International Journal of

Immunopathology

& Pharmacology

Letter to the editor

International Journal of
Immunopathology and Pharmacology
2016, Vol. 29(3) 469474

© The Author(s) 2016

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0394632016645590
iji.sagepub.com

®SAGE

Renal parenchymal resistance in patients
with biopsy proven glomerulonephritis:
Correlation with histological findings

Antonietta Gigante,' Biagio Barbano,' Francesca Di Mario,'
Edoardo Rosato,! Marzia Simonelli,'! Anna Rachele Rocca,?
Fabrizio Conti,? Fulvia Ceccarelli,’> Konstantinos Giannakakis,*
Guido Valesini? and Rosario Cianci'

Abstract

Renal Doppler ultrasound is increasingly used in nephrology for the evaluation of renovascular disease, allograft
dysfunction, and chronic nephropathies. We compared intrarenal hemodynamic parameters to biopsy findings of
glomerular sclerosis, tubular atrophy, interstitial fibrosis, crescents, arteriolosclerosis, and clinical variables in 100
patients. A positive correlation exists between renal function and percentage of glomerular sclerosis (P <0.01, r = 0.26),
conversely a negative correlation exists between glomerular filtrate rate and percentage of glomerular sclerosis
(P <0.0001, r = —0.35). The percentage of glomerular sclerosis correlate positively with pulsatile index (PI) (P <0.05,
r = 0.21) and renal resistive index (RI) (P <0.05, r = 0.20). The percentage of crescents correlates positively with PI
(P <0.05, r = 0.21) and RI (P <0.05, r = 0.20). Classifying arteriolosclerosis in four groups according to a severity
scale, from absence to severe, Pl (P <0.05) and RI (P <0.01) were significantly different. In the post hoc analysis, the
median values of Pl and RI are significantly different in patients with severe arteriolosclerosis than others. Ultrasound
examination is a non-invasive diagnostic technique used on patients with suspected or established renal disease. Our
study shows a close correlation between kidney function, ultrasound parameters, and histological findings. Measurement
of renal parenchymal resistance by ultrasound could be used in association with biopsy and glomerular function for the
evaluation of renal damage in patients with glomerulonephritis.
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Introduction

Renal Doppler ultrasound (RDU) may be helpful
in the evaluation of different nephropathies. The
changes in renal parenchymal resistances often
may be detected in course of nephropathies. Among
the RDU parameters, the renal resistive index (RI)
is the most studied and represents a measure of
renal parenchymal resistance. Its use has been pro-
posed in the differential diagnosis of several
nephropathies, including the therapeutic manage-
ment of renal artery stenosis,! kidney transplanta-
tion,? in long-term outcome chronic nephropathies,?

lupus nephritis evaluation,* monitoring in renal scle-
roderma crisis, and systemic sclerosis.>~” Moreover,
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some studies report a correlation between RI and
renal function in patients with renal diseases.® The
aim of this study is to evaluate the relationship
between renal parenchymal resistance and histo-
pathologic parameters of renal damage, particu-
larly vascular features.

Materials and methods

From October 2011 to May 2014, 165 patients
underwent renal biopsy in our department. We
excluded the following from the study: pediatric
patients; transplanted kidney biopsies; patients with
known renal artery stenosis; urinary tract obstruc-
tion; heart failure; and patients treated with immu-
nosuppressive and non-steroidal anti-inflammatory
drugs at the time of biopsy. Therefore, the study was
conducted on 100 patients. RDU was performed in
each patient at the moment of renal biopsy.

The study was conducted in accordance with the
protocol, good clinical practice principles, and the
Declaration of Helsinki statements. All patients
signed an informed consent and the study was
approved by the local ethics committee.

Clinical and laboratory data were collected at
time of biopsy. Clinical presentation, 24 h proteinu-
ria, urinalysis, serum creatinine level (sCr), and
blood urea nitrogen (BUN) were recorded. The
study protocol included a complete physical exami-
nation, blood drawing, ultrasonographic assessment,
and kidney biopsy. Glomerular filtration rate was
estimated (eGFR, mL/min) using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula.’

Renal Doppler ultrasound

RDU was performed immediately before renal
biopsy at the Department of Clinical Medicine,
Nephrology Unit, Sapienza University of Rome,
by a single expert investigator, blinded to the
patients’ clinical data (Aplio Ultrasound System
SSA-790 with convex 3.5-MHz probe, Toshiba,
Tokyo, Japan).

Renal Doppler evaluation of the arcuate arteries
in the region of the corticomedullary junction and
the interlobar arteries along the border of medullary
pyramids was performed by placing the probe at
three different positions (mesorenal, superior, and
inferior pole) over both kidneys, guided by color
flow mapping. The gain was set so that background

echoes were barely visible. Doppler gate width was
kept small, and the angle of insonation was cor-
rected. An anterior approach was used to detect
renal artery origin and an oblique, lateral approach
was used for the intermediate tract and intrarenal
vessels. No aliasing was allowed in the interlobar
arteries while the following parameters were meas-
ured: peak systolic velocity (PSV), end diastolic
velocity (EDV), resistive index (RI), pulsatile index
(PI), and systolic/diastolic ratio (S/D). RI was cal-
culated as (peak systolic frequency shift-minimum
diastolic frequency shift)/peak systolic frequency
shift and the PI was calculated as (peak systolic fre-
quency shift-minimum diastolic frequency shift)/
mean frequency shift. The average of three meas-
urements for each Doppler parameter of arcuate
and interlobar arteries in both kidneys was calcu-
lated. RI>0.7 was considered pathologic.? Weighted
kappa was used to evaluate the intra-rater re-liabil-
ity by the same observer. The kappa values for RI
and S/D were 0.975 and 0.965, respectively. The
intra-patient coefficient of variation for RI and S/D
measurement was 1.2% and 1.3%, respectively

Renal biopsy and histology

Renal tissue was obtained by percutaneous needle
biopsy. Tissue cores were received within 10 min of
biopsy and divided in three portions for immuno-
fluorescence and light and electron microscopy.
Multiple paraffin sections were stained with peri-
odic acid—Schiff (PAS), hematoxylin and eosin, and
PAS—silver methenamine. All biopsy samples had
at least 10 glomeruli. Immunofluorescence was
performed on 5-mm cryostat sections using poly-
clonal fluorescein isothiocyanate-conjugated anti-
bodies to IgG, IgM, IgA, C3, Clq, kappa, lambda,
and fibrinogen (Dako, Carpinteria, CA, USA). The
severity of glomerular lesions was graded semi-
quantitatively on a scale of 0 to 3 according to the
percentage of glomerular involvement: 0, absence
of lesions; 1, involvement of 1-30% of specimen/
total number of glomeruli; 2, involvement of 31—
60% of specimen/total number of glomeruli; and 3,
involvement of 61-100% of specimen/total number
of glomeruli.!® The following glomerular lesions
were evaluated: karyorrexis/fibrinoid necrosis, leu-
kocyte exudation, cellular and fibrous crescents,
and segmental/global sclerosis. Tubular lesions
evaluated were tubulitis and tubular atrophy;
interstitial lesions evaluated were inflammatory
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infiltration and fibrosis. For arteriolosclerosis, we
examined the percentage of vessels showing hya-
line change or wall thickening. Wall thickening was
evaluated as the ratio of luminal diameter to outer
diameter and defined as a ratio less than 0.5.! A
pathologist without prior knowledge of any infor-
mation concerning each patient performed these
morphological evaluations.

Statistical analysis

All the results were expressed as mean and standard
deviation (SD). Commercially software (SPSS ver-
sion 22.0) was used for statistical analysis. The coef-
ficient of skewness and the coefficient of kurtosis
were used to evaluate normal distribution of data.

Multiple regression analysis was applied for the
estimation of relationship of PI, RI, and S/D ratio
with clinical features (e.g. age, SCr, CKD-EPI).
Pearson product-moment correlation coefficient
(r) or, as appropriate, Spearman’s rank correlation
coefficient (r) was used for bivariate analysis.
Group comparisons were made by Student’s
unpaired two-tailed t-test or, as appropriate, by
non-parametric Kruskal-Wallis test. P values
<0.05 were considered significant.

Results

Clinical and histopathologic characteristics of the
100 patients are listed in Table 1. Patients included
39 men and 61 women (age, 52 + 16 years). Primary
glomerulonephritis diagnosed were 49%, second-
ary glomerulonephritis were 39%. Among second-
ary glomerulonephritis, the most common
diagnosed were lupus nephritis (78%), dysgamma-
globulinemia glomerulonephritis (20%), and meta-
bolic glomerulonephritis (7.7%). Low-grade
arteriolosclerosis was shown in 18% of patients,
mild-grade arteriolosclerosis in 11%, high-grade
arteriolosclerosis in 20%, while 51% of patients
did not show arteriolosclerosis.

The most predominant diagnosis was membra-
nous glomerulonephritis (32.7%), followed by focal
segmental glomerulosclerosis (26.5%), mesangial
proliferative  glomerulonephritis (16.3%), IgA
nephropathy (10.2%), membranoproliferative glo-
merulonephritis (10.2%), and minimal change dis-
case (4.1%).

Fifty-five patients had hypertension and nine
diabetes. Medium value of sCr was 2.1 mg/dl, urea

471
Table 1. Clinical, ultrasonographic, and histopathologic
characteristics of 100 patients.
Clinical parameters
Men:Women 39:61
Age (years) 52+ 16
Proteinuria (g/24 h) 34 +3.1
Urea (mg/dL) 66 + 66
sCr (mg/dL) 2.1 +£2.18
eGFR (mL/min 1.73m?) 58.66 + 36.35
Hypertension 55
Diabetes mellitus 9
Ultrasonographic parameters
RI 0.67 £ 0.1
Pl 1.34 £ 0.41
S/D 333+ 1.09
Histopathologic parameters
Primary glomerulonephritis (%) 49
Membranous nephropathy 327
Focal segmental glomerulosclerosis 26.5
Mesangial proliferative glomerulonephritis 16.3
IgA nephropathy 10.2
Membranoproliferative glomerulonephritis 10.2
Minimal change disease 4.1
Secondary glomerulonephritis (%) 39
Lupus nephritis 78
Dysgammaglobulinemia glomerulonephritis 20
Metabolic glomerulonephritis 2
Tubular interstitial nephritis (%) 5
Vascular nephropathies 4
Others 3
Glomerular sclerosis (%) 77
Crescents (%) 29
Arteriolosclerosis (%) 49
Mild (%) 18
Moderate (%) I
Severe (%) 20

65.9 mg/dl, eGFR with CKD-EPI was 58.7 + 36.3
mg/dl, and 24 h proteinuria was 3.4 + 3.1.

Age showed a positive correlation with PI
(P <0.0001,r=10.38), RI (P <0.01,r=0.27) and
S/D (P <0.0001, r = 0.46). We did not observe
correlations between Doppler indices of renal
parenchymal resistance and clinical variables
(Table 2).

Fifty-five patients had hypertension and 45 were
normotensive. The mean value of RI not showed
significant differences (P >0.05) in patients with
hypertension (0.68 + 0.12) and in patients without
hypertension (0.66 + 0.07).

A positive correlation exists between sCr and
percentage of glomerular sclerosis (P <0.01, r =
0.26), conversely a negative correlation exists
between CKD-EPI and percentage of glomerular
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Table 2. Result of regression analysis of Doppler indices of renal parenchymal resistance with clinical variables.

Independent variable Dependent variable Beta coefficient t Sign

RI Age 0.621 2.689 0.010
sCr 0.171 1.204 0.23
CKD-EPI -0.119 -0.786 0.43

Pl Age 0.738 4.270 <0.0001
sCr 0.072 0.524 0.60
CKD-EPI -0.237 -1.614 0.11

S/D Age 0.405 3.934 <0.0001
sCr 0.230 1.715 0.90
CKD-EPI -0.13 -0.093 0.90

Table 3. Arteriolosclerosis and Doppler parameters of 100 patients.

Arteriosclerosis Pl Rl
Median Min Max Median Min Max
Group A 1.20 0.71 2.49 0.65 0.49 0.84
Group B 1.25 0.92 2.70 0.68 0.04 0.87
Group C 1.29 0.81 1.71 0.68 0.57 0.78
Group D 1.44 0.88 221 0.71 0.58 0.85
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Figure |. Correlations between arteriolosclerosis and PI/RI.

sclerosis (P <0.0001, r =—0.35). The percentage of
glomerular sclerosis correlate positively with PI
(P <0.05,r=0.21) and RI (P <0.05, r = 0.20). Any
correlation was observed with S/D.

A negative correlation exists between percent-
age of crescents and CKD-EPI (P <0.05,r=-0.22).
The percentage of crescents correlates positively
with PI (P <0.05, r = 0.21) and RI (P <0.05,
r = 0.20). Any correlation exists between percent-
age of crescents and S/D.

Classifying arteriolosclerosis according to a
severity scale, PI (P <0.05) and RI (P <0.01) were

significantly different in four groups of arteriolo-
sclerosis (group A, absence of arteriolosclerosis;
group B, mild arteriolosclerosis; group C, moder-
ate arteriolosclerosis; group D, severe arteriolo-
sclerosis) (Table 3).

S/D did not show any significant difference in the
four groups. In the post hoc analysis, the median val-
ues of PI and RI were significantly higher in group D
than in the others (Figure 1). Any difference between
PI, RI, and groups A, B, and C was found.

When we grouped patients in glomerular dis-
eases (n = 88) and non-glomerular diseases (n =9),
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the ROC curves (AUC% and 95% CI) demon-
strated a poor accuracy of RI 41.1 (range, 25.5—
56.7; P=0.31).

Discussion

In our study glomerular sclerosis and crescents
showed a positive correlation with sCr and a nega-
tive correlation with CKD-EPI. The Doppler indi-
ces (PI and RI) of renal parenchymal resistance
increased with progression of glomerular sclerosis
and in presence of crescents. Also, vascular dam-
age (arteriolosclerosis) influences renal parenchy-
mal resistance (PI and RI). In the literature, several
studies have shown that renal ultrasound parame-
ters such as RI and PI can be used as markers of the
progression of renal damage, taking account of
extrinsic factors that can influence these parame-
ters.!2 Also, an increased RI has been reported to
correlate with glomerulosclerosis, tubulointersti-
tial damage, and vascular lesions.!3> However, the
results are not consistent, renal histology has been
investigated in small populations'4 and the major-
ity of the studies have concerned transplanted kid-
neys.!S Our study was performed on a larger sample
of patients than previous studies and only on native
kidneys. Elevated RI and PI show greater severity
of histopathological features with signs of chronic-
ity and vascular involvement.

Hypertension and age are two other well-known
parameters that influence renal resistances. In our
study, age represents an independent factor of
increased RI; conversely, hypertension showed no
influence on renal resistances. Ikee et al. demon-
strated that increased RI may be attributed to vas-
cular lesions, rather than systemic hypertension.!
Anyway the limitation of this study is related to the
use in some patients of ACE inhibitors (ACE-Is) or
Angiotensin II receptor blockers (ARBs). In fact,
the vasodilatation secondary to ACE-Is/ARBs may
influence RDU parameters.

RI has been found to be associated with renal
parenchymal abnormalities. Platt et al. first dem-
onstrated in 41 patients with renal disease the
relationship between an increased RI and paren-
chymal and vascular abnormalities assessed by
renal biopsies.!® Renal vasculitides and tubular-
interstitial nephropathies are more frequently
identified by conventional ultrasound than glo-
merular nephropathies, since glomerular compo-
nent accounts only for 8% of the renal parenchyma,

whereas the highest percentage is occupied by
vascular and tubulo-interstitial components.!”

Since Doppler indices of renal parenchymal
resistance increase with the progression of vascu-
lar (arteriosclerosis) and parenchymal (glomeru-
lar sclerosis and crescents) renal damage assessed
by renal biopsy, we can assume that the Doppler
indices can be used in association with biopsy and
glomerular function (sCr and CKD-EPI) for the
evaluation of renal damage in patients with
glomerulonephritis.

Larger prospective studies are needed to demon-
strate the role of Doppler indices of renal parenchy-
mal resistance in glomerulonephritis assessment.
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