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Purpose: Comprehension of the anatomical characteristics of pediatric kidney
tumors is crucial for making surgical decisions. Previous kidney tumor nephrometry
systems failed to incorporate two significant factors: tumor thrombus and
multifocality. We develop a refined nephrometry system based on a comprehensive
understanding of the characteristics exhibited by pediatric kidney tumors.

Methods: The TUMORS nephrometry scoring system comprises 6 indicators,
including tumor (T)hrombus, (U)rinary collecting system involvement, (M)ultiple
tumors, (O)utward property, (R)adius, and (S)ite relative to the polar lines. Each
renal unit was assessed and scored independently. The complexity
characteristics of kidney tumors were summarized, and the correlation was
compared with RENAL nephrometry system. Furthermore, the complexity of
kidney tumors was compared across different surgical procedures.

Results: A total of 43 patients were enrolled, involving 70 kidney units. Radical
nephrectomy (RN) was performed on 13 kidneys, while the remaining 57
kidneys underwent nephron sparing surgery. In the NSS group, tumors in 37
kidneys were resected in vivo, whereas 20 kidneys underwent tumor resection
ex vivo followed by kidney autotransplantation. According to the TUMORS
nephrometry scoring system, there were 13, 34 and 23 kidney units classified as
low, moderate and high complexity, respectively. Tumors that underwent RN or
ex vivo removal exhibited higher complexity. The complications and positive
margins of NSS were not statistically significant in relation to tumor complexity.
Conclusion: The TUMORS nephrometry scoring system holds significant
guidance for the decision of surgical protocol and can be applied to the
preoperative evaluation.

KEYWORDS

thrombus, nephron sparing surgery, radical nephrectomy, pediatric, Wilms tumor

Abbreviations
WT, Wilms tumor; RN, radical nephrectomy; NSS, nephron sparing surgery; BWT, bilateral Wilms tumor;
WAGR, Wilms tumor, Aniridia, Genitourinary abnormalities, mental Retardation.
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Introduction

The field of kidney tumor anatomy has witnessed the
emergence of various methodologies, including the RENAL,
PADUA, and C-index systems (1-3). The aforementioned
systems provide an objective description of tumor size, location,
depth, and proximity to the renal sinus. As a result, they
significantly contribute to guiding the feasibility of nephron
sparing surgery (NSS) and evaluating postoperative complications
(4). The validation of these methodologies, however, has
primarily focused on adult renal cell carcinoma. Pediatric kidney
tumors are often diagnosed when they have already reached a
significant  size, resulting in missed opportunities for
implementing NSS.

Wilms tumor (WT) is the predominant type of pediatric
kidney tumor, and the tumor thrombus, when present, invades
the renal vein and extends into the inferior vena cava,
accounting for approximately 4%-15% of WT patients; moreover,
a smaller proportion of cases (approximately 0.7%-1%) exhibit
extension into the right atrium (5-7). Approximately 5% of WT
patients present with multifocal tumors (8). However, the
existing systems fail to include these characteristics.

Tumor removal remains the mainstay for renal tumors. It
should be noted that NSS is recommended for bilateral WT
(BWT) and highly selective unilateral renal tumors in pediatric
patients. The objective of this study is to develop a refined
kidney tumor nephrometry system in pediatric patients, aiming
to accurately delineate the anatomical characteristics and assess

its potential utility for selecting candidates suitable for NSS.

Methods

Based on the RENAL nephrometry scoring system (1), we
proposed the TUMORS nephrometry system. The TUMORS
nephrometry system comprises 6 descriptors, namely (T)hrombus,
(M)ultifocality,
(O)utward property, (R)adius, and (S)ite relative to the polar lines.
The TUMORS nephrometry system had updated the RENAL
include

(U)rinary  collecting ~ system  involvement,

nephrometry scoring system to thrombus  and
multifocality. The first variable is (T)hrombus: when there is no
tumor thrombus present in the renal vein and inferior vena cava,
this variable receives a score of 1. Conversely, if a tumor thrombus
is detected, the total score for the renal tumor unit is directly
assigned as 16 points, without considering the status of the other
five variables. The second variable is the (U)rinary collecting
system: there is no invasion of the urinary collecting system by the
tumor, scoring 1. If the tumor is in close proximity to the urinary
collecting system, but there is no gross/microscopic hematuria, a
score of 2 is assigned. A score of 3 is given when the tumor
clearly invading the collecting system, or the tumor is in close
proximity to the urinary collecting system with gross/microscopic
hematuria. The third variable is (M)ultifocality: there is single
tumor, which scored 1; the presence of two tumors result in a

score of 2; and a score of 3 is assigned when three or more
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TABLE 1 TUMORS nephrometry scoring system.

L e s Ses

(T)hrombus Without tumor a
thrombus
(U)rinary Without Tumor is close to the | Tumor invasion, or

collecting system | invasion urinary collecting tumor is close to the

system but without | urinary collecting

gross/microscopic system with gross/
hematuria microscopic
hematuria
(M)ultifocality single mass 2 masses >3 masses
(O)utward >50% >0% but <50% 0%
property
(R)adius <4 >4 but <7 >7
(maximal

diameter in cm)

>50% mass crosses
polar line; mass
crosses axial renal

<50% mass crosses
polar line

(S)ite relative to
the polar lines

Entirely above
the upper or
below the lower

polar lines midline; mass is

entirely between the
polar lines

“The total score of the direct definition is 16 points if tumor thrombus is present.

tumors are present. The remaining three variables are (O)utward
property, (R)adius and (S)ite, which correspond to (E), (R) and
(L) of the RENAL nephrometry system respectively (Table 1).

The scores for the 6 descriptors were assigned respectively, as
detailed in Table 1. If there were multiple masses within a single
renal unit, (R) was scored according to the largest diameter
observed, (U) was scored according to the mass closest to the
urinary collecting system, while (S) was scored according on the
mass nearest to the pole lines. Taking into consideration these
six descriptors, the scoring for kidney tumors ranged from 6 to
16 points. These scores were further categorized into low
complexity tumors (6-8 points), moderate complexity tumors
(9-12 points), and high complexity tumors (13-16 points).

We retrospectively reviewed the surgical specimens and
anatomical characteristics of 132 patients with renal tumors
younger than 18 years of age who were admitted to the First
Affiliated Hospital of Sun Yat-sen University from May 1, 2016
to December 1, 2023. These patients underwent contrast
enhanced computed tomography before surgery. The study
subjects underwent either unilateral or bilateral nephron sparing
surgery (NSS). According to TUMORS nephrometry system, each
renal unit was assessed independently. Continuous variables were
given as mean * standard deviations or median with ranges, and
categorical variables were given as frequencies or proportions.
Correlations were analyzed with Spearman correlation analysis.
The Student’s f-test, the Mann-Whitney U test, and Pearson
x® test were used, as appropriate. Statistical analysis was
performed using SPSS version 26.0 software for Mac. For all
statistical analyses, a two-sided P<0.05 was considered
statistically significant.

This study was approved by the Institutional Review Board of
the First Affiliated Hospital of Sun Yat-sen University (IIT-
2023-066). Due to its retrospective nature, the informed patient

consent was waived.
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Results

The study included a total of 43 patients, comprising 23
females (53.5%) and 20 males (46.5%), with a median age of 17
months (range: 1-135 months). This study identified 32 cases of
BWT (74.4%), and 11 cases of unilateral renal tumor (25.6%).
A total of 70 kidney units were included, with 13 (18.6%)
undergoing radical nephrectomy (RN) and 57 (81.4%) receiving
NSS (Table 2). Within the NSS group, tumor resection in vivo
was performed for tumors in 37 kidney units (52.9%), while
tumor resection ex vivo via bench surgery with kidney
auto-transplantation were carried out for 20 kidney units (28.6%)
(Figure 1). The presence of tumor thrombus was observed in 4
units (5.7%) (Figure 2), while multiple tumors were detected in
16 units (22.9%) (Figure 3).

All kidney units were also scored according to RENAL
nephrometry system, and a significant statistical correlation
between the scores of the two systems was identified (r=0.857,
P <0.01). According to the RENAL nephrometry scoring system,

13 (18.6%), 16 (22.9%), and 41 (58.6%) kidney units were

TABLE 2 Patients, tumor and operative data.

Parameters _______Value (range or %)

Patient number 43
Gender

Female 23 (53.5%)
Male 20 (46.5%)
Age (m) 17 (1-135)
Histology

Unilateral renal tumor 11 (25.6%)
Unilateral WT 6 (14.0%)
Renal cell carcinoma 1 (2.3%)
Cystic nephroma 1 (2.3%)
Multilocular renal cysts 1 (2.3%)
Renal angiomyolipoma 1 (2.3%)
Mesenchymal tumor 1 (2.3%)

Bilateral WT
Synchronous bilateral WT

32 (74.4%)
28 (65.1%)

Metachronous bilateral WT 4 (9.3%)
Kidney units 70°
Side

Left 32 (45.7%)
Right 38 (54.3%)

RENAL system
Low complexity group 13 (18.6%)
16 (22.9%)

41 (58.6%)

Moderate complexity group

High complexity group
TUMORS system

Low complexity group 13 (18.6%)
34 (48.6%)

23 (32.9%)

Moderate complexity group

High complexity group

Surgical procedure

RN 13 (18.6%)
NSS 57 (81.4%)
Tumor resection in vivo 37 (52.9%)
Tumor resection ex vivo 20 (28.6%)

“The removal of 5 kidney units took place at other centers.
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categorized as having low, moderate, and high complexity
respectively. Additionally, based on the TUMORS nephrometry
scoring system, 13 (18.6%), 34 (48.6%), and 23 (32.9%) kidney
units were classified as low, moderate, and high
complexity respectively.

Table 3 revealed categorical data relationships. The findings of
our study indicated that tumors exhibiting thrombus, multiple
tumors, and collecting system involvement were more likely to
contribute to higher complexity. The classification of tumor
complexity was not dependent on whether the tumors were
unilateral or bilateral. Tumors that underwent RN or ex vivo
removal exhibited higher complexity, however, the complications
of NSS were not statistically significant in relation to tumor
complexity. Additionally, no statistically significant difference was

observed for positive margins.

Discussion

The use of NSS in pediatric renal tumors has garnered
attention. Despite the absence of statistical evidence indicating
disparities in short-term outcomes between NSS and RN in
pediatric patients (9), considering superior long-term renal
function and overall comparable results, NSS may be deemed
more favorable (10, 11). The advancement of surgical techniques
has facilitated the successful performance of NSS, even in cases
involving renal hilum (12, 13). The selection of appropriate
candidates for NSS necessitates a thorough preoperative imaging
assessment. Pediatric renal tumors differ from those in adults,
and the decision to perform NSS should base on individualized
considerations for children. We have developed a TUMORS
nephrometry scoring system, where “TUMORS” represents the
acronym for thrombus, urinary collecting system, multifocality,
outward property, radius, and site; this acronym is
comprehensible and easy to memorize.

In this system, the tumor thrombus serves as the first
assessment indicator. Renal tumor with thrombus not only
indicates a high level of aggressiveness but also objectively
increases the surgical difficulty. Theoretically, the presence of
tumor thrombus in renal tumors is technically challenging and
excludes the possibility of NSS, and the absence of thrombus is
one of the prerequisites for performing NSS in unilateral WT.
Therefore, we directly defined tumor with thrombus as high
complexity. Previous studies have demonstrated that in cases of
T3 renal cell carcinoma complicated with tumor thrombus, if the
tumor is confined solely to the renal vein, there still exists a
possibility for NSS to be performed (14-17). A patient in our
cohort, who had BWT and right renal venous thrombus
extending to the left renal vein, superior and inferior phrenic
vena cava, as well as the atrium, underwent right RN and left
NSS with cardiopulmonary bypass support, and postoperative
follow-up demonstrated favorable renal function. It has been
reported that NSS is a feasible and safe option for patients with
BWT or horseshoe kidney when the branch or accessory renal
veins were present (18). The existence of these rare yet successful
cases demonstrates the feasibility of implementing NSS for
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FIGURE 1

(A) Metachronous right kidney tumor after left RN, TUMORS — NS (right kidney unit) =1+ 3+ 1+ 3+ 1+ 3 =12. (B) Patient underwent tumor removal
ex vivo with kidney auto-transplantation, polypoid tumor was visible in the urinary collecting system. (C) The imaging data of postoperative
reexamination. (TUMORS — NS: TUMORS system - nephrometry score).

FIGURE 2

imaging data of postoperative reexamination.

Black arrows demonstrated tumor thrombus invading bilateral renal veins and extending to the inferior vena cava as well as the atrium.
(A,B) TUMORS — NS (both kidney units) = 16. The patient underwent right RN and left NSS with assistance of cardiopulmonary bypass. (C) The

kidney tumors with thrombus when managed by a proficient
medical team, especially in cases involving only thrombus within
a segmental renal vein. It is worth noting that pediatric patients
exhibit particularly thinner vascular channels compared to adults.
In our cohort, NSS was conducted on patients presenting with
tumor thrombus in the renal vein; however, postoperative
vascular embolism was still observed. This may be attributed to
the invasion of the vascular wall by thrombus. Consequently, we
assigned a value of 16 points to cases involving tumor thrombus,
regardless of mayo thrombus grade.

Frontiers in Pediatrics

The second indicator is renal collection system. Most renal
tumors originate in the parenchyma and involve the urinary
collecting system at an advanced stage. Only a few cases have
been reported where the tumor solely occupied the urinary
collecting system without involvement of the renal parenchyma
(19). The presence of hematuria is frequently observed in cases
where tumors infiltrate the urinary collecting system. This
indicator is scored based on analyzing imaging data and
assessing the presence or absence of hematuria, facilitating a
more intuitive evaluation of the correlation between the tumor
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FIGURE 3

White arrows demonstrated multiple tumors. (A,B) TUMORS - NS (right kidney unit)=1+3+3+3+1+2=13 TUMORS - NS (left kidney
unit) =1+ 2+ 1+ 2+ 3+ 3 =12, patient underwent bilateral NSS. (C) The imaging data of postoperative reexamination.

TABLE 3 Comparison of tumor complexity according to TUMORS nephrometry.

O O pLe ode c O pLe 0 O ple d
Thrombus 0.001
Present 0 0 4
Absent 13 34 19
Urinary collecting system <0.001
Not involved (n =47, 67.1%) 13 26 8
Involved (n =23, 32.9%) 0 8 15
Number of tumors 0.035
Single tumor 12 28 13
> 2 tumors 1 6 10
WT types 0.468
Unilateral renal tumor 1 8 2
Bilateral WT 12 26 21
Surgical approach 0.002
RN (n=13, 18.6%) 0 5 8
NSS (n=57, 81.4%) 13 29 15
NSS modality <0.001
In vivo (n=37, 52.9%) 13 20 4
Ex vivo (n=20, 28.6%) 0 9 11
Surgical margin of NSS 0.104
Positive (n =3, 5.3%) 0 1 2
Negative (n =54, 94.7%) 13 28 13
Complications of NSS* 0.180
Present (n=17, 29.8%) 0 11 6
Absent (n =40, 70.2%) 13 18 9

*Complications included urinary fistula, active bleeding, and tumor recurrence, thrombosis.

and the urinary collecting system. Our TUMORS system integrates
tumor-related factors and objective image-based factors, thereby
reducing inter-observer variability.

The third evaluation indicator is based on the number of
tumors, which provides a valuable supplement to the RENAL
nephrometry scoring system by addressing the assessment of
multiple tumors. In our cohort, the complexity of tumors
statistical ~difference with

showed no between patients

Frontiers in Pediatrics

unilateral renal tumors and those with BWT. Although BWT
has been reported to exhibit a higher susceptibility to the
development of multiple tumors, treatment for multiple
adjacent tumors may involve considering them as a single but
enlarged tumor to facilitate a partial nephrectomy procedure.
The surgical experience we have gained previously has
demonstrated that the size of the tumor does not significantly
impact surgical planning (12).
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The designations (O), (R), and (S) in the TUMORS
nephrometry scoring system correspond to (E), (R), and (L) in
the RENAL nephrometry scoring system respectively. The
anterior/posterior indicator is excluded in our TUMORS system,
despite reports suggesting that retroperitoneal resection of BWT
may reduce bowel damage and decrease the occurrence of
urinary fistula (20). The transperitoneal route remains the
predominant approach for the surgical treatment of pediatric
renal tumors. Therefore, the anterior or posterior of the tumor
within the kidney does not significantly affect the surgical
protocol (21). The diameter of WT is always larger than that of
RCC, as confirmed in our previous study (22). The utilization of
4cm and 7cm as indicators stems from their established
maturity in assessing RCC stage and guiding surgical treatment,
hence our adoption. The determination of a more appropriate
cut-off value to distinguish tumor diameter in children requires
further investigation.

The complexity of each kidney unit in our cohort was assessed
according to the RENAL nephrometry and TUMORS nephrometry
scoring systems, and a statistically significant correlation between
the two systems objectively validates the feasibility of our
designed TUMORS nephrometry scoring system. Our refined
scoring system did not alter the low complexity category, while
more kidney units were classified as moderate complexity,
aligning with our subsequent clinical practice. Based on our
TUMORS system, univariate analyses revealed that thrombus,
urinary collecting system invasion and multiple tumors
contributed to higher complexity. The primary impact of NSS on
prognosis lies in its ability to decrease the occurrence of
proteinuria and hypertension (23). Whether utilizing the RENAL
nephrometry system or TUMORS nephrometry system, our
objective is to provide potential guidance for clinical surgical
treatment. In our cohort, each kidney unit was assessed and
scored individually, but 74.4% units were from bilateral WT. It
would be more appropriate to conduct K-M survival analysis for
patients with unilateral kidney tumor between the RENAL score
high complexity group and TUMORS high complexity group.
Moreover, the complications and positive margins of NSS were
not statistically significant in relation to tumor complexity in our
study. The implementation of our NSS, particularly the
application of ex wvivo tumor resection with kidney auto-
transplantation, may be attributed to this condition. During the
ex vivo tumor removal procedure, surgical margins can be
repeatedly examined and the renal collecting system can be
meticulously repaired. The results of our study revealed that the
RN group exhibited higher tumor complexity, as did the ex vivo
NSS group. Our TUMORS nephrometry scoring system proves
beneficial in identifying pediatric patients who are suitable
candidates for NSS.

It is important to point out that while preoperative imaging has
been reported to have an 87% accuracy rate in predicting the
likelihood of NSS (24), all prediction models are merely
referential. The successful implementation of NSS relies more
heavily on the practitioner’s clinical experience and surgical
expertise. Previous kidney tumor scoring systems were proposed
in the era of in vivo tumor resection. Tumor removal ex vivo
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with kidney auto-transplantation is the ultimate approach to
NSS, requiring validation through multiple kidney nephrometry
systems. The subcategorization based on quantitative scores to
determine surgical modalities is not currently feasible with our
TUMORS nephrometry scoring system. Under the premise of
guaranteeing the risks associated with surgery and anesthesia, an
appropriate NSS strategy should be carefully selected for each
pediatric kidney tumor with the aid of kidney nephrometry
system. The proposed TUMORS nephrometry scoring system
included more indicators, however, the sample in this study was
limited to a single center. The validation process requires further
study and a larger sample size from multiple centers.

Conclusions

The TUMORS nephrometry system incorporates a broader
range of factors to assess comprehensively the anatomical
characteristics of pediatric renal tumors, thereby facilitating the
identification of suitable candidates for NSS. The likelihood of
tumor resection ex vivo and RN increases with the complexity of
tumors. Nevertheless, this system still requires further validation
using data from additional centers and lager sample sizes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the First Affiliated Hospital of Sun Yat-sen
University (IIT-2023-066). The studies were conducted in
accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was
provided by the participants’ legal guardians/next of kin. Written
informed consent was obtained from the individual(s), and
minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.

Author contributions

MH: Writing - original draft, Writing - review & editing,
Conceptualization, Data curation, Formal Analysis, Investigation,
Methodology. YF: Data curation, Formal Analysis, Methodology,
Supervision, Writing — review & editing. ZZ: Conceptualization,
Methodology, Writing - original draft, Writing - review &
editing. HJ: Data Methodology,
Supervision, Writing - review & editing. LL: Data curation,

curation, Investigation,

Supervision, Writing - review & editing. JL: Data curation,

Investigation, Supervision, Writing - review & editing. HZ: Data
curation, Writing - review & editing. JL: Conceptualization,

frontiersin.org


https://doi.org/10.3389/fped.2024.1501560
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Huang et al.

Investigation, Methodology, Project administration, Writing -

review & editing. ZX: Conceptualization, Data curation,
Methodology, Project administration, Supervision, Writing -
review & editing. PG: Conceptualization, Data curation,

Investigation, Methodology, Project administration, Software,
Supervision, Writing — original draft, Writing - review & editing.
CW: Project administration, Supervision, Writing - review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by Guangdong Basic and Applied Basic Research
Foundation (2020A1515010884), Science and Technology Planning
Project of Guangzhou City (201903010058, 202201011318),
National Natural Science Foundation of China (81870511,
82170770), Guangdong Provincial Key Laboratory on Organ
Donation and Transplant Immunology (2017B030314018,
2020B1212060026), Medical Science and Technology Research
Foundation of Guangdong Province (A2024298), National Science

References

1. Kutikov A, Uzzo RG. The REN.A.L. nephrometry score: a comprehensive
standardized system for quantitating renal tumor size, location and depth. J Urol.
(2009) 182:844-853. doi: 10.1016/j.juro.2009.05.035

2. Simmons MN, Ching CB, Samplaski MK, et al. Kidney tumor location
measurement using the C index method. J Urol. (2010) 183:1708-1713. doi: 10.
1016/j.juro.2010.01.005

3. Ficarra V, Novara G, Secco S, et al. Preoperative aspects and dimensions used for
an anatomical (PADUA) classification of renal tumours in patients who are candidates
for nephron-sparing surgery. Eur Urol. (2009) 56:786-793. doi: 10.1016/j.eururo.2009.
07.040

4. Lieser G SM. Developments in kidney tumor nephrometry. Postgrad Med. (2011)
123:35-42. doi: 10.3810/pgm.2011.05.2282

5. Szavay P, Luithle T, Semler O, et al. Surgery of cavoatrial tumor thrombus in
nephroblastoma: a report of the SIOP/GPOH study. Pediatr Blood Cancer. (2004)
43:40-45. doi: 10.1002/pbc.20056

6. Emir S. Wilms tumor with intravascular tumor thrombus. Transl Pediatr. (2014)
3:29-33. doi: 10.3978/j.issn.2224-4336.2014.01.03

7. Romero W, Loockhart A, Moreno D, et al. Suprahepatic cava thrombus due to
Wilms tumor: technique without cardiopulmonary bypass. Urology. (2022) 165:
e25-€28. doi: 10.1016/j.urology.2022.04.005

8. Vujanic GM, Gessler M, Ooms A, et al. The UMBRELLA SIOP-RTSG 2016
Wilms tumour pathology and molecular biology protocol. Nat Rev Urol. (2018)
15:693-701. doi: 10.1038/s41585-018-0100-3

9. Alkazemi MH, Dionise ZR, Jiang R, et al. Partial and radical nephrectomy in
children, adolescents, and young adults: equivalent readmissions and postoperative
complications. J Pediatr Surg. (2019) 54:2343-2347. doi: 10.1016/j.jpedsurg.2019.05.
018

10. Wang H-HS, Abern MR, Cost NG, et al. Use of nephron sparing surgery and
impact on survival in children with Wilms tumor: a SEER analysis. J Urol. (2014)
192:1196-1202. doi: 10.1016/j.juro.2014.04.003

11. Nerli R, Patil S, Patil A, et al. Long term follow-up in children undergoing
nephron sparing surgery for non-syndromic unilateral Wilms tumor. Pediatr Blood
Cancer. (2015) 62:5230. doi: 10.1002/pbc.25715

12. Gao P, Li J, Chen H, et al. Bench surgery with autotransplantation for bilateral
Wilms tumor—a feasible technique for renal sinus invasion. Front Surg. (2022)
9:1047975. doi: 10.3389/fsurg.2022.1047975

Frontiers in Pediatrics

07

10.3389/fped.2024.1501560

Foundation of Guangdong Province (2023A1515010139,
22140500001368), and Guangdong Provincial International
Cooperation Base of Science and Technology (Organ

Transplantation, 2020A0505020003).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

13. Warmann S, Schaefer J, Scheel-Walter H, et al. Nephron sparing surgery for
central bilateral nephroblastoma. J Pediatr Urol. (2010) 6:S58. doi: 10.1016/j.jpurol.
2010.02.102

14. Woldu SL, Barlow L], Patel T, et al. Single institutional experience with nephron-
sparing surgery for pathologic stage T3bNxMO renal cell carcinoma confined to the
renal vein. Urology. (2010) 76:639-642. doi: 10.1016/j.urology.2009.10.073

15. Kolla SB, Ercole C, Spiess PE, et al. Nephron-sparing surgery for pathological
stage T3b renal cell carcinoma confined to the renal vein. BJU Int. (2010)
106:1494-1498. doi: 10.1111/j.1464-410X.2010.09293 x

16. Kim EH, Jain S, Benway BM, et al. Partial nephrectomy in two patients with
known T3a tumours involving the renal vein. BJU Int. (2012) 109:1345-1348.
doi: 10.1111/.1464-410X.2011.10477 x

17. Ciancio G, Gonzélez J. Nephron-sparing surgery for renal cell carcinoma with
tumor thrombus. Urol Int. (2022) 106:419-425. doi: 10.1159/000516697

18. Sutthatarn P, Gomez Quevedo O, et al. Management of intravascular thrombus
in cases of bilateral Wilms tumor or horseshoe kidney. J Pediatr Surg. (2022)
57:166-173. doi: 10.1016/j.jpedsurg.2021.07.025

19. Niu CK, Chen WF, Chuang JH, et al. Intrapelvic Wilms tumor: report of 2 cases
and review of the literature. J Urol. (1993) 150:936-939. doi: 10.1016/
$0022-5347(17)35655-0

20. Lim II, Honeyman JN, Fialkowski EA, et al. Experience with retroperitoneal
partial nephrectomy in bilateral wilms tumor. Eur ] Pediatr Surg. (2015)
25:113-117. doi: 10.1055/s-0034-1387944

21. Anil H, Yildiz A, Giizel A, et al. Comparison of posterior and antero-lateral renal
tumors in retroperitoneal laparoscopic partial nephrectomy: a propensity score matching
analysis. ] Kidney Cancer VHL. (2023) 10(3):9-16. doi: 10.15586/jkcvhl.v10i3.273

22. Gao P, Jiang H, Wu C, et al. RENAL nephrometry scoring system in bilateral
Wilms tumor: predictive application. Pediatr Surg Int. (2023) 39(1):230. doi: 10.
1007/500383-023-05500-3

23. Lau WK, Blute ML, Weaver AL, et al. Matched comparison of radical
nephrectomy vs nephron-sparing surgery in patients with unilateral renal cell
carcinoma and a normal contralateral kidney. Mayo Clin Proc. (2000)
75(12):1236-42. doi: 10.4065/75.12.1236

24. Moorman-Voestermans CGM, Aronson DC, Staalman CR, et al. Is partial
nephrectomy appropriate treatment for unilateral Wilms’ tumor? ] Pediatr Surg.
(1998) 33:165-170. doi: 10.1016/50022-3468(98)90425-0

frontiersin.org


https://doi.org/10.1016/j.juro.2009.05.035
https://doi.org/10.1016/j.juro.2010.01.005
https://doi.org/10.1016/j.juro.2010.01.005
https://doi.org/10.1016/j.eururo.2009.07.040
https://doi.org/10.1016/j.eururo.2009.07.040
https://doi.org/10.3810/pgm.2011.05.2282
https://doi.org/10.1002/pbc.20056
https://doi.org/10.3978/j.issn.2224-�4336.2014.01.03
https://doi.org/10.1016/j.urology.2022.04.005
https://doi.org/10.1038/s41585-�018-�0100-�3
https://doi.org/10.1016/j.jpedsurg.2019.05.018
https://doi.org/10.1016/j.jpedsurg.2019.05.018
https://doi.org/10.1016/j.juro.2014.04.003
https://doi.org/10.1002/pbc.25715
https://doi.org/10.3389/fsurg.2022.1047975
https://doi.org/10.1016/j.jpurol.2010.02.102
https://doi.org/10.1016/j.jpurol.2010.02.102
https://doi.org/10.1016/j.urology.2009.10.073
https://doi.org/10.1111/j.1464-�410X.2010.09293.x
https://doi.org/10.1111/j.1464-�410X.2011.10477.x
https://doi.org/10.1159/000516697
https://doi.org/10.1016/j.jpedsurg.2021.07.025
https://doi.org/10.1016/S0022-�5347�(17)�35655-�0
https://doi.org/10.1016/S0022-�5347�(17)�35655-�0
https://doi.org/10.1055/s-0034-�1387944
https://doi.org/10.15586/jkcvhl.v10i3.273
https://doi.org/10.1007/s00383-�023-�05500-�3
https://doi.org/10.1007/s00383-�023-�05500-�3
https://doi.org/10.4065/75.12.1236
https://doi.org/10.1016/S0022-�3468�(98)�90425-�0
https://doi.org/10.3389/fped.2024.1501560
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	A refined kidney tumor nephrometry system employed to screen pediatric patients who are eligible for nephron sparing surgery
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


