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    Abstract 

 Wilms’ tumor (WT) of the kidney, or nephro-
blastoma, represents one of the great success 
stories in pediatric cancer therapy. Outcomes 
for children with Wilms’ tumor have improved 
dramatically over the last 50 years with long-
term survival in both North America and 
European trials approaching 85 %. Furthermore, 
many of the low-stage tumors have survival 
rates between 95 and 99 %. WT is named after 
Carl Max Wilhelm Wilms (November 5, 1867–
May 14, 1918), a German pathologist and sur-
geon. He published his fi ndings in 1897 in an 
infl uential 1899 monograph titled Die 
Mischgeschwülste der Niere.  
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11.1         History of Surgery 
for Wilms’ Tumor  

 Wilms   ’ tumor (WT) of the kidney, or nephroblas-
toma, represents one of the great success stories 
in pediatric cancer therapy. Outcomes for chil-
dren with Wilms’ tumor have improved dramati-
cally over the last 50 years with long-term 
survival in both North America and European tri-
als approaching 85 %. Furthermore, many of the 
low-stage tumors have survival rates between 95 
and 99 % (Grundy et al.  2005 ; Kalapurakal et al. 
 2004 ). WT is named after Carl Max Wilhelm 
Wilms (November 5, 1867–May 14, 1918), a 
German pathologist and surgeon. He published 
his fi ndings in 1897 in an infl uential 1899 mono-
graph titled Die Mischgeschwülste der Niere 
(Wilms  1897 ,  1899 ). 

 Surgery was the fi rst effective treatment for 
nephroblastoma and continues to be the back-
bone of successful multimodality therapy. 
Although Wilms is credited with describing the 
tumor, anecdotal reports on successful excision 
of renal tumors in children and their possible 
cure appeared in the end of the nineteenth cen-
tury. Dr. Thomas Jessop (1837–1903), on June 
7, 1877, probably performed the fi rst successful 
nephrectomy on a 2-year-old child with hematu-
ria and a tumor of the kidney (Willets  2003 ; 
Gross  1953 ). At the beginning of the 1900s, sur-
vival for a child with WT was 5 %. Surgery car-
ried with it a high operative mortality. In the late 
1930s, Ladd and Gross described removing 
renal tumors in selected children and increase in 
survival. This technique included large trans-
verse transabdominal approach and early liga-
tion of the renal vessels. This modifi cation 
improved the outcome in children with non-
metastatic nephroblastoma up to 32.2 % at 3 
years. In addition, operative mortality was 
reduced from 23 to 7 %. Today the  current onco-
logical nephrectomy currently used for Wilms’ 
tumor is still very similar to that postulated by 
Ladd and Gross (Gross  1953 ; Kung and Nyhan 
 1982 ; Othersen et al.  1999 ). 

 Over the last 50 years, large clinical trials 
using surgery in combination with chemotherapy 
and radiotherapy have improved survival and 

reduced morbidity from WT. The majority of the 
randomized clinical studies for the treatment of 
children with WT have been conducted by two 
large clinical cooperative groups. These are the 
Children Oncology Group (COG –  formerly the 
National Wilms’ Tumor Study Group [NWTS]) 
and the Société Internationale d’oncologie 
Pédiatrique (SIOP).  The COG/NWTS is primar-
ily based in North America whereas SIOP is a 
European consortium. Since 1969 the COG/
NWTS in North America and since 1971 the 
SIOP in Europe tested several aspects of the mul-
timodal risk-adapted therapy. One of the primary 
philosophical differences is that COG/NWTS 
recommends primary nephrectomy in nearly all 
unilateral patients. The SIOP advocates preoper-
ative chemotherapy following imaging-based 
diagnosis which could be supplemented with fi ne 
or core needle biopsy in case of doubts, then 
nephrectomy. Interestingly, nearly the same 
results were achieved using different policy of 
the initial approach (Ehrlich  2001 ,  2007a ; de 
Kraker et al.  2001 ; D’Angio et al.  1976 ; Lemerle 
et al.  1983 ; Tournade et al.  2001 ).  

11.2     Surgical Implications 
of Primary Nephrectomy 
and Primary Chemotherapy 

 Although similar cure rates are achieved by both 
SIOP and COG/NWTS studies, there are differ-
ences between these two groups that affect stag-
ing and classifi cation that is critical to understand 
when interpreting outcome studies for children 
with Wilms’ tumor. The approach used by each 
group affects the staging and the subsequent risk-
based therapy. For example, stage III patients on 
COG protocols are different than those on SIOP 
protocols.

11.2.1      The Philosophical Arguments 
for Primary Nephrectomy 

 Primary nephrectomy (when possible) has the 
following potential advantages. First, the primary 
tumor burden is removed. The morbidity and 
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 mortality in the modern age associated with renal 
surgery is low. Second, the pathology of the 
tumor will be determined before initiating adju-
vant therapy. When treatment is started without 
tumor pathology, benign tumors or nonneoplastic 
lesions will be encountered. Misdiagnosis rates 
as high as 8 % and using the wrong chemother-
apy in 5.2 % have been reported although this has 
dropped to below 1 % recently (de Kraker et al. 
 1999 ; Schenk et al.  2006 ; Vujanic et al.  2009 ). It 
is also important to consider that not all tumors 
respond to chemotherapy. Although removing 
big tumors is challenging, the size of the tumor 
does not always mean the risk of metastatic dis-
ease. In COG/NWTS protocols, if the tumor is 
not removed primarily, the patient will be stage 
III and receive three drug chemotherapy and radi-
ation. A primary nephrectomy with a stage I or II 
tumor would avoid this increased therapy. 
Another consideration is that in a child less than 
two with a tumor less than 550 g who is stage I 
may not require any adjuvant therapy for a cure. 
Chemotherapy also changes tumor pathology, 
and the COG/NWTS staging system does not at 
present take this into account. Primary nephrec-
tomy allows for initial assessment of lymph node 
status. This is very important in the COG/NWTS 
protocols. The treatment regimens for the COG 
protocols is risk based using age, stage, and LOH 
as key determinants. Preoperative chemotherapy 
results in a loss of important staging data, partic-
ularly lymph node status. For example, patients 

with favorable histology WT treated on SIOP 
9301 and 2001 who were stage III and LN posi-
tive after preoperative chemo have a 5-year EFS 
of 82 %. Those that were stage III LN negative 
after preoperative chemotherapy, 5-year EFS is 
82 %. Alternatively, the COG/NWTS data shows 
that stage III patients who are LN positive also 
have a 5-year survival of 81 %. In contrast, the 
COG/NWTS patients who are stage III but LN 
negative have a 5-year EFS of 91 % (Grundy 
 2009 ).  

11.2.2     The Philosophical Arguments 
for Preoperative 
Chemotherapy 

 Preoperative chemotherapy, historically, proved 
its importance in decreasing the tumor rupture 
rate and inducing very favorable stage distribu-
tion at secondary surgery (Fig.  11.1 ). Also, the 
rate of surgery-related complications is low. The 
problem appears in very extensive or very frag-
ile tumors. Heroic resections are followed more 
frequently by  surgery-related complications. 
Incomplete resection implies more aggressive 
and also more toxic postoperative chemotherapy 
and radiotherapy. Surgical complications appear 
to be lower in pretreated patient. SIOP-9 reported 
an 8 % surgical complication rate as compared 
to NWTS-3 which had a 19.8 % complication 
rate. However, for NWTS-4 the complication 

Tumor at presentation Tumor after 4 weeks of Chemotherapy

  Fig. 11.1    Computed tomography scans demonstrating a picture of a Wilms’ tumor at presentation and following 4 
weeks of chemotherapy       
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rate was 12.7 %. It is also important to consider 
that what is considered as rupture or spill under 
SIOP is different in the COG/NWTS protocols. 
For example, in SIOP protocols, preoperative or 
intraoperative tru-cut or fi ne-needle punctures 
are not considered as spill, whereas in the COG/
NWTS, they are considered spill. One relevant 
point is to look at whether a surgical spill resulted 
in patient being upstaged due to that spill. For 
NWTS-5 that was 1.4 % and for SIOP-9 that was 
2.8 %, statistically there is no difference (Ehrlich 
et al.  2005 ; Godzinski et al.  1998 ). Tumor rup-
ture and spillage during surgery is undoubtedly 
a bad event and needs to be avoided supporting 
an argument for pretreatment (Shamberger et al. 
 1999 ).On the other hand, those who have ini-
tially low staged tumor can benefi t from lesser 
therapy if operated on primarily (D’Angio et al. 
 1976 ; Godzinski et al.  1998 ; Shamberger et al. 
 1999 ; Ritchey et al.  1992a ,  2001 ; Kaste et al. 
 2008 ). Another argument for preoperative che-
motherapy is that tumor staging does not occur 
until after initial chemotherapy and this results 
in lower rate of fl ank radiation in SIOP studies 
as compared to the COG/NWTS studies. This is 
an important consideration due to the late effects 
of radiotherapy.

   Preoperative chemotherapy also preselects 
patients responding well to chemotherapy. That 
infl uences the histological classifi cation which 
includes favorable 100 % necrotic subtype of 
nephroblastoma and unfavorable patients with 
blastema persisting the pretreatment. Also, ini-
tial extension of the disease has probably lim-
ited impact on fi nal outcome if it regresses 
under the pretreatment, and, according to the 
SIOP experience, postoperative part of the ther-
apy may be based upon the situation found at 
secondary surgery. That implies less aggressive 
postoperative therapy and avoidance of radio-
therapy in a number of patients. On the other 
hand, primary chemotherapy for renal tumor 
diagnosed by imaging only implies certain 
number of treatments given to nonmalignant 
conditions or tumors other than nephroblas-
toma. Initial surgical biopsy is not recom-
mended; however, fi ne-needle aspiration and 
tru-cut are the methods which decrease the risk 

of misdiagnosis (Godzinski et al.  1998 ,  1999 ; 
Shamberger et al.  1999 ; Ritchey et al.  1992a , 
 2001 ; Ritchey  1999 ).   

11.3     Staging Aspects 
and the Problem 
of Comparing Outcomes 

 It is important when thinking about the poten-
tial advantages and disadvantages of each strat-
egy to remember that outcomes are similar, but 
comparing patients is diffi cult due to the stag-
ing of patients prior to and after chemotherapy. 
Rather than thinking about which is better, it 
is more important to look at how each therapy 
addresses and answers some of the problems 
faced by any multidisciplinary groups that treat 
children with WT. The SIOP stages are induced 
by  chemotherapy and separate good respond-
ers from poor responders, whereas the COG/
NWTS staging systems are based on disease state 
prior to therapy using molecular markers such 
as LOH. These differences complicate mark-
edly any direct comparisons of results, which in 
general should only be done very carefully and 
thoughtfully (Kaste et al.  2008 ; Godzinski et al. 
 1999 ,  2005 ; Brisse et al.  2006 )  

11.4     Nephrectomy 

 Surgery plays an important part of the multidis-
ciplinary therapy for children with Wilms’ tumor 
(WT). Regardless of timing of the renal surgery, 
there are several key issues that all surgeons 
must remember when performing operations on 
children with WT. These are: (a) perform safe 
operation, (b) understand what constitutes a 
complete procedure, and (c) recognize that the 
surgeon plays an important role in accurately 
staging the disease which is essential in direct-
ing future therapy. Under-staging can increase 
a child’s risk of relapse, and over-staging could 
result in unnecessary chemotherapy or radiation. 
Intraoperative events that negatively affect patient 
survival include tumor spill, defi cient operations, 
 incomplete tumor removal, not assessing for 
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extrarenal tumor extension, and surgical com-
plications (Ehrlich et al.  2005 ; Shamberger et al. 
 1999 ; Ritchey et al.  2001 ). 

 The surgeon must document everything she/he 
does or fi nds in the operative note. This includes 
any tumor spill or rupture. Studies have shown a 
higher risk of recurrence in patients who had 
tumor spills or ruptures irrespective of the cause 
or extent of the soiling (Ehrlich et al.  2005 ; 
Shamberger et al.  1999 ; Ritchey et al.  2001 ). 
“Spill” refers to a break in the tumor capsule 
 during operative removal whether accidental, 
unavoidable, or by design. Spill is also considered 
to have occurred if the renal vein or ureter was 
transected when they contain tumor.  (In the 
Children Oncology Group [COG] protocols, spill 
is also considered to have occurred if a 
 preoperative or intraoperative needle/open biopsy 
was performed. This is not the case for those 
patients treated following Société Internationale 
d’Oncologie Pédiatrique protocols.)  “Rupture” 
refers to either the spontaneous or posttraumatic 
rupture of the tumor preoperatively with the result 
that tumor cells are disseminated throughout the 
peritoneal or retroperitoneal space (Grundy et al. 
 2007 ). Bloody peritoneal fl uid is considered a 
sign of rupture, whether or not gross or micro-
scopic tumor is identifi ed in the fl uid. Rupture is 
also considered to have occurred if the tumor pen-
etrates the kidney capsule, with open raw neoplas-
tic tissue surface being in free communication 
with the peritoneal cavity. All of these situations 
must be carefully documented in the operative 
note.  

11.5     Technical Considerations 

 For a child with two normal kidneys and a unilat-
eral renal tumor, the recommended surgical pro-
cedure is a unilateral radical ureteronephrectomy 
with lymph node sampling (Grundy et al.  2006 ; 
Ladd  1938 ). The incisions associated with the 
best exposure and lower complication rates are 
transverse transabdominal, transperitoneal, or 
thoracoabdominal (Ritchey et al.  1992a ,  b ,  2001 ; 
Fuchs et al.  2009a ). Large tumors or for those 
that come off the superior pole and extend up to 

the diaphragm, a thoracic extension of the inci-
sion through the eighth or ninth rib helps with 
exposure, although this is rarely required 
(Fig.  11.2 ). After entering the peritoneal cavity, 
evaluation of the peritoneal surfaces, liver, renal 
vein, and IVC for tumor extension is needed. 
Routine exploration of the contralateral kidney 
was originally mandated. Due to improvement in 
imaging, especially spiral CT scans, this is not 
necessary if imaging is satisfactory and does not 
suggest a bilateral process (Ritchey et al.  1995 , 
 2005 ). If the initial imaging studies were sugges-
tive of a possible lesion on the contralateral kid-
ney, the contralateral kidney should be formally 
explored to rule out bilateral involvement. This 
should be done prior to nephrectomy. In addition, 
any evidence of a preoperative or intraoperative 
tumor rupture should be clearly documented in 
the operative report.  (In the past, the COG/
NWTSG made a distinction a local and a diffuse 
spill. For COG protocols, this distinction is no 
longer made  (Shamberger et al.  1999 ; Kalapurakal 
et al.  2010 ).  For COG protocols, in any preopera-
tive or intraoperative tumor biopsy, preoperative 

  Fig. 11.2    A sketch showing patient positioning and typi-
cal abdominal incisions used for Wilms’ tumor surgery       
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or intraoperative tumor rupture is considered a 
spill and is stage III. This is not the case for those 
patients treated following Société Internationale 
d’Oncologie Pédiatrique protocols: fi ne-needle 
punction or tru-cut needle punction is allowed in 
this study; however, surgical incisional biopsies 
are considered as ruptures, automatically staged 
III and contraindicated.) 

   To help expose the primary tumor, the lateral 
peritoneal refl ection is opened, and the colon is 
refl ected medially. For right-sided tumors, a 
Kocher procedure is also helpful. An attempt 
should be made to dissect, expose, and ligate the 
renal vessels in order to lessen the chance of 
hematogenous spread of tumor before mobilizing 
the tumor. The renal artery should be ligated fi rst, 
then the renal vein. That prevents increasing the 
intrarenal and tumor blood pressure. However, 
because WT can be quite large,  preliminary liga-
tion should not be pursued if technically diffi cult 
or dangerous . For tumors that are pretreated with 
chemotherapy and respond, ligation of the renal 
vessels is often easy (Fig.  11.1 ). WT, as opposed 
to neuroblastomas, tends to displace vessels and 
organs. When dividing the vessels it is important 
for the surgeon to make sure the contralateral 
renal vessels, aorta, vena cava, iliac, and superior 
mesenteric arteries have not been ligated (Ritchey 
et al.  1992b ). The adrenal gland may be left in 
place if it is not abutting the tumor, but if the 
mass arises in the upper pole of the kidney, the 
adrenal gland should be removed with the neo-
plasm. The ureter is ligated and divided as low as 
conveniently possible (Ritchey et al.  2008 ). The 
tumor and the uninvolved portion of the kidney 
are mobilized and removed intact. The tumor and 
kidney should be handled gently to avoid tumor 
spill as this results in a increase in local abdomi-
nal relapse (Shamberger et al.  1999 ,  2001 ; 
D’Angio et al.  1989 ).The renal vein and IVC 
should be palpated to look for tumor. Any suspi-
cious areas that could represent metastases 
should be biopsied and marked with titanium 
clips. Although it is recognized that with 
improved CT and MRI imaging, the use of mark-
ing titanium clips may not be necessary. In addi-
tion, there is concern that clips may lead to 
artifacts on imaging. 

 WT can be large; however, in most cases there 
is no invasion by the tumor into contiguous 
organs, but typically the tumor displaces or is 
adherent to adjacent organs. This allows the 
tumor to be separated from the organs in most 
cases. When the surgeon does encounter a clini-
cal situation with invasion, radical en bloc resec-
tion, e.g., partial hepatectomy, or colectomy is 
not warranted as a primary therapy and is associ-
ated with an increased frequency of complica-
tions (Shamberger et al.  1999 ; Ritchey et al. 
 2001 ). A small section of diaphragm, psoas 
 muscle, or tip of the pancreas is acceptable. WT 
is very chemosensitive, and in these situations 
prior adjuvant therapy will allow for a safer 
resection. 

 There are clinical situations where it is agreed 
that primary nephrectomy poses too great a risk. 
These are (a) when there is extension of tumor 
thrombus above the level of the hepatic veins, (b) 
the tumor involves contiguous structures whereby 
the only means of removing the kidney tumor 
requires removal of the other structures (e.g., 
spleen, pancreas, colon but excluding the adrenal 
gland), (d) bilateral tumors, (e) or if there is pul-
monary compromise due to extensive pulmonary 
metastases, (f) and if it is the surgeons’ judgment 
that nephrectomy would result in signifi cant or 
unnecessary morbidity/mortality, diffuse tumor 
spill, or residual tumor. Studies conducted by the 
large cooperative groups have shown that pre-
treatment with chemotherapy almost always 
reduces the bulk of the tumor (Lemerle et al. 
 1983 ; Mitchell et al.  2006 ; Tournade et al.  1993 , 
 2001 ). This makes tumor removal easier and may 
reduce the incidence of surgical complications 
(Godzinski et al.  1998 ). Preoperative chemother-
apy does not result in improved survival rates, 
and it may result in the loss of staging informa-
tion and changes the histology of the tumor as 
noted above (Green et al.  1993 ; Weirich et al. 
 2001 ). It is a very  rare situation when a tumor 
cannot be removed if pretreated. Some excep-
tions, however, happen. Inoperability for pre-
treated tumor implies a very poor outcome. In the 
COG protocols, a biopsy is recommended fi rst 
for unilateral tumors. In SIOP protocols, this is 
not always the case. The COG/NWTS biopsies 
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can be performed open, tru-cut, or imaged 
guided. The SIOP protocols do not recommend 
open biopsy. Tru-cut, under “eye control” or US 
guided, but still rather from posterior side and 
passing via portion of uninvolved kidney (if 
exists) is SIOP options for tumors which appeared 
intraoperatively impossible to remove.  

11.6     Lymph Node Documentation 

 Pathological assessment of hilar and regional 
lymph nodes is critical to accurately stage a child 
with renal tumor (Ehrlich et al.  2005 ; Shamberger 
et al.  1999 ). Unfortunately, failure to sample 
lymph nodes ( whether dealing with a unilateral 
or bilateral tumor ) is the major technical errors 
noted in Wilms’ tumor surgery (Ehrlich et al. 
 2005 ). Furthermore, studies have demonstrated a 
higher risk of recurrence in children who did not 
have lymph node status documented at the time 
of nephrectomy (Shamberger et al.  1999 ). 
Routine lymph node sampling from the renal 
hilum, the pericaval, or the para-aortic areas must 
be performed. Simply looking at the lymph nodes 
to determine whether they are positive is highly 
inaccurate (Othersen et al.  1990 ).  

11.7     Management of Tumor 
Extension in the Renal Vein, 
Inferior Vena Cava, 
and Atrium 

 WT patients may present with tumor extension 
through the renal vein to the IVC and even up to 
the right atrium. This is found in between 4 and 
11 % of children. Surgical treatment is dependent 
on the extent of vascular invasion. These are usu-
ally clinically asymptomatic, and many are 
detected preoperatively by US, CT, and/or MRI 
scans. However, those that extend just into the 
renal vein may only be detected at operation, 
reinforcing the need to palpate the renal vein and 
IVC at the time of nephrectomy (Shamberger 
et al.  2001 ; Ritchey et al.  1993 ,  1994 ). As noted 
above, a primary resection when tumor thrombus 
extends into the inferior vena cava at the level of 

the liver or higher is contraindicated. We recom-
mend that these patients be managed initially 
with preoperative chemotherapy. This approach 
will often achieve signifi cant shrinkage of the 
intravascular thrombus facilitating subsequent 
surgical removal (Shamberger et al.  2001 ; Ehrlich 
 2007b ). Although the outcomes of the patients 
with vascular extension is similar with a primary 
or delayed resection, the severity and number of 
operative complications are reduced with preop-
erative chemotherapy for those with vascular 
extension above the hepatic veins. Alternatively, 
if the tumor extends only into the renal vein or 
renal vein and IVC below the level of the liver, 
the tumor and tumor thrombus can in most cases 
be removed en bloc with the kidney (Fig.  11.3 ).

   An accurate description of the technique of 
removal should be given in the operative note. 
Control of renal veins and caval above and below 
the tumor with vessel loops is necessary using 
standard vascular surgery techniques. The tumor 
should not be transected, if possible, as this will 
result in spill and upstaging of the patient. In 
some cases, the tumor may be fi xed to the vascu-
lar lumen. A similar technique used for removing 
plaque for a carotid endarterectomy is helpful to 
lift the tumor off the vein wall. It must be stated 
in the operative report if the intravascular tumor 
extension was removed en bloc or if tumor was 
transected, as well as if the tumor thrombus is 
removed completely and if there is evidence of 

  Fig. 11.3    This is an operative photo of a Wilms’ tumor 
with vascular extension. Vessel loops are around the major 
vascular structures       
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either adherence or invasion of the vein wall. If 
after preoperative chemotherapy the tumor still 
extends above the hepatic veins, cardiopulmo-
nary bypass is needed to remove the vascular 
extent of the tumor.  

11.8     Management of Tumor 
Extension in the Ureter 

 Extension of Wilms’ tumor into the ureter is a 
rare event (Ritchey et al.  2008 ). In NWTS-5, the 
incidence of ureteral extension was 2 %. In only 
30 % of these patients did preoperative imaging 
detect ureteral extension; the rest were discov-
ered at operation. Clinical presentations included 
gross hematuria, passage of tissue per urethra, 
hydronephrosis, and a urethral mass. The diagno-
sis should be suspected in these patients, and cys-
toscopy with retrograde ureterogram may aid in 
preoperative diagnosis in these patients. If ure-
teric extension is detected or suspected, the ureter 
should be with clear margins.  

11.9     Horseshoe Kidneys, Single 
Kidneys, and Nonfunctioning 
Kidneys 

 Resection of a WT in a child with a horseshoe 
kidney presents unique challenges (Fig.  11.4 ). 
Children with horseshoe kidneys and WT must 
be carefully imaged prior to any surgery (Ritchey 
 2005 ). The blood supply to a horseshoe kidney 
can be variable and must be documented prior to 
any surgical procedure. At the time of operation, 
the blood supply to the kidney as well as the ure-
ters must be identifi ed and isolated. Exposure and 
mobilization of the kidney on the side of the 
tumor is carried out as if one is performing a uni-
lateral resection. The side of the kidney contain-
ing the tumor, the isthmus, and the ipsilateral 
ureter are resected. As with other unilateral pro-
cedures, the lymph node groups are sampled for 
staging purposes. Children with a single kidney, 
or a situation where a tumor occurs in one kidney 
but the second kidney is nonfunctioning, should 
be managed using a renal-sparing approach with 

preoperative chemotherapy to facilitate surgery 
and save more renal tissue.

11.10        Surgical Management 
in Metastatic and Recurrent 
Disease 

 Metastatic disease (stage IV) is recognized as a 
poor prognostic factor for children with Wilms’ 
tumor (Dome et al.  2006a ). The primary sites of 
metastatic spread are to the liver and lungs. An 
important surgical point to remember is that the 
presence of lung or other site metastasis does not 
make the renal tumor unresectable. The abdomi-
nal tumor should be removed and staged locally 
as appropriate. 

 Lung metastases are the most common site of 
stage IV disease in children with Wilms’ tumor. 
Depending on the treatment protocol, children 
with lung disease may be treated with just chemo-
therapy or both chemotherapy and radiation ther-
apy. Historically, patients treated on COG/NWTS 
studies have been treated with radiotherapy in 
combination with either two or three drug therapy. 
Event-free survival for patients treated on 
NWTS-5 with lung metastasis was 76 % (72 %, 
80 % CI 95 %). Review of the SIOP material by 
Jan de Kraker and co-workers evidenced overall 
survival and event-free survival of 83 % at 4 years 
for patients with pulmonary metastasis. Best out-
comes were observed in those in whom metastasis 
disappeared after preoperative  chemotherapy 
(23/27 alive and in CR) or were completely 

Horseshoe
kidney

Tumor

  Fig. 11.4    A computed tomography scan showing a 
horseshoe kidney and a tumor in the upper pole of the left 
kidney       
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resected (5/5 CR) (de Kraker et al.  1990 ) 
(Fig.  11.5 ). Nearly the same results were reported 
by Steven Warmann and colleagues recently 
(Warmann et al.  2009 ).

   Early treatment protocols assessed lung disease 
through a chest radiograph. However, current stud-
ies use CT and lesions are found on CT scan that 

are not found on CXR (Mankowski et al.  2004 ; 
Green  2002 ). These lesions have been managed in 
a variety of ways. The COG/NWTS analyzed 
these patients, and an inferior relapse- free survival 
was seen when children were treated with vincris-
tine and actinomycin D only, whether or not they 
received pulmonary irradiation, compared to those 
who received doxorubicin. Thus, there appears to 
be no additional benefi cial effect of lung irradia-
tion on the outcome of some of these children 
when chemotherapy was taken into consideration. 
A second study examined the pathology of lung 
lesions seen only on CT scan in children from the 
NWTS-4/5 study (Owens et al.  2002 ). The results 
demonstrated that small lesions are usually but not 
invariably tumor. Based on these and other results, 
a current COG trial (ARENO533) for children 
with pulmonary lesions gives upfront chemother-
apy followed by imaging at 6 weeks. If the lesions 
are still present, more intensive therapy including 
radiotherapy will be given. 

 There may be several times a surgeon may be 
asked to intervene in a child with a pulmonary 
lesion. The fi rst is at diagnosis if there is  uncertainty 
about pulmonary lesions. The second may occur 
after the fi rst round of chemotherapy if lesions 
shrink but do not go away completely. If there is a 
concern about a lesion, it would be valuable to 
assess the histology of the lesion prior to giving 
radiotherapy. The third situation is if tumor 
remains after both chemotherapy and radiotherapy 
requiring surgical resection for cure. In the current 
SIOP 2001 protocol, if lesions remained after pre-
treatment, a metastasectomy is recommended. The 
suggested technical modalities include wedge 
resections or, rarely, lobectomies. Most WT metas-
tases are peripheral and superfi cial, and many of 
these lesions can now be fully excised by video-
assisted thoracic surgery (Fig.  11.6 ). Neither 
heroic, very extensive resections as bilobectomy 
or pneumonectomy nor surgery on progressing 
patients is recommended (de Kraker et al.  2001 ; 
Kaste et al.  2008 ; Ehrlich et al.  2006 ).

   The approach to liver disease is less straight-
forward. Recent reports suggested that liver 
involvement at diagnosis in infants and children 
with Wilms’ tumor indicated a worse prognosis 
than lung or other sites of stage IV disease (Varan 

a

b

c

  Fig. 11.5    ( a ) A chest radiograph in a patient with Wilms’ 
tumor presenting with pulmonary disease. ( b ) The same 
patient’s chest radiograph after 4 weeks of chemotherapy 
with vincristine, actinomycin D, and doxorubicin. ( c ) The 
same patient’s chest radiograph after 4 more weeks of 
chemotherapy and radiotherapy       
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et al.  2005 ; Szavay et al.  2006 ; Fuchs et al.  2008 ). 
The International Society of Pediatric Oncology 
(SIOP) and the German Pediatric Oncology 
Group (GPOH) studied 29 patients with liver 
metastasis at diagnosis (Szavay et al.  2006 ). The 
overall survival was less than 60 %, but all 
patients who had complete resection of the 
hepatic lesions survived. Another report from 
Varan et al. of 18 patients with liver metastases 
also noted a poorer outcome than for patients 
with pulmonary disease (50.2 % vs. 16.6 %) 
(Varan et al.  2005 ). These authors suggested, 
based on the poor outcomes of patients with liver 
metastases, that more intensive chemotherapy 
and more aggressive surgical treatment were 
warranted. 

 The COG also recently published their results 
of patients presenting with liver disease at diag-
nosis (Ehrlich et al.  2009 ). The estimated 5-year 
EFS (95 % confi dence interval [CI]) for 634 
patients with metastatic FH Wilms’ tumor was 
75 % (71, 78 %). The 5-year EFS (95 % CI) by 
stage IV category was: lung only 76 % (72, 80 %) 
(513 patients); liver, not lung, 76 % (58, 87 %) 
(34 patients); liver and lung 70 % (57, 80 %) (62 
patients); and other sites 64 % (42, 79 %) (25 
patients). There were no signifi cant differences 
among stage IV categories ( p  = 0.60). Event-free 
survival was not different for the patients with 
liver metastases and a primary resection of the 
liver metastases compared to those who did not 
undergo primary resection of the liver metasta-
ses. The COG conclusion was that an initial 

aggressive approach to liver disease was not war-
ranted. All agree that those patients whose dis-
ease does not completely go away or does not 
respond to therapy should undergo a liver resec-
tion (Ehrlich et al.  2009 ). 

 Metastases locate mainly in lungs and in liver. 
Other locations are rare (Kaste et al.  2008 ; 
Godzinski et al.  1991 ,  2001 ). Patients on SIOP-9 
with extrapulmonary and hepatic metastasis have 
been reviewed. For SIOP-9 patients, the key vari-
able appears to be the pathology variant, with 
very poor outcome for anaplastic nephroblas-
toma (Godzinski et al.  2001 ). More data and 
study is needed to help determine the role and 
timing of surgery in the management of extrapul-
monary and extrahepatic metastasis.  

11.11     Relapse 

 One of the major challenges in the treatment of 
children with WT is the management of a child 
who relapses. Although the overall relapse rate 
for children with WT has decreased to less than 
15 %, the long-term survival for patients with 
recurrent disease remains between 30 and 45 %. 
The role of surgery in the treatment of relapsed 
disease has not been elucidated. For NWTS-5 a 
specifi c treatment protocol for relapsed patients 
was available. The study design was to deter-
mine if alternating cycles of cyclophospha-
mide/etoposide and carboplatin/etoposide 
improved the event-free survival (EFS) of chil-
dren with WT who relapsed after chemotherapy 
with VAD and radiation therapy (DD-4A). All 
patients received induction therapy. Those who 
showed at least minimal response to therapy 
went on to have surgical resection of the tumor 
followed by radiation therapy of all sites of dis-
ease. Four-year event- free survival (EFS) and 
overall survival (OS) were 42.3 and 48.0 %, 
respectively, for all patients and were 48.9 and 
52.8 % for those who relapsed in the lungs only. 
Sixty were analyzed. Unfortunately, details of 
the surgical procedure and extent of resection 
as well as complications have not been pub-
lished. In 2008 the SIOP  published their out-
come of relapses of nephroblastoma patients 

  Fig. 11.6    Computed tomography scan showing periph-
eral lung lesions       
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registered in the SIOP/GPOH trials. One hun-
dred and seventy relapses were evaluated, 28 % 
were local, metastatic in 57 %, and combined in 
15 %. No specifi c treatment protocol was used, 
but patients with isolated distant metastasis had 
a signifi cantly better outcome than those with 
local and combined relapses ( p  = 0.001). Similar 
to the COG/NWTS study, the details of the sur-
gical treatment for these patients have not been 
analyzed. Taken together, it makes it too diffi -
cult to determine what role and how aggressive 
surgeons should be in the treatment of relapsed 
disease.  

11.12     Nephron-Sparing Surgery 
(NSS) and Minimal Invasive 
Nephrectomy (MIN) 
for Unilateral 
Nephroblastoma 

 Partial nephrectomy for unilateral tumors is an 
area of controversy. The goal of preserving renal 
tissue is laudable, but it is balanced against reduc-
ing survival and coupled with the knowledge that 
the long-term renal failure in patients after 
nephrectomy is exceedingly low. Nevertheless, 
experience gained in the treatment of bilateral 
tumors indicates that partial nephrectomy may be 
suffi cient local therapy (Fuchs et al.  2009b ; 
Herrera et al.  1996 ; Gentil Martins and Espana 
 1989 ; Moorman-Voestermans et al.  1994 ,  1998 ; 
Cozzi and Zani  2006 ). 

 Better pediatric care with wide access to 
imaging sometimes allows for very early discov-
ery of low staged renal tumors. Some of those, if 
submitted to the preoperative chemotherapy, 
appear limited to polar or peripheral parts of the 
kidney. Currently, available CT or MRI makes 
possible precise imaging of the involved kidney 
and planning or excluding the patient as a candi-
date for NSS. On the other hand, status of the 
regional lymph nodes and pathology variant of 
tumor, incorrect interpretation, or technical 
problems at NSS which is more complicated 
than classical nephrectomy, all elevate the risk of 
relapse in this otherwise favorable group of 
patients. In what subset of patients the benefi ts 

of conservative surgery leaving more functional 
renal tissue outweighs the risk of the oncological 
failure is still an unanswered question. The SIOP 
started to register unilateral patients submitted to 
NSS in 2001. The safety measures included the 
list of contraindications which had to be 
respected to include the case in the study. 
Protocol clearly suggested to consider this tech-
nique in patients suffering from contralateral 
nephrological or urological disorders and syn-
dromes of an increased risk of Wilms’ tumor 
rather than in classical unilateral nephroblas-
toma (de Kraker et al.  2001 ; Kaste et al.  2008 ; 
Cozzi and Zani  2006 ).  

11.13     Contraindications for NSS 
in Unilateral 
Nephroblastoma (de Kraker 
et al.  2001 ) 

•     Preoperative tumor rupture or biopsy  
•   Tumor infi ltrating extrarenal structures  
•   Intra-abdominal metastases or lymph nodes 

seen on preoperative imaging  
•   Thrombus in the renal vein or vena cava  
•   Tumor involving more than 1/3 of the kidney 

(at least 50 % of renal tissue should be spared 
after the tumor resection with a margin of 
healthy tissue, to give any worthwhile protec-
tion against hyper perfusion)  

•   Multifocal tumor  
•   Central location  
•   Involvement of calyces  
•   Hematuria  
•   Little experience in partial nephrectomy.    

 The interim analysis made on cases registered 
thus far seems to emphasize the role of tumor 
stage. Preliminarily, of 41 analyzed patients sub-
mitted to NSS, 5 relapsed at 24-month follow-up 
but none of the 18 who were staged 1. Regarding 
pathology variants, of 6 patients with anaplastic 
nephroblastoma, 3 relapsed, but again not the 
case staged 1. Those results and review of litera-
ture look encouraging but only if the adequate 
safety rules are applied. The central review of the 
preoperative imaging and qualifi cation of the 
candidates for NSS by the panel of dedicated and 
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experienced surgeons are probably the correct 
way to fi nd the adequate balance between risk 
and benefi t of conservative surgery. The onco-
logical experience of the treating center and the 
experience and skills of the operating surgeon are 
of great value. Technique of NSS does not differ 
from that modalities used for bilateral tumors. 
The balance of risk and benefi t suggests using 
very simple techniques of partial nephrectomy 
assuring adequate margin of healthy tissue. 
Sophisticated resections justifi ed in bilateral 
tumors, if there is no other possibility to save at 
least a portion of the functional kidney, are not 
recommended for unilateral patients. 

 At this point the COG strongly recommends 
against partial nephrectomy. The outcomes are 
excellent with unilateral tumors. The tumors tend 
to be larger prior to chemotherapy and many will 
not fi t criteria for NSS. In addition, as mention 
above the importance of lymph nodes sampling 
and the risk of relapse are too high to justify. 
Whether the preoperative chemotherapy may suf-
fi ciently decrease this risk in responding patients 
needs further studies.  

11.14     Minimal Invasive 
Nephrectomy (MIN) 

 Another option currently discussed is minimally 
invasive nephrectomy (MIN) for renal tumors. It 
is not easy to see any crucial benefi t of this tech-
nique over the open access surgery. The proce-
dure is far more diffi cult than the classical one. It 
is especially important in the regional lymph 
nodes sampling and manipulating the larger 
tumors covering aorta and/or vena cava. 
Abdominal incision, wherever located, must be 
large enough to gently sort out the tumor. The 
potential group of candidates resemble that for 
NSS, but NSS offers more benefi t to the child 
than the minimally invasive surgery. According 
to our experience, a limited group of relatively 
small, not covering central vessels and centrally 
located tumors, which excludes NSS, are candi-
dates for MIN. 

 The place of minimal invasive surgery in met-
astatic patients appears a little different. 

Thoracoscopy or VATS may be a good and safe 
methods of exploring and resecting the subpleu-
ral metastatic nodules. Those, however, must be 
well imaged on high-quality CT to avoid missing 
the parenchymal metastasis. One shall remember 
that the metastases progressing under the treat-
ment nearly always are not a surgical target 
regardless of technique used (de Kraker et al. 
 1990 ,  1997 ,  2001 ; Ehrlich et al.  2006 ).  

11.15     Bilateral Wilms’ Tumor 
and Surgery 

 Bilateral Wilms’ tumors (BWT) can be synchro-
nous or metachronous. Children with synchro-
nous BWT account for 5–7 % of all patients with 
Wilms’ tumor (Breslow et al.  1993 ; Coppes et al. 
 1989 ; Petruzzi and Green  1997 ; Ritchey  2008 ). 
(Fig.  11.7 ) They occur more frequently in girls 
(sex ratio 0.6:1) and at a younger age (mean age 
2.5 years). There is a higher incidence of nephro-
genic rests, genetic malformations, and predis-
posing syndromes in children with BWT (Dome 
et al.  2006a ) Patients with metachronous bilateral 
WT present with unilateral WT and subsequently 
develop contralateral disease. The incidence of 
metachronous bilateral Wilms’ tumor ranges 
from 1.0 to 1.9 % (Coppes et al.  1989 ; Blute et al. 
 1987 ; Shearer et al.  1993 ). As in synchronous 

  Fig. 11.7    A computed tomography scan demonstrating 
the typical appear of a bilateral Wilms’ tumor       
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disease, the incidence is higher in girls and in 
young children (less than 12 months) with neph-
rogenic rests. Beckwith-Wiedemann syndrome, 
hemihypertrophy, or congenital aniridia seems to 
have a higher risk of developing a metachronous 
tumor than children with other syndromes or 
congenital anomalies known to predispose to the 
development of WT. (Coppes et al.  1999 )

   Imaging of BWT is best performed by CT or 
MRI. Computed tomography (CT) scan of the 
abdomen will confi rm the renal origin of the 
mass and determine whether there are bilateral 
tumors. Early generations of CT scans missed 
7–10 % of bilateral lesions, and it was always 
mandated to explore the contralateral side prior 
to doing a nephrectomy (Ritchey et al.  1995 ). A 
recent review of WT cases with modern helical 
CT scans demonstrated that only 0.25 % of bilat-
eral tumors were missed, all of which were less 
than 1 cm (Ritchey et al.  2005 ). The SIOP cur-
rently recommends using MRI for all bilateral 
lesions, but there is no data comparing the two 
modalities in this situation. 

 The outcomes for most children with WT are 
outstanding. This is not the case, however, for 
children with bilateral Wilms’ tumor (BWT) 
where survival is poor and the potential for late 
effects such as renal failure is great (Coppes et al. 
 1989 ; Shearer et al.  1993 ; Malogolowkin et al. 
 2008 ; Paulino et al.  1996 ; Weirich et al.  2004 ). In 
1998, United Kingdom Children’s Cancer Study 
Group (UKCCSG) published their experience 
with 70 BWT patients (Kumar et al.  1998 ). 
Conservative surgical treatment with initial 
biopsy followed by chemotherapy and delayed 
tumor resection was done in 57 children. Thirteen 
underwent primary surgical resection followed 
by chemotherapy. Overall survival was 69 % with 
similar survival in the conservatively treated and 
initial surgical resection groups. BWT with an 
unfavorable histology was associated with poor-
est prognosis. In 2004, Weirich reported BWT 
outcomes on 28 BWT patients from SIOP-9. 
Although therapy was individualized, all 28 
patients with BWT were treated with  preoperative 
therapy. Only three were anaplastic histology. 
Survival was 85.1 % for those with low-risk his-
tology (95 % CI 71.6–98.6 %; four deaths, 2/3 

anaplastics) and relapse-free survival 80.5 % 
(95 % CI 65.2–95.8 %; fi ve relapses) (Weirich 
et al.  2004 ). The most recent survival for the 158 
patients treated on NWTS-5 with BWT was 
61 %, 80.8 % with favorable histology, and 
43.8 % for a child with anaplastic histology. Data 
from SIOP 9301 compared bilateral partial 
nephrectomy with other resections used (mainly 
unilateral partial + total) and showed no decrease 
in survival in patients submitted to partial 
nephrectomy on both sides, although these com-
parisons are diffi cult due to possibly different 
extents of tumors in each group. Thus, the sug-
gestion – do bilateral partial nephrectomy when-
ever “oncologically” possible – seems justifi ed. It 
also reinforces the need for formal studies of 
BWT patients (Godzinski J, 2010, Results of sur-
gery for bilateral Wilms tumors from SIOP 9301. 
Ehrlich PF, personal communication). 

 In addition to survival, renal failure is a major 
concern for patients with BWT. Factors that con-
tribute to renal failure include progressive renal 
disease related to a genetic predisposition, inad-
equate renal parenchyma after one or more tumor 
resections, the nephrotoxic effects of chemother-
apy and radiation, and the potential for hyperfi l-
tration injury to the remaining renal parenchyma 
(Breslow et al.  2005 ; Feusner et al.  2008 ; Ritchey 
et al.  1996 ). In UKCCSG study BWT patients 
treated between 1980 and 1995, renal function (at 
follow-up) was normal in 80 % of the patients. 
Renal mass was 45 and 35 % in the conserva-
tively treated and initial resection groups, respec-
tively, with a trend toward better preservation in 
those treated conservatively (Kumar et al.  1998 ). 
The SIOP studies have reported renal failure in 
3.8 % of all patients. A specifi c evaluation of 
stage V patients is currently being prepared. On 
NWTS-1–4 BWT was the greatest risk factor for 
renal failure (16.4 % for NWTS-1 and -2, 9.9 % 
for NWTS-3, and 3.8 % for NWTS-4). Other risk 
factors identifi ed were: Denys-Drash syndrome, 
progressive tumor in the remaining kidney, and 
radiation nephritis (Ritchey et al.  1996 ). Breslow 
reported 20-year end-stage renal disease (ESRD) 
outcomes in children treated for WT (Breslow 
et al.  2005 ). Fifty-fi ve of 379 (14.5 %) of patients 
with BWT developed ESRD at 20 years. The 
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incidence of ESRD after diagnosis of bilateral 
Wilms’ tumor was 50 % for the Denys-Drash 
syndrome (6 patients), 90 % for WAGR (10), 
25 % for genito-urinary anomalies (25), and 
11.5 % for BWT alone. Thus, preservation of 
renal tissue without sacrifi cing long-term sur-
vival is of particular importance for those 
with BWT. 

 A major factor contributing to the suboptimal 
outcomes for children with BWT has been lack of 
a formal clinical trial. This has produced a vari-
ability of treatment schemes, many with pro-
longed and intensifi ed therapy. In July 2009, the 
COG opened the fi rst BWT study ARENO534 – 
Treatment for Patients with Bilateral, Multicentric, 
or Bilaterally-Predisposed Unilateral Wilms’ 
Tumor. However, results from this study will not 
be known for some time. 

 Prolongation and intensifi cation of therapy 
may increase the risks of treatment-related com-
plications and may provide the opportunity for 
metastasis. Shamberger et al. reviewed and high-
lighted the pitfalls of continued therapy in a study 
of progressive or nonresponsive disease (PNRD) 
in 38 children with BWT. (Shamberger et al. 
 2006 ) Of the 38, chemotherapy was given for a 
median of 7 months (range: 2–29 months) before 
defi nitive resection. Thirty-six children went on 
to a second regimen, and of these, 21 children 
received a third regimen before resection. Eleven 
patients received radiation to one or both kid-
neys. Pathology at resection revealed previously 
undiagnosed anaplasia in 3 patients (2 diffuse 
and 1 focal) treated for 14, 15, and 15 months 
before resection. A fourth patient developed a 
diffusely anaplastic tumor 13 months after 
therapy. 

 Tumor volume may not change after chemo-
therapy due to tumor differentiation or anaplastic 
tumor histology (Weirich et al.  2001 ; Boccon- 
Gibod et al.  2000 ; Zuppan et al.  1988 ). 
Chemotherapy can result in tumor necrosis, rhab-
domyomatous differentiation, or mature stromal 
differentiation without signifi cant changes in 
tumor size. Despite not responding to chemother-
apy, children with these differentiated tumors 
with limited mitotic activity have good outcomes 
(Anderson et al.  2002 ). Therefore, tumors with 

limited mitotic activity may have minimal shrink-
age with continued therapy and are best served 
with resection. Anaplastic tumors also respond 
poorly to chemotherapy. Furthermore, discordant 
pathology can be seen in children with BWT, and 
this may result in one kidney responding to che-
motherapy and the other does not (Kumar et al. 
 1998 ; Dome et al.  2006b ; Green et al.  1994a ; 
Hamilton et al.  2006 ) Therefore, continuing ther-
apy without reevaluating tumor pathology in both 
kidneys in a patient with BWT seems counterpro-
ductive. Figure  11.8  shows a case of progressive 
disease in a child with BWT despite prolonged 
chemotherapy. The pathology in this case was 
stromal predominant.

   In both the current COG ARENO534 study 
and the SIOP guidelines, surgery occurs after a 
maximum of 12 weeks of chemotherapy. These 
observations highlight the issue of drawn-out 
therapy without response but also raise the ques-
tion about how long therapy should be consid-
ered prior to biopsy or a defi nitive resection. 
Results from SIOP-9 help answer this question: 
patients with unilateral tumors were randomized 
to receive either 4 or 8 weeks of actinomycin and 
vincristine preoperatively. There was a 48 % 
reduction in tumor volume after 4 weeks that 
increased to 62 % after 8 weeks of chemotherapy 
(Tournade et al.  2001 ; Graf et al.  2000 ).  

11.16     Surgical Considerations 
for Patients with Bilateral 
Wilms’ Tumor 

11.16.1     Renal Biopsies 

 Upfront biopsy of children with BWT may not be 
necessary before starting chemotherapy but renal 
biopsies play an important role in direct therapy, 
especially in those tumors which are nonrespon-
sive. When considering tissue samples in chil-
dren with bilateral tumors, the biopsies should be 
done from each kidney due to the high rate of 
discordant pathology (Hamilton et al.  2006 ). One 
of the reasons to perform a biopsy is to detect 
anaplastic tumors. This can be diffi cult and is 
often missed on percutaneous or core biopsies; 
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thus a formal open biopsy is preferred in the 
COG protocol. (Hamilton et al.  2006 ) After 12 
weeks of therapy both COG and SIOP option is 
to force resection rather than perform open 
biopsy in stage V nonresponsive cases.  

11.16.2     Renal-Sparing Surgery 

 Despite the variability of treatment approaches, 
nephron-sparing surgery is an important consid-
eration for all children with BWT. Both SIOP and 
COG agree that preoperative chemotherapy is the 
best fi rst line of treatment for BWT followed by 
renal-sparing surgery. The two exceptions are 
those with extensive tumor thrombus that 
does not respond to therapy and patients with 

anaplastic histology where clear margins cannot 
be obtained. In patients with anaplastic histology 
where clear margins cannot be obtained with a 
partial nephrectomy, a complete nephrectomy is 
required. Anaplastic histology in BWT is diffi -
cult to diagnosis, and with preoperative chemo-
therapy, the pathology variant is usually unknown 
at surgery (Hamilton et al.  2006 ). This illustrates 
how crucial is correct planning of every nephron- 
sparing resection. 

 Preoperative imaging is valuable to help plan 
the operation. Three-dimensional computed 
tomography or MRI reconstructions are 
extremely useful in planning the operation. In 
addition, intraoperative ultrasound can be very 
helpful. Although by imaging large lesions 
may appear unresectable, they may just be 

a b
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  Fig. 11.8    ( a ,  b ) Computed tomography scans at presen-
tation of a 1.5-year-old girl with aniridia and bilateral 
Wilms’ tumor. ( c ,  d ) Comparison computed tomography 

scans after 8 weeks of chemotherapy demonstrating no 
response to therapy but pathology showed a stromal 
variant       
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 compressing adjacent normal kidney where sub-
stantially more viable renal parenchyma exists 
than may have been anticipated by the preopera-
tive imaging studies. This situation argues for 
attempting nephron-sparing surgery for all 
lesions (Ritchey  2008 ; Cozzi and Zani  2006 ; 
Davidoff et al.  2008 ). Figure  11.9  shows an 
example of partial nonanatomic renal resection.

   Once the tumor is removed, the kidney volume 
can appear remarkably normal as these patients 
are followed over time. Atypical resections and 
unconventional tumor resections of localized 
lesions have also salvaged several kidneys that 
would have been sacrifi ced by traditional criteria. 
An interesting and promising technique of neph-
ron-sparing resection for tumors extending to the 
renal hilum was proposed by Joerg Fuchs (Fuchs 
et al.  2009b ). The technique included transection 
of the kidney and tumor resection performed lon-
gitudinally followed by extensive reconstruction 
of pyelon. Surgery was performed in vascular 
exclusion of the kidney and extrarenal cooling. 
All 5 reported cases were in CR for mean follow-
up of 26.6 months (3.5–66) (Fuchs et al.  2009b ). 

 Several different renal preservation strategies 
have been described and can be considered 
depending on the extent of resection and the loca-
tion of the tumor. Clamping of the renal artery is 
safe with warm ischemia for approximately a half 
hour. Surface cooling with ice slush allows an 
hour of safe occlusion of renal artery. However, 

the layer of ice that must be packed around the 
kidney can interfere with the technical aspects of 
the surgery. Continuous in situ cold perfusion 
with solutions, which are in common use during 
organ transplantation, has also been reported in a 
patient with multifocal BWT. (Cozzi and Zani 
 2006 ; De Backer et al.  1995 ) However, the arteri-
otomy and the venotomy that are needed for in 
situ perfusion increase the risk of renal artery 
thrombosis and/or tumor spillage from the renal 
vein. Cases using ex vivo tumor dissection fol-
lowed by autotransplantation in an attempt to 
preserve functioning renal tissue have also been 
described (Desai et al.  1999 ). In many instances, 
temporary vascular occlusion is not required. 

 The peritoneal cavity is entered through a stan-
dard transverse upper abdominal incision. Any 
suspicious lesion should be biopsied and frozen 
section obtained prior to starting the kidney resec-
tion. The kidney should be mobilized completely 
and elevated on its vascular pedicle without trac-
tion as it can result in vascular thrombosis, espe-
cially in very young patients. In most cases, 
identifi cation of the lesions is relatively easy. If 
there is some concern, intraoperative ultrasound is 
useful. After lesions to be excised are identifi ed, 
the capsule of the kidney is scored with electro-
cautery to outline the planned extent of resection. 
The most diffi cult lesions are those located near 
the hilum. A rim of normal kidney (~1 cm) should 
be taken around the lesion when possible. 

Tumour and kidney Partial nephrectomy and tumour

  Fig. 11.9    Operative photographs of a patient with bilateral Wilms’ tumor undergoing a partial nephrectomy. 
Spared part of the kidney ( Yellow arrow )       
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Hemostasis in most cases can be achieved with 
electrocautery and digital compression but can be 
assisted by a ligature, harmonic scalpel, or argon-
beam coagulation. Surgicel™ or another proco-
agulant is also helpful in maintaining hemostasis 
(Johnson and Johnson  2009 ). It is very important 
to remember to remove regional lymph nodes 
from each kidney to obtain accurate staging data, 
as each kidney is staged independently. 

 Injecting a dilute solution of methylene blue 
into the renal pelvis after temporarily occluding 
the ureter will help visualize defects in the col-
lecting system after resection. Some leaks may 
benefi t from placement of a double J stent. The 
decision to place a ureteral stent is based on the 
degree of disruption of the collecting system and 
the complexity of its closure. An open, rather 
than a closed, suction drain is commonly placed 
in surgical resection site, but this is primarily a 
surgeon preference issue. Closing the renal defect 
can often be diffi cult in a kidney that has been 
pretreated with chemotherapy as they are much 
less pliable than normal kidney. Perirenal fat, 
omentum, or oxidized cellulose can help close 
the renal defect. 

 In rare circumstances, enucleation of the tumor 
is possible to preserve renal function. This is only 
for patients with favorable histology Wilms’ tumor. 
A problem with tumor enucleation is an unrecog-
nized pseudocapsule penetration and spill (Green 
et al.  1994b ; Green  1997 ). Furthermore, enucle-
ation increases the risk of local tumor spillage. 

 Early complications from partial nephrectomy 
include urine leaks, pyelonephritis, renal failure, 
and positive surgical margins. Delayed complica-
tions have included bowel obstructions, hydrone-
phrosis, and scar tissue causing an ureteropelvic 
junction obstruction and end-stage renal disease 
(Davidoff et al.  2008 ).      
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