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ABSTRACT

BACKGROUND: The objective of this study was to evaluate the usefulness of pre-operative visceral (VAT) and subcuta-
neous adipose tissue (SAT) evaluation in the prediction of acute kidney injury (AKI) and decrease of eGFR at 12 months
after radical nephrectomy (RN).

METHODS: We relied on 112 patients who underwent RN between January 2010 and March 2017 at a single institution.
Images from the pre-operatory CT scan were analyzed and both SAT and VAT assessments were carried out on a cross-
sectional plane. eGFR was measured before surgery, at 7 days, and 12 months after surgery. ROC analysis was used to
compare the diagnostic value of BMI, VAT ratio, and abdominal circumference in predicting AKI. Logistic regression
models were fitted to predict the new onset of AKI, and the progression from chronic kidney disease (CKD) stage 1-3a
to CKD stage 3b or from 3b to 4 at 12 months follow-up. Two logistic regression models were also performed to assess
the predictors for AKI and CKD stage progression. The predictive accuracy was quantified using the receiver operating
characteristic-derived area under the curve.

RESULTS: Sixty-six patients (58.9%) had AKI after RN. Thirty-five (31.3%) patients were upgraded to CKD IIIb or
from CKD stage IIIb to CKD IV. In the ROC analysis, VAT% performed better than the BMI and abdominal circum-
ference (AUC=0.66 vs. 0.49 and 0.54, respectively). At multivariable analyses, VAT reached an independent predictor
status for AKI (OR: 1.03) and for CKD stage at 12-month follow-up (OR: 1.05). Inclusion of VAT% into the multivari-
able models was associated with the highest accuracy both for AKI (AUC=0.700 vs. 0.570) and CKD stage progression
(AUC=0.848 vs. 0.800).

CONCLUSIONS: In patients undergoing RN, preoperative visceral adipose tissue ratio significantly predicts AKI inci-
dence and is significantly predictive of 12-month CKD stage worsening.

(Cite this article as: Olivero A, Basso L, Barabino E, Milintenda P, Testino N, Chierigo F, et al. The impact of visceral adipose
tissue on postoperative renal function after radical nephrectomy for renal cell carcinoma. Minerv Urol Nephrol 2021;73:789-
95. DOI: 10.23736/S2724-6051.21.04096-9)

KEeY worps: Renal cell carcinoma; Acute kidney injury; Nephrectomy; Subcutaneous fat; Intra-abdominal fat.

adical nephrectomy (RN) represents the itself has a detrimental effect on renal function
A \.treatment of choice for stage T2-3 renal cell  and could be associated with postoperative acute
carcinoma (RCC) or localized masses smaller kidney injury3 and new-onset of CKD# 5 with po-
than 7 cm for which partial nephrectomy is not tential negative outcomes on cardiovascular and
technically feasible.l- 2 However, nephrectomy  overall survival.s.”
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Obesity is an independent risk factor for the
development of CKD, ESRD,3.9 and postopera-
tive cardiovascular events.!0 Obesity is usually
detected through Body Mass Index calculation,
even if it does not evaluate the adipose tissue dis-
tribution.!!. 12 Visceral adiposity, as measured by
CT scan, has been suggested to be a better pre-
dictor of kidney injury as compared to BMI and
waist circumference.!3. 14 Recent studies confirm
that the preoperative adipose tissue distribution
in living kidney donors could predict the re-
covery of postoperative renal function.!s 16 The
recognition of predictive factors for long-term
renal function is paramount in the management
and counseling of patients suffering from kidney
tumors.

The present study aims to evaluate the effect
of abdominal adipose tissue distribution on AKI
incidence and worsening in renal function at 12
months after RN.

Materials and methods

We evaluated data of consecutive patients who
underwent radical nephrectomy for renal cell
carcinoma at our institution between January
2010 and March 2017. Clinical data including
age, race, gender, BMI, diabetes mellitus, hyper-
tension, and preoperative serum creatinine were
collected from patient medical records. Serum
creatinine and eGFR were evaluated before sur-
gery, on postoperative day (POD) 7 as well as at
12 months follow-up. Chronic kidney disease ep-
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idemiology (CKD-EPI) collaboration equation!?
was used to estimate GFR. Postoperative acute
kidney injury at discharge was defined accord-
ing to the latest classification of AKI proposed
by the Acute Kidney Injury Working Group of
KDIGO (Kidney Disease: Improving Global
Outcomes).!8 Patients with a solitary kidney or
undergoing nephrectomy for malignancies of
other histology than RCC or benign pathologies
were excluded from this study. The absence of
available CT imaging and missing follow-up
data were considered as exclusion criteria.

Adipose tissues evaluation

Images from the staging contrast-enhanced Com-
puted Tomography scan performed within 60
days before surgery were analyzed by our dedi-
cated team of radiologists. Subcutaneous adipose
tissue (SAT), visceral adipose tissue (VAT), total
adipose tissue (TAT), and abdominal circumfer-
ence assessment were carried out in the portal
venous phase, on a cross-sectional plane passing
through the umbilical plane. Aquarius Software,
version 4.413 (Terarecon, Foster City, CA, USA)
automatically identified fat and muscle tissues
using predefined values; fat density ranged from
150 to 50 HU, and muscle density ranged from
0 to 200 HU. The software classified VAT and
SAT based on intersected muscle density as is
shown in Figure 1. The complete method used
to measure various tissues has been previously
published.!® VAT% was calculated using the for-
mula: VAT%=(VAT/TAT) x100.

A
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Figure 1.—Radiological measurement of visceral and subcutaneous adipose tissue. Two patients with a similar BMI (26.3
versus 26.1 kg/m?) and abdominal circumference. The patient on the left has a favorable (39.8%) VAT% compared to the right
one (57.3%). SAT: surrounding dark grey area (blue in the online version); VAT: internal gray area outlined in white (green
in the online version).
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Statistical analysis

Medians and interquartile ranges were used to
report continuous variables. Frequencies and
proportions were used to report categorical vari-
ables.

Univariable and multivariable binary logistic
regression models were used to predict the onset
of AKI, as defined by KIDGO. The same analy-
sis was performed to predict the worsening of
CKD stage, defined as a progression from CKD
stage 1-3a to stage 3b or from stage 3b to stage 4.
We also developed two logistic regression mod-
els to identify the independent predictors of AKI
and CKD stage progression. Model 1 included as
predictors age, BMI, abdominal circumference.
Model 2 included as predictors the same vari-
ables of Model 1 plus VAT%. The discrimination
of the accuracy of the models was quantified us-
ing the receiver operating characteristic-derived
area under the curve, where 100% indicates per-
fect prediction and 50% is considered equivalent
to the toss of a coin. All statistical analyses were
performed with SPSS software, version 23 (IBM
Corp., Armonk, NY, USA), assuming a two-sid-
ed test at the conventional 0.05 level of signifi-
cance.

Results

One hundred and twenty patients undergone RN,
for renal cell carcinoma at our institution be-
tween January 2010 and March 2017, of these
eight patients (6.6%) were excluded due to the
absence of available CT imaging or missing fol-
low-up data. A total of 112 patients were included
in the study. All patients were Caucasian. Table I
reports the baseline characteristics of the popula-
tion. Median patient age was 67.0 (IQR=56-75)
years and 82 patients (73.2%) were male. Medi-
an visceral adipose tissue and subcutaneous adi-
pose tissue were 147 cm?2 (IQR 105-214) and 186
cm? (134-249) respectively, resulting in a median
VAT% of 44 (IQR 35-53). Median preoperative
and 7t POD eGFR were 71 (IQR 54-84) and 52
mL/min (IQR 42-63) respectively, with a median
reduction of 17 ml/min (IQR 6-29). Among all
patients, 58 (51.7%) developed AKI according
to the KDIGO criteria. Median 12-month serum
creatinine was 1.4 mg/dL (IQR 1.1-1.6) and me-
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TABLE 1.—Clinic and demographics characteristics of

cohort.
Variable Mz(il;l? ([‘E/?)R]
N. of patients 112
Age (year) 67 [56-75]
Male 82 (73.2%)
Body Mass Index 26.1[23.8-27.7]
Hypertension 53 (47.3%)
Diabetes 15 (13.4%)
Histology
Clear cell 96 (85.7%)
Papillary type I 4 (3.6%)
Papillary type II 5 (4.5%)
Chromophobe 7 (6.2%)
T stage
Tla 21 (18.8%)
T1b 31 (27.7%)
T2a 14 (12.5%)
T2b 4 (3.6%)
T3a 31 (27.7%)
T3b 8 (7.1%)
T3c 2 (1.8%)
T4 1 (0.9%)
Preoperative serum creatinine (mg/dL) 1.0 [0.9-1.2]
Preoperative eGFR (mL/min) 71.0 [54-84]
CKD stage
Stage [ 20 (17.9%)
Stage 11 60 (53.6%)
Stage I1la 20 (17.9%)
Stage I1Ib 8 (7.1%)
Stage IV 4 (3.6%)

Visceral adipose tissue (cm2)
Subcutaneous adipose tissue (cm?)
VAT%

Abdominal circumference (cm)

147 [105-214]

186 [134-249]
44 [35-53]
95 [70-123]

eGFR: estimated glomerular filtration rate; CKD: chronic kidney
disease; VAT: visceral adipose tissue.

dian 12 months eGFR was 52.0 mL/min (IQR
39.0-64.0) with a mean eGFR% loss of 21.5%
as compared to preoperative eGFR. Thirty-five
(31.3%) patients were upgraded to CKD IIIb or
from CKD stage I1Ib to CKD IV.

At multivariable analyses, only VAT%
(OR=1.05, 95% CI 1.00-1.09, P=0.018) repre-
sented independent predictors of postoperative
AKI. The full model is reported in Table II. Pre-
operative eGFR (OR=0.97, 95% CI 0.94-0.99,
P=0.027), and VAT% (OR=1.03, 95% CI 0.99-
1.06, P=0.033) resulted to be independent pre-
dictors of worsening of CKD stage at 12 months’
follow-up. The full model is reported in Table III.

The AUC of the two models predicting AKI
was 0.570, and 0.700, respectively. The AUC of
the two models in the prediction of CKD stage

MINERVA UROLOGY AND NEPHROLOGY 791
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TABLE ll.—The univariate and multivariate analysis used to predict AKI.

. Univariate Multivariate
Variable
P value OR 95% CI P value OR 95% CI for OR

Age >65 years 0.88 0.93 0.38-2.28

Sex (male) 0.14 2.06 0.77-5.52

BMI (continuous) 0.79 1.01 0.90-1.14

Hypertension 0.55 1.31 0.53-3.21

Diabetes 0.79 1.19 0.31-4.60

Preoperative eGFR (continuous) 0.018 1.01 0.99-1.03 0.39 1.01 0.98-1.05
VAT% (continuous) 0.022 1.04 1.00-1.08 0.018 1.05 1.00-1.09

OR: odds ratio; CI: confidence interval; eGFR: estimated glomerular filtration rate; VAT: visceral adipose tissue.

TABLE IIl.—The univariate and multivariate analysis used to predict 12 months CKD stage worsening.

. Univariate Multivariate
Variable
P value OR 95% CI P value OR 95% CI for OR

Age >65 years 0.027 0.33 0.13-0.88 0.28 0.56 0.19-1.60
Sex (male) 0.98 0.99 0.36-2.66

Hypertension 0.22 0.58 0.23-1.40

Diabetes 0.73 0.81 0.23-2.78

BMI (continuous) 0.24 1.07 0.95-1.21

Preoperative eGFR (continuous) 0.004 0.96 0.94-0.98 0.027 0.97 0.94-0.99
VAT% (continuous) 0.026 1.03 1.01-1.07 0.033 1.03 1.02-1.05

OR: odds ratio; CI: confidence interval; eGFR: estimated glomerular filtration rate; VAT: visceral adipose tissue.

progression was 0.800, and 0.848, respectively;
our data showed the importance of inclusion of
VAT to better identify patients at higher risk of
AKI and CKD stage progression.

Discussion

In this study, we found a potential role for the
evaluation of the adipose tissue distribution, mea-
sured during the preoperatory contrast-enhanced
CT scan, in the prediction of both postoperative
AKI incidence and CKD stage progression in a
cohort of patients treated with RN for RCC.

It is clinically relevant to identify the patients
that will show a decrease in renal function after
oncological kidney surgery. Historically, factors
known to influence the renal function after the
surgical management of RCC are represented by
the type of surgery (partial vs. radical nephrecto-
my; open vs. mini-invasive),20-22 the preoperative
renal function, and patient age.23 Moreover, dia-
betes and uncontrolled hypertension are also re-
ported to be crucial predictors of ESRD regard-
less of the treatment delivered. Partial nephrec-
tomy seems to be associated with a lower risk
of ESRD relative to RN.7 Larcher ef al. reported
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that nephron-sparing surgery significantly de-
creases the risk of 10-years other cause mortal-
ity relative to RN to the increasing pre-operative
Charlson Comorbidity Index, while such advan-
tage was not consistently demonstrated in all pa-
tients suffering from kidney cancer.24 Moreover,
in a study including more than 2000 patients
treated for unilateral ¢cT1 RCCC, RN was associ-
ated with an increased risk of chronic kidney dis-
ease compared with PN, but not associated with
cancer-specific mortality or all-cause mortality.25
According to Bhindi ef al., age, diabetes, preop-
erative eGFR, preoperative proteinuria, and tu-
mor size were predictors of long-term eGFR at
any point in time beyond 30 days, with preopera-
tive eGFR being the strongest individual predic-
tor.26 Recently Xu et al. proposed a nomogram
to predict the risk of AKI in patients undergo-
ing RN, they found that patients with a higher
preoperative eGFR were less subject to AKI.27 In
our study, we confirm the power of preoperative
eGFR in the prediction of renal function.

Our findings could have a major clinical im-
plication. The standard preoperatory measure-
ment of obesity is usually performed through
BMI and waist circumference. It has been dem-
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onstrated that BMI is associated with the devel-
opment of CKD,8 9 and postoperative cardio-
vascular events.! Body Mass Index, however,
does not precisely correlate with adipose tissue
distribution.28 Several studies reported a close
correlation between VAT distribution and CKD
incidence.!3: 1429 The VAT is known to work
as an endocrine organ that secretes adipokines
and various bioactive proteins, its accumula-
tion causes the onset of various metabolic and
circulatory diseases and is correlated with vari-
ous diseases forming the metabolic syndrome.30
Moreover, obesity causes renal impairments via
infiltration of free fatty acids in the kidney and
increasing the circulatory level of inflammatory
adipokines.3! Following this trend, our results
demonstrated that preoperative VAT ratio could
be a prognostic factor for immediate and long
term post-operative renal function worsening
and should be taken into consideration during the
pre-operative assessment of patients with RCC.
Notably, our study confirms the similar results
obtained in the kidney transplantation field. Hori
et al show that the preoperative VAT distribution
affects the renal function after donor nephrec-
tomy,!6 and Lee et al. demonstrated that renal
function recovery after donor nephrectomy can
be predicted by VAT ratio.!5 Cho et al. reported
that more than 30% of patients who underwent
radical RN experienced post-operative AKI, and
identified older age, male sex, high BMI, and
high preoperative GFR as independent risk fac-
tors for postoperative AKI.3 In addition, obesity
was found to be a predictor of the incidence of
AKI in a study analyzing both partial and radical
nephrectomy patients.32 Finally, male gender and
preoperative eGFR were associated with AKI af-
ter RN also in a study from Ellis ef al.33
Recently, a study by Antonelli et al. reported
that renal function could have an oncological
role in patients undergoing surgery for RCC.34
Interestingly, increased visceral obesity was
also found to be associated with higher Fuhrman
grade in patients with cTla renal cell carcino-
ma3’ and an association between VAT% and risk
of disease recurrence was observed among pa-
tients with localized renal cell carcinoma.3¢ De-
spite the fact that the oncological role of adipose
tissue distribution was beyond the scope of our
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work, we did not confirm this significance in our
cohort (data not shown).

To our knowledge, this is the first study to cor-
relate the distribution of abdominal adipose tis-
sue with AKI incidence and the eGFR decrease
after radical nephrectomy for RCC. Future stud-
ies examining the role of VAT ratio in different
populations and in Nephron Sparing Surgery are
needed.

Limitations of the study

Few points deserve further consideration. Firstly,
this study includes a relatively small number of
patients and the data have been analyzed retro-
spectively. Secondly, all participants were Cau-
casian, and is known that compared to Asians,
white populations tend to have a higher BML
Lastly, our pre-operative protocol did not include
measurement of proteinuria, which is reported to
be a predictor of kidney function outcomes.

Conclusions

In conclusion, our study demonstrated that the
preoperative abdominal visceral adipose tissue
ratio significantly predicts the AKI incidence and
the 12 months’ CKD stage worsening. An accu-
rate evaluation of the adipose tissues’ distribu-
tion could add information to identify patients at
risk of developing AKI and CKD.
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