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Horseshoe kidney is a rare renal fusion anomaly, and because of limited mobilization of the kidney and its multiple ar-
terial blood supplies, minimally invasive surgery for renal tumors can be challenging. We describe a case of a right-side
oncocytoma in a horseshoe kidney managed robotically and review the literature of robotic-assisted laparoscopic sur-
gical resection of kidney tumors in renal fusion anomalies. Robotic-assisted laparoscopic partial nephrectomy in a horse-
shoe kidney is feasible. Fusion-related limited mobility during the procedure, as well as an extremely variable blood supply,
require meticulous planning. Multi-phase computed tomography and interactive 3D anatomical models are helpful tools

to prepare for surgery. UROLOGY 114: e3—e5, 2018. © 2017 Elsevier Inc.

orseshoe kidney is a renal fusion anomaly often

associated with ureteropelvic junction obstruc-

tion found in about 0.15% to 0.25% of the popu-
lation. Advanced minimally invasive surgical reconstructive
techniques including laparoscopic and robotic-assisted ap-
proaches are increasingly applied in this population. Cur-
rently, some 20 cases of robotic reconstruction in horseshoe
kidneys have been reported, including pyeloplasties, py-
elolithotomies, and isthmusectomies."'° Renal tumors as-
sociated with a horseshoe kidney have been described in
fewer than 200 cases. Incidence and prognosis of renal
masses seem to be not different from those of the general
population. Contrary to the benign cases when laparo-
scopic or robotic-assisted anterior access to the upper ureter
and the isthmus can be applied, partial or heminephrec-
tomy for malignant renal tumors can be challenging. Dif-
ficulty of the procedure depends on the location of the mass,
limited mobilization of the fused kidney, and its multiple
arterial blood supplies. Five cases of laparoscopic partial ne-
phrectomies have been published'' and only 2 cases of
robotic-assisted heminephrectomies.'*!* We describe a case
with 3D reconstruction of a right-side oncocytoma in a
horseshoe kidney managed robotically and review the lit-
erature of robotic-assisted laparoscopic surgical resection
of kidney tumors in renal fusion anomalies.
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CASE

A 53-year-old female patient was diagnosed with a right
3-cm ¢T1aNOMO renal lower pole tumor in a horseshoe
kidney (Fig. 1). She refused a biopsy and underwent robotic-
assisted laparoscopic partial nephrectomy. Preoperative
planning involved computed tomography (CT) of the
abdomen, which allowed selective clamping (Fig. 2) and
on which 3D reconstructions were based. Skin-to-skin time
of the procedure was 170 minutes, and console time was
120 minutes. Blood loss was 150 mL, and hospital stay was
2 days. Histopathology revealed an oncocytoma. The patient
developed no postoperative complications.

DISCUSSION

To date, only 2 cases of robotic-assisted partial or hemi-
nephrectomy for renal tumors in fusion anomalies of the
kidney have been described in the literature.'>”” One of
these reports regarded an L-shaped fused crossed ectopia
to the right (Table 1).” The variable blood supply, limited
mobilization of the fused kidney, and the isthmus make any
laparoscopic attempt for partial nephrectomy challenging.
Five cases of trans- or retroperitoneal partial nephrecto-
mies for horseshoe renal tumors 2-4.8 cm in diameter have
been published and reviewed in the literature with surgery
times of 156-210 minutes and warm ischemia times of
24-31 minutes."' No major complications were reported.
This is in contrast to a retrospective study of 9 patients
with tumors with a median size of 4.8 cm treated at a single
tertiary care institution for tumors involving kidneys with
fusion anomalies in which the surgical complications in-
cluded 3 major (Clavien grade > 3) and 3 minor (Clavien
grade < 2) complications.'"* However, the majority of these
patients (n = 7) were treated with open partial nephrectomy.
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Figure 1. Cross-sectional contrast-enhanced CT axial, sagittal, and coronal images acquired at the arterial phase. Tumor
location in each image is indicated by the blue crosshair.

Figure 2. Three-dimensional model of the patient’s renal system, indicating the spatial relationship of the horseshoe kidney
(transparent gray), tumor (green), aorta (red), inferior vena cava (dark blue), and the portal vein (light blue). (Left) Anterior
view showing the selective clamping sites (white arrows). (Right) Posterior view showing a major renal artery that was not
clamped during the excision, thereby minimizing the hypoperfused region. The interactive model can be accessed using
this link: http://innersightlabs.com/view/model-db118.html.

Table 1. Cases of robotic-assisted partial or heminephrectomy for renal tumors in fusion anomalies of the kidney

Size Surgery Blood

Author Year Side Primary TNM Subtype Time (min) WITmin Loss Procedure

Rogers 2008 Left 11 cm pT3bNOMx Clear-cell 190 N/A 450 Robotic-assisted
heminephrectomy,
cavotomy, and
thrombectomy

Kumar 2015 Right 18 cm pT2bNOMx Chromophobe 120 N/A 600 Robotic-assisted
heminephrectomy

The present 2017 Right 3 cm pT1aNOMx Oncocytoma 170 *13 <150 Robotic-assisted partial

case nephrectomy

TNM, tumor, nodes, metastases; WITmin, warm ischemia time in minutes.
* Selective clamping on 2 distal accessory arteries.

Therefore, it is of importance to demonstrate that the major
steps of an open approach to renal tumors in fused kidneys
can be performed laparoscopically. Recent prospective
cohort studies and systematic reviews suggest superiority
of robotic over laparoscopic partial nephrectomies.>!® Qur
case and the previous reports suggest that the robotic ap-
proach is ideally suited for identifying important structures

ed

after detailed preoperative radiological evaluation. Knowl-
edge of the vasculature, location, and depth of the tumor,
and proper surgical planning are essential in horseshoe
kidneys and fused ectopias. Developed medical imaging
technology can further aid the surgeon to best under-
stand the complex horseshoe vasculature by the construc-
tion of interactive 3D anatomical models.'” A medical
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imaging service provider (Innersight Labs Ltd, London, UK)
applied their bespoke machine learning image segmenta-
tion algorithm to the available, anonymized preoperative
CT scans to construct such a model. In conjunction with
the original CT scans, the 3D model allows the surgeon
to view the patient anatomy from any angle, and unlike
volume rendering, which can only be applied to a single
scan at a time, the 3D model displays information from all
available scans simultaneously; that is, arterial, venous, and
excretory system information can all be viewed at once.
Moreover, the semantic knowledge acquired during the
image segmentation process means that the surgeon can
selectively alter the surface transparency of any model
object, allowing for the rapid assessment of vessel and tumor
depth within the kidney.

CONCLUSION

Robotic-assisted laparoscopic partial nephrectomy in a
horseshoe kidney is feasible procedure, and interactive 3D
anatomical model images and printed models can be helpful
tools for preoperative planning.

References

1. Spencer CD, Sairam K, Challacombe B, Murphy D, Dasgupta P.
Robot-assisted laparoscopic pyeloplasty for the management of
pelvi-ureteric junction obstruction in horseshoe kidneys: initial
experience. ] Robot Surg. 2009;3:99-102.

2. Lallas CD, Pak RW, Pagnani C, et al. The minimally invasive man-
agement of ureteropelvic junction obstruction in horseshoe kidneys.
World J Urol. 2011;29:91-95.

3. Faddegon S, Granberg C, Tan YK, Gargollo PC, Cadeddu JA. Mini-
mally invasive pyeloplasty in horseshoe kidneys with ureteropelvic
junction obstruction: a case series. Int Braz ] Urol. 2013;39:195-
202.

4. Rajih ES, Al-Otaibi MF, Alkhudair WK. Robotic transmesocolonic
pyelolithotomy of horseshoe kidney. Int Braz J Urol. 2015;41:179;
discussion 180.

5. Khoder WY, Alghamdi A, Schulz T, Becker AJ, Schlenker B, Stief
CG. An innovative technique of robotic-assisted/laparoscopic

UROLOGY 114, 2018

10.

11.

12.

13.

14.

15.

16.

17.

re-pyeloplasty in horseshoe kidney in patients with failed previous
pyeloplasty for ureteropelvic junction obstruction. Surg Endosc.
2016;30:4124-4129.

. Tai S, Wang ], Zhou ], et al. The robotic-assisted laparoscopy,

isthmusectomy, and pyeloplasty in a patient with horseshoe kidney:
a case report. Medicine (Baltimore). 2016;95:e2516.

. Potretzke AM, Mohapatra A, Larson JA, Benway BM. Transmesenteric

robot-assisted pyeloplasty for ureteropelvic junction obstruction in
horseshoe kidney. Int Braz ] Urol. 2016;42:626-627.

. Oderda M, Calleris G, Allasia M, et al. Robot-assisted laparoscopic

pyeloplasty in a pediatric patient with horseshoe kidney: surgical
technique and review of the literature. Urologia. 2017;84:55-
60.

. Chammas M Jr, Feuillu B, Coissard A, Hubert J. Laparoscopic robotic-

assisted management of pelvi-ureteric junction obstruction in pa-
tients with horseshoe kidneys: technique and 1-year follow-up. BJU
Int. 2006;97:579-583.

Pe ML, Sterious SN, Liu JB, Lallas CD. Robotic dismembered
pyeloplasty in a horseshoe kidney after failed endopyelotomy. JSLS.
2008;12:210-212.

Nikoleishvili D, Koberidze G. Retroperitoneoscopic partial nephrec-
tomy for a horseshoe kidney tumor. Urol Case Rep. 2017;13:31-
33.

Rogers CG, Linehan WM, Pinto PA. Robotic nephrectomy for kidney
cancer in a horseshoe kidney with renal vein tumor thrombus: novel
technique for thrombectomy. J Endourol. 2008;22:1561-1563,
discussion 1563.

Kumar S, Singh S, Jain S, Bora GS, Singh SK. Robot-assisted hemi-
nephrectomy for chromophobe renal cell carcinoma in L-shaped fused
crossed ectopia: surgical challenge. Korean ] Urol. 2015;56:729-
732.

Mano R, Hakimi AA, Sankin Al, Sternberg IA, Chevinsky MS,
Russo P. Surgical treatment of tumors involving kidneys with
fusion anomalies: a contemporary series. Urology. 2016;98:97-
102.

Luciani LG, Chiodini S, Mattevi D, et al. Robotic-assisted
partial nephrectomy provides better operative outcomes as com-
pared to the laparoscopic and open approaches: results from a
prospective cohort study. J Robot Surg. 2017;11:333-339. doi:10.1007/
s11701-016-0660-2.

Leow ]J, Heah NH, Chang SL, Chong YL, Png KS. Outcomes of
robotic versus laparoscopic partial nephrectomy: an updated meta-
analysis of 4,919 patients. ] Urol. 2016;196:1371-1377.

Silberstein JL, Maddox MM, Dorsey P, Feibus A, Thomas R, Lee
BR. Physical models of renal malignancies using standard cross-
sectional imaging and 3-dimensional printers: a pilot study. Urology.

2014;84:268-272.

e5


http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0010
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0010
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0010
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0010
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0015
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0015
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0015
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0020
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0020
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0020
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0020
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0025
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0025
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0025
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0030
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0030
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0030
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0030
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0030
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0035
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0035
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0035
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0040
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0040
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0040
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0045
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0045
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0045
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0045
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0050
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0050
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0050
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0050
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0055
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0055
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0055
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0060
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0060
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0060
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0065
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0065
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0065
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0065
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0070
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0070
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0070
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0070
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0075
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0075
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0075
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0075
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0080
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0080
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0080
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0080
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0080
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0085
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0085
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0085
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0090
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0090
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0090
http://refhub.elsevier.com/S0090-4295(17)31311-0/sr0090

	 Robotic-assisted Laparoscopic Partial Nephrectomy in a Horseshoe Kidney. A Case Report and Review of the Literature
	 Case
	 Discussion
	 Conclusion
	 References


