series, with a
retreatment rate of 4.7%.

Age was not found to be statistically significantly as-
sociated with the onset of Clavien-Dindo complications,
whereas sex was associated with a higher risk of develop-
ing minor Clavien-Dindo complications (p = 0.001). Only
corticosteroid use was associated with a higher risk of de-
veloping major Clavien-Dindo complications (p = 0.030).
Neither surgical time was no stone volume statistically sig-
nificantly associated with the onset of Clavien-Dindo com-
plications (Table 3).

Age, sex, and medical history were not statistically
significantly associated with onset of early complications.
Similarly, neither surgical time nor stone volume were sta-
tistically significantly associated with the onset of early
complications (Table 4).
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Table 3. Influence of factors associated with Clavien-Dindo postoperative complications.
Variable No complications (n = 333) Complications (n = 70) p value

Male sex, No. (%) 180 (54.1) 21 (30.0) <0.001
Type 2 diabetes, No. (%) 69 (20.7) 10 (14.3) 0.249
Active smoker, No. (%) 59 (17.7) 11 (15.7) 0.862
IBD, No. (%) 2 (0.6) 0 (0.0) 1.000
Corticosteroids, No. (%) 1 (0.3) 1 (16.7) 0.318
Bariatric surgery, No. (%) 2 (0.6) 1 (1.4) 0.437
Age, mean ± SD, y 57.3 ± 16.1 55.1 ± 17.3 0.304
Surgical time, mean ± SD, min 109.4 ± 47.3 118.9 ± 50.2 0.174
Stone volume, mean ± SD, cm3 3.4 ± 5.4 4.3 ± 5.6 0.105
Abbreviation: IBD, inflammatory bowel disease.

Table 4. Influence of factors associated with early complications (<3 months).
Variable No complications (n = 333) Complications (n = 70) p value

Male sex, No. (%) 189 (50.4) 12 (42.9) 0.557
Type 2 diabetes, No. (%) 76 (20.3) 3 (10.7) 0.323
Active smoker, No. (%) 63 (16.8) 7 (25.0) 0.299
IBD, No. (%) 2 (0.5) 0 (0.0) 1.000
Corticosteroids, No. (%) 2 (0.5) 0 (0.0) 1.000
Bariatric surgery, No. (%) 3 (0.8) 0 (0.0) 1.000
Age, mean ± SD, y 57.2 ± 16.2 53.5 ± 18.2 0.298
Surgical time, mean ± SD, min 110.8 ± 47.6 113.0 ± 52.8 0.892
Stone volume, mean ± SD, cm3 3.5 ± 5.3 4.7 ± 6.6 0.780
Abbreviation: IBD, inflammatory bowel disease.

Discussion

Recent progress in the design of ureteroscopes, in-
creased use of holmium lasers, and improvements in sur-
gical skill have allowed us to expand the indications for
RIRS, initially limited to diagnosis, to include the treatment
of ureteral and intrarenal stones, thus providing a good al-
ternative to PCNL. A complication rate of 10%, with the
majority of these complications being minor on the Clavien
scale, compared with 20.5% for PCNL means that more
physicians have begun to treat stones measuring more than
2 cm by RIRS, often obtaining stone removal rates exceed-
ing 90%, thusmaking this technique an excellent alternative
[20].

Compared with the literature reviewed, the impor-
tance of this study lies in the number of cases included, the
success rate obtained, and the limited number of complica-
tions.

Furthermore, our series consisted of 403 patients, all
of whom underwent RIRS as treatment for kidney stones.
The mean stone volume in our series was 3.5 cm3, with a
maximum volume of 38.3 cm3 and a mean stone diameter
of 1.8 cm. Approximately 7.7% of patients presented with
staghorn stones. Among the numerous publications in this
area, the most relevant are the series reported by Palmero
et al. [20], which included 106 patients and found a mean
stone diameter of 2.46 cm; Hyams et al. [21], with 120
cases and amean diameter of 2.4 cm; Al-Qahtani et al. [22],

with 104 cases and a mean stone diameter of 2.6 cm, and
Traxer et al. [23] with 359 patients.

A total of 164 patients had required emergency uri-
nary diversion because of a complicated renal colic. All
these cases involved insertion of a double-J catheter ex-
cept 1, which required an emergency nephrostomy. Some
authors in the literature recommend insertion of a double-
J catheter before surgery to ensure passage of the ureteral
sheath [20]. Traxer et al. [23] ensured pre-stenting vs. no
pre-stenting decreased the risk of severe injury by seven-
fold. In our experience, and given our surgical technique,
we do not consider this step necessary, and we do not know
whether the prior emergency catheterization had any effect
on the subsequent surgery.

In our series, surgical time (mean, 111.1 minutes) was
slightly shorter than the 112 minutes reported by Palmero
et al. [20]; And higher than the 82 minutes reported by
Aboumarzouk et al. [24]. All surgeries were performed
with the same surgical technique, which is commonly used
in our department and described in detail in the “Mate-
rials and Methods” section. All procedures started with
the systematic use of a semirigid ureteroscope; A ureteral
sheath was inserted only in the case of inaccessible stones
or poor visibility to continue using a flexible ureteroscope.
A continuous-flow irrigation pump with no pressure pulses
was used at all times; 75.2% of interventions required the
use of both ureteroscopes. We are convinced that the com-
plication rate decreases markedly when a continuous-flow
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irrigation pump is used to help maintain good visibility and
facilitate working at low pressure.

Regarding Clavien-Dindo postoperative complica-
tions, the overall rate was low (17.3%). A total of 70 pa-
tients developed some type of complication, which in most
cases was minor (91.4%), and only 6 patients (1.5%) devel-
oped a major complication, with 5 of these patients being
admitted to the ICU for close monitoring and 1 dying from a
cause unrelated to the surgery. The series by Palmero et al.
[20] and Cepeda et al. [1] reported complication rates of
6.7% and 14.6%, respectively, most of which were grade
1 or 2 in the Clavien classification. Overall complication
rate of Aboumarzouk et al. [24] was 10.1%, with major
complications developed in 21 (5.3%) patients and minor
complications developed in 19 (4.8%). As such, our find-
ings closely resemble those reported for other large series,
which found complication rates of approximately 10%.

In our study, we defined success, or SFR, as the ab-
sence of stones or residual stones measuring less than 2 mm
in postsurgical radiologic controls, a rate we achieved in
69% of patients. Similarly, Palmero et al. [20] and Hyams
et al. [21] reported success rates of 73.6%, although the cut-
offs for residual stones were 5 mm or 4 mm, respectively.
There is still no consensus because there are authors who
consider success to be sizes below 2 mm [22,25,26]; How-
ever, other authors, such as Hyams et al. [21], place success
at 4 mm.

Our retreatment rate of 4.71% was higher than the
value (1.7%) that Palmero et al. [20] reported and the val-
ues seen in other studies in the literature.

Influence of Perioperative Factors on the Onset of
Clavien-Dindo Postoperative Complications and
Early Complications

Our analysis of the effect of postoperative factors
on the onset of Clavien-Dindo postoperative complications
showed that age exhibited no statistically significant rela-
tionship, whereas sex was associated with a higher risk of
developing minor Clavien-Dindo postoperative complica-
tions (grades 1 and 2), mainly nausea, vomiting, pain, or
UTI. In the case of women, this finding can be explained by
the known higher incidence of UTIs in this group. Traxer
et al. [23], reported Body mass index, a history of diabetes
mellitus, vascular disease or abdominopelvic radiation ther-
apy and operative time were not associated with postoper-
ative complications.

Our findings showed a statistically significant asso-
ciation between corticosteroid use and the development of
major Clavien complications, with 1 patient on corticos-
teroids developing a major complication. This patient was
presumably a complex pluripathologic patient, however,
which could be considered an independent risk factor for
the development of such complications. Moreover, as this
sample comprised just 1 patient, the probability is high that
it is insufficient to unequivocally determine a link between

corticosteroid use and the development of major Clavien
complications representative of the wider population.

Neither surgical time nor stone volume were statisti-
cally significantly related to the development of Clavien-
Dindo complications (p = 0.174, p = 0.105 respectively),
which supports our proposal that the rate of complications
decreases markedly when using a continuous-flow irriga-
tion pump to maintain good visibility, with surgical time
and stone volume being independent of the onset of such
complications.

Maybe the result was not statistically significantly as-
sociated because the rate of patients who developed some
type of Clavien-Dindo major complications was low, only
six patients (1.5%).

Surgical time and stone volume were not statistically
significantly associated with onset of early complications
(p = 0.892, p = 0.780 respectively).

Finally, the rest of our analysis of the effect of peri-
operative factors on the onset of early complications (<3
months) showed that none of the factors we analyzed ex-
hibited any statistically significant relationship.

Limitations
Themain limitation of our study was the access to data

and diagnostic test. This review was a retrospective study,
so we could not have access to some test like presurgical
urine cultures. 65.5% of presurgical urine cultures were
recorded, with 30.7% of these cultures were positive. So
that was a limitation to made heavy conclusions.

At last, our study was not have a control group, so this
condition prevent us to state some heavy conclusions.

Conclusions

In this descriptive study, we analyzed the results ob-
tained in our series of patients who underwent RIRS at con-
trolled pressure and the development of complications.

Sex is associated with a higher risk of developing mi-
nor (grades 1 and 2) Clavien-Dindo postoperative compli-
cations. Surgical time and stone volume were not statisti-
cally significantly related to the onset of either postopera-
tive Clavien-Dindo or early complications.

The stone free rate (SFR) was achieved in 69% of pa-
tients. The repetition of intraoperative antibiotic prophy-
laxis 2 h after the start of surgery may be an interesting fac-
tor to consider for future protocols.
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grade intrarenal surgery; PCNL, percutaneous nephrolitho-
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