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Abstract

BACKGROUND

Horseshoe kidney (HK) with renal stones is challenging for urologists. Although
both retroperitoneal and transperitoneal laparoscopic approaches have been
reported in some case reports, the therapeutic outcome of retroperitoneal
compared with transperitoneal laparoscopic lithotripsy is unknown.

AIM
To assess the efficacy of laparoscopic lithotripsy for renal stones in patients with
HK.

METHODS

This was a retrospective study of 12 patients with HK and a limited number (1 <
3) of 20-40 mm renal stones treated with either retroperitoneal or transperitoneal
laparoscopic lithotripsy (June 2012 to May 2019). The perioperative data of both
groups were compared including operation time, estimated blood loss,
postoperative fasting time, perioperative complications and stone-free rate (SFR).

RESULTS

No significant difference was observed for age, gender, preoperative symptoms,
body mass index, preoperative infection, hydronephrosis degree, largest stone
diameter, stone number and isthmus thickness. The mean postoperative fasting
time of the patients in the retroperitoneal group and the transperitoneal group
was 1.29 + 0.49 and 2.40 + 0.89 d, respectively (P = 0.019). There was no significant
difference in operation time (194.29 £ 102.48 min vs 151.40 £ 39.54 min, P = 0.399),
estimated blood loss (48.57 + 31.85 mL vs 72.00 + 41.47 mL, P = 0.292) and length
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of hospital stay (12.14 £ 2.61 d vs 12.40 = 3.21 d, P = 0.881) between the
retroperitoneal and transperitoneal groups. All patients in both groups had a
complete SFR and postoperative renal function was within the normal range. The
change in estimated glomerular filtration rate (eGFR) from the preoperative stage
to postoperative day 1 in the retroperitoneal group and the transperitoneal group
was -3.86 £ 0.69 and -2.20 + 2.17 mL/(min 1.73 m?), respectively (P = 0.176). From
the preoperative stage to the 3-mo follow-up, the absolute change in eGFR values
for patients in the retroperitoneal group and the transperitoneal group was -3.29 *
1.11 and -2.40 + 2.07 mL/ (min 1.73 m?), respectively (P = 0.581).

CONCLUSION
Both retroperitoneal and transperitoneal laparoscopic lithotripsy seem to be safe
and effective for HK patients with a limited number of 20-40 mm renal stones.

Key Words: Horseshoe kidney; Retroperitoneal; Transperitoneal; Laparoscopic lithotripsy;
Renal stones

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a retrospective study of 12 patients with horseshoe kidney (HK) and
a limited number (n < 3) of 20-40 mm renal stones treated by either retroperitoneal or
transperitoneal laparoscopic lithotripsy. The mean postoperative fasting time of
patients in the retroperitoneal group and the transperitoneal group was 1.29 + 0.49 and
2.40 + 0.89 d, respectively (P = 0.019). All patients in both groups had a complete SFR
and postoperative renal function was within the normal range. Both retroperitoneal and
transperitoneal laparoscopic lithotripsy seem to be safe and effective for HK patients
with a limited number of 20-40 mm renal stones.

Citation: Chen X, Wang Y, Gao L, Song J, Wang JY, Wang DD, Ma JX, Zhang ZQ, Bi LK, Xie
DD, Yu DX. Retroperitoneal vs transperitoneal laparoscopic lithotripsy of 20-40 mm renal
stones within horseshoe kidneys. World J Clin Cases 2020; 8(20): 4753-4762

URL: https://www.wjgnet.com/2307-8960/full/v8/i20/4753.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i20.4753

INTRODUCTION

Horseshoe kidney (HK) is a major congenital kidney anomaly which occurs in
approximately 0.25% of the general population!l. Pathological fusion of the lower
kidney moiety gives rise to ureteropelvic junction obstruction (UPJO) in up to 35% of
HK patients™, and distortion of the ureteropelvic junction naturally leads to renal
stones. For large renal stones (largest stone diameter > 20 mm), flexible ureteroscopy,
laparoscopic lithotripsy, percutaneous nephrolithotomy (PCNL) and extracorporeal
shock wave lithotripsy (ESWL) have been successfully performed in selected specific
cases!”l. PCNL is the preferred procedure for large renal stones (largest stone diameter
> 40 mm), while ESWL and flexible ureteroscopy are feasible and safe for small renal
stones (largest stone diameter < 20 mm). However, no studies have investigated the
best surgical approach for HK with a limited number of 20-40 mm renal stones, which
is commonly found.

Laparoscopic lithotripsy was proposed as a promising technique for renal stones in
HK patients!*'". However, in most of the reported cases treatment was performed
using the transperitoneal approach!™”. Comparisons between retroperitoneal and
transperitoneal laparoscopic approaches for HK with renal stones have not yet been
performed. The present study aimed to report our single center experience of
laparoscopic stone management via both retroperitoneal and transperitoneal
approaches in HK patients with a limited number (n < 3) of 20-40 mm renal stones.
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MATERIALS AND METHODS

Patient characteristics

Patients with HK and renal stones in our clinic who were treated laparoscopically
between July 2012 and May 2019 were retrospectively reviewed. The exclusion criteria
included bilateral renal stones, staghorn stones, small (< 20 mm) or large (> 40 mm)
stones, stone number > 3, other abnormal upper urinary tract anatomies including
duplex kidney and ectopic kidney, severe obstruction of the urinary tract, history of
open surgery of the upper abdomen, and concomitant renal tumor. The study was
approved by the Ethics Committee of Anhui Medical University, Hefei, China and
carried out in accordance with the Helsinki Declaration.

Perioperative data were reviewed including operation time, estimated blood loss,
perioperative complications, and postoperative fasting time. Rates of minor and major
complications were evaluated according to the Clavien-Dindo classification!"!l.
Perioperative total renal function was calculated as the estimated glomerular filtration
rate (eGFR) using the Modified Diet in Renal Disease equation!” preoperatively and
on postoperative day 1 and 30, respectively. All patients underwent X-ray kidney-
ureter-bladder radiography as the imaging examination preoperatively on
postoperative day 30, to evaluate the stone-free rate (SFR). Isthmus thickness was
determined by routine preoperative three-dimensional computed tomography (CT)
and CT angiography in all patients. Perioperative hydronephrosis degree was
evaluated by renal ultrasound and classified according to the Society for Fetal Urology
guideline (Grade 0: No renal pelvic dilatation; Grade 1: Renal pelvic dilatation with
only visualized small calyces; Grade 2: Renal pelvic dilatation with some visualized
large calyces; Grade 3: Renal pelvic dilatation with all visualized calyces and a normal
parenchyma; Grade 4: Renal pelvic dilatation with all visualized calyces and a thin
parenchyma)!"l.

All patients received laparoscopic isthmusectomy concomitantly with lithotripsy.
Depending on patient status and surgeon preference, a retroperitoneal or
transperitoneal approach was performed.

Retroperitoneal protocol

Under general anesthesia, patients were placed in the semi-lateral decubitus position
with the ipsilateral side up. The laparoscopic port placements are shown in Figure 1A.
After entering the retroperitoneal space, the retroperitoneal fat was separated first, the
Gerota fascia was then uncovered at the lower pole, and the perinephric fat was
eliminated to expose the renal hilum. As the isthmus existed in the lower poles in all
our cases, we released the lower pole of the kidney to expose the isthmus (Figure 2A).
When the isthmus was isolated with a stapler (Endopath, Ethicon Endo-Surgery,
United States) (Figure 2B), we dissected the renal pelvis to extract the stones
(Figure 2C and D). Distilled water was applied to flush the renal pelvis to promote
stone removal. After a Double-] ureteral stent was inserted into the ureter (Figure 2E),
renal pelvic anastomoses were performed with a 4-0 absorbable V-LOC suture. A
flexible cystoscope was used in one patient to view all small calyces to guarantee
complete clearance of renal stones.

Transperitoneal protocol

Patients were placed in the supine position and the laparoscopic ports were located as
shown in Figure 1B. The Toldt line was incised first, and the colon was mobilized
medially to expose the aorta and Gerota fascia. The Gerota fascia was dissected and
the isthmus was completely released (Figure 2F). Following exposure of the isthmus, a
3-0 absorbable V-LOC suture was applied on both sides of the narrowest isthmus
moiety for renal parenchymal anastomoses and the isthmus was isolated using Mayo
scissors (Figure 2G and H). The nephrolithotomy procedure was performed as
described in the retroperitoneal approach (Figure 21 and J).

Statistical analysis

Statistical analyses were performed with SPSS Statistics v. 22.0 (SPSS Inc., Chicago, IL,
United States). All continuous data are shown as mean * SD and were compared by
the Student’s t-test. The Wilcoxon signed-rank test was used to compare perioperative
eGFR changes. Categorical data were compared by the Chi-square test. A P value <
0.05 was considered statistically significant.
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Figure 1 The trocar position during laparoscopic treatment. A: Transperitoneal procedure: Two 10-mm trocars were placed, one at the umbilicus and the
other 2 cm below the umbilicus adjacent to the rectus sheath, respectively. The trocar at the umbilicus was the camera port. A 12-mm trocar was inserted 2 cm below
the costal margin in the mid-clavicular line. The other two 5-mm trocars were placed 2 cm below the costal margin in the anterior axillary line and midaxillary line,
respectively; B: Retroperitoneal procedure: One 10-mm trocar was located 1 cm above the level of the iliac crest in the midaxillary line as the camera port. One 12-
mm trocar was placed 2 cm below the costal margin in the anterior axillary line. One 5-mm trocar was inserted 1 cm below the costal margin in the posterior axillary
line.

Figure 2 Key operative steps in representative cases of the retroperitoneal group (A-E) and the transperitoneal group (F-J). In the upper row:
(A) The isthmus (i) was supplied by an aberrant artery (a) from the abdominal aorta (aa). (B) The isthmus was completely isolated with a stapler. (C) The isthmus (i)
was moved back to expose the ureter (u). (D) At the guideline of the ureter (u), the pelvis (p) was exposed and dissected to remove the stone. (E) A Double-J stent
was inserted into the ureter (u). In the bottom row: (F) The isthmus (i) was exposed. (G) Anastomosis of the isthmus (i). (H) The isthmus was dissected by Mayo
scissors. (I) The pelvis (p) was exposed and dissected to remove the stone. (J) A Double-J stent was inserted into the ureter (u).

RESULTS

Twelve patients (seven adult females, four adult males, and one boy) were enrolled
into our cohorts. Demographic data of these patients were systematically reviewed
and are summarized in Table 1. The mean patient age was 35.25 + 13.69 years (range,
12-55 years). Nine patients (75.0%) presented with a history of moderate to severe
flank pain, two patients (16.7%) presented with abdominal pain and the remaining
patient (8.3%) complained of moderate hematuria (Table 1). Five patients (41.7%) with
preoperative urinary infection recovered after antibiotic treatment for three days. Nine
patients (75.0%) had renal stones on the left side, while three (25.0%) had renal stones
on the right side. All patients had an extra-renal pelvis.

Seven of 12 patients (58.3%) were included in the retroperitoneal group while the
other five (41.7%) were included in the transperitoneal group. There were no
statistically significant differences between the retroperitoneal and transperitoneal
groups regarding age, gender, body mass index, side of renal stones, and preoperative
infection (Table 1). The mean stone diameter in the retroperitoneal group (26.71 * 4.27
mm) was smaller than that in the transperitoneal group (28.40 £ 4.04 mm) without
reaching statistical significance (P = 0.507). Stone number in the retroperitoneal group
was comparable to that in the transperitoneal group (P = 0.125). Isthmus thickness in
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Retroperitoneal group (n =7) Transperitoneal group (n = 5) P value
Age (yr) 37.29 +13.30 3240 +15.24 0.567
Gender 1.000
Male, 1 (%) 3 (42.9) 2 (40.0)
Female, 1 (%) 4(57.1) 3 (60.0)
Laterality 1.000
Left, n (%) 5(71.4) 4 (80.0)
Right, n (%) 2 (28.6) 1(20.0)
BMI (kg/m?) 21.69 +1.86 22.65+243 0.457
Preoperative symptoms 0.559
Flank pain, n (%) 5(71.4) 4 (80.0)
Abdominal pain, 1 (%) 1(14.3) 1 (20.0)
Hematuria, n (%) 1(14.3) 0(0.0)
Preoperative infection 0.558
No, 7 (%) 5(71.4) 2 (40.0)
Yes, 1 (%) 2 (28.6) 3 (60.0)
Hydronephrosis degree 1.000
<1,n (%) 3 (42.9) 3 (60.0)
2,1 (%) 4 (57.1) 2 (40.0)
Maximal stone diameter (mm) 26.71+4.27 28.40 +4.04 0.507
Stone number 0.125
1, n (%) 4(57.1) 2 (40.0)
2,1 (%) 3 (42.9) 1 (20.0)
3,1 (%) 0 (0.0 2 (40.0)
Isthmus thickness (cm) 4.07 £1.10 418 £0.75 0.853
Operation time (min) 194.29 £102.48 151.40 £39.54 0.399
Estimated blood loss (mL) 48.57 +31.85 72.00 + 41.47 0.292
Postop fasting time (d) 1.29 +0.49 2.40+0.89 0.019
Hospital stay (d) 12,14 + 2,61 12,40 +3.21 0.881
Minor complications, 1 (%) 1(14.3) 1(20.0) 1.000
Major complications, 1 (%) 0 (0.0) 0(0.0) N/A
eGFR [mL/ (min 1.73 m?)]
Preoperative 143.00 £ 24.34 126.00 £ 40.48 0.383
Postoperative day 1 139.14 +23.97 123.80 + 40.67 0.428
Postoperative day 30 139.71 £ 26.23 123.60 + 39.42 0.398
Mean follow-up 29.42 +23.87 27.79 +21.75 0.906
SER, 1 (%) 7 (100.0) 5 (100.0) 1.000

P values were calculated for intergroup comparisons using the Student’s t-test and Chi-square test. BMI: Body mass index; eGFR: Estimated glomerular
filtration rate; SFR: Stone-free rate; N/ A: Not applicable.
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the retroperitoneal group and transperitoneal group was 4.07 + 1.10 vs 4.18 £ 0.75 cm,
respectively (P = 0.853) (Table 1).

Mean postoperative fasting time in patients in both groups was 1.29 + 0.49 and 2.40
+ 0.89 d, respectively (P = 0.019). No significant differences were found in terms of
operation time (194.29 + 102.48 min vs 151.40 + 39.54 min, P = 0.399), estimated blood
loss (48.57 + 31.85 mL vs 72.00 + 41.47 mL, P = 0.292) and length of hospital stay (12.14
+2.61 dvs12.40 +3.21 d, P = 0.881) between the two groups (Table 1).

eGFR values in patients in both groups were recorded: preoperative period: 143.00 +
24.34 mL/(min 1.73 m?) vs 126.00 £ 40.48 mL/(min 1.73 m?); postoperative day 1:
139.14 £ 23.97 mL/ (min 1.73 m?) vs 123.80 + 40.67 mL/(min 1.73 m?), postoperative
day 30: 139.71 + 26.23 mL/(min 1.73 m?) vs 123.60 £ 39.42 mL/ (min 1.73 m?) (Table 1).
The eGFR values assessed at each time point were comparable between the two
groups (P = 0.383, P = 0.428 and P = 0.398, respectively) (Table 1). Although the
postoperative eGFR values in both groups on postoperative day 1 and 30 were worse
than the preoperative values, these differences were not statistically significant (P =
0.176 and P = 0.581, respectively) (Table 2).

None of the patients received a perioperative transfusion, and no major
complications (grade III-V) occurred according to the Clavien-Dindo classification.
Only one patient in the retroperitoneal group had low blood pressure, which
improved after sufficient liquid compensation, while one patient in the transperitoneal
group experienced postoperative fever, which subsided after antibiotic treatment for
three days. Postoperative drainage, a catheter and a Double-] stent were placed for 3 d,
3 d and one month, respectively. No statistically significant differences were observed
between the two groups in terms of the mean follow-up period (29.42 + 23.87 mo vs
27.79 + 21.75 mo, P = 0.906). The SFR in both groups was 100% (Table 1 and Figure 3).

DISCUSSION

Origin of renal stones

HK is the most common renal fusion malformation which develops within 7-9
gestational weeks. An isthmus of the two lower renal poles exists in almost 90% of
patients and is generally located anterior to the aorta and vena cava. Due to the
connection of the lower or upper poles of two individual kidneys, the isthmus induces
renal malrotation and renal pelvic anteposition. As a result of kidney rotation, the
ureter atypically passes through the anterior surface of the isthmus and contributes to
UPJO, which further promotes renal stone formation. Furthermore, metabolic
abnormalities may also contribute to the high incidence (21.0%-60.0%) of renal stones
in HKP21,

Therapeutic options for renal stones in patients with HK

Although flexible ureteroscopy is recommended by the European Association of
Urology guideline for small renal stones in HK patients!"”], large and/or multiple renal
stones are still challenging for urologists. PCNL has been reported to be applicable for
large or multiple renal stones in HK patients, including pediatric patients, with a SFR
of 75.0%-89.0%"'*1. However, the complication rate varied from 13.0% to 29.2%,
whilst the complications included significant hematuria requiring blood transfusion
and colonic injury. Furthermore, renal stones in specific locations (such as the lower
calyx and isthmus) cannot be reached by the nephroscope. These renal stones can
potentially be treated by laparoscopy. In addition, laparoscopic lithotripsy may also be
effective for renal stones with a limited stone number (n < 3) and stone size (stone
largest diameter within the range of 20-40 mm).

Advantages of the retroperitoneal and transperitoneal approach

The present study revealed that both the retroperitoneal and transperitoneal approach
might provide a satisfactory outcome for renal stones in patients with HK. Use of the
retroperitoneal approach may avoid entering the peritoneal cavity and minimally
affect intestinal function. In our cohort, patients in the retroperitoneal group had a
shorter postoperative fasting time than patients in the transperitoneal group.
Furthermore, urologists are more familiar with the retroperitoneal space and
identifying the isthmus safely after exposing the ureter. According to our experience,
this approach is more appropriate for a non-isthmus stone. However, the
transperitoneal approach offers considerable space, direct access to vasculature and
feasible suturing for renal parenchymal anastomoses. Therefore, it is more cost-
effective than the retroperitoneal approach. In addition, the operation time was shorter

WJCC | https://www.wjgnet.com 4758 October 26,2020 | Volume8 | Issue20 |



Chen X et al. Retroperitoneal vs transperitoneal laparoscopic lithotripsy

Table 2 Intergroup comparisons of postoperative estimated glomerular filtration rate change relative to preoperative levels

eGFR [mL/(min-1.73 m?)] Retroperitoneal group (n =7) Transperitoneal group (n = 5) Pvalue
Postoperative day 1 -3.86 +0.69 -220+2.17 0.176
Postoperative day 30 -329+1.11 -2.40 £2.07 0.581

Values are expressed as mean * SD. P values were calculated for intergroup comparisons using the Wilcoxon signed-rank test. eGFR: Estimated glomerular

filtration rate.

Figure 3 Preoperative and postoperative imaging examination. A and C: Preoperative imaging examination; B and D: Postoperative imaging
examination.

than that in the retroperitoneal group, although the difference was not significant.
Thus, it was theoretically feasible for treating bilateral renal stones. We consider that
the operation time was more dependent on the surgeon’s experience rather than the
surgical approach. The limited retroperitoneal space did not result in a significant
difference in operation time (Table 1). Both approaches avoided a high complication
rate (14.3% vs 20.0%, P = 1.000).

Treatment of the isthmus

Although isthmusectomy is not recommended by European and United States
surgeons for HK patients”], Chinese surgeons prefer isthmusectomy as they consider
that it may reset the anatomic location of abnormal kidneys and resolve the UPJO-
induced hydronephrosistl. All patients in our cohort underwent isthmusectomy. This
was due to the fact that hydronephrosis in our cohort was caused by isthmic
compression on the ureter, and hydronephrosis grades were comparably low (n < 2).
Our decision on technical choice was consistent with the recommendation by
Jarzemski et al”. Both parenchymal suturing and stapling can avoid hemorrhage. A
stapler was recommended for isthmus division in the retroperitoneal approach, as the
contralateral kidney is free and complex to complete renal parenchymal anastomoses,
and the estimated blood loss can also be reduced.
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Renal stones removal

Improvement in the SFR is still a vital part of renal stone treatment in HK patients. In
our study, the SFR did not differ between the two groups (100% vs 100%, P = 1.000).
Renal pelvic stones could be removed directly after pelvis dissection due to the dilated
renal pelvis. In cases with lower calyceal stones, it was difficult to reach the stones by
laparoscopy, and distilled water was applied to flush the pelvis. In one patient with
three renal stones in the lower calyx, a flexible cystoscope was used for the renal
stones. Our results indicated that the flexible cystoscope was effective for aiding
complete stone removal, which was in accordance with the study by Kramer et al*l.
Similarly, a flexible ureteroscope has also been proposed to improve the renal stone
removal rate in lithotripsy!!.

Limitations

Several drawbacks of this study should be acknowledged. First, this is a retrospective
study and the patient number was limited. The rigorous exclusion criteria in our study
determined the limited therapeutic spectrum of this laparoscopic approach. However,
the SFR in both groups was satisfactory (100% vs 100%, P = 1.000), and was attributed
to the limited number of renal stones (n < 3) and the extra-renal pelvis. More
prospective clinical trials are needed to identify whether the laparoscopic technique is
suitable for a greater number (1 > 3) of renal stones. In cases with an intra-renal pelvis,
a complete exploration of all calyces is challenging. A flexible cystoscope or flexible
ureteroscope may be beneficial for stone removal within the intra-renal pelvis. Second,
as a higher degree of hydronephrosis (> 2) and renal stones are found in HK patients,
lithotripsy concomitant with pyeloplasty can be performed. More experience of
laparoscopic lithotripsy and pyeloplasty should be accumulated. Third, the
laparoscopic technique for stone removal in HK patients is a demanding procedure
that requires considerable surgical expertise.

CONCLUSION

Both retroperitoneal and transperitoneal laparoscopic lithotripsy seem to be safe and
effective for HK patients with a limited number of 20-40 mm renal stones.

ARTICLE HIGHLIGHTS

Research background

Horseshoe kidney (HK) with renal stones is challenging for urologists. No studies
have investigated the best surgical approach for HK with a limited number of 20-40
mm renal stones, which is commonly found.

Research motivation

Laparoscopic treatment was reported in some case reports; however, the therapeutic
outcome of the retroperitoneal compared with the transperitoneal approach is
unknown. The possible therapeutic differences between these two approaches was
worthy of study.

Research objectives

This study aimed to investigate the clinical characteristics and outcomes of patients
with HK and renal stones, who underwent retroperitoneal or transperitoneal
laparoscopic treatment.

Research methods

We performed a retrospective study of 12 patients treated with retroperitoneal or
transperitoneal laparoscopy for HK and a limited number of 20-40 mm renal stones.
The baseline characteristics and postoperative outcomes of these patients were
summarized and analyzed. Statistical analyses were performed with SPSS Statistics v.
22.0.

Research results
The mean postoperative fasting time of patients in the retroperitoneal group was
shorter than that in the transperitoneal group. There was no significant difference in
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operation time, estimated blood loss and length of hospital stay between the
retroperitoneal group and transperitoneal group. All patients in both groups achieved
a complete stone-free rate and postoperative renal function was within the normal
range. The change in estimated glomerular filtration rate from the preoperative stage
to postoperative day 1 and 3-mo in the retroperitoneal group and transperitoneal
group was not statistically significant.

Research conclusions

Both retroperitoneal and transperitoneal laparoscopic lithotripsy are safe and effective
surgical approaches for HK patients with a limited number (1 < 3) of 20-40 mm renal
stones. Laparoscopic lithotripsy is an effective clinical alternative to percutaneous
nephrolithotomy and flexible ureteroscopy.

Research perspectives

More attention should be paid to the treatment of HK patients with a limited number
of medium-sized renal stones. The ideal choice of retroperitoneal or transperitoneal
laparoscopy should be patient-individualized and further elucidated by more
prospective clinical trials.
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