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Laparoscopic and Open Nephron-Sparing Surgery
for Radius Exophytic/Endophytic Nearness Anterior/
Posterior Location Nephrometry Score 7 and Higher
Kidney Tumors: A Comparison of Oncological and
Functional Outcomes Using the Pentafecta Score

ABSTRACT

Objective: This study aimed to evaluate oncological and functional outcomes of neph-
ron-sparing surgery by comparing open and laparoscopic approaches in a consecutive
series of patients with intermediate and high complexity renal masses.

Materials and Methods: We retrospectively reviewed all nephron-sparing surgery
cases in 2 referral centers from January 2013 to January 2020. Tumor complexity was
graded according to radius exophytic/endophytic nearness anterior/posterior location
nephrometry score. Patients with a single kidney tumor with a radius exophytic/endo-
phytic nearness anterior/posterior location score > 7 were evaluated. Exclusion criteria
were solitary kidney, multiple/bilateral tumors, and a low radius exophytic/endophytic
nearness Anterior/Posterior location score (<7). Patients were divided according to the
surgical approach: the laparoscopic tumor enucleation and the open wedge resection
groups. The Trifecta and Pentafecta score achievement rates were assessed.

Results: Two hundred thirteen patients were included in the analysis, 76 in laparo-
scopic tumor enucleation group and 137 in the open wedge resection group. There
were no statistically significant differences in preoperative data between laparoscopic
tumor enucleation and open wedge resection groups, except for the higher percent-
age of T1a masses in the latter group. The mean 24-hour blood loss and length of stay
were higher in the open wedge resection group. Minor and major postoperative com-
plication rates were comparable. No significant difference in terms of the Trifecta score
was reported. Pentafecta score was achieved in 35/76 (46.1%) and 61/137 (44.5%) cases
in the laparoscopic tumor enucleation and open wedge resection groups, respectively.

Conclusion: Our study showed that laparoscopic tumor enucleation was associated
with significantly lower blood and length of stay. Postoperative complications and the
achievement of the Pentafecta score were similar in both surgical approaches.

Keywords: Renal tumor, nephron-sparing surgery, open surgery, laparoscopy,
clampless, Pentafecta score

Introduction

According to the current European Association of Urology guidelines, nephron-sparing
surgery (NSS) is the standard treatment for kidney tumors up to 4 cm (T1a), both for
oncological outcome and preservation of renal function.! Nephron-sparing surgery
should also be favored in tumors up to 7 (T1b) if resection is deemed technically feasible.
Nowadays, open, laparoscopic, and robot-assisted approaches are considered accept-
able, depending on the surgeon’s expertise and technological availability." Conversely,
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the complexity of partial nephrectomy is not based merely on
the largest diameter of the tumor but also on renal tumor depth
and its contiguity/infiltration to the collecting system. In the last
decades, several scores have been popularized to predict the like-
lihood of operative complexity based on postoperative complica-
tions? or warm ischemic time (WIT).? Radius exophytic/endophytic
nearness anterior/posterior location (RENAL) nephrometry score
is one of the most used score.*T1 tumors may vary in complexity,
and the inexperienced surgeon may hesitate to perform NSS in
more challenging cases.

The standard approach to NSS commonly requires main renal artery
clamping to decrease intraoperative bleeding. However, renal clamp-
ing is associated with hypoxia® and reperfusion damage,® leading to
kidney function deterioration. Clamping time should be as low as
possible since more than 25 minutes of WIT was associated with 5%
increased risks of acute renal failure and 6% risk of IV-stage chronic
kidney disease (CKD) for each additional minute.” Over the years,
a progressive reduction in hypoxia has been applied through the
increase in expertise and the introduction of super-selective clamp-
ing or clampless techniques that have shown to achieve similar peri-
operative safety with superior short-term renal function preservation
compared to main artery clamping.?

Recently, a meta-analysis compared laparoscopic and open NSS,
showing a less increased postoperative serum creatinine in the
former, although a higher positive surgical margin (PSM) rate was
reported.” However, long-term renal function was not fully assessed.

Therefore, we aimed to assess medium-term functional and onco-
logical outcomes comparing open and laparoscopic NSS in patients
with a RENAL score tumor equal or higher than 7.

Materials and Methods

Patients

We retrospectively reviewed 2 collected databases of consecutive
patients undergoing NSS in 2 tertiary referral centers (“Azienda
Ospedaliero-Universitaria delle Marche,” Italy, and “Ospedale Carlo
Urbani,” Italy) between January 2013 and January 2020. Inclusion
criteria were adult patients with a single tumor with a RENAL score
> 7. Patients with incomplete data, a solitary kidney, low RENAL
score (<7), and multiple/bilateral tumors were excluded. All patients
were evaluated preoperatively by contrast-enhanced computed
tomography scan or magnetic resonance imaging of the abdomen
in case of contrast allergy or renal failure. Formal ethics committee

MAIN POINTS

« Clampless nephron-sparing surgery for highly complex renal
tumors is feasible in almost all cases both in open and laparo-
scopic approaches and does not lead to a high perioperative
bleeding complication rate.

- Laparoscopic and open nephron-sparing surgery seems to
guarantee similar oncological radicality for complex renal
masses.

« A meticulous suturing of renal parenchyma is associated with
a lower postoperative blood transfusion and trans-arterial
embolization rate.
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approval was deemed unnecessary for this type of study in our insti-
tute because retrospective data collection was obtained for clinical
purposes, and all the procedures were performed as part of routine
care. The study was conducted following the 1964 Helsinki declara-
tion and its later amendments. All patients signed an informed con-
sent to gather their anonymized data.

Collected Data

Radius exophytic/endophytic nearness anterior/posterior location
nephrometric score was calculated for each patient. Comorbidities
were assessed using the Charlson comorbidity index and the
American Society of Anaesthesiologists (ASA) physical status clas-
sification system score. We gathered for all patients preoperative
(demographics, comorbidity, ASA score, renal function, tumor side
and dimension, nephrometry score), intraoperative (surgical time,
WIT, rate of conversion to nephrectomy, complications), and post-
operative (24-hour hemoglobin decrease, PSMs, complications, renal
function) data. Patients were divided into 2 groups according to the
surgical approach namely laparoscopic tumor enucleation (LTE) and
open wedge resection (OWR) group.

Two experienced urologists (1 in each center) performed all the
procedures, the first surgeon using the open retroperitoneal
approach through the traditional flank incision between X and XI
ribs and the second one the retroperitoneal laparoscopic approach
as fully described previously." Tumor enucleation was attempted
in all cases to preserve renal parenchyma as much as possible. The
laparoscopic surgeon applied the retroperitoneal approach to gain
easier access and view of the renal vascular hilum approaching
the renal artery at the beginning, which reduces bowel mobiliza-
tion. However, if necessary, the peritoneum was widely opened to
achieve complete tumor control. Therefore, the trocar disposition
and camera view in the retroperitoneal approach are preferred over
the transperitoneal one, although the latter is feasible for kidney
masses, especially with low RENAL score."" The same observation
seems likely for the open flank approach, as it leads to easy han-
dling of the whole kidney, peritoneum opening, and anterior tumor
dissection.

Outcomes

Primary Outcome

To assess surgical outcomes, we applied the Pentafecta score, which
consists of the Trifecta score (negative surgical margin, WIT < 25 min-
utes, no postoperative complications') with additional information
on long-term renal function, namely no upstaging to Ill grade or
higher CKD and preservation of eGFR > 90% from baseline to 1 year
follow-up.” Renal function was assessed at baseline and 1 year after
surgery with estimated glomerular filtration rate (eGFR) according to
the modification of diet in renal disease formula. Acute kidney injury
was assessed through risk, injury, failure, loss of kidney function and
end-stage kidney disease (RIFLE) classification.'

Secondary Outcomes

The oncological radicality in laparoscopic and open NSS for com-
plex masses was assessed evaluating PSM and follow-up imag-
ing. Moreover, the safety of both approach was tested through the
30-days postoperative complications, which were ranked according
to the Clavien-Dindo (CD) classification system,’ and considered as
minor up to grade 2.
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Statistical Analysis

Categorical variables were reported using absolute frequency and
percentage. Continuous variables were assessed for normal distri-
bution with the Kolmogorov-Smirnov test and expressed as mean
and SD. Normally distributed variables were compared using inde-
pendent samples t-tests, while the categorical ones with the chi-
square test for the independence of measures. Changes in eGFR from
baseline were also calculated and analyzed using a Wilcoxon test. All
statistical tests were 2-tailed, with P < .05 indicating statistical signifi-
cance. All statistical tests were conducted using SPSS software pack-
age version 26 (IBM SPSS Corp., Armonk, NY, USA).

Results

Two-hundred thirteen patients met the inclusion criteria and were
included in the analysis, 76 patients in the LTE group and 137 in the
OWR group.

Baseline Data of Patients
Patients’ demographics and characteristics are shown in Table 1.
There were no statistically significant differences in preoperative data
between the 2 groups, except for the higher rate of male patients
(P=.03) and T1b tumors in the LTE group (P=.02) and T1a tumors in
the OWR group (P=.005).

Intraoperative Outcomes

Table 2 shows intra and perioperative data. Laparoscopic tumor
enucleation was performed clampless in all patients, while in only
66 (48.2%) cases in the OWR group. Among the 2 groups, opera-
tive time, WIT, 24-h decrease in hemoglobin, PSM, and Trifecta
score were similar. Mean estimated blood loss was higher in the
OWR group than LTE group (329 + 269 vs. 249 + 114 mL, respec-
tively, P=.02), as well as mean length of stay (4.7 + 1.9 vs. 6.1 + 2.3,
P < .001), and renorrhaphy rate (137 (100%) vs. 27 (35.5%) cases,
P <.001).

Postoperative Outcomes

Minor and major complication rates were comparable between the 2
groups (Table 3). In the LTE group, 14 minor complications occurred
(8 CD1 and 6 CD2), whilst 1 patient had an episode of atrial fibrilla-
tion and required admission to the intensive care unit (CD 4a), 1 had
renal pseudoaneurysm treated with super-selective artery emboliza-
tion (CD 3a), and 2 had urinary leak from the collecting system that
required stent positioning (CD 3b). In the OWR group, 25 patients
had minor complications (11 CD1 and 14 CD2), while 2 patients were
treated with super-selective artery embolization for bleeding (CD
3b), 2 had urinary leak from the collecting system with stent position-
ing (CD 3b), and 1 had an acute cardiac ischemic event and required
admission to intensive care unit (CD 4a). In the OWR group, only 1
patient with T2 renal tumor required intraoperative conversion to
radical nephrectomy because of the insufficient remaining healthy
parenchyma.

Mean follow-up was 41 + 22 months in the LTE group and 45 +
24 months in the OWR group. No significant difference was
reported in terms of preservation of eGFR >90% from baseline and
CKD upstaging 1-year after surgery, as shown in Table 4. Finally, the
Pentafecta score did not differ between the 2 groups, with 36/77
(46.7%) patients in the LTE group and 62/81 (43.3%) in the OWR

group.
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Table 1. Descriptive Characteristics of Patients in the LTE and OWR
Groups and P-Value

LTE Group OWR Group
Variables (n=76) (n=137) P
Age, years 64+ 13 64+ 12 73
BMI, kg/m? 269 +3.9 26.1+24 35
Sex .03

Male 48 (63.2) 65 (47.4)

Female 28 (36.8) 72 (52.6)

Charlson comorbidity index N

2-4 31 (40.8) 72 (52.5)

5 or higher 45 (59.2) 65 (41.5)

ASA score

Grade 1 9(11.8) 28 (20.4) 11

Grade 2 50 (65.8) 90 (65.7) .99

Grade 3 17 (22.4) 19(13.9) .06
Tumor side .98

Right 37 (48.9) 67 (48.9)

Left 39(51.1) 70 (51.1)

Tumor largest dimension, mm 47 + 15 47 + 21 92

T stage

Tla 17 (22.4) 58 (42.3) .005

T1b 43 (56.6) 55 (40.2) .02

T2 16 (21.1) 24 (17.5) 53
RENAL score 13

Intermediate (7-9) 69 (90.8) 114 (83.2)

High (10-12) 7(9.2) 23(18.2)
Preoperative eGFR, mL/min 94.1 +34.6 94.5 +33.6 94
Number of patients with
chronic renal failure

Gradelll 22 (29) 44 (32.1) .63

Grade Il 11(14.5) 17 (12.4) .67

Grade IV 1(1.3) 2(1.5) .93

Grade V 1(1.3) 1(0.7) .67

Data are presented as means (SD) and frequencies (proportions).

ASA, American Society of Anaesthesiologists; BMI, body mass index; eGFR, esti-
mated glomerular filtration rate; LTE, laparoscopic tumor enucleation; OWR, open
wedge resection; RENAL, radius exophytic/endophytic nearness anterior/posterior
location.

Discussion

Nephron-sparing surgery is preferred over radical nephrectomy for
renal function preservation whenever feasible, being associated with
a lower cardiovascular risk and mortality rate than radical nephrec-
tomy, particularly in older patients.'® Nephron-sparing surgery has
shown similar oncological efficacy and safety in long-term outcomes
compared to radical nephrectomy with both open' and laparo-
scopic'® techniques. That said, there are currently no clear indications
of which approach is best suitable for NSS.’ The choice between open
and laparoscopic techniques still remains a hot point of debate, and
contradictory findings have showed. Rezaeetalab et al™ reported
similar changes in eGFR after 1 month from surgery and compara-
ble rate of PSM, although higher OT and overall complication rates
were reported in patients treated with a laparoscopic approach.
Conversely, Abdelhafez et al?*® showed, in a prospective study involv-
ing 356 cases that open NSS was associated with a higher compli-
cation rate and longer hospital stay. However, considering only the
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Table 2. Perioperative Data of Patients Related to the LTE and OWR
Groups and P-value

Table 3. Postoperative Complications of Patients Related to the LTE
and OWR Groups and P-Value

LTE Group OWR Group LTE Group OWR Group
Variables (n=76) (n=137) P Complication Treatment (n=76) (n=137) P
Operative time, min 132 +49 144 + 52 A1 Clavien-Dindo 1 8(10.5) 11(8.8) .67
Estimated blood loss, mL 249 + 114 329 + 269 .02 Fever Antipyretics 4(5.2) 7 (5.1)
WIT, minutes 0 7.5 (0-14) 7 Pleural injury No further 2(2.6) 1(0.7)
WIT treatment
No ischemia 76 (100) 66 (48.2) Postoperative No further 2(2.6) 3(2.2)
T < 25 minutes 0(0) 71(51.8) anemia treatment
T> 25 minutes 0(0) 3(22) Clavien-Dindo 2 6(7.8) 14 (10.2) .58
Conversion to radical 23 Pneumonia Antibiotics 1(1.3) 2(1.5)
nephrectomy Postoperative Blood transfusion 3(3.9) 9 (6.6)
Yes 2(26) 1(07) hemorrhage
No 74 (97.4) 136 (99.3) Acute kidney Diuretics 2(2.6) 3(2.2)
Renorrhaphy <001 injury administration
Yes 27 35.5) 137 (100) Clavien-Dindo 3 2(2.6) 4(2.9) 9
No 49 (64.5) 00 E:S:doaneurysm Z:anlf;?z?:?ri\ve e 204
ﬁ:-rlr-:gglro(::ﬁ,r;z(im 1916 18+14 A4 Urinary leak Stentinsertion 1(1.3 2(1.4)
Length of stay, days 47+19 6.1+23 <.001 Clay|er?—|?|nqo 4 _— 1(1.3) 1(0.7) 67
At least 1 postoperative 97 Atrial fibrillation ~ Admission to ICU 1(1.3) 0(0)
complication Myoca_rdial Admission to ICU 0(0) 1(0.7)
Yes 17 (22.1) 31(226) D'nfam'o” i : :
No 45(77.9) 106 (77.4) ICaL}?i?\Zr?srievsee:;ere 3?1itr;elc_l#;Tacs;rézz:oo':?étzrr:gr enucleation; OWR, open wedge
CD classification resection.
CD1 8(10.5) 12(8.8) .67
CD2 6(7.8) 14 (10.2) 58
CD3a or more 3(3.9 5(3.7) 91 Table 4. Pentafecta Outcomes of Patients Related to the LTE and OWR
Positive surgical margin .55 Groups and P-Value
Yes 3(4) 8(5.8) LTE Group OWR Group
No 73 (96) 129 (95.2) Complication (n=76) (n=137) P
Trifecta score 78 WIT > 25 minutes 19
Yes 59 (77.6) 104 (75.9) Yes 0(0) 3(2.1)
No 17 (22.4) 33 (24.1) No 76 (100) 134 (97.9)
1YPO eGFR, mL/min 882+30  87.4+328 .87 At least 1 postoperative 97
Data are presented as means (SD) and frequencies (proportions). complication
*Variables are not normally distributed, which were reported with medians (inter- Yes 17 (22.1) 31(22.7)
quartile ranges). . . ) _ No 45(77.9) 106 (77.3)
Ko ate LT, Iaparoscapie tumot emuclesion; OWR, apen wedge esecton; i, Posiive surgical margin 55
warm ischemia time. Yes 3(4) 8 (5.6)
No 73 (96) 129 (95.4)
patients with higher tumor complexity, no significant difference  Preservation of eGFR >90% at 82
between the 2 techniques occurred. We also found that hospital stay 1YPO
was significantly longer in the OWR group and we argue that this Yes 50(65.8) 88 (64.2)
difference was mainly related to the advantage of laparoscopy asso- No 26 (34.2) 49 (35.8)
ciated with less pain and less cutting of skin and tissue since postop- ~ CKD upstaging at 1YPO 7
erative complication were similar between the 2 groups. Yes 5(7) 11(8)
No 71(93) 126 (92)
A remarkable key for renal function preservation is WIT, particularly Pentafecta score 83
in the case of main renal artery clamping, because a significant rela- Yes 35 (46.1) 61 (44.5)
tionship between prolonged WIT and the development of de novo No 41 (53.9) 76 (55.5)

kidney failure has been demonstrated.”’ Besides, in a recent criti-
cal review, WIT was reported as an independent predictor of renal
functional decline, especially in patients aged <60 years.?? Our study
confirmed that clampless NSS for highly complex renal tumors was

1YPO, 1 year from surgery; CKD, chronic kidney disease; eGFR, estimated glomeru-
lar filtration; LTE, laparoscopic tumor enucleation; OWR, open wedge resection;
WIT, warm ischemia time.

Data are presented as frequencies (proportions).
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always feasible in the LTE group and almost half of the patients in
the OWR group. Therefore, the decision to clamp or not should be
based on the surgeon’s preference. In the OWR group, mean WIT
was low at 7 minutes, with the longest time reaching 20 minutes in
only 3 patients. Nevertheless, the mean WIT required in OWR was
negligible because the decrease of eGFR 1 year after surgery was
low and comparable with the LTE group. Moreover, our findings are
in line with the recent CLOCK trial, which demonstrated a similar
6-month e-GFR between off-clamp and on-clamp (14 minutes) par-
tial nephrectomy.” Therefore, a low WIT during NSS might guarantee
similar preservation of renal function compared to zero ischemia.

Despite the controversies on the positive association between
PSM and cancer survival,? the aim of the complete tumor removal
should always be achieved in NSS. In this context, NSS for T2 tumors
is a debated topic in the literature as it is a demanding procedure.
Shum et al*® showed that, despite a significantly higher PSM rate,
NSS was associated with a better overall survival than radical
nephrectomy. In our study, LTE and OWR groups showed a simi-
lar rate of PSM (4% and 5.8%, respectively). Therefore, these results
are in line with the reported range of a similar study comparing
laparoscopic vs open partial nephrectomy (0%-4% in laparoscopic
and 0%-7% in open surgery).” Yet, a recent review demonstrated
that NSS was associated with better postoperative renal func-
tion preservation, and it was oncologically non-inferior to radical
nephrectomy, with a lower likelihood of all-cause mortality (rela-
tive risk=0.78).”

Concerning postoperative complications, we showed a low rate of
minor complications with no significant difference between the
2 groups. The blood transfusions rate was low at 3.9% and 6.6% in LTE
and OWR groups, respectively. Therefore, this study confirms that the
clampless approach is not a risk factor for significant bleeding. The
major complication rate (CD > 3) was acceptable, with only a 3.9%
rate in the laparoscopic group and 3.5% in the open group.

Nephron-sparing surgery is associated with a greater risk of bleed-
ing in lager and highly complex tumors, which can be life threaten-
ing in some cases. Nowadays, trans-arterial embolization (TAE) is the
preferable option for achieving postoperative hemostasis. Shin et al*®
reported a higher incidence of postoperative TAE in laparoscopic
(5.9%) than in open technique (1.8%). In our study, super-selective
TAE was necessary in 1 case in LTE and 2 in the OWR group. The low
rate of embolization might be another explanation for the optimal
1-year renal function preservation we achieved in our series.

Postoperative urine leakage is another critical complication after NSS,
without evident risk factors other than the surgeon’s lack of experi-
ence.”? Moreover, regarding complex masses, Stroup et al*® reported
a positive relationship between the RENAL score and urine leakage.
In our series, only 3 patients had a urine leak (1 (1.3%) in LTE and 2
(1.4%) in OWR group) that required only a ureteral stent positioning.
Our results demonstrated that a meticulous suturing and adequate
hemostasis of renal parenchyma guarantee NSS safety, reducing
postoperative blood transfusion, and TAE rate. The Trifecta score was
introduced to assess surgical quality, verifying oncological radicality,
the technique safety, and limited WIT.

Zargar et al'? also included 2 parameters on long-term renal func-
tion in addition to Trifecta (Pentafecta) to assess the quality of NSS.
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In our experience, Pentafecta score was achieved in a similar number
of patients in groups. Therefore, our results confirm that keeping WIT
low did not significantly affect renal parenchyma, allowing a good
preservation of kidney function 1 year after surgery similarly to a
clamp less approach.

Our study has some limitations starting with its retrospective nature.
Nevertheless, the study depicts a real-life setting and may reflect
the results in high-volume referral centers. Second, almost half of
the patients had clamped their arteries in open NSS. However, the
decrease in eGFR did not significantly differ between baseline and
1-year follow-up, confirming that a low WIT is safe for renal func-
tion preservation. Finally, all procedures were performed by 2 expe-
rienced surgeons, and less skilled surgeons could achieve different
outcomes.

In conclusion, the open NSS open technique remains a viable option
in NSS, having comparable LOS and postoperative complications
compared to laparoscopy, despite higher blood loss and longer post-
operative stay. Both laparoscopic and open NSS offered satisfactory
functional and oncological outcomes for renal tumors with a RENAL
nephrometic score >7.

Ethics Committee Approval: N/A.

Informed Consent: Written informed consent was obtained from all participants
who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — C.G., D.C,; Design - V.F.,, A.B.G.; Supervision -
M.D.B., A.B.G.; Resources — None; Materials — C.G., D.C.; Data Collection and/or
Processing - C.G.; Analysis and/or Interpretation - M.D.B.; Literature Search - D.C;
Writing Manuscript - C.G.; Critical Review - V.F., A.B.G.

Declaration of Interests: The authors declare that they have no competing
interest.

Funding: The authors declare that this study had received no financial support.

References

1. Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European Association of
Urology guidelines on renal cell carcinoma: the 2022 update. Eur Urol.
2022;82(4):399-410. [CrossRef]

2. Daza J, Okhawere KE, Ige O, et al. The role of RENAL score in predicting
complications after robotic partial nephrectomy. Minerva Urol Nephrol.
2022;74(1):57-62.

3. Veccia A, Antonelli A, Uzzo RG, et al. Predictive value of nephrometry
scores in nephron-sparing surgery: a systematic review and meta-anal-
ysis. Eur Urol Focus. 2020;6(3):490-504. [CrossRef]

4. Kutikov A, Uzzo RG. The R.E.N.A.L. Nephrometry score: a comprehensive
standardized system for quantitating renal tumor size, location and
depth. J Urol. 2009;182(3):844-853. [CrossRef]

5. Zhang Y, Wang Q, Liu A, et al. Erythropoietin derived peptide improved
endoplasmic reticulum stress and ischemia-reperfusion related cellular
and renal injury. Front Med (Lausanne). 2020;7:5.

6. Thompson RH, Lane BR, Lohse CM, et al. Every minute counts when the
renal hilum is clamped during partial nephrectomy. Eur Urol.
2010;58(3):340-345. [CrossRef]

7. Simmons MN, Schreiber MJ, Gill IS. Surgical renal ischemia: a contempo-
rary overview. J Urol. 2008;180(1):19-30. [CrossRef]


https://doi.org/10.1016/j.eururo.2022.03.006
https://doi.org/10.1016/j.euf.2019.11.004
https://doi.org/10.1016/j.juro.2009.05.035
https://doi.org/10.1016/j.eururo.2010.05.047
https://doi.org/10.1016/j.juro.2008.03.022

Giulioni et al. Two Approaches for Complex Renal Mass Resection

Zhou L, Wei X, Sun WJ, et al. Selective versus hilar clamping during mini-
mally invasive partial nephrectomy: a systematic review and meta-anal-
ysis. J Endourol. 2015;29(8):855-863. [CrossRef]

You C, Du Y, Wang H, et al. Laparoscopic versus open partial nephrec-
tomy: a systemic review and meta-analysis of surgical, oncological, and
functional outcomes. Front Oncol. 2020;10:583979. [CrossRef]

Giulioni C, Scarcella S, Di Biase M, et al. The role of intraoperative ultra-
sonography associated with clampless technique in three-dimensional
retroperitoneoscopic laparoscopic enucleation of completely endo-
phytic renal tumors. J Laparoendosc Adv Surg Tech A. 2022;32(9):987-991.
[CrossRef]

Dell’Atti L, Scarcella S, Manno S, Polito M, Galosi AB. Approach for renal
tumors with low nephrometry score through unclamped sutureless
laparoscopic enucleation technique: functional and oncologic out-
comes. Clin Genitourin Cancer. 2018;16(6):e1251-e1256. [CrossRef]
Hung AJ, Cai J, Simmons MN, Gill IS. "Trifecta" in partial nephrectomy.
J Urol. 2013;189(1):36-42. [CrossRef]

Zargar H, Allaf ME, Bhayani S, et al. Trifecta and optimal perioperative
outcomes of robotic and laparoscopic partial nephrectomy in surgical
treatment of small renal masses: a multi-institutional study. BJU Int.
2015;116(3):407-414. [CrossRef]

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality
Initiative workgroup. Palevsky P and the ADQI workgroup. Acute renal
failure— definition, outcome measures, animal models, fluid therapy and
information technology needs. Crit Care. 2004;8(4):R204-R212. [CrossRef]
Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classifica-
tion of surgical complications: five-year experience. Ann Surg.
2009;250(2):187-196. [CrossRef]

Streja E, Kalantar-Zadeh K, Molnar MZ, Landman J, Arah OA, Kovesdy CP.
Radical versus partial nephrectomy, chronic kidney disease progression
and mortality in US veterans. Nephrol Dial Transplant. 2018;33(1):95-101.
[CrossRef]

Kunath F, Schmidt S, Krabbe LM, et al. Partial nephrectomy versus radical
nephrectomy for clinical localised renal masses. Cochrane Database Syst
Rev. 2017;5(5):CD012045. [CrossRef]

Yang C, Wang Z, Huang S, Xue L, Fu D, Chong T. Retroperitoneal laparo-
scopic partial nephrectomy versus radical nephrectomy for clinical T1
renal hilar tumor: comparison of perioperative characteristics and short-
term functional and oncologic outcomes. J Laparoendosc Adv Surg Tech
A. 2018;28(10):1183-1187. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Urology Research and Practice 2023;49(3):178-183

Rezaeetalab GH, Karami H, Dadkhah F, Simforoosh N, Shakhssalim N.
Laparoscopic versus open partial nephrectomy for Stage T1a of renal
tumors. Urol J. 2016;13(6):2903-2907.

Abdelhafez M, Bastian A, Rausch S, Stenzl A, Bedke J, Kruck S. Lapa-
roscopic versus Open Partial nephrectomy: comparison of Overall
and Subgroup Outcomes. Anticancer Res. 2017;37(1):261-265.
[CrossRef]

Long JA, Yakoubi R, Lee B, et al. Robotic versus laparoscopic partial
nephrectomy for complex tumors: comparison of perioperative out-
comes. Eur Urol. 2012;61(6):1257-1262. [CrossRef]

Di Lascio G, Sciarra A, Del Giudice F, et al. Which factors can influence
post-operative renal function preservation after nephron-sparing sur-
gery for kidney cancer: a critical review. Cent Eur J Urol. 2022;75(1):14-27.
[CrossRef]

Antonelli A, Cindolo L, Sandri M, et al. Is off-clamp robot-assisted partial
nephrectomy beneficial for renal function? Data from the CLOCK trial.
BJU Int. 2022;129(2):217-224. [CrossRef]

Bansal RK, Tanguay S, Finelli A, et al. Positive surgical margins during
partial nephrectomy for renal cell carcinoma: results from Canadian Kid-
ney Cancer information system (CKCis) collaborative. Can Urol Assoc J.
2017;11(6):182-187. [CrossRef]

Shum CF, Bahler CD, Sundaram CP. Matched comparison between partial
nephrectomy and radical nephrectomy for T2 NO MO tumors, a study
based on the national cancer database. J Endourol. 2017;31(8):800-805.
[CrossRef]

Marszalek M, Carini M, Chlosta P, et al. Positive surgical margins after
nephron-sparing surgery. Eur Urol. 2012;61(4):757-763. [CrossRef]

Li J, Zhang Y, Teng Z, Han Z. Partial nephrectomy versus radical nephrec-
tomy for cT2 or greater renal tumors: a systematic review and meta-
analysis. Minerva Urol Nefrol. 2019;71(5):435-444. [CrossRef]

Shin J, Han K, Kwon JH, et al. Clinical results of transarterial embolization
to control postoperative vascular complications after partial nephrec-
tomy. J Urol. 2019;201(4):702-708. [CrossRef]

Erlich T, Abu-Ghanem Y, Ramon J, Mor Y, Rosenzweig B, Dotan Z. Post-
operative urinary leakage following partial nephrectomy for renal mass:
risk factors and a proposed algorithm for the diagnosis and manage-
ment. Scand J Surg. 2017;106(2):139-144. [CrossRef]

Stroup SP, Palazzi K, Kopp RP, et al. RENAL nephrometry score is associ-
ated with operative approach for partial nephrectomy and urine leak.
Urology. 2012;80(1):151-156. [CrossRef]

183


https://doi.org/10.1089/end.2014.0878
https://doi.org/10.3389/fonc.2020.583979
https://doi.org/10.1089/lap.2022.0033
https://doi.org/10.1016/j.clgc.2018.07.020
https://doi.org/10.1016/j.juro.2012.09.042
https://doi.org/10.1111/bju.12933
https://doi.org/10.1186/cc2872
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1093/ndt/gfw358
https://doi.org/10.1002/14651858.CD012045.pub2
https://doi.org/10.1089/lap.2018.0064
https://doi.org/10.21873/anticanres.11316
https://doi.org/10.1016/j.eururo.2012.03.012
https://doi.org/10.5173/ceju.2021.0256
https://doi.org/10.1111/bju.15503
https://doi.org/10.5489/cuaj.4264
https://doi.org/10.1089/end.2017.0190
https://doi.org/10.1016/j.eururo.2011.11.028
https://doi.org/10.23736/S0393-2249.19.03470-2
https://doi.org/10.1016/j.juro.2018.10.022
https://doi.org/10.1177/1457496916659225
https://doi.org/10.1016/j.urology.2012.04.026

