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1. Introduction  

In 2010 alone there were an estimated 54,000 new diagnoses and 12,000 deaths attributable 
to renal cell carcinoma (RCC), with the vast majority of these tumors consituting small renal 
masses incidentially detected on cross-sectional imaging.(2010; Chow, Dong, and Devesa, 
2010)  Renal cortical tumors include a complex family of neoplasms with unique histology, 
cytogenetic effects, and metastatic potential; the differential presentation of symptomatic, 
locally advanced disease as opposed to small renal tumors (median tumor size <4cm, T1a) 
evokes different management paradigms.(Lee et al., 2010; McKiernan et al., 2002b; Mitchell 
et al., 2006; Russo et al., 2002)  This large subcategory of patients with localized RCC have 
historically been treated with radical nephrectomy, and this management has continued in 
many regions of the United Stes and the world.(Hollenbeck et al., 2006)  Nevertheless, a 
paradigm shift has occured in the surgical management of renal cortical tumors over the last 
10 years, favoring nephron-sparing surgery or partial nephrecotmy whenever this approach 
is feasible from a technical and oncologic standpoint.  The rationale underpinning this shift 
has involved the observed non-inferiority in terms of cancer control and operative morbidity 
as well as the superior renal functional outcomes.  Within the neprhology and urology 
communities, the last decade has also witnessed a increased understanding of how renal 
volume effects renal function, and how this in turn affects cardiovascular competence.  It 
now is evident that having less renal parenchyma does not only worsen renal function, but 
it also is a poor prognosticator of cardiac function and overall survival.  It is within this 
context that a review of renal functional outcomes following surgery for renal coritcal 
tumors can be undertaken.       

2. Renal cancer: Changing epidemiology 

Approximately 75-80% of patients in the United States with renal cancer are now diagnosed 
incidentally and with organ-confined disease.  This shift is largely attributable to the 
increasing use of cross-sectional imaging with the utilization of CT and MRI increasing by 
73% during 1986-1994 among the Medicare population.  Furthermore, depending on the 
histologic sub-type, the prognosis ranges from 75-100% of patients achieving long-term 
survival, and an estimated 30% of patients over 70 years of age dying of unrelated causes 
within 5 years of surgery for a renal cortical neoplasm.(Jewett and Zuniga, 2008)  The 
increased incidence and detection of these cancers is largely due to the diagnosis of small 
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localized renal lesions, many of which have low metastatic potential.  This finding is 
reflected in the fact that mortality as a result of renal cancer has not changed over time 
despite the increased incidence. (Figure 1) 
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Fig. 1. Trends in Renal Cancer Over Time, American Cancer Society, Facts & Figures,  
1997-2006 

In parallel with the impetus underlying the increased detection of renal neoplasms, the 
detection of benign renal lesions, defined chiefly as oncocytoma, angiomyolipoma, and 
simple renal cysts, has also increased.  In fact, a contemporary review of the Columbia 
University experience identified 775 patients with a tumor diameter of less than or equal to 
7.0 cm.  Of these patients the proportion of patients undergoing renal surgery for benign 
tumors increased annually: 5% before 1998, 15.2% from 1998-2003, and 21.2% from 2004 to 
2007.  The mean tumor diameter was found to decrease significantly during the study 
period (p=0.006) and year of surgery and tumor diameter were found to be independent 
predictors of benign histologic features (p<0.05).(Murphy et al., 2009) 
This combination of observations thus underscores the changing phenomenology of renal 
cortical lesions, as an increase in the use of cross-sectional imaging has resulted in a higher 
proportion of patients with incidentally detected small renal masses and in turn the clinical 
recognition of benign renal pathology.   

2.1 Renal cortical tumors: Heterogeneous presentations and oncologic implications 
Renal cortical tumors are members of a complex category of histologic entities which 
includes the benign oncocytoma, the indolent papillary and chromophobe carcinomas, and 
also the potentially aggressive clear cell carcinoma.  While published urological series 
consist predominantly of small, localized renal masses, approximately 90% of the medical 
oncology series reporting metastatic renal cancers consist of tumors of conventional clear 
cell histology.  In fact, a retrospective review by McKiernan et al featured 246 consecutive 
partial nephrectomy specimens, and characterized the relative distribution of histologic 
subtypes in small renal masses.(McKiernan et al., 2002b)  Within this series from Memorial 
Sloan Kettering Cancer Center, the most frequent finding was conventional clear cell 
carcinoma in 148 cases (51%), followed by papillary carcinoma in 54 (18%), oncocytoma in 
32 (11%), and chromophobe in 21 (7%).      
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The World Health Organization (WHO)/ Heidelberg classification subdivides renal cell 
tumors into benign and malignant neoplasms based on documented genetic 
abnormalities.(Kovacs et al., 1997)  In fact, studies focusing on sporadic and hereditary 
forms of renal cancer have suggested that abnormalities in the von Hippel-Lindau 
(chromosome 3p) and met genes are among the earliest alterations in conventional clear cell 
and papillary renal cancers, respectively.  Table 1 highlights the major chromosomal 
alterations that have been implicated in different renal cortical neoplasms. 
 

Histological 
Subtype 

Early Genetic/ 
Molecular 

Defects 

Late Genetic/ 
Molecular Defects 

Associated 
Syndromes 

Conventional 
LOH 3p 

Mutation of 3p25 
(VHL) 

+5p 
-8p, -9p, -14q 

P53 mutationC-
erB-1 Oncogene 

Von Hippel-
Lindau 

Sporadic RCC 
Hereditary RCC 

Papillary 

+7, +17 
-Y 

Met gene 
mutation 

+12, +16, +20 
-9p, -11q, -14q, -

17p, -21q 
PRCC-TFE3 gene 

fusion 

Hereditary 
Papillary (HPRC) 

Sporadic 
Papillary 

Chromophobe -1 
-1p, -2p, -6p, -13q, 

-21q, -Y 
p53 Mutation 

 

Collecting Duct -18, -Y 
-1q, -6p, -8p, -11, -

13q, -21q 
C-erB-1 

Renal Medullary 
Carcinoma 

Oncocytoma 
-1, -Y, 11q 

rearrangement 
 

Familial 
Oncocytoma 

Table. 1. Genetic Findings in Renal Carcinoma Subtypes. Zambrano et al. J Urol 1999; 163 (4): 
1246-58 adapted by P. Russo, MD.  

Later work demonstrated that pathologic tumor diameter may be useful in the prediction of 
conventional subtype in small renal cortical lesions.  One retrospective review involved 393 
patients who underwent radical or partial nephrectomy at one institution; logistic regression 
analysis demonstrated that for every 1cm increase in tumor diameter up to 4cm, the renal 
cortical lesion was 1.27 times more likely to be conventional clear cell (p=0.020).(Laudano et 
al., 2008)  These findings were extrapolated to show that a 4cm renal cortical tumor was 
approximately 2 times more likely to be conventional clear cell than tumors 0.6-1.5cm in 
size. (Figure 2) 

3. Partial nephrectomy is the standard of care for small renal masses (T1a) 

Radical nephrectomy became the standard of care for renal cortical neoplasms approximately 
40 years ago. In the 1980s this approach was challenged by reports demonstrating favourable 
results of partial nephrectomy in imperative cases (i.e. cases in which nephron-sparing surgery 
was mandatory to conserve adequate renal function such as in patients with a solitary 
kidney).(Novick et al., 1989; Zincke et al., 1985)  During the last 10 years partial nephrectomy 
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Fig. 2. The percentage of conventional clear cell renal carcinomas based on largest tumor 
diameter (*rounded to the nearest cm). Laudano et al. BJU Int. 2008; 102 (10): 1385-8. 

has become the standard of care for the management of most small renal masses even in the 

presence of a normal contralateral kidney.(Becker et al., 2006b; Huang et al., 2006; Patard et 

al., 2004; Thompson et al., 2005)  In addition to the benefits of preserving renal function and 

preventing cardiovascular complications, topics discussed in detail in the ensuing sections, 

evidence strongly supports the notion that cancer control and risk of cancer-related death 

are not compromised when a partial nephrectomy is performed instead of a radical 

procedure.(Dash et al., 2006; Leibovich et al., 2004)  

Although data from the National Cancer Institute SEER program demonstrated that partial 

nephrectomy was underutilized at the beginning of this century (2000-2002), with only 20% 

of patients with tumors 2-4cm in size receiving this procedure, these rates are changing in 

favour of a nephron-sparing approach.(Hollenbeck et al., 2006; Miller et al., 2006)  In fact, a 

retrospective review of 1,533 patients treated with partial or radical nephrectomy between 

2000-2007 at Memorial Sloan Kettering Cancer Center reported that nephron-sparing 

surgery was performed in approximately 90% of patients with T1a tumors.(Thompson et al., 

2009)  A similar analysis at the national level is documented in Figure 3, demonstrating that 

the use of partial nephrectomy is increasing, albeit at a relatively modest rate, with 66% of 

patients presenting with a renal cortical tumor <2cm in size receiving a partial nephrectomy 

in 2007.    

3.1 Partial nephrectomy is increasingly being utilized in medium-sized tumors (T1b) 

The current size determination for renal tumors that forms the basis for the 2010 TNM 

staging classification was founded on the basis of several studies demonstrating improved 

survival in patients undergoing surgery for tumors less than 4cm as opposed to those that 

exceeded this dimension.(Gofrit et al., 2001; Hafez, Fergany, and Novick, 1999)  More 

contemporary analyses have shown that regardless of the form of surgical intervention, 

namely partial or radical nephrectomy, patients with tumors larger than 4cm have a higher 

risk of relapse.(Lau et al., 2000; Lesage et al., 2007; Margulis et al., 2007; Mitchell et al., 2006; 

Zini et al., 2009)  On the basis of these precedents, there has been a clear impetus to 

determine whether elective nephron-sparing surgery may be an option for patient with 

localized T1b (4-7cm) tumors.   
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Fig. 3. The Current Standard of Care for the Treatment of Tumors <2cm based on 
Surveillance, Epidemiology, and End Results (SEER) estimates.  The use of PN steadily 
increased over the study period, from 27% of all cases in 1998 to 66% in 2007. Kates et al.  
J Uro 2011 IN PRESS. 

In fact, several antecedent investigations have indicated partial nephrectomy can safely be 

expanded to include patients with T1bN0M0 tumors.(Becker et al., 2006a; Kim et al., 2010; 

Mitchell et al., 2006; Patard et al., 2004)  Leibovich and colleagues reported cancer-specific 

survival rates at 5 years of 98% for those receiving nephron-sparing surgery and 86% for 

patients treated with radical nehrectomy; and, after adjusting for several covariates 

including tumor grade and histologic subtype, this difference was found to no longer be 

statistically significant (risk ratio 1.60, 95% CI 0.50-5.12, p=0.430).(Leibovich et al., 2004)  In a 

similar vein, Patard et al noted that 3 year disease-specific survival rates were comparable at 

98% and 97% (p=0.8) when partial nephrectomy patients were stratified by tumor size less 

than and greater than 4cm, respectively.(Patard et al., 2007)  Last, recent work has 

expounded upon these findings as it pertains to the laparoscopic management of T1bN0M0 

tumors, documenting comparable cancer-specific mortality (3% vs 3%) and recurrence rates 

RN 3% vs PN 6%, p-0.40) for both procedures over a median follow-up of 57 

months.(Simmons, Weight, and Gill, 2009)  These studies thus set the precedent that 

nephron-sparing surgery is a viable option form an oncologic standpoint in an 

appropriately selected subset of patients with a medium-sized tumors when treated at 

centers experienced with these techniques. 

Last, a subsequent investigation by Badalato et al. extended these findings regarding 

nephron-sparing surgery for T1b patients to the population level, utilizing data from the 

Surveillance, Epidemiology, and End Results (SEER) registry.(Badalato et al., 2011)  Using 

propensity scoring, a statistical test that controls for measured variables between partial and 

radical nephrectomy cohorts, this study determined that no overall survival difference was 

noted within a matched cohort of pT1bN0M0 patients treated with either surgical 

alternative. (Figure 4)  These findings thus lend support to the aforementioned growing 
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body of evidence that partial neprhectomy may become the preferred management 

alternative for T1b renal tumors. 

 

 

 
 

Fig. 4. Overall survival in a propensity-matched cohort of SEER patients receiving partial 
versus radical nephrectomy.  For the entire cohort, there was no difference in survival when 
groups were divided based on surgical treatment.  Badalato et al. BJU Int. 2011 IN PRESS 

4. Renal tumor patients may have unrecognized medical renal disease before 
intervention 

Patients with renal tumors are not a screened population and tend to be older (mean age 61 
years) with cardiovascular comorbidities.  Accordingly, clinical and pathological evidence 
has shown that this population of patients has a greater degree of underlying renal disease 
than previously appreciated.(Bijol et al., 2006; Kaplan et al., 1975)  In fact, a retrospective 
cohort study of patients with small renal tumors by Huang et al. showed that 26% of their 
patients with T1a RCC and normally functioning kidneys had pre-existing chronic kidney 
disease (CKD), defined as GFR <60 mL/min per 1·73 m2. (Huang et al., 2006)    
The most common renal diseases found in patients with renal tumors are due to 
hypertension and diabetes.  Bijol and colleagues reported that up to 60% of nephrectomy 
specimens show features of renal disease, most of which are due to changes from 
hypertension or diabetes. (Bijol et al., 2006) Other causes of renal disease include smoking, 
glomerulonephritis, cystic kidney diseases, congenital malformations, immune diseases, 
obstruction, and infection. 
Moreover, many of the risk factors that are implicated in the pathogenesis of renal disease 
overlap with the risk factors that contribute to renal cell carcinoma.  For example, although 
the pathophysiologic mechanism for this relationship is still unclear, there is a progressive 
increase in the risk of renal cell carcinoma in correlation with worsening hypertension. 
(Chow, Dong, and Devesa, 2010; Schlehofer et al., 1996; Setiawan et al., 2007) With regard to 
diabetes, the pre-surgical incidence of this disease ranges from 6.8% to 23%. (Hepps and 
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Chernoff, 2006; Lindblad et al., 1999; Schlehofer et al., 1996) Since diabetic nephropathy 
affects approximately one-third of patients with this condition, it is reasonable to extrapolate 
that a significant proportion of patients diagnosed with a renal cortical tumor will have pre-
existing diabetic nephropathy.  Last, smoking is another well-known risk factor prevalent 
within the population that contributes to an increased risk for the development of both renal 
disease and renal cell carcinoma. (Ejerblad et al., 2004; Hunt et al., 2005) 
Recent evidence by Donin et al. also demonstrated renal tumor diameter independently 
predicted decreased preoperative estimated GFR when controlling for hypertension and 
race on multivariable analysis. (Donin et al., 2011)  This study thus suggests that the growth 
of a renal neoplasm and perhaps the replacement of healthy renal parenchyma 
independently modulates renal functional deterioration to some degree. 
Cumulatively, the presence of underlying renal disease in patients diagnosed with a renal 
cortical neoplasm is significant because renal function plays an important role in the surgical 
management and overall survival associated with management. Therefore, it remains 
prudent to be aware of the risk of underlying renal disease in patients with RCC. 

4.1 Chronic kidney disease poses and independent risk factor for cardiovascular-
related death 

Approximately 26 million adults in the United States have CKD.  CKD is most commonly 
seen among African-Americans, Hispanics, Pacific Islanders, Native Americans, and the 
elderly. The National Kidney Foundation, American Heart Association, and the Seventh 
Joint National Committee on prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure deemed CKD as an independent risk factor for cardiovascular disease.(2002; 
Chobanian et al., 2003; Sarnak et al., 2003) Similarly, cardiovascular disease is the leading 
cause of morbidity and mortality among patients with CKD. 
The criteria for CKD is defined by The National Kidney Foundation - Kidney Disease 
Outcomes Quality Initiative (NKF-K/DOQI) workgroup (See Table 2). 
 

 

Table 2. Criteria for Definition of Chronic Kidney Disease. Am J Kidney Dis 2002 39  
(2 Suppl 1), S1-266. 

Many studies have provided evidence that renal damage, assessed by markers of renal 
function such as serum creatinine, GFR, and albuminuria, is an independent risk factor for 
cardiovascular disease and cardiovascular mortality.   
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In a study of 1,120,295 patients in the San Francisco Bay Area, Go and colleagues 
demonstrated a progressively increased risk of death and/or a cardiovascular event as renal 
function declined.  They reported that the adjusted risk of a cardiovascular event increased 
by 43% with an estimated GFR of 45 to 59 ml/minute/1.73 m2 (HR 1.4; CI 1.4-1.5) and by 
343% with an estimated GFR of less than 15 ml/minute/1.73 m2 (HR 3.43; CI 3.1-3.8).  The 
presence of proteinuria was also an independent factor that predicted the risk of a 
cardiovascular event (HR1.3; CI 1.2-1.3). (Go et al., 2004)  
Level I evidence from the Heart Outcomes Prevention Evaluation (HOPE) trial 
demonstrated that the presence of kidney disease, defined as an increased serum creatinine 
>1.4 mg/dL and/or microalbuminuria, independently increased the risk of cardiovascular 
death, myocardial infarction, or stroke (HR, 1.40; CI, 1.16-1.69 for serum creatinine) (HR 
1.59; CI 1.37- 1.84 for microalbuminuria).  Moreover, compared to patients with neither risk 
factor, patients with both increased serum creatinine and microalbuminuria were at 
increased risk of having a cardiovascular death or cardiovascular event (28.6% vs 13.6%); 
this suggests the additive nature of these risk factors. (Mann et al., 2001)  
Cumulatively, the findings from these and similar studies qualify CKD alone as a risk factor 
for cardiovascular disease. 

5. Partial nephrectomy preserves renal function 

Emerging evidence strongly favors partial nephrectomy (PN), as opposed to radical 
nephrectomy (RN), for tumors that are 7cm or smaller as the best approach to preserve 
postoperative renal functional outcomes.  The data in support of this position stemmed from 
early work examining the prevalence and onset of CKD among postoperative renal cancer 
patients.  Then, as now, there is not standardized metric of renal function, although some 
precise mechanisms of assaying such function have gradually permeated the urologic 
literature.  McKiernan et al published one of the early papers on this subject, selecting a 
cohort of 290 patients with T1a (<4cm) renal cell carcinoma and a pre-operative serum 
creatinine of less than 1.5mg/dl and then longitudinally tracking the onset of chronic renal 
insufficiency (defined in the study as creatinine >2mg/dl) following surgical 
intervention.(McKiernan et al., 2002a)  In fact, at 5 years of follow-up the rate of freedom 
from CRI was 100% in the partial nephrectomy grouping and 84.8% in the radical 
nephrectomy cohort.  Huang et al. Later validated these findings in a level 2 prospective 
study using eGFR of less than 60mL/min per 1.73m2 as the index defining CKD Stage III or 
greater.(Lane et al., 2010b)  In a total of 662 patients with a normal serum creatinine prior to 
surgery for RCC, freedom from new onset CKD was determined to be 80% after partial 
nephrectomy as opposed to just 35% following radical nephrectomy.(Huang et al., 2006) 
(Figure 5)  Moreover, after controlling for relevant clinical and pathological differences 
between surgical groups, patients receiving a radical nephrectomy were found to be a t a 
four-fold higher risk of having CKD post-operatively as compared to their counterparts 
undergoing nephron-sparing surgery.  These findings were substantiated in similar work 
using creatinine clearance as an alternative measure of renal function.(Clark et al., 2008)   
Despite controversy related to the best metric for renal functional outcomes in the 
perioperative setting, the fact that partial nephrectomy results in improved long-term renal 
function compared to radical nephrectomy has continued to be validated in the 
literature.(Jeon et al., 2009; Lane et al., 2010c; Malcolm et al., 2009; Miller et al., 2008)  In fact, 
although there was initially concern that vascular clamping at the renal hilum during partial 
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nephrectomy might increase the rate of renal insufficiency due to the prolonged cold 
ischemia time, clamp time was shown not to be associated with long-term renal functional 
measures in patients who had a normal renal function at baseline.  Yossepowitch et al. went 
on to demonstrate that in healthy patients with two renal units, renal insufficiency is 
primarily a transient, postoperative entity.(Yossepowitch et al., 2006)  While non-modifiable 
factors such as preoperative eGFR as well as the amount and quality of the renal 
parenchyma left in situ may be prognostic of postoperative renal function, there is no level 1 
evidence to further inform these notions.(Lane et al., 2011; Thompson and Blute, 2007) 
 

 

 

Fig. 5. Probability of freedom from new onset of GFR lower than 45 mL/min per 1.72m2 by 
operation type. Huang et al. Lancet Oncol 2006; 7: 735-40.  

5.1 Poor renal functional outcomes following nephrectomy increases the risk of 
cardiovascular sequelae and death  

Several prior studies have demonstrated the increase in non-cancer related deaths among 
patients undergoing radical as opposed to partial nephrectomy.(Thompson et al., 2008; 
Weight et al., 2010b)  Although it has been postulated that this increase in mortality was 
attributable to an increased rate of CKD and by extension cardiovascular disease, this theory 
had not been proven prior to the publication of recent work.  In fact, Weight, Novick, and 
colleagues examined the overall and disease-specific survival outcomes in 1,004 patients 
with T1b RCC (4-7cm) who underwent either partial or radical nephrectomy.  Over a 
median follow-up period of 4 years, a significantly decreased level of real function was 
observed in the radical nephrectomy cohort.(Weight et al., 2010a)  Furthermore, this 
difference in renal function correlated with a 25% increase in the risk of cardiovascular 
death and a 17% risk of death from any cause.  In subsequent work, Huang et al 
corroborated the results of this single-institution study with a population-level investigation 
involving Medicare beneficiaries; they found that radical nephrectomy was associated with 
an increased risk of cardiovascular events and non-cancer mortality within this 
grouping.(Huang et al., 2009)  Table 1 summarizes data that continues to emerge in 
contemporary work, substantiating the worsened overall and cardiovascular survival 
associated with radical as compared to nephron-sparing surgery. (Table 2)  
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    Patients (n) 
Overall 
Death 

CV 
Events/Death 

Study Year Age 
Tumor 

Size RN PN HR HR 

Thompson [22] 2008 <65 ≤4cm 140 187 2.16 — 
Huang [25] 2009 >65 ≤4cm 2547 556 1.38 1.4 
Weight [24] 2010 — 4-7cm 480 525 1.17 1.25 
Weight [23] 2010 — ≤7cm 111 388 2.5 — 

Table 2. Open series outcomes: Overall and Cardiovascular Mortality.  Kates et al. Curr Opin 
Urol 2011 IN PRESS 

5.1.1 Partial nephrectomy is underutilized, within certain populations: case in point – 
the elderly 

In the seminal articles on post-nephrectomy renal function published by McKiernan et al. 
and Huang et al., most of the with decompensating function were diagnosed less than 3 
years following their initial surgery.(Huang et al., 2006; McKiernan et al., 2002a)  Thus the 
concept of “long-term” benefit from a nephron-sparing approach is a fallacy, as this 
advantage is noted within a few years following surgical intervention.  An older patient, 
albeit with a shorter life expectancy may thus benefit from a partial nephrectomy.  This 
finding is especially pertinent since it has already been demonstrated that the risk of 
complication from a partial nephrectomy is no greater for patients over 75 years of age as 
compared to younger counterparts.(Lowrance et al., 2010)  This understanding is especially 
important due to urologists’ hesitation to perform a nephron-sparing procedure in the 
elderly – cumulatively a historic disparity which is not substantiated by an evidence-based 
approach and has persisted to this decade.(Hollenbeck et al., 2006; Kates et al., 2011) (Figure 6) 
Recently, Lane and colleagues demonstrated that a decline in renal function associated with 
a radical procedure in patients 75 years of age and older resulted in a corresponding 
increase in the risk of cardiovascular death.(Lane et al., 2010a)  In a cohort of elderly patients 
with local renal cell cancer 7cm or less, there was no statistically significant difference in 
survival for those receiving surgery, namely radical or partial nephrectomy, as opposed to 
those on active surveillance.  This finding suggests that no surgery or the proverbial 
“maximal nephron-sparing procedure” may be indicated for a carefully selected subset of 
the elderly patient population. 

6. Preoperative risk stratification schemata 

Comprehensive pre-operative risk stratification is important for patients undergoing kidney 
surgery in order to help approximate the best renal functional outcomes.  Remarkably, 
recent estimates have reported that up to one-third of patients with pre-existing Stage I or II 
CKD will progress to Stage II (GFR<60).(Clark et al., 2011)  Accordingly, several risk factors 
for the post-operative development of stage III CKD have been well described; chief among 
them involves having a prior diagnosis of diabetes.(Lane et al., 2011)  Composite  
risk profiles have been well-elucidated to predict a patients’ risk of CKD based on 
preoperative clinical parameters.  One such method is the Screening for Occult Renal 
Disease (SCORED) tool, a modified example of which is demonstrated in figure 7.  This 
prediction tool utilizes factors such as patient age, gender, and clinical characteristics (such 
as anemia, proteinuria, and cardiovascular comorbidities) to stratify patient into risk  
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Fig. 6. Percentage of patients receiving radical nephrectomy for T1a RCC between 1998-2007 
according to tumor size.  A higher percentage of elderly patients consistently receive a 
radical nephrectomy for a given tumor size.  Kates et al. Urology 2011 IN PRESS. 

 

 

Fig. 7. Risk assessment chart for CKD using the SCORED model from Bang et al. Arch Intern 
Med 167(4), 374-81. 
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groupings for the development of CKD.  During the course of validating this instrument in 

the setting of patients with small renal masses undergoing surgery, Lucas et al determined 

that patients in high risk categories (SCORED>4) were 3 times more likely to develop Stage 

III CKD.(Bang et al., 2007; Lucas et al., 2008)  Other groups have followed suit with the 

proposal of alternative nomograms.  For example, Sorbellini et al have described a 

mechanism to predict renal insufficiency, which was defined as 2 or more values of a 

creatinine of 2.0mf/dl at least one month following surgery.(Sorbellini et al., 2006)  

Nevertheless, while this nomogram accounts for the change in renal volume, it relies on 

creatinine and does not include known predictors of CKD such as preoperative comorbidity 

information.      

Other systems of risk stratification have looked at the renal parenchyma in and of itself as a 

tool for predicting postoperative outcomes.  Notably, the presence and extent of 

glomerolosclerosis in normal parenchyma has been shown to be commensurate with 

deterioration in postoperative renal function, although this trend was not noted for features 

such as arteriosclerosis or interstitial fibrosis/ tubular atrophy.(Gautam et al., 2010; McCann 

et al., 2009) 

7. Conclusion  

Among patients diagnosed with a renal cortical neoplasm, those having a radical 

nephrectomy are at an increased risk for the development of CKD compared to those 

receiving nephron-sparing surgery or no surgery.  In parallel with these findings, the 

implications of radical nephrectomy and CKD also translate into adverse cardiovascular 

events and eventual end stage renal disease.  Accordingly, in patients presenting with a 

renal cortical mass, a comprehensive assessment of current and projected renal function is 

paramount in determining preferred management options.  

8. References  

(2002). K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 

classification, and stratification. Am J Kidney Dis 39(2 Suppl 1), S1-266. 

(2010). Cancer Facts and Figures 2010. 

Badalato, G., Kates, M., Wisnivesky, J., RoyChoudhury, A., and McKiernan, J. (2011). 

Survival Following Partial and Radical Nephrectomy for the Treatment of Stage 

T1bN0M0 Renal Cell Carcinoma in the United States: A Propensity Scoring 

Approach. BJU Int In Press. 

Bang, H., Vupputuri, S., Shoham, D. A., Klemmer, P. J., Falk, R. J., Mazumdar, M., Gipson, 

D., Colindres, R. E., and Kshirsagar, A. V. (2007). SCreening for Occult REnal 

Disease (SCORED): a simple prediction model for chronic kidney disease. Arch 

Intern Med 167(4), 374-81. 

Becker, F., Siemer, S., Hack, M., Humke, U., Ziegler, M., and Stockle, M. (2006a). Excellent 

long-term cancer control with elective nephron-sparing surgery for selected renal 

cell carcinomas measuring more than 4 cm. Eur Urol 49(6), 1058-63; discussion 

1063-4. 

www.intechopen.com



 
Renal Cortical Neoplasms and Associated Renal Functional Outcomes 

 

147 

Becker, F., Siemer, S., Humke, U., Hack, M., Ziegler, M., and Stockle, M. (2006b). Elective 

nephron sparing surgery should become standard treatment for small unilateral 

renal cell carcinoma: Long-term survival data of 216 patients. Eur Urol 49(2),  

308-13. 

Bijol, V., Mendez, G. P., Hurwitz, S., Rennke, H. G., and Nose, V. (2006). Evaluation of the 
nonneoplastic pathology in tumor nephrectomy specimens: predicting the risk of 
progressive renal failure. Am J Surg Pathol 30(5), 575-84. 

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, L. A., Izzo, J. L., Jr., 
Jones, D. W., Materson, B. J., Oparil, S., Wright, J. T., Jr., and Roccella, E. J. (2003). 
Seventh report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure. Hypertension 42(6), 1206- 
52. 

Chow, W. H., Dong, L. M., and Devesa, S. S. (2010). Epidemiology and risk factors for 
kidney cancer. Nat Rev Urol 7(5), 245-57. 

Clark, A. T., Breau, R. H., Morash, C., Fergusson, D., Doucette, S., and Cagiannos, I. (2008). 
Preservation of renal function following partial or radical nephrectomy using 24-
hour creatinine clearance. Eur Urol 54(1), 143-49. 

Clark, M. A., Shikanov, S., Raman, J. D., Smith, B., Kaag, M., Russo, P., Wheat, J. C., Wolf, J. 
S., Jr., Matin, S. F., Huang, W. C., Shalhav, A. L., and Eggener, S. E. (2011). Chronic 
kidney disease before and after partial nephrectomy. J Urol 185(1), 43-8. 

Dash, A., Vickers, A. J., Schachter, L. R., Bach, A. M., Snyder, M. E., and Russo, P. (2006). 
Comparison of outcomes in elective partial vs radical nephrectomy for clear cell 
renal cell carcinoma of 4-7 cm. BJU Int 97(5), 939-45. 

Donin, N. M., Suh, L. K., Barlow, L. J., Hruby, G., Newhouse, J., and McKiernan, J. (2011). 
Tumour diameter and decreased preoperative estimated glomerular filtration rate 
are independently correlated in patietns with renal cell carcinoma. BJU Int In  
Press. 

Ejerblad, E., Fored, C. M., Lindblad, P., Fryzek, J., Dickman, P. W., Elinder, C. G., 
McLaughlin, J. K., and Nyren, O. (2004). Association between smoking and chronic 
renal failure in a nationwide population-based case-control study. J Am Soc Nephrol 
15(8), 2178-85. 

Gautam, G., Lifshitz, D., Shikanov, S., Moore, J. M., Eggener, S. E., Shalhav, A. L., and 
Chang, A. (2010). Histopathological predictors of renal function decrease after 
laparoscopic radical nephrectomy. J Urol 184(5), 1872-6. 

Go, A. S., Chertow, G. M., Fan, D., McCulloch, C. E., and Hsu, C. Y. (2004). Chronic kidney 
disease and the risks of death, cardiovascular events, and hospitalization. N Engl J 
Med 351(13), 1296-305. 

Gofrit, O. N., Shapiro, A., Kovalski, N., Landau, E. H., Shenfeld, O. Z., and Pode, D. (2001). 
Renal cell carcinoma: evaluation of the 1997 TNM system and recommendations for 
follow-up after surgery. Eur Urol 39(6), 669-74; discussion 675. 

Hafez, K. S., Fergany, A. F., and Novick, A. C. (1999). Nephron sparing surgery for localized 
renal cell carcinoma: impact of tumor size on patient survival, tumor recurrence 
and TNM staging. J Urol 162(6), 1930-3. 

Hepps, D., and Chernoff, A. (2006). Risk of renal insufficiency in African-Americans after 
radical nephrectomy for kidney cancer. Urol Oncol 24(5), 391-5. 

www.intechopen.com



 
Diseases of Renal Parenchyma 

 

148 

Hollenbeck, B. K., Taub, D. A., Miller, D. C., Dunn, R. L., and Wei, J. T. (2006). National 

utilization trends of partial nephrectomy for renal cell carcinoma: a case of 

underutilization? Urology 67(2), 254-9. 

Huang, W. C., Elkin, E. B., Levey, A. S., Jang, T. L., and Russo, P. (2009). Partial nephrectomy 

versus radical nephrectomy in patients with small renal tumors--is there a 

difference in mortality and cardiovascular outcomes? J Urol 181(1), 55-61; 

discussion 61-2. 

Huang, W. C., Levey, A. S., Serio, A. M., Snyder, M., Vickers, A. J., Raj, G. V., Scardino,  

P. T., and Russo, P. (2006). Chronic kidney disease after nephrectomy in patients 

with renal cortical tumours: a retrospective cohort study. Lancet Oncol 7(9), 735- 

40. 

Hunt, J. D., van der Hel, O. L., McMillan, G. P., Boffetta, P., and Brennan, P. (2005). Renal 

cell carcinoma in relation to cigarette smoking: meta-analysis of 24 studies. Int J 

Cancer 114(1), 101-8. 

Jeon, H. G., Jeong, I. G., Lee, J. W., Lee, S. E., and Lee, E. (2009). Prognostic factors for 

chronic kidney disease after curative surgery in patients with small renal tumors. 

Urology 74(5), 1064-8. 

Jewett, M. A., and Zuniga, A. (2008). Renal tumor natural history: the rationale and role for 

active surveillance. Urol Clin North Am 35(4), 627-34; vii. 

Kaplan, C., Pasternack, B., Shah, H., and Gallo, G. (1975). Age-related incidence of sclerotic 

glomeruli in human kidneys. Am J Pathol 80(2), 227-34. 

Kates, M., Badalato, G., Pitman, M., and McKiernan, J. (2011). The Persistent Overuse of 

Radical Nephrectomy in the Elderly. Urology In Press. 

Kim, J. M., Song, P. H., Kim, H. T., and Park, T. C. (2010). Comparison of Partial and Radical 

Nephrectomy for pT1b Renal Cell Carcinoma. Korean J Urol 51(9), 596-600. 

Kovacs, G., Akhtar, M., Beckwith, B. J., Bugert, P., Cooper, C. S., Delahunt, B., Eble, J. N., 

Fleming, S., Ljungberg, B., Medeiros, L. J., Moch, H., Reuter, V. E., Ritz, E., Roos, G., 

Schmidt, D., Srigley, J. R., Storkel, S., van den Berg, E., and Zbar, B. (1997). The 

Heidelberg classification of renal cell tumours. J Pathol 183(2), 131-3. 

Lane, B. R., Abouassaly, R., Gao, T., Weight, C. J., Hernandez, A. V., Larson, B. T., Kaouk, J. 

H., Gill, I. S., and Campbell, S. C. (2010a). Active treatment of localized renal 

tumors may not impact overall survival in patients aged 75 years or older. Cancer 

116(13), 3119-26. 

Lane, B. R., Demirjian, S., Weight, C. J., Larson, B. T., Poggio, E. D., and Campbell, S. C. 

(2010b). Performance of the chronic kidney disease-epidemiology study equations 

for estimating glomerular filtration rate before and after nephrectomy. J Urol 183(3), 

896-901. 

Lane, B. R., Fergany, A. F., Weight, C. J., and Campbell, S. C. (2010c). Renal functional 

outcomes after partial nephrectomy with extended ischemic intervals are better 

than after radical nephrectomy. J Urol 184(4), 1286-90. 

Lane, B. R., Russo, P., Uzzo, R. G., Hernandez, A. V., Boorjian, S. A., Thompson, R. H., 

Fergany, A. F., Love, T. E., and Campbell, S. C. (2011). Comparison of cold and 

warm ischemia during partial nephrectomy in 660 solitary kidneys reveals 

www.intechopen.com



 
Renal Cortical Neoplasms and Associated Renal Functional Outcomes 

 

149 

predominant role of nonmodifiable factors in determining ultimate renal function. J 

Urol 185(2), 421-7. 

Lau, W. K., Blute, M. L., Weaver, A. L., Torres, V. E., and Zincke, H. (2000). Matched 

comparison of radical nephrectomy vs nephron-sparing surgery in patients with 

unilateral renal cell carcinoma and a normal contralateral kidney. Mayo Clin Proc 

75(12), 1236-42. 

Laudano, M. A., Klafter, F. E., Katz, M., McCann, T. R., Desai, M., Benson, M. C., and 

McKiernan, J. M. (2008). Pathological tumour diameter predicts risk  

of conventional subtype in small renal cortical tumours. BJU Int 102(10), 1385- 

8. 

Lee, D. J., Hruby, G., Benson, M. C., and McKiernan, J. M. (2010). Renal function and 

oncologic outcomes in nephron sparing surgery for renal masses in solitary 

kidneys. World J Urol. 

Leibovich, B. C., Blute, M. L., Cheville, J. C., Lohse, C. M., Weaver, A. L., and Zincke, H. 

(2004). Nephron sparing surgery for appropriately selected renal cell carcinoma 

between 4 and 7 cm results in outcome similar to radical nephrectomy. J Urol 

171(3), 1066-70. 

Lesage, K., Joniau, S., Fransis, K., and Van Poppel, H. (2007). Comparison between open 

partial and radical nephrectomy for renal tumours: perioperative outcome and 

health-related quality of life. Eur Urol 51(3), 614-20. 

Lindblad, P., Chow, W. H., Chan, J., Bergstrom, A., Wolk, A., Gridley, G., McLaughlin, J. K., 

Nyren, O., and Adami, H. O. (1999). The role of diabetes mellitus in the aetiology of 

renal cell cancer. Diabetologia 42(1), 107-12. 

Lowrance, W. T., Yee, D. S., Savage, C., Cronin, A. M., O'Brien, M. F., Donat, S. M., Vickers, 

A., and Russo, P. (2010). Complications after radical and partial nephrectomy as a 

function of age. J Urol 183(5), 1725-30. 

Lucas, S. M., Nuss, G., Stern, J., Lotan, Y., Sagalowsky, A. I., Cadeddu, J. A., and Raj, G. V. 

(2008). The screening for Occult Renal Disease (SCORED) value is associated with a 

higher risk for having or developing chronic kidney disease in patients treated for 

small, unilateral renal masses. Cancer 113(10), 2681-6. 

Malcolm, J. B., Bagrodia, A., Derweesh, I. H., Mehrazin, R., Diblasio, C. J., Wake, R. W., Wan, 

J. Y., and Patterson, A. L. (2009). Comparison of rates and risk factors for 

developing chronic renal insufficiency, proteinuria and metabolic acidosis after 

radical or partial nephrectomy. BJU Int 104(4), 476-81. 

Mann, J. F., Gerstein, H. C., Pogue, J., Bosch, J., and Yusuf, S. (2001). Renal insufficiency as a 

predictor of cardiovascular outcomes and the impact of ramipril: the HOPE 

randomized trial. Ann Intern Med 134(8), 629-36. 

Margulis, V., Sanchez-Ortiz, R. F., Tamboli, P., Cohen, D. D., Swanson, D. A., and Wood, C. 

G. (2007). Renal cell carcinoma clinically involving adjacent organs: experience with 

aggressive surgical management. Cancer 109(10), 2025-30. 

McCann, T., Barlow, L., Knight, M., Benson, M., and McKiernan, J. (2009). Evidence of 

Medical Renal Disease in Surrounding Renal Parenchyma and Its Effect on Onset of 

Chronic Renal Insufficiency after Renal Surgery. In "Presented data, American 

Urologic Association". 

www.intechopen.com



 
Diseases of Renal Parenchyma 

 

150 

McKiernan, J., Simmons, R., Katz, J., and Russo, P. (2002a). Natural history of chronic  

renal insufficiency after partial and radical nephrectomy. Urology 59(6), 816- 

20. 

McKiernan, J., Yossepowitch, O., Kattan, M. W., Simmons, R., Motzer, R. J., Reuter, V. E., 

and Russo, P. (2002b). Partial nephrectomy for renal cortical tumors: pathologic 

findings and impact on outcome. Urology 60(6), 1003-9. 

Miller, D. C., Hollingsworth, J. M., Hafez, K. S., Daignault, S., and Hollenbeck, B. K. (2006). 

Partial nephrectomy for small renal masses: an emerging quality of care concern? J 

Urol 175(3 Pt 1), 853-7; discussion 858. 

Miller, D. C., Schonlau, M., Litwin, M. S., Lai, J., and Saigal, C. S. (2008). Renal and 

cardiovascular morbidity after partial or radical nephrectomy. Cancer 112(3), 511-

20. 

Mitchell, R. E., Gilbert, S. M., Murphy, A. M., Olsson, C. A., Benson, M. C., and McKiernan, 

J. M. (2006). Partial nephrectomy and radical nephrectomy offer similar  

cancer outcomes in renal cortical tumors 4 cm or larger. Urology 67(2), 260- 

4. 

Murphy, A. M., Buck, A. M., Benson, M. C., and McKiernan, J. M. (2009). Increasing 

detection rate of benign renal tumors: evaluation of factors predicting for  

benign tumor histologic features during past two decades. Urology 73(6), 1293- 

7. 

Novick, A. C., Streem, S., Montie, J. E., Pontes, J. E., Siegel, S., Montague, D. K., and 

Goormastic, M. (1989). Conservative surgery for renal cell carcinoma: a single-

center experience with 100 patients. J Urol 141(4), 835-9. 

Patard, J. J., Pantuck, A. J., Crepel, M., Lam, J. S., Bellec, L., Albouy, B., Lopes, D., Bernhard, 

J. C., Guille, F., Lacroix, B., De La Taille, A., Salomon, L., Pfister, C., Soulie, M., 

Tostain, J., Ferriere, J. M., Abbou, C. C., Colombel, M., and Belldegrun, A. S. (2007). 

Morbidity and clinical outcome of nephron-sparing surgery in relation to tumour 

size and indication. Eur Urol 52(1), 148-54. 

Patard, J. J., Shvarts, O., Lam, J. S., Pantuck, A. J., Kim, H. L., Ficarra, V., Cindolo, L., Han, K. 

R., De La Taille, A., Tostain, J., Artibani, W., Abbou, C. C., Lobel, B., Chopin, D. K., 

Figlin, R. A., Mulders, P. F., and Belldegrun, A. S. (2004). Safety and efficacy of 

partial nephrectomy for all T1 tumors based on an international multicenter 

experience. J Urol 171(6 Pt 1), 2181-5, quiz 2435. 

Russo, P., Goetzl, M., Simmons, R., Katz, J., Motzer, R., and Reuter, V. (2002). Partial 

nephrectomy: the rationale for expanding the indications. Ann Surg Oncol 9(7), 680-

7. 

Sarnak, M. J., Levey, A. S., Schoolwerth, A. C., Coresh, J., Culleton, B., Hamm, L. L., 

McCullough, P. A., Kasiske, B. L., Kelepouris, E., Klag, M. J., Parfrey, P., Pfeffer, M., 

Raij, L., Spinosa, D. J., and Wilson, P. W. (2003). Kidney disease as a risk factor for 

development of cardiovascular disease: a statement from the American Heart 

Association Councils on Kidney in Cardiovascular Disease, High Blood Pressure 

Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation 

108(17), 2154-69. 

www.intechopen.com



 
Renal Cortical Neoplasms and Associated Renal Functional Outcomes 

 

151 

Schlehofer, B., Pommer, W., Mellemgaard, A., Stewart, J. H., McCredie, M., Niwa, S., 

Lindblad, P., Mandel, J. S., McLaughlin, J. K., and Wahrendorf, J. (1996). 

International renal-cell-cancer study. VI. the role of medical and family history. Int 

J Cancer 66(6), 723-6. 

Setiawan, V. W., Stram, D. O., Nomura, A. M., Kolonel, L. N., and Henderson, B. E. (2007). 

Risk factors for renal cell cancer: the multiethnic cohort. Am J Epidemiol 166(8), 932-

40. 

Simmons, M. N., Weight, C. J., and Gill, I. S. (2009). Laparoscopic radical versus partial 

nephrectomy for tumors >4 cm: intermediate-term oncologic and functional 

outcomes. Urology 73(5), 1077-82. 

Sorbellini, M., Kattan, M. W., Snyder, M. E., Hakimi, A. A., Sarasohn, D. M., and Russo, P. 

(2006). Prognostic nomogram for renal insufficiency after radical or partial 

nephrectomy. J Urol 176(2), 472-6; discussion 476. 

Thompson, R. H., and Blute, M. L. (2007). At what point does warm ischemia cause 

permanent renal damage during partial nephrectomy? Eur Urol 52(4), 961-3. 

Thompson, R. H., Boorjian, S. A., Lohse, C. M., Leibovich, B. C., Kwon, E. D., Cheville, J. C., 

and Blute, M. L. (2008). Radical nephrectomy for pT1a renal masses may be 

associated with decreased overall survival compared with partial nephrectomy. J 

Urol 179(2), 468-71; discussion 472-3. 

Thompson, R. H., Kaag, M., Vickers, A., Kundu, S., Bernstein, M., Lowrance, W., Galvin,  

D., Dalbagni, G., Touijer, K., and Russo, P. (2009). Contemporary use of  

partial nephrectomy at a tertiary care center in the United States. J Urol 181(3), 993-

7. 

Thompson, R. H., Leibovich, B. C., Lohse, C. M., Zincke, H., and Blute, M. L. (2005). 

Complications of contemporary open nephron sparing surgery: a single institution 

experience. J Urol 174(3), 855-8. 

Weight, C. J., Larson, B. T., Fergany, A. F., Gao, T., Lane, B. R., Campbell, S. C., Kaouk, J. H., 

Klein, E. A., and Novick, A. C. (2010a). Nephrectomy induced chronic  

renal insufficiency is associated with increased risk of cardiovascular death and 

death from any cause in patients with localized cT1b renal masses. J Urol 183(4), 

1317-23. 

Weight, C. J., Lieser, G., Larson, B. T., Gao, T., Lane, B. R., Campbell, S. C., Gill, I. S., Novick, 

A. C., and Fergany, A. F. (2010b). Partial nephrectomy is associated with improved 

overall survival compared to radical nephrectomy in patients with unanticipated 

benign renal tumours. Eur Urol 58(2), 293-8. 

Yossepowitch, O., Eggener, S. E., Serio, A., Huang, W. C., Snyder, M. E., Vickers, A. J., and 

Russo, P. (2006). Temporary renal ischemia during nephron sparing surgery is 

associated with short-term but not long-term impairment in renal function. J Urol 

176(4 Pt 1), 1339-43; discussion 1343. 

Zincke, H., Engen, D. E., Henning, K. M., and McDonald, M. W. (1985). Treatment of renal 

cell carcinoma by in situ partial nephrectomy and extracorporeal operation with 

autotransplantation. Mayo Clin Proc 60(10), 651-62. 

www.intechopen.com



 
Diseases of Renal Parenchyma 

 

152 

Zini, L., Perrotte, P., Capitanio, U., Jeldres, C., Shariat, S. F., Antebi, E., Saad, F., Patard, J. J., 

Montorsi, F., and Karakiewicz, P. I. (2009). Radical versus partial nephrectomy: 

effect on overall and noncancer mortality. Cancer 115(7), 1465-71. 

www.intechopen.com



Diseases of Renal Parenchyma

Edited by Prof. Manisha Sahay

ISBN 978-953-51-0245-8

Hard cover, 304 pages

Publisher InTech

Published online 16, March, 2012

Published in print edition March, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Clinical nephrology is an evolving speciality in which the amount of information is growing daily. This book

gives quick access to some important clinical conditions encountered in nephrology including the diseases of

glomeruli, tubules and interstitium. It presents the latest information on pathophysiology, diagnosis and

management of important diseases of renal parenchyma. The information is presented in a very user friendly

and accessible manner while the treatment algorithms enable the reader to quickly access expert advice on

arriving at the most appropriate treatment regimen. The book discusses the renal involvement in various

systemic diseases including diabetes and autoimmune diseases. Diabetic nephropathy is fast becoming the

commonest cause of end stage renal disease all over the globe and is discussed in this book. The editors

believe that this book will be a valuable addition to the reader's library.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Gina M. Badalato, Max Kates, Neda Sadeghi and James M. McKiernan (2012). Renal Cortical Neoplasms and

Associated Renal Functional Outcomes, Diseases of Renal Parenchyma, Prof. Manisha Sahay (Ed.), ISBN:

978-953-51-0245-8, InTech, Available from: http://www.intechopen.com/books/diseases-of-renal-

parenchyma/renal-cortical-neoplasms-and-associated-renal-functional-outcomes



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


