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intervention for renal neoplasms and to establish whether these pathologic changes predict
development of renal insufficiency in the immediate postoperative period.

Patients and Methods: This was an Institutional Review Board (IRB)-approved retrospective
review of all patients that underwent radical nephrectomy (RN), partial nephrectomy and
nephroureterectomy from December 2009 to November 2013. Around 225 patients had complete
pathologic and perioperative data for analysis. We compared preoperative and postoperative
glomerular filtration rate (GFR), neoplastic findings, tumor characteristics (positive margins
and extracapsular extension), and pathology information regarding non- neoplastic findings
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was significantly associated with increased serum creatinine levels postoperatively (P=0.01)
and at last follow up visit (P=0.04). Univariate analysis showed that glomerular and vascular
abnormalities were each significantly associated with worsening renal function.

Conclusion: Our research suggests that abnormalities in non-neoplastic renal parenchyma found
in renal specimens after RN should not be ignored as they may predict possible worse outcomes
in renal function. This may help make a case for biopsy pre-operatively and a stronger case for
nephron sparing surgery. This may also help determine which patients should be followed more
closely postoperatively.

Chronic kidney disease

Implication for health policy/practice/research/medical education:

This work provides further validation to the American Urological Association recommendations regarding testing of nephrectomy
specimens for medical renal disease. Additionally, our data suggest screening as early as the post-operative setting is warranted
for patients to identify those with renal injury.

Please cite this paper as: Shaw NM, Hill FC, Bakios L, Krishnan J, Venkatesan K, Verghese M. Non-neoplastic pathologic
findings in nephrectomy specimens; postoperative renal insufficiency and outcomes. J Renal Inj Prev. 2020; 9(1): e0l. doi:
10.15171/jrip.2020.01.

Introduction

Renal malignancy accounts for approximately 3.8% of
newly diagnosed cancers in the United States according
to Surveillance, Epidemiology, and End Results (SEER)
database (1). With improvements in abdominal imaging
and increased use of these modalities, the incidence of
renal masses has increased steadily. The result has been
diagnosis of renal masses that are smaller in size and
identification of masses in younger patients. Patients now

have several options for management of their renal masses
including watchful waiting, radical nephrectomy (RN),
and nephron-sparing surgery (NSS) (2). As oncologic
outcomes continue to improve, more attention has been
placed on ways to ensure patients maintain optimal
renal function after surgical intervention. This has led to
improved surgical technique in NSS and is reflected in
the American Urological Association (AUA) guidelines
published in 2017 which encourage NSS in cTla renal
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masses (2,3).

There is known and mounting evidence that patients
undergoing both RN and NSS have varying degrees of
previously undiagnosed underlying medical renal disease
that may place patients at greater risk of developing chronic
kidney disease (CKD) postoperatively. Salvatore et al
found that approximately 15% of nephrectomy specimens
had findings in the non-neoplastic parenchyma that were
significant enough to diagnose medical renal disease.
Additionally, 69.3% of specimens had nonspecific changes
that were categorized as ‘concerning’(4). In light of such
concerns, in 2009, the College of American Pathologists
recommended pathologists closely examine the non-
neoplastic renal parenchyma of nephrectomy specimens
(5). Furthermore, it is now a clinical principle in the 2017
AUA guidelines to evaluate pathologic specimens for
medical renal disease (2). Despite this, however, there is
protocol about how these findings should be interpreted
in the postoperative setting (5).

Objectives

We hypothesize that these non-neoplastic findings in
the renal parenchyma correlate with increased risk of
immediate post-operative changes in renal function.
Additionally, we hypothesized that the rate of previously
undiagnosed medical renal disease is underreported in
existing literature.

Patients and Methods

Patient selection

We performed an Institutional Review Board (IRB)
approvedretrospectivereviewofall patientsthatunderwent
partial nephrectomy, RN, and nephroureterectomy at
our institution by four urologic oncology surgeons from
December 2009 to November 2013. Patients were excluded
if they had a prior contralateral nephrectomy, currently on
hemodialysis, prior solitary kidney, or underwent bilateral
nephrectomy. Diagnosis of renal mass was typically
based on radiologic findings with the exception of renal
pelvic/ureteral lesions, which were confirmed with urine
cytology and/or endoscopic biopsies. As is routine, renal
biopsy is not required pre-operatively for diagnosis
prior to intervention. The decision to perform a partial
nephrectomy versus RN was at the discretion of the surgeon
and was based on size, RENAL Nephrometry Score, and
patient risk factors (6). Around 225 patients had complete
pathologic and perioperative data for analysis. Patient
parameters included age, race, gender, body mass index
(BMI), preoperative and postoperative serum creatinine,
preoperative hematuria, preoperative proteinuria, history
of diabetes, and history of hypertension.

Pathology data
Pathology information collected regarding the neoplastic
tissue included tumor size, tumor margin positivity, tumor

type, tumor Fuhrman grade (if applicable), and tumor
stage. Non-neoplastic parenchymal pathologic findings
were categorized into interstitial abnormalities, glomerular
abnormalities, and vascular abnormalities. Interstitial
abnormalities included fibrosis, chronic inflammation,
calcifications, tubular atrophy and thyroidization.
Glomerular abnormalities included sclerosis, atrophy, and
diabetic nephropathy. Vascular abnormalities included
arteriosclerosis and hypertensive vasculitis.

Ethical issues

Human rights were respected in accordance with the
Helsinki Declaration 1975, as revised in 1983. The ethical
committee of MedStar Institutional Review Board (Code;
2014-161) approved the study. The informed consent was
waived based on the nature of the protocol in accordance
with IRB policy.

Statistical analysis

Data analysis was performed by the Department of
Biostatistics and Bioinformatics at the MedStar Health
Research Institute. A multivariate analysis was performed
comparing patient information and pathologic findings
with preoperative and postoperative renal function.
Statistical significance was concluded with P value of
<0.05. Logistic regression adjustments were performed to
look at the effect of preoperative diabetes and CKD to see
if they could be confounding factors.

Results

We reviewed the complete pathologic and perioperative
data of 225 patients who underwent partial nephrectomy,
RN, and nephroureterectomy at our institution by
four urologic oncology surgeons from December 2009
to November 2013. Of these, 103 underwent radical
nephrectomies, 100 underwent partial nephrectomies and
22 underwent nephroureterectomies. The median age at
time of surgery was 60.7 years (23-85). Around 53% of
patients were male and 47% female. Patient demographics
are listed in Table 1.

Non-neoplastic pathologic abnormalities were found
in 49% of specimens. The most common abnormalities
were interstitial (ie, chronic inflammation and interstitial
fibrosis). The prevalence of pathologic abnormalities is
listed in Table 2.

Multivariate analysis was used to compare preoperative,
immediate postoperative, and follow-up creatinine levels
at follow up with the presence of non-neoplastic renal
parenchyma abnormalities. Average time of follow up was
8 months. The presence of pathologic abnormality was
significantly associated with increased serum creatinine
levels postoperatively (P=0.01) and at last follow up visit
(P=0.04). Univariate analysis found that glomerular and
vascular abnormalities were each significantly associated
with worsening renal function postoperatively and at
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Table 1. Patient and tumor characteristics

Postoperative renal insufficiency

All Patients Radical Nephrectomy Partial Nephrectomy Nephroureterectomy
Total patients (n) 225 103 100 22
Age (average) 50.7 62.5 59.8 59.5
Gender
Male 120 56 47 17
Female 105 47 63 5
Tumor size (cm), average 5.2 (0.6-19) 7.1(1-19) 3.1(0.5-7.3) 5.4 (2-15)
Tumor type
Clear cell RCC 102 53 47 2
Papillary RCC 51 25 25 1
Urothelial cell 21 2 0 18
AML 10 6 0
Oncocytoma 11 4 7 0
Chromophobe 23 11 12 0
Granular 2 1 1 0
Other 4 2 2 0
Benign (no abnormalities) 1 0 1 0

Abbreviations: AML, acute myeloid leukemia; RCC, renal cell carcinoma.

follow-up. Interstitial abnormalities were not associated
with worsening renal function (Table 3).

Further investigation of the sub-groups found no
significant associations between pathologic abnormalities
andrenal dysfunction in the RN or the nephroureterectomy
populations. However, there was a significant correlation
between having any pathologic abnormalities and elevated

Table 2. Prevalence of non-neoplastic pathologic abnormalities

serum creatinine levels at follow up (P=0.03).

Discussion

Chronic kidney disease has been found to put patients
at increased risk of death, with the absolute risk of death
increasing exponentially with decreasing renal function
(7). In particular, these patients tend to be at increased
risk of cardiovascular deaths. Thus, the importance of
identifying patients at risk of postoperative CKD cannot
be understated. Avoidance of renal injury led to the
adoption of nephron- sparing surgical techniques to

Present Absent o .
Any pathology abnormality 111 (49%) 115 (51%) maximize preservation of renal parenchyma compared to
. RN. Several retrospective studies have shown the benefits
Interstitial (Any) 98 (42%) 138 (68%) . . . . X
Chronic infl . 62 (36%) 144 (64%) in renal function in partial nephrectomy patients (7-9).
ronic inflammation 9 %
nterstitial fibrosi 57 (25/0) 163 (75%) Yet, without long-term follow up, the survival benefit
nterstitia rosis % % 1.
Calcifiat 24 (11%) 202 (85%) of avoiding CKD may have been assumed rather than
slcications ° i proven. In one of the only randomized prospective multi-
Thyroidization 7 (3%) 219 (97%) . . . .
center studies available on the subject, Van Poppel et al in
Tubular Atrophy 4(2%) 222 (98%) 2011 found no difference in overall survival for patients
Glomerular (Any) . 40 (22%) 176 (78%) undergoing radical versus partial nephrectomies with a
Glomerular sclerosis 38 (17%) 188 (83%) median follow-up of 9.3 years (10). In fact, they found
Glomerular atrophy 8 (4%) 218 (96%) an overall increase in cardiovascular deaths in the NSS
ascilagiBny) G2 L) population compared with the RN population. Their
Arteriosclerosis 36 (16%) 190 (84%) overall conclusions were that NSS and RN both provide
Vascular hypertension 5 (3%) 220 (97%) good oncologic outcomes with no significant differences

Table 3. Pre- and post-operative serum creatinine levels and renal pathology

Interstitial abnormalities

Glomerular abnormalities

Vascular abnormalities Any pathologic abnormality

Present Absent P Present Absent P Present Absent P Present Absent P
Preoperative Cr 1.3(1.4) 1.2(14) 017 1.4(1.8) 1.2(1.2) 048 15(2.0) 1.2(12) 017 13(1.3) 1.2(1.4) 0.06
Postoperative Cr 1.6(1.3) 1.4(09) 04 19(1.5) 1.4(0.9) 0.03 1.8(15) 1.4(1.0)0 0.001 1.7(1.2) 13(09) 0.01
Last follow up Cr 15(1.1) 1.4(13) 03 17(0.8) 1.4(1.3) 004 1.7(0.8) 1.4(13) 0.04 1.6(1.0) 1.4(1.3) 0.04
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in overall survival. Despite the conclusions of Van Poppel
et al, the general trend has been moving toward nephron
sparing surgical options. In fact, in 2009, the AUA
recommended partial nephrectomy for Tla renal masses
as the standard of care for lesions in technically feasible
locations with the intent of preserving renal function
while maintaining similar oncologic outcomes to RN (11).

Because of these controversies, researchers have looked
extensively at surgical techniques (minimizing clamp
times and enucleation) to improve on the outcomes of NSS
so that overall morbidity and mortality risks are reduced.
Our finding that glomerular and vascular abnormalities
correlate to increased risk of renal dysfunction suggests
another important factor in non-neoplastic outcomes.

In 2009, the College of American Pathologists
recommended pathologists institute to closer examination
of the non-neoplastic renal parenchyma of nephrectomy
specimens. However, there was no protocol about how
these findings should be interpreted in the postoperative
setting. Previously, Garcia-Roig et al retrospectively
reviewed data of 45 patients who underwent partial
nephrectomy and found that interstitial fibrosis was the only
pathologic finding that was associated with preoperative
serum creatinine (12). Our experience did not correlate.
Salvatore et al reviewed pathologic findings in 381 patients
who underwent partial and radical nephrectomies and
found that postoperative creatinine levels were elevated in
patients with severe arteriosclerosis, glomerulosclerosis,
and tubular atrophy. Similar to Salvatore et al, we found
glomerular and vascular abnormalities being associated
with postoperative increases in serum creatinine in our
univariate analysis (4). It remains unclear why glomerular
and vascular pathologies had a stronger tendency towards
renal dysfunction versus interstitial changes.

When we compared the outcomes of our patients based
on the type of surgery they underwent, we only found a
correlation between elevated postoperative creatinine
levels (and GFR), and the existence of any pathologic
abnormalities in the patients who underwent partial
nephrectomy. It is difficult to say whether the lack of
such a correlation within the RN or nephroureterectomy
populations was because our study was underpowered.
On the other hand, differences in postoperative serum
creatinine secondary to underlying medical renal disease
may be more exaggerated in patients undergoing partial
nephrectomy secondary to surgical technique including
warm ischemia. Further studies with larger patient
populations and longer follow-up will hopefully elucidate
the reasoning for these findings. None of our patients
went on to severe renal dysfunction requiring dialysis in
the immediate post-operative period.

An additional consideration from our findings may be a
stronger case for partial nephrectomy. When patients have
undiagnosed abnormalities in their non-neoplastic renal
parenchyma, it may be imperative for the surgeon to spare

nephrons where oncologically possible. Furthermore,
our series may add context to the case for pre- operative
renal biopsy. Confirmation of malignancy when possible
and sampling of non-neoplastic tissue before surgery may
aid in both pre- and intra-operative decision making and
patient counseling. There has been an increase in the use
of multiple core renal tumor biopsies as it has been shown
to increase the diagnostic rate (13). Further studies may
help to elucidate such considerations.

Long-term follow up is lacking in retrospective studies
regarding non-neoplastic renal pathology findings. This
leads to limited prognostic benefits from our findings as
well. Future studies with longer follow-ups would help
to determine whether renal dysfunction in nephrectomy
patients with parenchymal abnormalities continues to
progress postoperatively and how quickly it worsens. Until
then, based on our findings, we suggest that patients with
pathology findings consistent with undiagnosed medical
renal disease be considered for nephrology referral earlier
in the postoperative setting to help prevent further renal
injury and delay potential CKD.

Conclusion

Our research suggests that abnormalities in non-neoplastic
renal parenchyma found in renal specimens after RN
can show early manifestations in the acute setting with
elevated serum creatinine. This information may even
compel surgeons more strongly towards early nephrology
referral and/or renal biopsy and partial nephrectomy.
Post-operatively, these findings may help determine which
patients should be followed more closely. These findings
further support the guidelines published in 2017. Studies
with longer follow up times would be beneficial in helping
to determine if changes in postoperative management of
these patients needs to be made.

Limitations of the study

Asnoted above our study is limited by retrospective design
and relatively limited follow up. Additionally, our data
now support established guidelines for the testing and
referral of appropriate patients to nephrology if medical
renal insufficiency is diagnosed. Finally, as our cohort
is mixed, with radical, partial, and nephroureterectomy
specimens, the applicability to any one population may be
in question.
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