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Outcome of Percutaneous Nephrolithotomy in
Horseshoe Kidneys

Udaya Man Singh Dongol,*¢ Sandeep Bohora®¢

ABSTRACT:

Introduction: The horseshoe kidney is extremely rare, the incidence being one in every 400 - 800 patients. In
a recent review of more than 15000 radiographic imaging studies, the incidence was one in every 666 patients.
The renal stone formation in horseshoe kidney is around 20-80%. Percutaneous nephrolithotomy is the most
accepted modality of treatment . This study was carried out to find the outcome of percutaneous nephrolithotomy
in horseshoe kidneys. Methods: Between May 2013 and November 2017, 11 adult patients(12 renal units) with
stones in horseshoe kidneys underwent percutaneous nephrolithotomy in the department of urosurgery, Kathmandu
Medical College and Teaching Hospital and were evaluated for the operating time, stone free rate , complications
and hospital stay. Data analysis was done using Statistical Package for the Social sciences (SPSS) Version 20.
Categorical data were analysed by using Fisher exact test. Results: The mean age of the patients was 30.9 years (SD
=10.3) and the mean stone burden was 385.83 mm? (SD = 331.3). The overall stone free rate was 83.33%. The two
patients with residual stones when counselled for Extracorporeal shock wave lithotripsy, refused for it and decided
to be on follow up. No auxiliary procedure was done. The complications noted were of Clavien-Dindo grade |
and Il. No pleural or bowel injury was seen. One patient needed blood transfusion. Conclusions: Percutaneous
nephrolithotomy is safe and effective in the management of stones in horseshoe kidneys. It does not carry increased
risk than reported in normal kidneys.
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INTRODUCTION:

In genitourinary tract, the incidence of
developmental anomalies is about 30 - 40%. [1]
Fusion anomalies of kidneys are common and
are predisposed to various complications of
nephrolithiasis, hydronephrosis, infection and
possibility of renal malignancy.[2] Horseshoe
kidney is the most common renal fusion anomaly
with the incidence of one in 400 - 800 cases and
male to female ratio of 2:1.[3] In a recent review
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of radiographic imaging studies, the incidence of
horseshoe kidney has been found to be one in 400
- 600 individuals with fusion at the lower poles in
greater than 90% of the cases, with the rest showing
fusion at the upper poles.[4] The fusion of the lower
poles which occurs at 4" - 6™ week of gestation,
prevents the normal ascent of kidneys when it
reaches the inferior mesenteric artery. There is
malrotation of the kidney with anterior displacement
of the collecting system and high lateral insertion of
ureters. The significant ureteropelvic obstruction due
to high lateral insertion of ureters is associated with
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impaired drainage of the collecting system, urinary
infection and stone formation.[5,6] The incidence
of renal stones in adult patients with horseshoe
kidneys is estimated to be 36%.[7] The prevalence
of complex staghorn calculus in horseshoe kidney
is however rare.[8] The commonest presentation is
the flank pain and is seen in 83% of population with
horseshoe kidneys.[9]

Although the treatment of nephrolithiasis in
horseshoe kidneys is challenging due to anomalies
in position of the kidney, the anatomy of pelvic
collecting system and vascular supply, percutaneous
nephrolithotomy has been accepted as the treatment
of choice for stones more than 2 cm.[10,11,12] The
dorsomedial orientation of posterior calyces and
dorsolateral orientation of anterior calyces offer
surprisingly the good percutaneous access. The stone
clearance rate of percutaneous nephrolithotomy in
horseshoe kidneys varies and ranges from 75% to
100% with an average stone-free rate of 84%.[13]
The first report of percutaneous nephrolithotomy in
horseshoe kidney was made by Wickkam and Kellet
in 1981 and by Clayman in 1983.[14]

The anatomic and vascular anomalies in
horseshoe kidneys increase the technical complexity
and makes the management of stone in horseshoe
kidneys by  percutaneous  nephrolithotomy
challenging, despite the higher stone free rate with
minimal major complications. This study was
carried out to find the outcome of percutaneous
nephrolithotomy in horseshoe kidneys in our set up.

METHODS:

It was an observational study and data were
collected prospectively. The study was done from
May 2013 up to November 2017. Approval from the
ethical committee was taken and informed consent
was taken from all the patients.

All adult patients with stone(s) in
horseshoe kidneys who underwent percutaneous
nephrolithotomy in the department of urosurgery in
Kathmandu Medical College and Teaching Hospital
during the study period were included in the study.
The evaluation of all patients was done with a
detailed medical history and physical examination,
complete blood count, urinalysis, urine culture and
sensitivity, coagulation tests, renal function tests.
All the patients also underwent comprehensive
radiological assessment including X-ray KUB,
intravenous urography, ultrasonography of abdomen
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and pelvis. It was only from 2015 that we started
doing computed tomographic urography in our
patients (six cases, seven renal units) (Fig 1).
Patients with positive urine cultures were treated
with appropriate antibiotics. The stone burden was
calculated by measuring the digitized surface area
(DSA) of stone on plain X-ray. For a stone of 10
mm by six mm dimensions, the DSA was 60 mm?
and for two stones of 10 mm by six mm and eight
mm by five mm, it was 60 + 40 = 100 mm?.
Percutaneous nephrolithotomy (PCNL) was
performed in all patients in prone position under
general anaesthesia with dilatation of the tracts up
to 24/26 Fr. A dose of prophylactic antibiotics was
given with the induction of general anaesthesia.
After cystoscopy and ureteral catheterization with
six Fr ureteric catheter, the patient was kept in prone
position and delineation of pelvicalyceal system
was done with the contrast media. The desired calyx
was punctured with 18 g angiographic needle. Due
to the downward and medial displacement of the
calyces, C-arm at 90 degree provides a direct end
on view of the posterior calyx. After puncture of the
calyx, C-arm was then rotated towards the surgeon

Fig 1: CT urography of a patient with horseshoe kidney with
bilateral renal stones
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to see the depth of penetration of needle. The site of
puncture was chosen depending upon the location
and number of stones as well as the orientation of the
calyces. In ten renal units, upper calyceal puncture
was made and in the two remaining renal units, mid
calyceal puncture was made. All the upper pole
calyceal punctures were made infracostal due to low
lying kidneys without any pleural injury.

Once puncture was confirmed, a 0.035 inch
thick and 150 cm long Radifocus Terumo nitinol
hydrophilic guide wire was passed into the collecting
system and well parked into the ureter. Acute dilatation
of the tract was done with the metallic coaxial dilators
up to 24/26 Fr. Nephroscopy was done with 20 Fr
rigid nephroscope (Richard Wolf). Once the stone
was visualised, fragmentation was done with Nidhi
Pneumatic Lithotripter and all the fragments were
removed. An attempt was made to remove all the
fragments as far as possible. DJ stenting was done and
nephrostomy tube was placed in all cases at the end
of the procedure. Nephrostomy tube was removed on
third postoperative day and DJ stent in three weeks.
X-ray KUB (Fig 2) and ultrasonography of abdomen
and pelvis was done before removal of nephrostomy
tube and at three weeks as well as at six weeks.
Patients with stone fragments less than four mm were
considered stone free.

Fig 2: (A) X-ray Plain KUB showing stones in both horseshoe
kidneys, (B) KUB of same patient after PCNL on right side

Descriptive data analysis was done using
Statistical Package for the Social sciences (SPSS)
Version 20. Descriptive results were presented
as mean, standard deviation, frequency, and
percentages. Categorical data were analysed by
using Fisher exact test. P value less than 0.05 was
considered significant.
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RESULTS:

There were 11 patients and 12 renal units,
one patient having bilateral renal stones. In six
renal units, there was single renal stone, four in the
pelvis and two in the lower calyx. In one patient
with bilateral stones, there were multiple stones in
different calyces including large staghorn calculus in
the pelvis in one renal unit and a pelvic calculus in
the other renal unit. There were two to three stones
in the remaining four renal units in lower calyces
including in the isthmus in one case. In seven cases,
the stones were on right side, in three cases it was
on left side and in one case it was on both sides.
Demographic profile and perioperative variables of
the patients is presented in Table 1.

Six patients (54.5%) presented with flank
pain, three (27.2%) with haematuria and two (18%)
with dysuria. In almost all cases, horseshoe kidney
was diagnosed in ultrasonography of abdomen.
Intravenous urography was also done. In six cases
(seven renal units) after 2015 AD, CT urography was
done. In ten renal units, percutaneous access was
made through upper pole calyx and in remaining two
units, through the middle calyx. The mean operating
time from puncture to placement of nephrostomy
drain tube was 70.3 minutes (SD = 25.3) with range
of 46-138 mins.

The stone free rate was 83.3%. In two
patients, residual stone was seen, one in isthmus
and one in lower calyx. No auxillary procedure was
done because when counselled for Extracorporeal
lithotripsy, they refused for it and decided to be on
follow up. The mean hospital stay was 4.42 days (SD
= 1.0) with range of three to six days. Nephrostomy

Table 1. Demographic profile and perioperative variables of
the patients

Total patients

11 (12 renal units)

Male - 8
Gender
Female - 3
upper pole access - 10 renal units
pelvicalyceal access  (83.3%)
(n, %) mid calyceal access -2 renal units
(17.3%)
Mean stone burden 385.8 (SD = 331.8) (range 125 -
(mm?) 1325)
Stone clearance rate :
(n, %) 83.3 (10 renal units)
Operating time
(n?inutes)g 70.3 (SD = 25.3) (range 46 - 138)

Hospital stay (days) 4.4 (SD = 1) (range 3 - 6)
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tube drain was removed on the third postoperative
day.

The complications noted were of Clavien-
Dindo grade | and Il. Fever with chills was seen in
one patient. DJ stent was removed and appropriate
antibiotic was given. Prolonged urine leak (up to
36 hours after removal of DJ stent) was seen in
one patient. One patient needed blood transfusion
with hemoglobin dropping to 8.5 gm%. Mean
haemoglobin drop was 1.06 gm (SD = 0.7). There
were no major complications of bowel and pleural
injury. All the punctures made were infracostal.

Comparison of variables of patients with
horseshoe kidneys undergoing PCNL is presented
in Table 2. It shows that none of the factors are
statistically significant.

Table 2. Comparisions of variables of patients with horseshoe
kidneys undergoing PCNL

Variables Stone  Residual
free stone P

(years) 36-52 4 1

male 8 renal

units (7 1

Sex patients) 0.49

female 2 1

Solitary in pelvis 5 0

Solitary in lower

calyx 2 0
Anatom-  Staghorn with
ical stone Mmultiple stones in 1 0 0.09
location  different calyces

Multiple stones

in lower calyces 5 5

including one in

isthmus

* Fisher Exact test

DISCUSSION:

Various treatment modalities have been used
for the stones in horseshoe kidneys. They include
extracorporeal  shockwave lithotripsy(ESWL),
retrograde intrarenal surgery (RIRS), percutaneous
nephrolithotomy (PCNL) and laparoscopic/robotic
surgery. Many of these treatment options have
their own limitations eg. ESWL has very low stone
clearance especially in stones larger than two cm.[5]
Since horseshoe kidneys are frequently associated
with ureteropelvic junction obstruction, laparoscopic
or robotic surgery is an option with excellent results.
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One can consider laparoscopic or robotic approach
in these circumstances for pyelolithotomy along
with pyeloplasty.[10,15] Percutaneous surgery is
effective, safe and is the most commonly performed
treatment modality in patients with stones in the
horseshoe kidneys.[16] The atypical anatomical
orientation of calyces and pelvis with high lateral
insertion of the ureter makes the spontaneous passage
of fragments after lithotripsy less likely. The reported
stone clearance rate in horseshoe kidney in ESWL is
28-78%.[17] Overall the stone burden in anomalous
kidneys is usually higher than in normal kidneys.
[18] Wickham and Kellet in 1981 and Clayman in
1983 first reported percutaneous extraction of stones
in horseshoe kidneys. Since then it has been widely
accepted as the standard treatment for stones greater
than two cm or when ESWL has failed.[10]

During percutaneous access in horseshoe
kidneys, one should consider that there are two main
factors different from the normal renal anatomy eg the
blood supply and the orientation of the pelvicalyceal
system. The blood supply to horseshoe kidneys
except to the isthmus is on its ventromedial aspect
but the access is made on the dorsolateral side. The
blood supply to isthmus is protected by spine and are
thus away from the access tract to the pelvicalyceal
system. Therefore the risk of bleeding during PCNL
is not higher than in normal kidney.[19]

In normal kidneys, the percutaneous access
to the upper pole calyx often requires supracostal
puncture with increased risk of pleural injury.
However in horseshoe kidneys due to the inferior
displacement of kidneys away from the pleura,
upper pole access is relatively safe. Moreover, the
nephroscope lies in alignment with the long axis of
the kidney making easy access to the upper calyces,
renal pelvis, lower calyces, pelviureteric junction and
upper proximal ureter minimising the nephroscope
torque on renal tissue.[20,21] In our study, we had
upper pole calyceal access in 10 renal units and
mid calyceal access in two renal units without any
pleural and bowel injury. Though CT scan abdomen
was recommended by Al-Otaibi in every case
before surgery due to abnormal relationship with
other viscera, we had done CT abdomen in only
six cases (seven renal units) from 2015. There was
no difficulty in getting percutaneous access to the
pelvicalyceal system before 2015.[22]

Commonest presentation of patients in our
study was flank pain (54.5%) followed by haematuria
(27.2%) and dysuria (18.4%) comparable to the study
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by Symons SJ et al.[21] The mean stone burden was
385mm?(SD=331.8, range 125-1325) and the mean
operating time from puncture to the completion of
the procedure was 70.3 minutes (SD=25.3, range
46-138)

The stone clearance rate in our study was
83.33% at six weeks. In two patients (two renal
units), when counselled for auxiliary procedure
,they chose to be on follow up later on. Therefore
no auxiliary procedure was done. The stone free rate
regarding the age and sex of the patients was not
statistically significant. The anatomical location of
the stone is considered to affect the stone free rate
though the statistical value was not significant in
our study probably due to small sample size. The
residual stone in our study was in lower calyx and in
the isthmus. Most of the series of PCNL in horseshoe
kidneys report the stone free rate from 72%-91%.
[23,24] In the study by Ercan Bas et al., the stone
free rate was 86%.[25] Though the complications are
less affected by the abnormal anatomy of horseshoe
kidneys, stone burden, demographic and operative
parameters, the stone complexity, location and
multiplicity are reported to determine the stone free
status.[26] Similarly the stone free rate in the series
of 64 renal units (45 patients) by Blackburne AT et al.
was 81.1% with the complications of Clavien grade
IT in three patients(4.68%).[27] Different studies
of PCNL in horseshoe kidneys and their results is
shown is Table 3.

The complications encountered in our study
were of Clavien-Dindo grade | and Il and were
seen in three patients (27.27%). One patient got
fever with chills and was managed by appropriate
antibiotics and DJ stent was removed. There was
prolonged urine leak up to 36 hours after removal of
nephrostomy tube in one patient. One patient needed
blood transfusion.The mean drop of haemoglobin
was 1.06 gm% (SD=0.76). All the punctures were
made infracostal without pleural and bowel injury.

Most of the series of PCNL in horseshoe kidneys
have reported the complication rate from 0-16.7%.
[23,17] In the series of 21 patients by Etemadian M
et al. and of seven patients by Ercan Bas et al, the
complication rate was 14% and 28.5% respectively.
[24,25] Similarly, Salahhedin et al. reported the
complication rate to be 47.5% with the Clavien
grade Illa being only 8.7%.[28 ]

Limitations:

Extracorporeal ~ shockwave lithotripsy
(ESWL) and Retrograde intrarenal surgery(RIRS)
could be good options for smaller single stone in
patients with horseshoe kidney. We do not have
these armamentarium in our institute at present.
Moreover, the stone free rate in horseshoe kidney is
believed to increase with the flexible nephroscope
especially with the stones in the isthmus and lower
calyx which are sometimes inaccessible with rigid
nephroscope. Unfortunately flexible nephroscope is
also not available in our institute.

CONCLUSION:

Percutaneous nephrolithotomy is safe,
feasible and is an effective method in the management
of stones in the horseshoe kidneys with excellent
stone free rate and minimal complications. It does not
carry the increased risk than reported for the normal
kidneys. However it requires careful preoperative
planning and the operating surgeon needs to be alert
forall possible intraand postoperative complications.
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Table 3: Different series of PCNL in horseshoe kidneys and their results

upper pole access

Complications stone free rate auxiliary procedure

Series N (%) (%) (%) (%)
Stephanie et al [21] 47 48 23 88 34
Lingermann JE et al [26] 17 81 29 84.6 73
Al-Otaibi and Hosking [22] 12 75 42 75 8.3
Etemadian et al [24] 21 66.64 9.52 71.4 not available
Our study 1 Ejlnzitgznal 83.3 2797 83.3 0
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