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25Wilms’ Tumor in Horseshoe Kidney 
and Solitary Kidney

Vikram Khanna

25.1  Wilms’ Tumor in Horseshoe 
Kidney

Wilms’ tumor (WT) in horseshoe kidney (HSK) 
presents as a unique diagnostic and a surgical 
challenge. The incidence of HSK in general pop-
ulation is 1 in 400 [1]. WT occurs uncommonly 
in HSK and the incidence is 0.4–0.9% of all WT 
[1, 2]. Renal cell carcinoma and other renal pel-
vis tumor are more common in HSK than WT [1, 
3]. Still, a child with HSK has twofold increased 
risk to develop WT than the general population 
[1, 3, 4]. WT can arise in either moiety or the 
isthmus in HSK and can be unifocal or multifo-
cal. In a National Wilms Tumor Study Group 
(NWTSG) report, WT was present in both moi-
eties of HSK in 7% of patients and was consid-
ered bilateral disease [2]. Metanephric blastemal 
elements sequestered in the isthmus have malig-
nant potential and cause WT. Other theory is the 
embryologic alteration causing HSK itself, after 
second event may give rise to WT [1, 3, 4]. The 
NWTS did not identify any WT1 mutations in 
patients with WT and HSK.  The incidence of 
nephrogenic rests in HSK with WT was also 
found similar to that in unilateral WT [2, 5]. 
Routine screening of people with HSK for WT is 
not warranted as the overall incidence of WT 
development is less than 0.001% [1].

Presentation of WT in HSK is the same, as for 
any other case of WT with respect to age, sex, 
clinical stage at presentation, and histological 
pattern [4]. Asymptomatic abdominal mass is the 
most common presenting symptom. Others can 
be abdominal pain, hematuria, anemia, and 
hypertension [6]. Other congenital anomalies 
like chromosomal (Edward syndrome, Turner 
syndrome), cardiac, genito-urinary, and musculo-
skeletal abnormalities were present in 44% 
patients of WT with HSK [2].

Pre-operative imaging including ultrasound 
and computerized tomography (CT) scan for WT 
can miss the diagnosis of HSK. More often than 
not, the diagnosis of HSK is made intra-opera-
tively. In the NWTS, the diagnosis of HSK was 
missed pre-operatively in 13/41 WT patients 
(32%). A large size tumor crossing midline may 
obscure the isthmus and HSK may be missed. 
Also, it is difficult to distinguish a tumor in the 
isthmus from a lower pole tumor [2, 7, 8]. HSK 
has a lot of anatomical variations in shape, blood 
supply, and collecting system. There may be 
duplicated or triplicated renal arteries, unilater-
ally or bilaterally. The isthmus may get its blood 
supply from either of the renal arteries, aorta, 
inferior mesenteric artery, or iliac arteries [4]. 
The ureters may be displaced anteriorly and 
medially or laterally depending upon the origin 
of tumor. Hydronephrosis may be present due to 
compression of one or more ureter [3]. Pre-
operative knowledge of vascular anatomy and 
collecting system can help in planning safe 
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resection and minimizing complications. 
CT-angiography with 3-D reconstruction or a 
magnetic resonance (MR) imaging with MR 
angiogram with arterial and venous phase study 
can assist in localization of the tumor and clearly 
defining vascular anatomy in the presence of 
HSK [1, 2].

A supra-umbilical wide transverse incision is 
considered the best. HSKs are usually located 
lower than normal kidneys within the abdomen. 
In the majority, the isthmus lies just in front of 
the aorta and IVC, at the level of the 3rd to 5th 
lumbar vertebral bodies. Pre-operative insertion 
of ureteric stents helps identifying the ureters and 
averting ureteric injury [9].

WT arising in either moiety of HSK is staged 
and treated the same as WT in a unilateral normal 
kidney, other than that there is a global consensus 
about administering neoadjuvant chemotherapy 
(ChT) in every patient [10]. Removal of the 
involved kidney with isthmus, along with meticu-
lous hemostasis, is recommended followed by the 
stage appropriate ChT [1–3]. Removal of isthmus 
is important because if the remaining kidney does 
not drain its urine, a urinary fistula may form. If 
the tumor is arising from the isthmus, then isth-
musectomy along with removal of both lower 
poles is done. Lymph node sampling protocol also 
remains the same as in unilateral WT.

In cases with multifocal disease, an accurate 
estimation of normal uninvolved renal parenchyma 
needs to be done pre-operatively, and the patient 
should be treated with NSS as per protocols for 
bilateral WT. The aim of surgery would be maxi-
mal preservation of unaffected renal parenchyma 
without sacrificing oncological control [11].

Neo-adjuvant ChT can downstage and reduces 
the bulk of the disease enabling safe and a com-
plete resection, lesser chances of tumor rupture/
spill, and maximal preservation of renal paren-
chyma and function. Of the 41 cases of HSK in 
NWTS, 37% were deemed inoperable at the time 
of initial exploration. But after ChT, all were 
amenable to resection [2]. Pre-treatment FNAC/
biopsy is recommended before starting neo-adju-
vant ChT.

Abnormal anatomy and blood supply makes 
the resection difficult. There is increased risk of 

urine leak and ureteral injury. Any injury to uri-
nary collecting system must be repaired.

The prognosis of WT in HSK depends on the 
stage and histology. The incidence of anaplasia in 
WT in HSK is similar to general WT population 
[2]. The estimated 4-year overall survival (OS) of 
WT in HSK was 86%, similar to the patients with 
unilateral WT. [2]

25.2  Wilms’ Tumor in Solitary 
Kidney

Management of WT in solitary kidney is a diffi-
cult proposition. Other kidney may be non- 
functional due to unilateral renal agenesis, 
dysplasia due to severe reflux, or nephrectomy of 
previously involved kidney and development of 
metachronous WT in the remaining kidney [12, 
13]. Children’s oncology group (COG) recom-
mends nephron sparing surgery (NSS) after neo-
adjuvant ChT with Vincristine, Actinomycin-D, 
and Doxorubicin under certain special circum-
stances such WT in a solitary kidney, bilateral 
WT, suprahepatic inferior vena caval (IVC) 
thrombus, and severe respiratory distress due to 
extensive pulmonary metastatic disease [14]. It 
reduces the amount of tumor burden, thus 
enabling NSS, and decreases the incidence of 
tumor spillage [15]. Pre-treatment biopsy is 
advisable, but is not mandatory. After 4–6 weeks 
of ch ChT, partial nephrectomy, i.e., complete 
excision of tumor with a rim of healthy renal 
parenchyma is performed. Partial nephrectomy is 
preferred over enucleation, which involves 
bluntly dissecting outside the pseudocapsule of 
the tumor. It may be rapid but has a higher risk of 
tumor spillage and positive margins [16, 17]. 
Davidoff et al. reported positive margins in 7/51 
resected specimens (14%) after enucleation in a 
series of NSS in bilateral WT [15].

NSS may still not be feasible following neo- 
adjuvant ChT in certain patients. Polar tumors 
localized within the kidney but outside the hilum 
and sparing the sinus, not involving the renal vein 
or IVC in whom more than two-thirds to half of 
renal parenchyma can be preserved and have 
favorable histology, are amenable to NSS [18]. A 
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technique of performing longitudinal partial 
nephrectomy for central tumors involving the 
renal hilum has also been described [19]. The 
patients can develop end stage renal disease 
(ESRD) after NSS. A functioning remnant of at 
least 25–33% of one kidney is sufficient to avoid 
ESRD [16]. In most series with bilateral WT, pro-
gression to ESRD occurred in 8–18% of patients 
[15, 18]. ESRD may develop immediately fol-
lowing surgery because of the removal of bulk of 
renal parenchyma or may develop later due to 
chronic kidney disease (CKD) as a result of 
hyperfiltration injury in remaining nephrons [20]. 
Risk might increase during puberty due to 
decrease in glomerular filtration rate and 
increased deterioration of renal function in CKD 
[21, 22]. The patients in the second group who 
develop ESRD late following CKD had good 
opportunity to receive transplant (79% within 
5 years) and have higher overall survival (81% at 
5 years) [20].

The patients with ESRD after NSS/nephrec-
tomy require permanent renal replacement therapy 
(dialysis + renal transplant). Renal transplantation 
can be done after completion of ChT. Matsukura 
et al. report a case of a 2-year- old girl with WT in 
a solitary kidney who after pre-operative ChT 
underwent resection of the tumor followed by 
hemodialysis and received a kidney transplant 
from her mother after completion of her ChT [23]. 
A delay of 1–2  years following WT treatment 
before doing a transplant was recommended 
because of deaths due to sepsis and tumor recur-
rence in patients who underwent transplant early 
[24, 25]. European best-practice guidelines rec-
ommend a 2-year waiting period before transplant 
[26]. Grigoriev et  al. re- evaluated the recom-
mended waiting time and proposed that patients of 
WT who subsequently develop ESRD should not 
be subject to a 2-year delay and can immediately 
be considered for kidney transplant [20].

WT in solitary kidney poses a unique surgi-
cal challenge, and the involvement and extent of 
disease may not allow application of generally 
applied principles. There are even reports of 
successfully treating WT in solitary kidney in 
whom surgery was not possible without render-
ing the child anephric with ChT alone [12, 13]. 

Such adversity mandates an individualized 
treatment plan. A long-term careful follow-up is 
necessary to support and safeguard future of 
such children.
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