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Abstract

Context: As the most common renal malignancy in childhood, Wilms’ tumor (WT) is responsible for nearly 7% of all childhood
cancers, with an annual incidence rate of about 7 to 10 cases per million in children younger than 15 years of age. Wilms’ tumor is
not confined to children and it can also involve older children and even adults. Like other primary renal cancers, such as renal cell
carcinoma, WT can develop unique features of ureteric, intra-caval or intra-cardiac extension; their incidences are approximately
2%, 4% to 10%, and 1%, respectively. Treatment strategies from various oncology research groups are somehow different with similar
results at the end.
Objectives: This study aimed at reviewing the current literature on the diagnosis, staging, and different treatment strategies for
Wilms’ tumor with either ureteral or intravascular extension.
Evidence Acquisition: In this article, we reviewed the current literature about staging, diagnosis, and management strategies for
WT, through a randomized clinical trial, which focused on this matter. The Medline database (through PubMed) and Cochrane
Library was searched for the following key words: Wilms’ tumor, ureteral extension of Wilms’ tumor, and intravascular extension
of Wilms’ tumor with no time limit for studies documenting the diagnosis, staging, and treatment strategies.
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1. Context

Wilms’ tumor (WT), as the most common renal malig-
nancy in childhood, is responsible for nearly 7% of all child-
hood cancers (1-4), with an annual incidence rate of about 7
to 10 cases per million in children younger than 15 years of
age (5, 6). This disease is not confined to children and can
also occur in older children and even adults (7).

Wilms’ Tumor has the ability to extend to the renal
pelvis and ureter. The chance of occurrence of ureteric
extension is approximately 2% (8). Furthermore, like any
other primary malignant renal neoplasm, intravascular ex-
tension must be considered in all children with Wilms’ tu-
mor because of its high chance of occurrence. Its incidence
was reported 4.1% and 6.0% in a National Wilms tumor
study- 3 (NWTS-3) and NWTS-4 trials, respectively (9).

Novel treatment strategies via combining chemother-
apy and radiotherapy with total tumor nephrectomy of
unilateral WT, has improved the overall survival rate to
more than 90% (1, 4, 10-12). Innovative surgical ap-
proaches and newer neoadjuvant chemotherapy regimens
have minimized treatment-related complications (13). This
dramatic advances in the management of Wilms’ tu-
mor have resulted in more than 85% of patients with lo-
calized disease being completely cured and 70% surviv-

ing a metastatic disease (14). Nowadays, nationally- and
internationally-based well-organized coordinated clinical
trials and the use of multi-modal therapies have resulted
in improved survival (15).

Symptoms: clinical symptoms in favor of having
ureteral extension are as follows; flank pain, bloody urine
or the presence of tissue or clot in the urine and urethral
mass (8, 16, 17).

The most common presentation in WT involving the
collecting system is hematuria, which is seen in 87% of pa-
tients. This is in contrast with classical WT, in which hema-
turia is only seen in 25% of cases (18). Preoperative detec-
tion of ureteral extension is crucial, since cutting across
the tumor in the ureter will spill the tumor, thereby in-
creasing its stage and creating difficulty eliminating the
cancer. On the other hand, intra-cardiac tumor thrombus
is usually asymptomatic, and this was firstly reported by
the NWTS-3 trial (3, 19), and again confirmed by the study
of Abdullah et al. (12).

Pathology: adult incidence of WT is less than 1% of all
recognized WTs. Although both pediatric and adult Wilms
share the histopathological pattern, which consist of 3
parts, blastemal, epithelial and stromal components (20),
diagnosing adult Wilms is very challenging. This is due to
a number of reasons: 1) Many other adult renal tumors,
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which are involved in the differential diagnosis, 2) Inad-
equate specimen for pathologic evaluation, and 3) Lack
of systemic work-up, which can lead to misidentification
of the tumor (20). Furthermore, from radiological stand
point, preoperative diagnosis of adult WT is extremely dif-
ficult, which roots from lack of specific radiographic find-
ings that can differentiate it from more common adult re-
nal malignancies (21).

In a review by Kilton et al. (22), six diagnostic crite-
ria for differentiating adult WT, based on pathological and
clinical features of the tumor had been introduced, which
can still be used today. Pathological features include, 1)
blastematous spindle- or round-cell component, 2) tumors
with abortive or embryonal tubular epithelial or glomeru-
loid structure, 3) tumors without any diagnostic areas of
renal cell carcinoma, and 4) tumors with illustrated confir-
mation of pathology. From clinical stand-point, it should
be a primary renal neoplasm, found in an adult older than
15 years of age.

Imaging: Diagnosis of ureteral extension in preopera-
tive imaging is not an easy task and the best result in the
largest reported series is only 30% (8). The presence of
hydronephrosis or nonfunctioning kidney or any expan-
sion of ureter due to soft tissue may increase the suspicion
of ureteral involvement. It is worth mentioning that the
tumor itself and also the intravascular extension (tumor
thrombosis) can mimic the image of nonfunctioning renal
unit by exerting external pressure on the ureter (23).

Similar to other adult primary renal neoplasms, the is-
sue of tumor thrombosis also applies to WT. It can extend
into the renal vein, inferior vena cava (IVC) and atrium with
a prevalence of 11.3%, 4.1% to 8.1%, and 1%, respectively (9,
23, 24). Similar to ureteral extension, preoperative detec-
tion of venous tumor thrombosis is crucial. It is neces-
sary to perform preoperative planning for the surgical ap-
proach, the need for cardiopulmonary bypass (CPB), and
also the decision about neoadjuvant chemotherapy. The
infra-hepatic location of the tumor thrombus makes it
amenable for the front approach during surgery, while
retro-hepatic IVC will necessitate a supra-diaphragmatic
IVC control. The supra-diaphragmatic location of the tu-
mor thrombus will mostly require CPB with usually an up-
front chemotherapy (23, 25).

Detecting intravascular thrombus and its level
was achieved in patients in SIOP 93-01/GPOH and SIOP
2001/GPOH studies, using a combination of modalities.
Ultrasound with Doppler was the most commonly used
modality (94%), and has been proven to be effective and
reliable, and has the benefit of being able to be used
intra-operatively if required (15). The second most popular
imaging modality used was computed tomography (CT)
(76%), which is routinely used in the staging of patients

with Wilms, although the sensitivity of identifying tumor
thrombus has been lower as is the accuracy of determining
the level of thrombus extension (13).

The most recommended imaging modality in pedi-
atric radiology literature for detecting the diameter of IVC
and also the presence of flow inside it, is ultrasound with
color Doppler evaluation (26-28). Even in cases with unmis-
takable findings in CT, Doppler ultrasound is a common
practice in children with WT.

Magnetic Resonance Imaging (MRI) is also a reason-
able option in assessment of vascular patency. It pos-
sesses some attractive features including: no harmful ra-
diation, and no need for contrast agent for evaluating
vascular anatomy and multi-planar imaging technology.
Evaluation of MRI and sonography in regards to accuracy
of tumor thrombus detection has shown comparable re-
sults in two single institutional studies (29, 30). Like any
other modality, MRI has its own drawbacks. It is expen-
sive, not widely available, and takes a long time for captur-
ing images, resulting in the necessity for sedation or even
anesthesia. Furthermore, its sensitivity for detecting lung
metastases is poor, creating difficulty in staging of WT in
children (31).

In a study by Khenna et al. in 2012, the accuracy of cur-
rent CT imaging technology in detecting tumor thrombus
was compared with a sonographic study. In their study,
CT could accurately identify the tumor thrombus in 35
out of 38 patients. In those 3 unsuccessful cases, Doppler
could only identify one of them. Additionally, CT could pre-
dict the thrombus level in 85.1% of already identified pa-
tients. The most common reasons that created the limit in
CT imaging was anatomical disfigurement, due to a large
mass and also large hilar lymph nodes that distorted the
hilar vessels (31).

In another part of this study, routine Doppler US was
performed in 108 out of 173 patients. This resulted in detect-
ing only 3 additional cases of venous extension that was
missed by CT, 2 in the renal vein, and 1 in the IVC at the level
of the renal vein. Nevertheless, this additional information
would not have changed the surgical plan. Based on these
results, they concluded that in cases, in which CT findings
are conclusive for tumor thrombus, Doppler imaging is
not necessary (31).

The study of Ritchey et al. showed that the use of
echocardiography is highly sensitive at identifying intra-
atrial extension, demonstrating it in 14 of their 15 patients
(9). Hence, it has been suggested that all patients iden-
tified as having intravascular extension should undergo
echocardiography, as patients with intra-cardiac extension
are often asymptomatic (12, 32).

An important reminder is that detailed clinical exam-
ination should not be forgotten in the advent of advanc-
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ing technology. Detecting varicocele can highlight the in-
travascular extension, as can hepatomegaly and ascites;
therefore, a thorough clinical examination is mandatory
in all patients with Wilms’ tumor (23).

Staging: according to children’s oncology group (COG)
studies (USA) and Societe’ Internationale D’Oncologie Pe-
diatrique (SIOP) classification, ureteric extension is consid-
ered as stage 2 disease. Any tumor spill during surgery is
classified as stage 3, according to COG. This is to intensify
the treatment regimen to lower the chance of recurrence
(33).

Several staging classifications have been suggested in
the past for tumors other than Wilms’ tumor with IVC or
atrial extension. In 1982, Cummings suggested a classifica-
tion system of renal cell carcinoma (RCC) based on the loca-
tion of the tumor thrombus relative to the diaphragm (34,
35). Subsequently, in 1986, Pritchett et al. redefined classi-
fication of thrombus extension in relation to the hepatic
vessels in the IVC to three levels; Level I: Infra-hepatic in-
travascular extension, level II: Intra-hepatic extension, and
level III: Supra-hepatic or atrial extension of intravascular
thrombus (36).

In 1987, Staehler et al. described a more detailed four-
stage system that was modified by Daum in 1994, which
considered the extent of intimal attachment of the throm-
bus (34). He described Stage I as a small < 5 cm thrombus
extension in the IVC below the level of the hepatic vessels;
Stage II as a large thrombus > 5 cm, yet, still below the hep-
atic vessels; Stage III as extending to the level of the hepatic
vessels and above providing more operative difficulty ob-
taining proximal control; and Stage IV as tumor thrombus
extending to the atrium.

In 2013, Abdullah et al. modified Daum’s classification
by adding stage V for intra-ventricular extension of tumor
thrombus (Figure 1) (12, 15).

In Stage V, the authors suggested that the respective
stage be categorized as a, b or c at the time of surgery to in-
dicate the degree of intimal involvement. Regarding these
categories, a indicates a free thrombus, b indicates that the
thrombus is adherent to the vessel wall or vessel wall in-
filtration, and c indicates hepatic vein involvement (which
could therefore by definition only be added to stages III to
V) (12) (Table 1).

Treatment: Due to rarity of WT in adults and lack of es-
tablished treatment guidelines, it is treated according to
accepted protocols in children. Previously, there was gen-
eral consensus that because of its poor prognosis, all stages
of adult WT should be treated by an aggressive multi-stage
protocol, including surgery, chemotherapy, and radiother-
apy (35). However, based on the national Wilms’ tumor
study group trials, they recommended that all adult WT pa-
tients with favorable histology should be treated like the

Table 1. Intra-Caval Thrombus Staging Classification as Modified by Abdullah et al.
(12)

Stage Description

Ia Small (< 5 cm) infra-hepatic IVC tumor thrombus

Ib Subintimal attachment of small (< 5cm) infra-hepatic IVC tumor
thrombus

IIa , b Large thrombus (> 5cm) below the level of hepatic veins

IIIa , b , c Thrombus extending to the hepatic vein junction

IVa , b , c Thrombus extending to the right atrium

Va , b , c Thrombus extending into the right ventricle

aFree from vessel wall.
bIntimal involvement/adherent to endothelium.
cExtension into hepatic vessels.

children’s protocol, according to stage (37).
The NWTSG and SIOP investigators have different views

regarding the treatment protocol. The NWTSG has always
favored upfront nephrectomy, while SIOP supported the
notion of pre-nephrectomy chemotherapy in all patients
older than 6 months of age to ease the surgery by reducing
size and prohibiting spillage during operation (14, 38, 39).

Recently, the United Kingdom children’s cancer study
group (UKCCSG) completed a randomized trial regarding
comparison of the two aforementioned approaches. They
concluded that neoadjuvant chemotherapy creates favor-
able results regarding stage distribution and surgical com-
plications and also causes significant reduction in the over-
all treatment, which the patient should receive. Despite
differences in each approach, both treatment strategies, by
UKCCSG and SIOP, show almost equivalent outcomes and
trials still investigate the benefits of each approach (40, 41).

According to the NWTS-5 study, WT in a solitary or in
horseshoe kidney, supra-hepatic IVC tumor thrombus, and
in children with respiratory distress due to extensive pul-
monary metastases, pre-operative chemotherapy, is rec-
ommended (42). However, SIOP favors primary chemother-
apy in all patients even stage I, except in children younger
than 6 months of age (14). Regarding overall and relapse-
free survival, both strategies are similar (41, 43). This is why
current studies are mostly focusing on strategies to lower
treatment-related complications and morbidities (44).

Chemotherapy has an undeniable role in treating WT
(11, 32, 45). It reduces the size of the tumor and eases the
surgical removal with lower morbidity (3, 13, 24, 46). Even
complete dissolution of tumor thrombus is reported (10,
47). In a series by Abdullah et al. (12) complete regression
of atrial tumor thrombus by chemotherapy obviated the
need for CPB in 2 patients. In these 2 patients, nephrec-
tomy and tumor thrombectomy were performed by con-
trolling infra- and supra-hepatic IVC in addition to occlu-
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Figure 1. Illustration of Different Stages of Intravascular Wilms’ Tumor Thrombus as Firstly Described by Daum et al. (34) and Modified to Add Stage 5 for Intra-Ventricular
Extension (Redrawn from Abdullah et al. (12))

sion of liver veins (Pringle maneuver). Nevertheless, pro-
gressive intra-atrial tumor growth, with the risk of tumor
pulmonary embolus, or any influence on cardiac function
are indications for urgent surgery and no time should be
wasted for chemotherapy (12).

It is worth mentioning that preoperative chemother-
apy has its own risks. In a report by Shamberger et al. 5
out of 69 patients receiving neoadjuvant chemotherapy
had complications, among which one ended up in fatal-
ity due to acute respiratory distress syndrome (ARDS). Oth-
ers were tumor embolus in 1, tumor progression in 1, and
ARDS in 2 cases (20). Therefore, neoadjuvant chemother-
apy requires close surveillance for evidence of tumor re-
gression and possible complications. Failure of regression
may mandate early resection. Based on tumor response
to chemotherapy with regards to the extent of thrombus,
volume, appearance of the thrombus, and the presence
of atrial extension on imaging, elective surgical resection
should be planned (48). Chemotherapy should be contin-
ued until the tumor is considered resectable by the treat-
ing surgical team. This time varies in different studies;
Shamberger et al. found a median treatment duration of
8 weeks, Szavay et al. described a 4-week duration, while
Murthi et al. prescribed neoadjuvant chemotherapy for up
to 29 weeks (13, 23, 45).

In a nutshell, indications for primary resection are as
follows (15):

1) Unstable tumor thrombus on a narrow pedicle iden-
tified on echo (Murthi et al.) (45)

2) Traumatic tumor rupture (Szavay et al.) (13)
3) Child with Budd Chiari syndrome (Abdullah and

Mushtaq) (12, 31)

4) No tumor response or even tumor progression dur-
ing chemotherapy (Ritchel et al.) (47)

5) Intra-ventricular tumor growth with the risk of pul-
monary embolus or any influence on cardiac function (Ab-
dullah et al.) (12)

The main disadvantage that has been suggested for
pre-operative chemotherapy is that it will compromise the
staging of the tumor and cause alterations in histological
information (13).

Aside from causing tumor shrinkage, neoadjuvant
chemotherapy may facilitate resection by creating acces-
sibility to tissue planes. Tumor size reduction by at least
50% has been reported in the literature (13). Addition-
ally, chemotherapy has the advantage of eradicating organ
metastases, especially in the lungs. In Szavay’s report, in 6
out of 16 children, who had lung metastasis, chemotherapy
alone was used as the treatment strategy (13).

Surgery in these patients is very challenging and re-
quires a planned approach with well described and estab-
lished techniques (48-50). An experienced cardiovascular
surgeon should be available and the procedure should be
done in an operation room with cardiopulmonary bypass
capabilities. Cardiopulmonary Bypass with hypothermia
is a safe procedure and is recommended when extensive in-
travascular tumor resection is anticipated (2, 3, 25, 51, 52).
Diverting blood out of the surgical field during CPB cre-
ates an excellent situation regarding surgical site view and
IVC reconstruction after thrombectomy. In addition, it pre-
vents tumor embolization, which could be catastrophic (3,
25). Hypothermia creates the opportunity of a longer op-
eration time if aorta is clamped during surgery because of
better tolerance of internal organs, such as the liver and
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kidneys, to cold ischemia (13).
Inevitably, adopting CPB, will prolong the operation

time and will necessitate post-op anticoagulation. How-
ever, major complications are not so common. In a report
by Szavay et al. (13), about the results of tumor thrombec-
tomy under CPB in 9 patients, no intra-operative deaths
were encountered. One case was complicated by major
hemorrhage, in which the operation was performed under
an emergency situation. Survival of patients was good ex-
cept for the child with unresectable primary tumor due to
local tissue infiltration.

Complications of surgery: Morbidity from surgery
should always be kept in mind. In NWTS-3, the occurrence
rate of surgical complications after primary nephrectomy
for Wilms’ tumor was 19.8% (53). The most common ones
were hemorrhage and small-intestinal obstruction. Unfa-
vorable tumor characteristics, eg, advanced local tumor
stage and intravascular extension, or erroneous surgical
plan and en bloc resection of other visceral organs are the
known risk factors. Thus, preoperative chemotherapy in
certain at risk patients was recommended (19, 54). These
high-risk groups included patients with supra-hepatic IVC
extension and also those patients, who had large inop-
erable tumors. En bloc resection of adjacent organs in
large WT is not advocated because it mostly compresses the
neighboring organs instead of invading them.

These risk factors were also confirmed by the NWTS-4
report (47). Advanced local tumor stage, tumor size larger
than 10 cm, IVC or intra-atrium extension, an erroneous
surgical technique, and inexperienced surgeon are all as-
sociated with an increased risk of surgical complications.

In the SIOP study, the incidence of surgical compli-
cations was reported as 8%. As mentioned earlier, the
SIOP group advocated preoperative chemotherapy, which
can significantly shrink the tumor size, facilitating its
surgical excision. In their report, unlike the NWTSG
study, they also included tumor ruptures during surgery
as a complication, thus the incidence of intra-operative
and post-operative nephrectomy-related surgical compli-
cations was lower than 8%. Occurrence of small-bowel ob-
struction, which was 5% in the NWTS-4 review, was 2.5% in
the SIOP report (55, 56).

Outcome: Ureteral extension of Wilms’ will not com-
promise the clinical outcome and patients have an excel-
lent prognosis with expected long-term survival of > 90%,
provided that tumor resection is complete. In these chil-
dren with complete resection, adjuvant radiation therapy
or 3-drug chemotherapy is not necessary (8).

Neither the presence of intravascular disease nor its
extent appears to influence the long-term outcome of pa-
tients with intravascular tumor thrombosis (9). In a report
of 165 patients with intravascular extension compared to

1621 patients without intravascular extension by Sham-
berger et al. (20), they found no adverse effect on the 3-year
relapse-free survival rate, considering the stage or patho-
logic subgroup. This observation was again proved in the
review by Murthi et al. (45), in which recurrence in the in-
travascular compartment was not responsible for relapse
and death of patients. Furthermore, according to Murthi’s
report, the presence of viable tumor cells in the excised
tumor thrombus, despite preoperative chemotherapy, will
not deteriorate the prognosis with increasing local recur-
rence in vascular compartment.

Interestingly, incomplete removal of tumor thrombus
does not necessarily end up in vascular recurrences, as
Shamberger et al. (23) have reported no increased in-
cidence of relapse in their 18 patients with incomplete
surgery. This denotes that ‘gross clearance’ is somehow
preferable to extensive clearance of caval and atrial lumen
of all tumor thrombus at any cost (45).

In a nutshell, neither the level of tumor thrombus nor
the use of CPB was predictive of survival (13), although, in-
travascular extension may increase the incidence of surgi-
cal complications (3, 9) with an odds ratio of 2.2. Most pa-
pers denote that the single best predictor of survival is the
histological subtype (13, 19, 23, 57). There is no association
between unfavorable histology and propensity to have in-
travascular tumor thrombus (23).

Adult WT prognosis is significantly worse compared to
children (58). This may be due to advanced stage of cancer
upon diagnosis, however, even at a similar stage, adult WT
still appears worse compared to children (36).

2. Conclusion

Ureteral extension of WT is an unusual phenomenon.
The surgeon should be vigilant about possible clues of in-
traluminal extension e.g. gross hematuria or the pres-
ence of hydronephrosis. Once identified, it should be com-
pletely resected. This may necessitate resection of the blad-
der cuff to obtain negative surgical margin for tumors ex-
tending out of the ureteral orifice. If completely resected,
it will result in excellent prognosis.

Intravascular and intracardiac extension must be ex-
cluded in all patients with Wilms’ tumor. With accurate
identification of this problem, subsequent preoperative
chemotherapy and resection with an appropriately skilled
team, the survival rates are not significantly different from
those with uncomplicated Wilms’ tumor.

Footnote

Conflicts of Interest: The authors declare that they had no
conflicts of interest regarding this article.

Nephrourol Mon. 2017; 9(2):e44903. 5

http://ijp.tums.pub


Soleimani M andMasoumi N

References

1. Patel CC, Rees A, Bertolone SJ. Intracardiac extension of Wilms’ tumor.
Am J Pediatr Hematol Oncol. 1989;11(1):46–50. [PubMed: 2540667].

2. Schettini ST, da Fonseca JH, Abib SC, Telles CA, Haber MX, Rizzo MF, et
al. Management of Wilms’ tumor with intracardiac extension. Pediatr
Surg Int. 2000;16(7):529–32. [PubMed: 11057562].

3. Nakayama DK, Norkool P, deLorimier AA, O’Neill JA Jr, D’Angio GJ. In-
tracardiac extension of Wilms’ tumor. A report of the National Wilms’
Tumor Study. Ann Surg. 1986;204(6):693–7. [PubMed: 3024596].

4. Akyuz C, Emir S, Buyukpamukcu N, Atahan L, Caglar M, Kutluk T, et
al. Cavoatrial tumor extension in children with wilms tumor: a ret-
rospective review of 17 children in a single center. J Pediatr Hematol
Oncol. 2005;27(5):267–9. [PubMed: 15891562].

5. Breslow N, Olshan A, Beckwith JB, Green DM. Epidemiology of Wilms
tumor. Med Pediatr Oncol. 1993;21(3):172–81. [PubMed: 7680412].

6. Bernstein L. Cancer incidence and survival among children and ado-
lescents: United States SEER program 1975-1995. National Cancer In-
stitute, National Institutes Of health,; 1999.

7. Arrigo S, Beckwith JB, Sharples K, D’Angio G, Haase G. Better survival
after combined modality care for adults with Wilms’ tumor. A report
from the National Wilms’ Tumor Study. Cancer. 1990;66(5):827–30.
[PubMed: 2167146].

8. Ritchey M, Daley S, Shamberger RC, Ehrlich P, Hamilton T, Haase G,
et al. Ureteral extension in Wilms’ tumor: a report from the National
Wilms’ Tumor Study Group (NWTSG). J Pediatr Surg. 2008;43(9):1625–
9. doi: 10.1016/j.jpedsurg.2008.01.067. [PubMed: 18778996].

9. Ritchey ML, Kelalis PP, Breslow N, Offord KP, Shochat SJ, D’Angio GJ. In-
tracaval and atrial involvement with nephroblastoma: review of Na-
tional Wilms Tumor Study-3. J Urol. 1988;140(5 Pt 2):1113–8. [PubMed:
2846897].

10. Berberoglu S, Akyuz C, Buyukpamukcu M. Successful treatment of
intracaval and atrial extension of Wilms’ tumour by chemotherapy.
Postgrad Med J. 1996;72(854):749–50. [PubMed: 9015469].

11. Cristofani LM, Duarte RJ, Almeida MT, Odone Filho V, Maksoud JG,
Srougi M. Intracaval and intracardiac extension of Wilms’ tumor. The
influence of preoperative chemotherapy on surgical morbidity. Int
Braz J Urol. 2007;33(5):683–9. [PubMed: 17980066] discussion 689.

12. Abdullah Y, Karpelowsky J, Davidson A, Thomas J, Brooks A, Hewitson
J, et al. Management of nine cases of Wilms’ tumour with intracardiac
extension - a single centre experience. J Pediatr Surg. 2013;48(2):394–9.
doi: 10.1016/j.jpedsurg.2012.11.024. [PubMed: 23414872].

13. Szavay P, Luithle T, Semler O, Graf N, Fuchs J. Surgery of cavoatrial
tumor thrombus in nephroblastoma: a report of the SIOP/GPOH
study. Pediatr Blood Cancer. 2004;43(1):40–5. doi: 10.1002/pbc.20056.
[PubMed: 15170888].

14. Bhatnagar S. Management of Wilms’ tumor: NWTS vs SIOP. J In-
dian Assoc Pediatr Surg. 2009;14(1):6–14. doi: 10.4103/0971-9261.54811.
[PubMed: 20177436].

15. McMahon S, Carachi R. Wilms’ tumor with intravascular extension:
A review article. J Indian Assoc Pediatr Surg. 2014;19(4):195–200. doi:
10.4103/0971-9261.141998. [PubMed: 25336800].

16. Niu CK, Chen WF, Chuang JH, Yu TJ, Wan YL, Chen WJ. Intrapelvic
Wilms tumor: report of 2 cases and review of the literature. J Urol.
1993;150(3):936–9. [PubMed: 8393946].

17. Groeneveld D, Robben SG, Meradji M, Nijman JM. Intrapelvic Wilms’
tumor simulating xanthogranulomatous pyelonephritis. Pediatr Ra-
diol. 1995;25 Suppl 1:S68–9. [PubMed: 8577559].

18. Basaran C, Donmez FY, Uslu N, Arda IS, Coskun M. Unusual case
of intrapelvic botryoid Wilms’ tumor: Ureteral thrombus mim-
icking tumor extension. Eur J Radiol Extra. 2009;72(1):e45–7. doi:
10.1016/j.ejrex.2009.05.003.

19. Ritchey ML, Pringle KC, Breslow NE, Takashima J, Moksness J, Zuppan
CW, et al. Management and outcome of inoperable Wilms tumor. A
report of National Wilms Tumor Study-3. Ann Surg. 1994;220(5):683–
90. [PubMed: 7979618].

20. Guo A, Wei L, Song X, Liu A. Adult wilms tumor with intracaval and in-
tracardiac extension: report of a case and review of literature. J Cancer.
2011;2:132–5. [PubMed: 21479132].

21. Kaur N, Gupta A, Attam A, Shrivastava UK, Wadhwa N. Adult Wilms’
tumor: management considerations. Int Urol Nephrol. 2005;37(1):17–
20. doi: 10.1007/s11255-004-4696-2. [PubMed: 16132751].

22. Kilton L, Matthews MJ, Cohen MH. Adult Wilms tumor: a report of
prolonged survival and review of literature. J Urol. 1980;124(1):1–5.
[PubMed: 6251281].

23. Shamberger RC, Ritchey ML, Haase GM, Bergemann TL, Loechelt-
Yoshioka T, Breslow NE, et al. Intravascular extension of Wilms tumor.
Ann Surg. 2001;234(1):116–21. [PubMed: 11420491].

24. Lall A, Pritchard-Jones K, Walker J, Hutton C, Stevens S, Azmy A, et al.
Wilms’ tumor with intracaval thrombus in the UK Children’s Can-
cer Study Group UKW3 trial. J Pediatr Surg. 2006;41(2):382–7. doi:
10.1016/j.jpedsurg.2005.11.016. [PubMed: 16481256].

25. Thompson WR, Newman K, Seibel N, Bulas D, Kapur S, Anderson KD,
et al. A strategy for resection of Wilms’ tumor with vena cava or atrial
extension. J Pediatr Surg. 1992;27(7):912–5. [PubMed: 1322458].

26. Brisse HJ, Smets AM, Kaste SC, Owens CM. Imaging in unilateral Wilms
tumour. Pediatr Radiol. 2008;38(1):18–29. doi: 10.1007/s00247-007-
0677-9. [PubMed: 18038168].

27. Nakamura L, Ritchey M. Current management of wilms’ tumor. Curr
Urol Rep. 2010;11(1):58–65. doi: 10.1007/s11934-009-0082-z. [PubMed:
20425639].

28. Davidoff AM. Wilms’ tumor. Curr Opin Pediatr. 2009;21(3):357–64. doi:
10.1097/MOP.0b013e32832b323a. [PubMed: 19417665].

29. Weese DL, Applebaum H, Taber P. Mapping intravascular extension
of Wilms’ tumor with magnetic resonance imaging. J Pediatr Surg.
1991;26(1):64–7. [PubMed: 1848614].

30. Pfluger T, Czekalla R, Hundt C, Schubert M, Graubner U, Leinsinger
G, et al. MR angiography versus color Doppler sonography in the
evaluation of renal vessels and the inferior vena cava in abdominal
masses of pediatric patients. AJR Am J Roentgenol. 1999;173(1):103–8.
doi: 10.2214/ajr.173.1.10397108. [PubMed: 10397108].

31. Khanna G, Rosen N, Anderson JR, Ehrlich PF, Dome JS, Gow KW, et
al. Evaluation of diagnostic performance of CT for detection of tu-
mor thrombus in children with Wilms tumor: a report from the Chil-
dren’s Oncology Group. Pediatr Blood Cancer. 2012;58(4):551–5. doi:
10.1002/pbc.23222. [PubMed: 21674767].

32. Mushtaq I, Carachi R, Roy G, Azmy A. Childhood renal tumours with
intravascular extension.Br JUrol. 1996;78(5):772–6. [PubMed: 8976777].

33. Vujanic GM, Sandstedt B. The pathology of Wilms’ tumour (nephrob-
lastoma): the International Society of Paediatric Oncology approach.
J Clin Pathol. 2010;63(2):102–9. doi: 10.1136/jcp.2009.064600. [PubMed:
19687012].

34. Daum R, Roth H, Zachariou Z. Tumor infiltration of the vena cava
in nephroblastoma. Eur J Pediatr Surg. 1994;4(1):16–20. doi: 10.1055/s-
2008-1066059. [PubMed: 8199126].

35. Cummings KB. Surgical-management of renal-cell carcinoma with
extension into the vena-cava. Williams & Wilkins; 1987.

36. Pritchett TR, Lieskovsky G, Skinner DG. Extension of renal cell carci-
noma into the vena cava: clinical review and surgical approach. J Urol.
1986;135(3):460–4. [PubMed: 3944886].

37. Reinhard H, Aliani S, Ruebe C, Stockle M, Leuschner I, Graf N. Wilms’
tumor in adults: results of the Society of Pediatric Oncology (SIOP) 93-
01/Society for Pediatric Oncology and Hematology (GPOH) Study. J Clin
Oncol. 2004;22(22):4500–6. doi: 10.1200/JCO.2004.12.099. [PubMed:
15542800].

38. Mitchell C, Jones PM, Kelsey A, Vujanic GM, Marsden B, Shannon R,
et al. The treatment of Wilms’ tumour: results of the United King-
dom Children’s cancer study group (UKCCSG) second Wilms’ tu-
mour study.Br J Cancer. 2000;83(5):602–8. doi: 10.1054/bjoc.2000.1338.
[PubMed: 10944599].

6 Nephrourol Mon. 2017; 9(2):e44903.

http://www.ncbi.nlm.nih.gov/pubmed/2540667
http://www.ncbi.nlm.nih.gov/pubmed/11057562
http://www.ncbi.nlm.nih.gov/pubmed/3024596
http://www.ncbi.nlm.nih.gov/pubmed/15891562
http://www.ncbi.nlm.nih.gov/pubmed/7680412
http://www.ncbi.nlm.nih.gov/pubmed/2167146
http://dx.doi.org/10.1016/j.jpedsurg.2008.01.067
http://www.ncbi.nlm.nih.gov/pubmed/18778996
http://www.ncbi.nlm.nih.gov/pubmed/2846897
http://www.ncbi.nlm.nih.gov/pubmed/9015469
http://www.ncbi.nlm.nih.gov/pubmed/17980066
http://dx.doi.org/10.1016/j.jpedsurg.2012.11.024
http://www.ncbi.nlm.nih.gov/pubmed/23414872
http://dx.doi.org/10.1002/pbc.20056
http://www.ncbi.nlm.nih.gov/pubmed/15170888
http://dx.doi.org/10.4103/0971-9261.54811
http://www.ncbi.nlm.nih.gov/pubmed/20177436
http://dx.doi.org/10.4103/0971-9261.141998
http://www.ncbi.nlm.nih.gov/pubmed/25336800
http://www.ncbi.nlm.nih.gov/pubmed/8393946
http://www.ncbi.nlm.nih.gov/pubmed/8577559
http://dx.doi.org/10.1016/j.ejrex.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/7979618
http://www.ncbi.nlm.nih.gov/pubmed/21479132
http://dx.doi.org/10.1007/s11255-004-4696-2
http://www.ncbi.nlm.nih.gov/pubmed/16132751
http://www.ncbi.nlm.nih.gov/pubmed/6251281
http://www.ncbi.nlm.nih.gov/pubmed/11420491
http://dx.doi.org/10.1016/j.jpedsurg.2005.11.016
http://www.ncbi.nlm.nih.gov/pubmed/16481256
http://www.ncbi.nlm.nih.gov/pubmed/1322458
http://dx.doi.org/10.1007/s00247-007-0677-9
http://dx.doi.org/10.1007/s00247-007-0677-9
http://www.ncbi.nlm.nih.gov/pubmed/18038168
http://dx.doi.org/10.1007/s11934-009-0082-z
http://www.ncbi.nlm.nih.gov/pubmed/20425639
http://dx.doi.org/10.1097/MOP.0b013e32832b323a
http://www.ncbi.nlm.nih.gov/pubmed/19417665
http://www.ncbi.nlm.nih.gov/pubmed/1848614
http://dx.doi.org/10.2214/ajr.173.1.10397108
http://www.ncbi.nlm.nih.gov/pubmed/10397108
http://dx.doi.org/10.1002/pbc.23222
http://www.ncbi.nlm.nih.gov/pubmed/21674767
http://www.ncbi.nlm.nih.gov/pubmed/8976777
http://dx.doi.org/10.1136/jcp.2009.064600
http://www.ncbi.nlm.nih.gov/pubmed/19687012
http://dx.doi.org/10.1055/s-2008-1066059
http://dx.doi.org/10.1055/s-2008-1066059
http://www.ncbi.nlm.nih.gov/pubmed/8199126
http://www.ncbi.nlm.nih.gov/pubmed/3944886
http://dx.doi.org/10.1200/JCO.2004.12.099
http://www.ncbi.nlm.nih.gov/pubmed/15542800
http://dx.doi.org/10.1054/bjoc.2000.1338
http://www.ncbi.nlm.nih.gov/pubmed/10944599
http://ijp.tums.pub


Soleimani M andMasoumi N

39. Metzger ML, Dome JS. Current therapy for Wilms’ tumor. Oncologist.
2005;10(10):815–26. doi: 10.1634/theoncologist.10-10-815. [PubMed:
16314292].

40. Kalapurakal JA, Dome JS, Perlman EJ, Malogolowkin M, Haase GM,
Grundy P, et al. Management of Wilms’ tumour: current practice and
future goals. Lancet Oncol. 2004;5(1):37–46. [PubMed: 14700607].

41. Breslow NE, Ou SS, Beckwith JB, Haase GM, Kalapurakal JA, Ritchey
ML, et al. Doxorubicin for favorable histology, Stage II-III Wilms
tumor: results from the National Wilms Tumor Studies. Cancer.
2004;101(5):1072–80. doi: 10.1002/cncr.20433. [PubMed: 15329918].

42. Boccon-Gibod L, Rey A, Sandstedt B, Delemarre J, Harms D, Vujanic G,
et al. Complete necrosis induced by preoperative chemotherapy in
Wilms tumor as an indicator of low risk: report of the international
society of paediatric oncology (SIOP) nephroblastoma trial and study
9. Med Pediatr Oncol. 2000;34(3):183–90. [PubMed: 10696124].

43. Pritchard-Jones K, Pritchard J. Success of clinical trials in childhood
Wilms’ tumour around the world. Lancet. 2004;364(9444):1468–70.
doi: 10.1016/S0140-6736(04)17289-9. [PubMed: 15500874].

44. Hadley GP, Sheik-Gafoor MH, Buckels NJ. The management of
nephroblastoma with cavo-atrial disease at presentation: experience
from a developing country. Pediatr Surg Int. 2010;26(12):1169–72. doi:
10.1007/s00383-010-2667-5. [PubMed: 20697900].

45. Murthi GV, Kocyildirim E, Sellathury S, Cuckow PM, Wilcox DT,
Michalski A, et al. Wilms’ tumour with persistent intravascular ex-
tension: a review of the surgical aspects of management. J Pediatr
Urol. 2006;2(5):439–45. doi: 10.1016/j.jpurol.2005.10.004. [PubMed:
18947653].

46. Lee AC, Saing H, Leung MP, Mok CK, Cheng MY. Wilms’ tumor with in-
tracardiac extension: chemotherapy before surgery. Pediatr Hematol
Oncol. 1994;11(5):535–40. [PubMed: 7530031].

47. Ritchey ML, Shamberger RC, Haase G, Horwitz J, Bergemann T,
Breslow NE. Surgical complications after primary nephrectomy for
Wilms’ tumor: report from the National Wilms’ Tumor Study Group.
J Am Coll Surg. 2001;192(1):63–8. [PubMed: 11192924] quiz 146.

48. Luck SR, DeLeon S, Shkolnik A, Morgan E, Labotka R. Intracar-
diac Wilms’ tumor: diagnosis and management. J Pediatr Surg.
1982;17(5):551–4. [PubMed: 6294267].

49. DeLorimier AA. In: Wilms’ tumor. Pochedly C, Miller D, editors. New
York: John Wiley & Sons; 1976. pp. 167–88.Surgical treatment ofWilms’

tumor.
50. Grosfeld JL, Weber TR. Surgical considerations in the treatment of

Wilms’ tumor. In: Gonzalez-Crussi F, editor. Wilms’ tumor (nephrob-
lastoma) and related renal neoplasms of childhood. Boca Raton: CRC
Press; 1984. pp. 263–83.

51. Chiappini B, Savini C, Marinelli G, Suarez SM, Di Eusanio M, Fiorani
V, et al. Cavoatrial tumor thrombus: single-stage surgical approach
with profound hypothermia and circulatory arrest, including a re-
view of the literature. J Thorac Cardiovasc Surg. 2002;124(4):684–8.
[PubMed: 12324725].

52. Kirschner HJ, Fuchs J, Szavay P. Resection of Wilms’ tumor with
cavoatrial tumor thrombus under extracorporal bypass with deep hy-
pothermia. Med Ped Oncol. 2003;41:397–8.

53. Ritchey ML, Kelalis PP, Breslow N, Etzioni R, Evans I, Haase GM, et al.
Surgical complications after nephrectomy for Wilms’ tumor. Surg Gy-
necol Obstet. 1992;175(6):507–14. [PubMed: 1333095].

54. Ritchey ML, Kelalis PP, Haase GM, Shochat SJ, Green DM, D’Angio G.
Preoperative therapy for intracaval and atrial extension of Wilms tu-
mor. Cancer. 1993;71(12):4104–10. [PubMed: 8389661].

55. Godzinski J, Tournade MF, deKraker J, Lemerle J, Voute PA, Weirich A, et
al. Rarity of surgical complications after postchemotherapy nephrec-
tomy for nephroblastoma. Experience of the International Society
of Paediatric Oncology-Trial and Study "SIOP-9". International Society
of Paediatric Oncology Nephroblastoma Trial and Study Committee.
Eur J Pediatr Surg. 1998;8(2):83–6. doi: 10.1055/s-2008-1071127. [PubMed:
9617606].

56. Dykes EH, Marwaha RK, Dicks-Mireaux C, Sams V, Risdon RA, Duffy
PG, et al. Risks and benefits of percutaneous biopsy and pri-
mary chemotherapy in advanced Wilms’ tumour. J Pediatr Surg.
1991;26(5):610–2. [PubMed: 1648128].

57. Martinez-Ibanez V, Sanchez de Toledo J, De Diego M, Castellote A,
Sabado C, Javier G, et al. Wilms’ tumours with intracaval involve-
ment. Med Pediatr Oncol. 1996;26(4):268–71. doi: 10.1002/(SICI)1096-
911X(199604)26:4<268::AID-MPO10>3.0.CO;2-B. [PubMed: 8600341].

58. Mitry E, Ciccolallo L, Coleman MP, Gatta G, Pritchard-Jones K, Eu-
rocare Working Group . Incidence of and survival from Wilms’ tu-
mour in adults in Europe: data from the EUROCARE study. Eur J
Cancer. 2006;42(14):2363–8. doi: 10.1016/j.ejca.2006.04.009. [PubMed:
16891111].

Nephrourol Mon. 2017; 9(2):e44903. 7

http://dx.doi.org/10.1634/theoncologist.10-10-815
http://www.ncbi.nlm.nih.gov/pubmed/16314292
http://www.ncbi.nlm.nih.gov/pubmed/14700607
http://dx.doi.org/10.1002/cncr.20433
http://www.ncbi.nlm.nih.gov/pubmed/15329918
http://www.ncbi.nlm.nih.gov/pubmed/10696124
http://dx.doi.org/10.1016/S0140-6736(04)17289-9
http://www.ncbi.nlm.nih.gov/pubmed/15500874
http://dx.doi.org/10.1007/s00383-010-2667-5
http://www.ncbi.nlm.nih.gov/pubmed/20697900
http://dx.doi.org/10.1016/j.jpurol.2005.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18947653
http://www.ncbi.nlm.nih.gov/pubmed/7530031
http://www.ncbi.nlm.nih.gov/pubmed/11192924
http://www.ncbi.nlm.nih.gov/pubmed/6294267
http://www.ncbi.nlm.nih.gov/pubmed/12324725
http://www.ncbi.nlm.nih.gov/pubmed/1333095
http://www.ncbi.nlm.nih.gov/pubmed/8389661
http://dx.doi.org/10.1055/s-2008-1071127
http://www.ncbi.nlm.nih.gov/pubmed/9617606
http://www.ncbi.nlm.nih.gov/pubmed/1648128
http://dx.doi.org/10.1002/(SICI)1096-911X(199604)26:4<268::AID-MPO10>3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1096-911X(199604)26:4<268::AID-MPO10>3.0.CO;2-B
http://www.ncbi.nlm.nih.gov/pubmed/8600341
http://dx.doi.org/10.1016/j.ejca.2006.04.009
http://www.ncbi.nlm.nih.gov/pubmed/16891111
http://ijp.tums.pub

	Abstract
	1. Context
	Figure 1
	Table 1

	2. Conclusion
	Footnote
	Conflicts of Interest

	References

