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Introduction

Despite broader acceptance of active surveillance
and ablative approaches, surgical excision remains
the standard of care for locally confined renal cell
carcinoma (RCC). Historically, radical nephrec-
tomy (RN) has been utilized to treat locally
confined RCC, regardless of tumor size and com-
plexity. RN remains overutilized for RCC ame-
nable to partial nephrectomy (PN) despite
contemporary studies demonstrating equivocal
oncologic outcomes between PN and RN for T1
RCC. Comparable oncologic outcomes coupled
with contemporary studies correlating RN with
increased cardiovascular morbidity, development
of chronic kidney disease (CKD), and inferior
overall survival have led to more widespread
acceptance of nephron-sparing surgery (NSS). To
this end, the 2009 American Urologic Association
and 2010 European Association of Urology
guidelines recommend PN for T1 RCC when
technically feasible especially when there is a
need to preserve renal function [1, 2].
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PN however remains a challenging endeavor
requiring complete tumor resection with a nega-
tive margin and maximal preservation of func-
tioning renal parenchyma. The chief advantages
of PN compared to RN include avoiding the over-
treatment of benign renal masses without com-
promising oncologic efficacy in malignant tumors
and preserving renal function to minimize post-
operative CKD, morbidity, and mortality. This
chapter will provide a detailed discussion of the
rationale for PN as well as its current indications.
The importance of minimizing renal ischemia
and other predictors of postoperative CKD will
be discussed. The techniques of open PN will be
described as will perioperative management.
Minimally invasive approaches, ablative thera-
pies, and active surveillance will be discussed in
other chapters.

Historical Perspective

In 1887 Vincenz Czerny (1842-1915) per-
formed the first planned PN for a renal tumor
(angiosarcoma) over 15 years after Gustav
Simon (1824-1876), his predecessor at
Heidelberg, Germany, performed both the first
planned nephrectomy and PN for nonmalignant
renal pathology [3]. Initial interest in PN, how-
ever, weaned due to concerns about complica-
tions including intraoperative hemorrhage,
delayed bleeding, and urinary fistulae [4]. The
observation that a patient could survive with
one functioning kidney after nephrectomy also
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diminished early interest in NSS [3]. In the early
twentieth century, nephrectomy was considered
a standard therapy for malignant renal tumors
due to the technical challenges associated with
advanced clinical stage at presentation and con-
cerns about perinephric tumor extension,
although PN was occasionally employed in the
treatment of benign conditions such as cysts,
infarcts, caruncles, calculi, or localized hydro-
nephrosis [3]. In the late twentieth century, the
necessity of radical Halstedian resections for
renal cancer was questioned by pathologic stud-
ies demonstrating the non-invading, expansile
local growth of renal tumors [3] as well as stud-
ies reporting a low rate of metastasis from small
renal tumors [5]. In 1950 Vermooten notably
questioned the necessity of RN in all cases of
RCC, even in the presence of a functioning con-
tralateral kidney, and established the basis for
the modern approach of NSS for RCC [6]. For
the next several decades, however, PN was
rarely performed even in patients with solitary
kidneys, renal dysfunction, or bilateral tumors
[7]. As researched by Herr, surgical textbooks
written between 1937 and 1970 do not mention
PN for renal cancer [3]. Surgical advancements
in the 1960s and 1970s, more specifically renal
hypothermia and resection techniques based on
segmental blood supply which permitted resec-
tion and reconstruction in a bloodless field, as
well as published favorable local recurrence
rates (4—10 %) and survival rates comparable to
RN in patients with solitary kidneys and bilat-
eral tumors perked interest in the widespread
use of PN in RCC [3, 8].

In the late 1970s and 1980s, progressive
urologists increasingly questioned the rationale
of removing an entire kidney for a small renal
mass leading to the modern era of routine elec-
tive PN. As mentioned previously, the concept
was not novel. However, advancements in tech-
nique and anatomical knowledge, promising
local recurrence rates and survival outcomes in
preliminary studies of essential PN, and a down-
ward stage migration resulting from more fre-
quent axial imaging provided the foundation for
the preliminary experiences of elective PN for
RCC patients with normal contralateral renal
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function. As often true of any dramatic para-
digm shift, the change was not immediate or
unanimous. Opponents raised concerns over
inadequate excision of the primary tumor and
possible occult tumor in the renal remnant.
Licht and Novick in 1993 published their short-
term experience of 241 PNs in patients with a
normal contralateral kidney. They reported a
<1 % local recurrence rate and 95 % survival
rate [9]. Subsequent publications with longer
follow-up validated these results and solidified
the role of PN in the treatment of small renal
masses with a normal contralateral kidney [10,
11]. With continued technical advancements
including intraoperative ultrasound and more
effective hemostatic agents, urologists have
recently expanded indications for NSS to
include larger tumor size, multiple tumors in a
single operation, and complex locations such as
hilar, endophytic, and centrally located lesions.
Recently, the role of NSS has been further
solidified by the observation that RN compared
to PN is associated with an increased risk of
CKD and non-cancer-related morbidity and
mortality [12, 13]. Currently, urologists are
focused on techniques to minimize ischemic
injury and also lessen surgical morbidity by
minimally invasive approaches.

Epidemiology of Small Renal Masses

Kidney cancer is the 13th most common malig-
nancy worldwide with 270,000 new cases in 2008
[14]. In the United States, there will be an esti-
mated 64,770 new cases and 13,570 deaths from
renal tumors (including RCC and urothelial renal
pelvis tumors) in 2012 [15]. For cases with patho-
logic confirmation in the US Surveillance
Epidemiology, and End Results (SEER) data-
base, over 90 % of “renal tumors” were RCC,
while the majority of the remaining tumors were
urothelial tumors of the renal pelvis [16]. For
malignant renal tumors, the clear cell (conven-
tional) type constitutes approximately 70 % of
cases with papillary, chromophobe, renal medul-
lary, and collecting duct comprising the remain-
ing cases [17]. Established risk factors for RCC
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include increasing age [16, 18], male sex [14],
geographic location (higher in the USA and
Europe) [19], race (lower in Asian/Pacific descen-
dent in the USA) [16, 18], smoking [20], obesity
[21-23], and hypertension [21].

Total kidney cancer incidence increased for an
approximately 20-year period from the 1970s to
the 1990s, but has plateaued or declined recently
in many countries worldwide [19, 24]. In the
United States, where histologic information is
available unlike many other cancer registries, the
rates of renal pelvis urothelial tumors have
declined, while RCC rates have continued to rise
among all age classifications, tumor sizes, and
racial groups [18]. The increased incidence of
RCC has been attributed to the incidental diagno-
sis of small, asymptomatic renal masses due to
more frequent wusage of axial imaging.
Contemporary studies support this observation.
A study from the US National Cancer Data Base
between 1993 and 2004 showed a significant
increase in Stage I RCC with a corresponding
decrease in Stage II-IV RCC [25]. Further, the
mean size of Stage I RCC decreased from 4.1 in
1993 to 3.6 cm in 2003 with a particular increase
in incidence of tumors <3 cm [25, 26]. Stage
migration may account for the recent plateauing
of RCC mortality rates in Europe [24] and the
USA [16, 18]. However, other factors are likely
also contributing to this trend as the survival of
RCC patients with more advanced disease has
improved recently as well. Possible explanations
include early detection of all stages through inci-
dental diagnosis and recent therapeutic advance-
ments including targeted therapy [16, 18].

There is a distinct relationship between tumor
size and risk of malignancy. Smaller lesions are
more likely to be benign tumors such as oncocy-
toma, angiomyolipoma, papillary adenoma, and
metanephric adenoma. In the Mayo Clinic expe-
rience, 6.3 % of tumors greater than 7 cm were
benign compared to 46.3 % of tumors less than
1 cm [27]. Further larger tumor size is associated
with an increased risk of high-grade compared
to low-grade RCC and clear cell compared to
papillary RCC [27]. For renal masses less than
4 cm treated surgically, upstaging to T3 and
advanced grade was both associated with increas-
ing tumor size, especially for tumor greater than
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3 cm [28, 29]. The relationship between tumor
size and risk of metastasis at presentation has
been established. Patients with tumor 1 c¢cm or
less, 1.1-2 c¢cm, 2.1-3 cm, and 3.1-4 c¢cm had
prevalence of metastasis at diagnosis of 1.4 %,
2.5%,4.7 %, and 7.4 %, respectively, in a recent
SEER study[30]. The most rapid increase in both
the prevalence of metastases at diagnosis and
disease-specific death occurred for tumor sizes
between 4 and 12 cm [30]. A similar pattern to
the increased risk of metastasis at presentation
with tumors >3 cm is evident in the probability
of de novo asynchronous metastatic RCC in
postsurgical treated patients [31].

Oncologic Efficacy of Partial
Nephrectomy

Traditionally, RN has been the treatment of
choice for renal cortical tumors. PN was per-
formed only in “essential” cases such as patients
with solitary kidneys, bilateral renal tumors, or
severe chronic renal insufficiency in order to
avoid dialysis dependence. Consistent with trends
across other surgical disciplines favoring organ
preservation, the American Urologic Association
[1] and European Association of Urology [2]
have recommended PN as a treatment for T1
(<7 cm) RCC in patients with two functioning
kidneys. The rationale driving this paradigm shift
was multifactorial including concerns over the
relationship between CKD- and non-RCC-related
mortality and a downward stage migration in
RCC resulting in an increased detection of renal
cortical tumor amenable to PN. Since the goal of
any oncologic procedure is local cancer control,
the aforementioned factors would be irrelevant if
PN was inferior to RN in oncologic outcomes.
There is significant selection bias in early ret-
rospective studies comparing the oncologic
efficacy of PN versus RN as many of the PNs
were performed in “essential” cases. A group
from Mayo Clinic reported a case-control study
comparing PN to RN in elective cases with uni-
lateral RCC with a normal contralateral kidney.
Each group contained 164 patients and was
matched for tumor size, pathologic stage
(97 % T1), grade, age, sex, and year of surgery.
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Table 13.1 TNM staging of renal cancer [109]

T1: Tumor <7 cm in greatest dimension, confined to kidney
T1la: Tumor <4 cm, confined to kidney

T1b: Tumor between 4-7 cm, confined to kidney

T2: Tumor >7 cm in greatest diameter, confined to kidney
T2: Tumor >7 cm in greatest diameter, confined to kidney
T2a: Tumor >7 cm but< 10 cm, confined to kidney

T2b: Tumor >10 cm, confined to kidney
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T3: Tumor extends into major veins or perinephric tissues but not into ipsilateral adrenal gland or beyond Gerota fascia

T3a: Tumor grossly extends into the renal vein or its segmental branches, or tumor invades perirenal and/or renal sinus fat

T3b: Tumor grossly extends into the vena cava below the diaphragm

T3c: Tumor grossly extends into the vena cava above the diaphragm or invades the wall of the vena cava

T4 : Tumor invades beyond Gerota fascia (including contiguous extension into the ipsilateral adrenal gland)

N: Regional lymph nodes

NX: Regional lymph nodes cannot be assessed
NO: No lymph node metastasis

N1: Metastasis in regional lymph nodes

M: Distant metastases

MX: Metastases cannot be assessed

MO: No distant metastases

M1: Distant metastases

There was no difference in oncologic outcomes
as 10-year cancer-specific survival (96 % RN vs.
98 % PN) and metastasis-free survival (95 % RN
vs. 98 % PN) were similar between the two
groups. There was no difference in 10-year over-
all survival as well (74 % RN vs. 73 % PN) [32].

The EORTC Intergroup (EORTC 30904) con-
ducted a non-inferiority Phase III trial comparing
PN and RN for <5 c¢m solitary tumors suspicious
for RCC in patients with normal contralateral
kidneys. Prior to discussing the results, the
study’s shortcomings should be addressed.
Foremost, the analysis was underpowered due to
poor accrual (541 patients enrolled with 1,300
patients required) and there was a >10 % cross-
over rate following randomization. Also, the
small number of total deaths (117) and cancer-
related deaths [12] limited meaningful compara-
tive statistics relating to survival. In the intent to
treat analysis, unexpectedly, RN had superior
overall survival compared to the PN (81.1 % vs.
75.7 %, p=0.03). In secondary analysis of RCC
patients only, and clinically and pathologically
eligible patients, the trend in overall survival was
no longer statistically significant. The estimated
risk of RCC-related death and 10-year progres-
sion rates (3.3 % after RN and 4.1 % after PN,
p=0.48) were similar between the two groups.

Since only 3 % of the PN patients died from
RCC, this study supports the oncologic efficacy
of NSS for T1 disease [33].

The remainder of this section will detail perti-
nent literature relating to the oncologic efficacy
of PN compared to RN based on primary tumor
stage (Table 13.1). Table 13.2 summarizes many
of the studies reporting oncologic outcomes in
T1 RCC.

T1a Tumors

A competing-risk population-based SEER analy-
sis comparing oncologic outcomes after PN
(n=1,622) versus RN (n=5,658) for T1aNOMO
was recently published. There was no difference
in the 5-year cancer-specific mortality rate after
adjusting for other cause mortality (1.8 % for PN
vs. 2.5 % for RN, p=0.5) [34]. An international
multi-institutional retrospective analysis of Tla
also showed no difference in the rate of cancer-
specific deaths (2.2 % vs. 2.6 %, p=0.8) or local
recurrence (0.8 % vs. 0.6 %, p=0.6) after PN
(n=314) compared to RN (n=499) [35]. Single-
institution studies have published comparable
5-year disease-specific survival (95-96.1 %) and
local recurrence rates (0-0.9 %) [36, 37].
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Table 13.2 Oncologic outcomes of open PN for T1 TCC (NR - not reported) [34-37, 39-41, 110]

Study # of patients
Tla Crepel et al. 1,622
Patard et al. 314
Antonelli et al. 176
Lee at al. 79
T1b Crepel et al. 275
Patard et al. 65
Weight et al. 212
Antonelli et al. 52
Joniau et al. 67
Pahernik et al. 102

Follow-up Local Five-year disease-
(months) recurrence specific survival
24 NR 98.2 %

51 0.8 % 97.8 %

59 0.6 % 96.1 %

40 0 95.0 %

40 NR 93.8 %

51 3.6 % 97.8 %

49 NR 93.0 %

54 1.9 % 99.0 %

40 4% 95.8 %

56 1.7 %

Table 13.3 Oncologic outcomes of open PN for > T1 RCC [42, 43, 111]

Number of patients

Disease-specific

Study per pathologic stage % elective Follow-up (months) Local recurrence survival
Margulis et al. T2 -8 27 % 62 0 % 78 %
T3a-22
T3b-4
Breau et al. T2-32 42 % 38 6 % 83 %
T3a-28
T3b-9
Karellas etal. T2 -34 86 % 17 NR 89 %
T3a-0
T3b-0
T1b Tumors influence on survival in multivariable analysis

A recent SEER population-based analysis of
T1bNOMO RCC compared matched PN (n=275)
and RN (n=1,100) groups. In regression models
controlling for age, tumor size, and year of surgery,
there was no difference in 5-year cancer-specific
survival between PN and RN (91.4 % vs. 95.3 %,
p=0.2). Competing-risk regression analysis also
failed to demonstrate a difference in cancer-specific
mortality [34]. A bi-institutional Mayo Clinic and
Memorial Sloan Kettering study compared out-
comes between RN (n=286) and PN (n=873) for
T1b tumors. Type of surgery was not a significant
factor in multivariate modeling of death from RCC
(hazard ratio for RN vs. PN: 1.97, p=0.079) [38].
A retrospective study from seven international
centers had similar findings. In this study, the RN
(n=576) and PN (n=65) groups had similar rates
of cancer-specific death (9 % vs. 6.2 %, p=0.6,
respectively) and local recurrence (2.3 % vs. 3.6 %,
p=0.5, respectively). Type of surgery had no

(p=0.8) [35]. Single-institution retrospective stud-
ies have published comparable local recurrence of
1.7-4.0 % and 5-year cancer-specific survival rates
of 93.0-99.0 % [36, 39-41].

>T1 Tumors

Although not widely considered standard of care,
PN plays a vital role in treating certain patients
with >T1 RCC, such as those who would be
rendered dialysis dependent after RN. The
European Association of Urology recommends
NSS for T2 RCC in “selected patients in experi-
enced centers [2].” In general, the available litera-
ture relies on pathologically diagnosed T2-3b
and may not be unequivocally applicable to
patients with clinically evident T2-3b disease
prior to PN. The data from several studies report-
ing the oncologic outcomes of PN for T2-T3b
RCC are reported in Table 13.3. A study from



216

MD Anderson Cancer Center compared the onco-
logic efficacy of RN (n=567) to PN (n=34) for
locally advanced RCC. The RN group had larger
tumors with more advanced pathologic stage. To
control for the more advanced features in the RN
group, multivariable Cox modeling was per-
formed. In this analysis which included stage,
grade, size, histology, and procedure type, PN
versus RN was not an independent indicator of
disease recurrence or RCC-specific mortality
[42]. Breau et al. published a study comparing
outcomes between RN (#=207) and PN (n=69)
in populations matched for stage, tumor size,
baseline renal function, age, and gender. There
was no difference in the risk of cancer-specific
survival (HR 0.80, p=0.5) or overall survival
(HR 1.11, p=0.6) between the two groups [43].
The preceding data supports a role for PN in
select cases of advanced RCC. Unlike T1 RCC,
however, the oncologic efficacy of PN remains
uncertain due to the inherent selection biases in
the aforementioned studies. In general, PN should
be utilized in locally advanced RCC only in cases
that are favorable for NSS and/or in patients where
RN would result in hemodialysis dependence.

Preserving Renal Function: The
Rationale Behind PN

The relative risks and benefits of localized RCC
treatment options extend beyond simply periop-
erative morbidity and cancer-specific outcomes.
Understanding the influence of RN versus PN on
postoperative CKD is central to this discussion as
advanced stages of CKD have been associated
with increased mortality and morbidity [44].
Table 13.4 defines the stages of CKD per National
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Kidney Foundation Disease Outcomes Quality
Initiative CKD classification. The renal trans-
plantation literature has been frequently cited as
evidence to support the use of RN in patients with
normal contralateral renal function as kidney
donors have similar risks of hypertension, renal
dysfunction, and death compared to matched
populations [45-47]. The donor nephrectomy
and RCC populations are considerably different,
however, as kidney donors tend to be young and
lack medical comorbidities. On the contrary to
kidney donors, 26 % of patients with a renal mass
and a normal contralateral kidney have preopera-
tive Stage III-V CKD [12], while over 50 % of
patients with a renal mass in a solitary kidney
have preexisting Stage III-V CKD [48, 49].
Pathologic studies of nonneoplastic parenchymal
tissue in nephrectomy specimens also show fre-
quent changes associated with underlying comor-
bidities. In a study of 110 specimens, only 38 %
had normal renal parenchyma, of which a major-
ity exhibited pathologically evident vascular dis-
ease [50]. A greater decrement in renal function
6 months after surgery was demonstrated in
patients with substantial pathologic abnormali-
ties compared to those with normal renal paren-
chyma [50]. The prevalence of preoperative CKD
in RCC patients combined with the frequency of
histologically evident renal parenchymal and
vascular abnormalities in nonneoplastic tissue at
the time of nephrectomy indicates a potential for
significant post-nephrectomy renal impairment.
In 2004 Go et al. published their landmark
paper demonstrating a graded association between
the degree of CKD and the risk of cardiovascular
events, hospitalization, and death [44]. This study
included 1,120,295 adult patients in the Kaiser
Permanente Renal Registry with a follow-up

Table 13.4 National kidney foundation disease outcomes quality initiative CKD

classification [112]

Stage Description GFR (mL/min/1.73 m?)
I Kidney damage with normal or 1 GFR 290

1II Kidney damage with mild | GFR 60-89

il Moderate | GFR 30-59

v Severe | GFR 15-29

v Kidney failure

< 15 (or dialysis)
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interval of 2.84 years. GFR was estimated using
the Modification of Diet Renal Disease (MDRD)
equation. Multivariable analysis controlling for
demographics and comorbidities was performed
to elucidate the relationship between CKD stage
and adverse patient outcomes. A GFR >60 mL/
min/1.73 m? was used as the reference. As GFR
decreased, the risk of death increased: hazard
ratio (HR)=1.2 for GFR 45-59 mL/min/1.73 m?2,
HR=1.8 for GFR 3044 mL/min/1.73 m?2,
HR=3.2 for GFR 15-29 mL/min/1.73 m?, and
HR=5.9 for GFR <15 mL/min/1.73 m? The
adjusted hazard ratios for cardiovascular events
and hospitalization also increased inversely with
respect to GFR [44]. A study of 15,837 randomly
selected patients from the Third National Health
and Nutrition Examination Survey confirms the
association between CKD and cardiovascular
health. After adjustment in multivariable analysis,
the presence of increasing numbers of cardiovas-
cular risk factors was associated with a GFR
<60 mL/min/1.73 m? (odds ratio for 0, 1, and 2 risk
factors=1, 3.7, 10.4, respectively, p<0.001) [51].

In the early 2000s, investigators from both
Memorial Sloan Kettering and Mayo Clinic
reported a higher rate of renal failure (defined as
serum creatinine >2.0 mg/dL) after RN compared
to PN [32, 52]. More recently, Huang et al. pub-
lished a retrospective cohort study from Memorial
Sloan Kettering using the MDRD equation to
estimate GFR in 662 patients with a single <4 cm
renal tumor and normal contralateral renal func-
tion. RN compared to PN was associated with a
lower 3-year postoperative probability of free-
dom from both GFR <60 mL/min/1.73 m? (35 %
vs. 80 %, p<0.0001) and GFR <45 mL/
min/1.73 m? (64 % vs. 95 %, p<0.0001). RN was
an independent risk factor for the development of
both GFR <60 mL/min/1.73 m? (ratio=3.82,
p<0.0001) and GFR <45 mL/min/1.73 m? (haz-
ard ratio=11.8, p<0.0001) [12].

Recently, several investigators have addressed
whether enhanced renal preservation via NSS
translates into improved overall survival and
decreased risk of cardiovascular events compared
to RN. Huang et al. performed an analysis
of SEER-Medicare consisting of 2,547 RN
patients and 556 PN patients with Tla RCC.
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On multivariable analysis, RN was independently
associated with an increased risk of cardiovascu-
lar events (hazard ratio= 1.4, p <0.05) and overall
mortality (hazard ratio=1.38, p<0.001). There
was no association between RN and cardiovascu-
lar death or time to first cardiovascular event
[13]. In a study from Mayo Clinic of <4 cm renal
tumors, RN compared to PN was not associated
with worse overall survival when analyzing the
entire cohort. In patients <65 years, however, RN
was associated with an increased risk of overall
mortality (relative risk=2.16, p=0.02) after
adjusting for several factors including comorbidi-
ties, preoperative creatinine, and year of surgery
[53]. The trend toward improved overall survival
with PN compared to RN has been studied in T1b
renal tumors as well. Weight et al. reported a ret-
rospective study of 212 PN and 298 RN patients
with preoperative GFR >60 mL/min/1.73 m? and
a normal contralateral kidney. New onset CKD
was defined as postoperative GFR <60 mL/
min/1.73 m?. RN increased the odds of new onset
CKD (odds ratio=3.4, p<0.001) when control-
ling for gender, age, comorbidities, and preopera-
tive renal function. Cancer-specific survival was
equivalent between the two groups when adjusted
for stage and grade. Multivariable models indi-
cated that PN (hazard ratio=0.47, p=0.03) and
graded stratification of postoperative renal func-
tion (p=0.003) independently predicted overall
survival when controlling for pathologic stage,
age, and comorbidities [39].

Although the preceding evidence suggests that
relative renal preservation by PN is associated
with improved overall survival, several questions
remain. Foremost, EORTC 30904 failed to show
a survival benefit with PN [33]. The limitations
of this study are discussed in detail in the previ-
ous section. In brief, the small number of overall
deaths and lack of reported renal function out-
comes clouds the interpretation of the results
relating to the effects of renal function on overall
survival. Also, future studies will be required to
elucidate the relative contributions of “surgically
induced” renal failure and the continued effects
of medical renal disease in postoperative patients.
When planning surgery in RCC patients, urolo-
gists must consider the effects of surgical
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approach (RN vs. PN) on both oncologic control
and renal function given the deleterious effects of
CKD on postoperative morbidity and mortality.

Underutilization of PN

Despite equivalent oncologic outcomes and the
potential benefits of minimizing postoperative
CKD risk, PN remains underutilized. Data from
the Nationwide Inpatient Sample compiled from
2003 to 2008 demonstrates that RN consisted of
79.3 % of renal surgeries, while PN comprised
the remaining 20.7 % [54]. There was a trend
toward increasing PN use over the study interval
(p<0.001) [54], and also the overall percentage
of PN increased from a previous Nationwide
Inpatient Sample study from 1988 to 2002 [55].
The Nationwide Inpatient Sample does not
include information on tumor size, location, or
histology. Given the downward stage migration
of RCC, however, one would assume that a
greater portion of detected renal masses would be
amenable to NSS than the 20.7 % frequency of
PN reported in the most recent Nationwide
Inpatient Sample data. Although not the only cri-
teria impacting PN feasibility, tumor size is an
important determinant in tumor complexity and
is available in the SEER database. Dulabon et al.
reported the use of PN in 18,330 patients from
the SEER registry with <4 cm renal tumors from
1999 to 2006. Six thousand four hundred and
sixty (35 %) patients underwent PN and the ratio
of PN to RN increased every year (p <0.001) with
PN comprising 45 % of renal surgeries in 2006.
Additional analysis demonstrated noteworthy
disparities in PN utilization with women, elderly,
rural, earlier year of surgery, and larger tumor
size all having statistically significant adverse
effect in predicting PN [56].

Compared to population-based studies, ter-
tiary care centers perform a higher percentage of
PNs for T1 renal tumors. In a study of six
European centers from 2004 to 2007, PN com-
prised 86.3 % of renal surgeries for <2 cm tumors,
69.3 % of renal surgeries for 2.1-4 ¢cm tumors,
and 35.3 % of renal surgeries for 4.1-7 cm tumors
[57]. Investigators from Memorial Sloan Kettering
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report a similar trend with an increasing usage of
PN from 2000 to 2007. In 2007, the frequency of
PN was 89 % for tumors <4 cm and 60 % for
tumors 4.1-7 cm [58]. Future endeavors aimed at
understanding the underlying rationale for PN
underutilization and addressing these issues are
paramount for widespread acceptance of PN
throughout the urologic community.

Objective Analysis of Tumor
Complexity

In the 2009 AUA small renal mass guideline, it
was stated that for clinical T1 renal masses,
“nephron sparing approaches should be used
whenever feasible”[1]. Partial nephrectomy fea-
sibility was not defined. Differences in opinion
between surgeons regarding the feasibility of par-
tial nephrectomy may contribute to the variability
in the use of partial nephrectomy described above.
An important characteristic that determines
whether or not partial nephrectomy is feasible is
the technical complexity of the tumor [59].
Traditionally, tumors were described with non-
standardized, subjective terms such as central,
hilar, deep, superficial, exophytic, or endophytic.
This descriptive approach was not quantifiable
for research or comparative studies, making it
impossible to compare series, techniques, or sur-
geons with rigor. Inability to quantify tumor
complexity may contribute to lack of uniformity
in the assessment of partial nephrectomy feasibil-
ity and, consequentially, may lead to variability
in care of the small renal mass.

Starting in 2009, three systems were intro-
duced that aimed to quantify the anatomical char-
acteristics of renal masses in a reproducible way
with meaningful clinical correlation: the RENAL
nephrometry score, the Centrality index (C
index), and the PADUA classification [60-62].
The RENAL nephrometry scoring system was
described by Uzzo in 2009 (Table 13.5) [60].
Points are assigned to four morphometric tumor
variables: diameter, exophytic versus endophytic
properties, proximity to collecting system or
renal sinus, and the tumor’s location relative to
the polar lines and axial midline (Fig. 13.1).



13 Open Partial Nephrectomy

219

Table 13.5 RENAL nephromery scoring system

Variable 1 point
Diameter (cm) <4
Exophytic 250 %
Nearness to collecting system >7

or renal sinus (mm)
Anterior/posterior

[TPNE LTS L) .

Qualitative descriptor of

2 points 3 points

>4 and <7 >7

<50 % 100 % endophytic
>4 and <7 <4

a,” “p,” or “x”; no points

Location relative to polar lines Above upper or below

lower polar line

Kutikov and Uzzo [60]

1 2

Fig. 13.1 The L component of RENAL nephrometry
score characterizes a tumor location relative to the polar
lines. A sagittal depiction of the kidney demonstrates the
polar lines (solid) and renal axial midline (dashed), with

Points are added together with total scores of
4-6, 7-9, and 10-12 corresponding to low, mod-
erate, and high tumor complexity, respectively. A
qualitative descriptor “h” is added after the neph-
rometry score if the lesion abuts the main renal
artery or vein. A second descriptive term is added
to describe the tumor’s anterior (a) or posterior
(p) location (or “x” if the tumor cannot be
described as anterior or posterior).

The Preoperative Aspects and Dimensions
Used for an Anatomical (PADUA) Classification
schema shares many similarities with the RENAL
nephrometry score [62]. Points are also assigned
to anatomical features, and an “a” or “p” classifier
is also used to denote anterior or posterior loca-

tion, respectively (Table 13.6).

More than 50 % across polar
line, entirely between polar
lines, or crosses axial midline

Crosses polar line

the points (1, 2, or 3) that would be assigned to each tumor
(Permission to reprint is pending from Kutikov A and
Uzzo RG [60])

The Centrality index (C index) also aims to
quantify the complexity of renal masses, but does
so with a geometric approach [61]. The Centrality
index assesses the proximity of the tumor center
to the kidney center and puts this value in context
of the tumor size (Fig. 13.2). This schema makes
use of the Pythagorean theorem in which the
square of the hypotenuse (c) of a right angle tri-
angle is equal to the sum of the squares of the
other two sides (a and b) of the triangle (i.e.,
a?+b?=c?). Using axial imaging, the vertical
distance from the kidney center to the level of the
maximum tumor diameter is measured, as is
the horizontal distance from the kidney center to
the tumor center. The hypotenuse is then the dis-
tance from the kidney center to the tumor center (c).
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Table 13.6 The PADUA classification scoring schema [62]

Variable 1 point
Polar location Polar
Exophytic >50 %
Renal rim Lateral
Renal sinus Uninvolved
Collecting system Uninvolved
Diameter (cm) <4

2 points 3 points
Interpolar -

<50 % 100 % endophytic
Medial -

Involved -

Displaced or invaded -
>4 and <7 >7

Vx2y?=c; d/2=r

¢/r=C-Index

x=1.6;y=1.2
c=2;r=2
c/r=1

Fig. 13.2 The C index method uses the Pythagorean
theorem to measure the distance between kidney center
and tumor center, ¢ (green line), which is the hypotenuse

The tumor radius (r) is measured. The C index is
calculated, where C index=c/r. A C index of 0
indicates that the tumor center is in the kidney
center, while a C index of 1 indicates that the
tumor periphery abuts the kidney center. The
larger the C index, the further is the tumor center
from the kidney center.

There is retrospective evidence that these mor-
phometric systems correlate with clinical mark-
ers of complexity, in particular a surgeon’s choice
of operation and approach, surgical technique
including ischemia time and parenchymal preser-
vation, as well as surgical outcomes and pathol-
ogy. In a 2009 survey of the members of the
American Urologic Association, respondents
were shown 8 tumors with RENAL nephrometry

of a triangle formed by x and y (blue lines). Dividing ¢ by
r (red line) yields the C index (Permission to reprint is
pending from Simmons et al. [61])

scores ranging from 4 to 10 [59]. On multivariate
analysis, each additional RENAL nephrometry
score point increased the odds of a surgeon choos-
ing to perform a radical nephrectomy instead of
partial nephrectomy (OR 1.59, 95 %, CI 1.27—
1.95). Respondents who were more likely to
choose partial nephrectomy were high-volume
kidney surgeons (OR 1.57), high-volume partial
nephrectomy surgeons (OR 3.7), younger (OR
1.64), and in academic practice (1.80). The will-
ingness of a surgeon to perform partial nephrec-
tomy appears to be linked to tumor complexity,
but the complexity threshold that triggers radical
nephrectomy appears to vary among surgeons.
These findings are supported by retrospective
data from clinical practice. In a single-institution
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retrospective review, Broughton et al. assessed
154 patients with clinical Tla renal tumors, of
whom 120 (77.9 %) had a planned partial nephre-
ctomy [63]. Independent predictors of planned
partial nephrectomy included tumor size, with
each 1 cm decrease in diameter increasing the
OR of partial nephrectomy 2.2-fold (p=0.011).
Tumor complexity was also an independent pre-
dictor, with each 1 point decrease in RENAL
nephrometry score increasing the OR of partial
nephrectomy 2.4-fold (p<0.001). Similar retro-
spective studies have shown that increasing
RENAL nephrometry score is significantly asso-
ciated with the use of radical as opposed to par-
tial nephrectomy and open as opposed to
minimally invasive partial nephrectomy [64, 65].

The morphometric systems have also been
found to correlate with technical aspects of par-
tial nephrectomy including ischemia time and
percentage of functional kidney volume pre-
served [66—69]. In a single-institution retrospec-
tive review, Simmons et al. calculated RENAL
nephrometry score and C index for 237 partial
nephrectomy patients and estimated the percent-
age of functional kidney volume that was pre-
served using postoperative imaging [69]. They
noted that increasing tumor complexity was asso-
ciated with parenchymal loss, with each 1 unit
increase in RENAL nephrometry score correlat-
ing with a 5 % decrease in functional volume
preservation. Similarly, each 0.5 unit decrease in
C index correlated with a 3 % decrease in func-
tional volume preservation.

Higher PADUA and RENAL nephrometry
scores and lower C index have been associated
with a higher risk of overall complications,
including urine leak [62, 66, 67, 70, 71]. In addi-
tion, the morphometric systems may also be pre-
dictive of renal functional outcomes. For instance,
the rate of 230 % decrease in estimated GFR was
significantly higher among patients with a C
index <2.5 than those with C index >2.5 (70 %
vs. 32 %, p<0.01) [67].

It appears that quantitative scoring of tumor
complexity by RENAL nephrometry score,
PADUA classification, and C index may be a
valuable addition to the clinical research arma-
mentarium. The relative predictive abilities of the
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three systems remain unclear. Comparative
research is needed, as are efforts to delineate the
role of these systems in determining the feasibil-
ity of partial nephrectomy in moderate and highly
complex lesions.

Preoperative Evaluation

A thorough preoperative evaluation is essential
for patients undergoing open partial nephrec-
tomy. The goals of the preoperative evaluation
are clinical TNM staging, identification and treat-
ment of comorbid disease, selecting the proper
patients for surgery, as well as reducing the risk
of perioperative complications.

Cardiopulmonary Evaluation

Preoperative vigilance may identify patients at
elevated risk of cardiopulmonary complications
and allow for presurgical intervention. It has been
recommended that cardiologists should evaluate
and treat patients with unstable angina, decom-
pensated heart failure, arrhythmias, substantial
heart valve disease, and known or suspected cor-
onary artery disease prior to noncardiac surgery
[72]. A urologist should also inquire about car-
diovascular symptoms and risk factors and refer
for evaluation accordingly. Risk stratification
tools such as the Revised Cardiac Risk Index
may be helpful for preoperative risk stratification.
The Revised Cardiac Risk Index is composed of
six independent predictors of cardiac complica-
tions after major noncardiac surgery: high-risk
surgical procedure (intraperitoneal, intrathoracic,
suprainguinal vascular), ischemic heart disease,
congestive heart failure, cerebrovascular disease,
preoperative insulin use, and preoperative serum
creatinine >2 mg/dL [73].

Predictors for pulmonary complications fol-
lowing noncardiothoracic surgery include chronic
obstructive pulmonary disease, age >60 years,
smoking, American Society of Anesthesiologists
(ASA) class 22, inability to perform activities of
daily living, congestive heart failure, pulmonary
hypertension, and low serum albumin [74, 75].
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Patients without these risk factors may still be at
risk for pulmonary complications due to surgical
positioning and the surgical wound, since upper
abdominal surgery and surgery that lasts >3 h are
both independent predictors of pulmonary com-
plications [75]. A pulmonary evaluation with
chest X-ray, arterial blood gas, pulmonary func-
tion tests, and consultation by a pulmonologist
may benefit some of these patients. Smokers
should quit prior to surgery [74]. An anterior sur-
gical approach may be preferable to a flank
approach in patients with pulmonary risk factors.

Renal Evaluation

Assessment of renal function by urinalysis and
serum creatinine is mandatory before open par-
tial nephrectomy, especially in light of the high
rate of preexisting chronic kidney disease among
patients with renal tumors [12]. Methods of esti-
mating kidney function include serum creatinine,
24-h creatinine clearance, radionuclide imaging
such as technetium-99 diethylenetriamine pen-
taacetic acid, or estimating GFR using equations
such as the Modification of Diet in Renal Disease
(MDRD) equation [76]. Although serum creati-
nine and estimates of GFR based on serum crea-
tinine such as the MDRD equation may not be as
accurate as a 24-h urine collection or radionu-
clide imaging, they are commonly employed,
relatively inexpensive, and typically adequate for
clinical purposes.

Imaging

Adequate preoperative imaging is mandatory to
identify locally advanced tumors or metastatic
disease, as well as to define regional anatomy and
to characterize the renal vasculature. Renal
angiography used to be commonly employed
prior to partial nephrectomy, but it has been
replaced by 3D CT angiography at most centers.
CT angiography is noninvasive and provides
detailed anatomical images by incorporating
arteriography, venography, excretory urography,
and CT data into a single imaging modality. CT
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can delineate renovascular anatomy including the
subsegmental branches supplying the tumor as
well as renal tumor location, depth, and proxim-
ity to the collecting system [77]. In addition, pre-
operative imaging helps identify surgically
relevant anatomical variants such as multiple
renal arteries, retroaortic or circumaortic left
renal vein, and duplex collecting system.

Prophylaxis

Partial nephrectomy patients should have a preop-
erative urinalysis and culture to screen for bacte-
riuria. If a urinary tract infection or bacteriuria is
discovered, antibiotics should be administered to
sterilize the urine prior to surgery, especially in
lesions in which collecting system entry is antici-
pated. The American Urologic Association rec-
ommends mechanical prophylaxis (intermittent
pneumatic compression devices or compression
stockings) in all patients undergoing open surgery
and consideration of pharmacologic prophylaxis
in patients with elevated risk for VTE [78, 79].
The use of pharmacologic VTE prophylaxis in
partial nephrectomy is controversial [80].

Surgical Techniques

Broadly speaking, the steps of performing open
partial nephrectomy are the incision and surgical
approach, isolation and control of the renal hilum,
mobilization of the kidney while preserving the
perinephric fat overlying the tumor, and tumor
excision. This is followed by renorrhaphy with
hemostasis, collecting system repair if needed,
and repair of the parenchymal defect.

Approach

Choosing a favorable surgical approach is the first
step in a successful partial nephrectomy. The ideal
approach provides excellent access to the kidney,
renal vasculature, and tumor while minimizing
wound-related morbidity. The position of the kid-
ney relative to the ribs impacts the level of a flank
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incision and should be assessed on preoperative
radiographic studies. Other factors to consider
include the tumor location and size.

There are numerous surgical approaches to the
kidney. For partial nephrectomy, the primary
approaches are the supracostal flank, transcostal
(classic) flank, and anterior subcostal incisions.
Turner-Warwick described a rib-sparing extrap-
eritoneal, extrapleural supracostal flank incision
that is favored at some institutions [81]. For very
large upper pole tumors, a thoracoabdominal
approach can be useful. An 8-cm “mini-flank”
supra 11th rib incision has been described as an
effective alternative for radical or partial nephre-
ctomy [82]. Other approaches to the kidney such
as anterior midline, the dorsal lumbotomy, and
subcostal flank incision are rarely if ever the most
favorable approach for partial nephrectomy.

Vascular Control

After the surgical approach is complete and
retraction is in place, controlling the renal pedicle
is the initial priority with rare exceptions. The
main renal artery and vein should be carefully
dissected from surrounding structures. Vessel
loops can be used to encircle the renal artery and
vein without compromising blood flow.
Establishing control of the renal vasculature gives
the surgeon the ability to rapidly occlude the
artery if necessary to stop unanticipated and
uncontrolled bleeding.

Kidney Mobilization

Having established vascular control, one can pro-
ceed with mobilizing the remainder of the kidney.
Gerota’s fascia is opened. The ureter should be
indentified to reduce risk of ureteral injury. It can
be tagged with a vessel loop for identification.
Great care should be taken to avoid injuring its
blood supply. The kidney is mobilized within the
perirenal fat, though the fat overlying the tumor
should be left undisturbed in case there has been
occult fat invasion. Mobilizing the kidney within
the fat can be performed sharply or with cautery.
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It can be time consuming and challenging in
patients with prior kidney infections or other
inflammatory processes that result in “sticky fat.”
Nevertheless, adequate mobilization of the kid-
ney is an essential step in a high-quality, safe par-
tial nephrectomy.

Vascular Clamping

During tumor excision and portions of renor-
rhaphy, the segmental artery supplying the tumor
or the main renal artery is temporarily occluded
with a vascular clamp. The purpose of clamping
is to reduce intraoperative bleeding and improve
visualization. Another proposed benefit is to ease
access to intrarenal structures by reducing tissue
turgor.

Mannitol is given intravenously 5-10 min
before temporary renal arterial occlusion [83—
85]. Anticoagulation to prevent intrarenal throm-
bosis is not necessary. The renal vein is not
clamped, which may permit some oxygenation
despite arterial occlusion [86—88]. In open partial
nephrectomy, the kidney is cooled immediately
after clamping to protect against ischemic renal
injury. The entire kidney is surrounded by ice
slush for 10—15 min to obtain a core kidney tem-
perature of approximately 20° C, which permits
as much as 3 h of ischemia time [85]. In cases
where ischemia time is anticipated to be short,
warm ischemia may be a reasonable option. Safe
limits of warm ischemia have been proposed.
Limits of 20 and 35 min have recently been advo-
cated as safe [84, 89]. Nonetheless, some data
suggests that there is no safe limit of warm isch-
emia, with each additional minute increasing the
risk of acute renal failure, chronic kidney disease,
and end-stage renal disease [90].

Excision of the Tumor

Once clamped and cooled, partial nephrectomy
can proceed. There are various techniques of
partial nephrectomy that can be employed, but
all aim to fully excise the tumor with reliably
negative margins and maximal preservation of
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functional parenchyma. There are a variety of par-
tial nephrectomy techniques which include simple
enucleation, polar nephrectomy, heminephrec-
tomy and wedge resection, or resection of the
tumor with a thin rim of normal parenchyma.

In enucleation, the tumor is separated from the
surrounding normal parenchyma along a natural
plane provided by the tumor pseudocapsule. No
margin of normal parenchyma is taken. Most
often, this technique is employed in patients with
an inherited kidney cancer syndrome or multiple
tumors [91]. Enucleation has traditionally been
avoided in sporadic RCC due to concerns about
local recurrence, as the tumor may extend for
several millimeters through the pseudocapsule
[92-95]. When enucleation is employed, it may
be beneficial to ablate the resection margin to
reduce the risk of recurrence [96]. In most cases,
techniques that remove the tumor along with a
margin of normal parenchyma are preferable to
enucleation.

Polar nephrectomy can be employed for tumors
that are limited to one pole of the kidney.
Traditionally, this technique involved ligating and
dividing the segmental apical or basilar artery
supplying the upper or lower pole of the kidney,
respectively. This selective vascular control results
in a line on the kidney surface demarcating the
ischemic pole from the rest of the kidney that
remains perfused. The ischemic, tumor-bearing
pole of the kidney is then excised along the line of
ischemia. An alternative approach that we favor is
to define the limits of resection by a thin rim of
normal parenchyma around the tumor and not by
the territory supplied by the segmental artery. This
permits preservation of polar parenchyma that is
uninvolved by tumor. Large tumors that exten-
sively involve the upper or lower portion of the
kidney should be excised by heminephrectomy.

Centrally located tumors can prove particu-
larly challenging given their intimate association
with the renal hilum and collecting system. One
option is to create an overlying radial or Y-shaped
nephrotomy to expose the underlying tumor,
which can then be excised by enucleation or with
a thin rim of parenchyma. Alternatively, the tumor
can be approached via the hilum using the intra-
renal surgical techniques of Gil Vernet. Small
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intrarenal venous branches can be ligated to
improve exposure without compromising venous
return. Segmental arteries supplying the tumor
are divided. The tumor is excised, along with
neighboring renal sinus fat if possible. Often, no
normal adjacent tissue can be excised and the
tumor is essentially enucleated from the sinus.
Regardless of the surgical technique employed
in partial nephrectomy, complete tumor excision
should be confirmed in the operating room.
Intraoperative ultrasound can be employed to
prospectively delineate resection margins and to
identify additional occult tumors that are a source
of ipsilateral recurrence [97, 98]. Frozen section
can be employed to evaluate for margin status. As
long as the margin is negative, the size of the neg-
ative margin is not thought to be important [99].

Renorrhaphy

After excision of the tumor, the transected blood
vessels on the renal surface are secured with
figure-of-eight 4-0 Monocryl sutures. The argon
beam can used to achieve hemostasis on the renal
cortex, but it should be used with caution as it
may disrupt sutures or injure the collecting sys-
tem. Openings in the collecting system should be
carefully repaired with 4-0 Monocryl sutures.
One can improve identification of collecting sys-
tem defects by injecting methylene blue or indigo
carmine either intravascularly or directly into the
renal pelvis. Although it is rarely necessary, a
ureteral stent can be placed in a retrograde fash-
ion at the start of the procedure if significant
repair of the intrarenal collecting system is antic-
ipated. Alternatively, a stent can be placed ante-
grade over a wire through the opening in the
collecting system.

Once suturing of vessels and collecting sys-
tem is complete, a bolster can be placed in the
defect, though this is often not necessary if the
cortical edges can be adequately opposed. The
bolster can be composed of rolled Surgicel® or
other absorbable hemostatic products. Floseal®
(Baxter International Inc, Deerfield, IL, USA) or
other hemostatic gels can also be used. The edges
of the renal cortex are reapproximated, over the



13 Open Partial Nephrectomy

bolster if one is used, with pledgeted interrupted
2-0 polyglactic sutures, ensuring that the renal
vessels are not kinked or obstructed. These can
be secured with knots or with a Weck clip (Pilling
Weck Canada, L.P., Markham, ON, Canada) and
a Lapra-Ty® clip (Ethicon Endo-Surgery,
Cincinnati, OH, USA). If the renal artery was
clamped, it can be unclamped immediately after
obtaining hemostasis or after the entire renor-
rhaphy is complete. A retroperitoneal drain
should be placed, but can be omitted in small,
superficial tumors in which the collecting system
was not entered [100].

Addressing the Adverse Impact
of Ischemia

Partial nephrectomy can be associated with a
postoperative decline in renal function [86, 101,
102]. Numerous factors contribute to the decline
in GFR after partial nephrectomy, including those
that are not modifiable such as older age, female
gender, larger tumor size, as well as solitary kid-
ney and preexisting renal dysfunction [86, 101,
102]. Modifiable factors that contribute to
decreased GFR include reduction in functional
renal parenchyma and ischemic injury [83, 90,
102-104]. Even when accounting for the percent
of functional renal parenchyma preserved after
partial nephrectomy, renal ischemia is indepen-
dently associated with postoperative renal dys-
function [104]. In a bi-institutional study of
nephron-sparing surgery in solitary kidneys,
warm and cold ischemia were associated with
higher risk of acute (p<0.001) and chronic
(p=0.027) renal failure, need for temporary dial-
ysis (p=0.028), as well as urine leak (p=0.006)
when compared to partial nephrectomy without
clamping [89].

To address the adverse impact of renal isch-
emia, several investigators have proposed per-
forming partial nephrectomy with the kidney
fully perfused [48, 105-108]. We, thus far, at the
Lahey Clinic have performed 839 open non-
clamping partial nephrectomies and have demon-
strated that this can be safely performed for
complex lesions. In addition we have compared
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Table 13.7 Clamp versus non-clamp

Clamp Non-clamp

380 Pts 839 Pts
Blood loss (med) 250 600
Creatinine (avg) pre-op 1.16  pre-op 1.15

latest 1.8 latest 1.4
Urine leak (pts) 812 %) 31 (4 %)
Regional/local Recurrence 12 (3 %) 24 (3 %)
Other metastasis 23 (6 %) 36 (4 %)

Fig. 13.3 Vascular control

this patient population to 380 patients who had
renal artery clamping, and the observations with
regard to blood loss, pre- and post-op creatinine
levels, urine leaks, and oncologic outcomes are
recorded (Table 13.7). In an open non-clamping
series in 158 patients with solitary kidney, 16 %
of patients had previous ipsilateral nephron-spar-
ing surgery, 33 % of tumors were characterized
as hilar/central, and mean tumor size was 3.6 cm.
The maximum tumor size in the series was 13 cm,
and while the median number of tumors resected
was 1, the series included patient who underwent
multiple partial nephrectomy of as many as 13
tumors [48].

The open non-clamping technique has been
described in detail [48, 105]. The kidney is mobi-
lized as described above. Similar to clamping par-
tial nephrectomy, the hilar vessels are dissected
out and non-occlusive control is obtained with
vessel loops in case vessel clamping is needed
(Fig. 13.3). The perirenal fat overlying the tumor
is left in situ (Fig. 13.4). Margins are marked out
with the aid of intraoperative ultrasound.
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Fig. 13.5 Cleavage plane between tumor and normal
parenchyma

The renal capsule is opened either sharply
with tenotomy scissor or with handheld electro-
cautery. The renal parenchyma is opened with a
tenotomy scissor circumferentially. Penfield dis-
sectors are used to split the parenchyma, leaving
a thin rim of grossly normal parenchyma on the
tumor (Fig. 13.5). A Frazier pediatric suction is
used to keep the base of the nephrotomy free of
blood. It also serves to locate cortical vessels
which can be either coagulated if small or tied
with 4-0 absorbable suture and divided
(Fig. 13.6). At the base of the tumor, the speci-
men is gently lifted and the remaining larger ves-
sels can be clamped with a small right angle
clamp, divided and tied (Figs. 13.7, 13.8; Video
13.1). The specimen is inked to grossly evaluate
resection margins. Frozen sections can be

Fig. 13.6 Coagulation of small arteries at the corticome-
dullary junction

Fig. 13.7 Ligation of larger intrarenal arteries at
tumor base

obtained if there is any question of a positive
margin. In the case of a positive margin, addi-
tional tissue can be resected. Hemostasis and ren-
orrhaphy proceed as described above. On
advantage of non-clamping is that indigo carmine
can be given intravenously to permit evaluation
for openings in collecting system. In cases of
brisk hemorrhage, which is rare with experience,
the surgeon can either clamp the renal vessels,
apply manual compression adjacent to the cut
renal parenchyma, or apply pressure with a
Kittner dissector to a bleeding vessel. The non-
clamping technique allows excellent preservation
of normal parenchyma, even with entirely endo-
phytic tumors which can be approached through
the hilum and sinus using Gil Vernet’s techniques
and selective ligation of tertiary and quaternary
arteries or via a capsular nephrotomy.
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Fig. 13.8 Lower pole tumor — solitary kidney

In non-clamping partial nephrectomy series,
in 158 solitary kidneys, there was a trend toward
lower percentage decrease in nadir GFR when
measured between 7 and 100 days postopera-
tively in the non-clamping cohort versus the
clamping cohort (11.0 % vs. 16.1 %, P=0.08)
[48]. The data suggest a progressive renal insult
after 100 days in the clamping group. When
measured 101 and 365 days after surgery in
comparison to preoperative values, there was
a 27.7% decrease in GFR in the clamping
group compared to 11.8 % in the non-clamping
group (P=0.01). A multivariate analysis that
included tumor size, location, and focality as well
as CKD risk factors was performed. Clamping
was the only significant covariate. A limitation is
that this multivariate analysis did not account for
percent of functional parenchyma preserved,
though another series suggests that ischemic
injury remains an important determinant of post-
operative renal failure even when accounting for
percent of parenchyma that is preserved [104].
There was no difference in median estimated
blood loss between the non-clamping and clamp-
ing groups (900 vs. 1,000 mL, P=0.86). The
5-year RCC-specific survival (excluding patients
undergoing cytoreductive nephrectomy) was also

similar between the non-clamping and clamping
cohorts (79 % vs. 75 %, P=0.68). Of note, while
it is theorized that clamping may improve visual-
ization, this does not translate into better margins.
In patients with two functioning renal units, mar-
gin rates were similar between the clamping and
non-clamping groups (6 % vs. 4.7 %)[105].
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