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ABSTRACT

Objective: Kidney damage caused by type 2 diabetes mellitus (T2ZDM) can reduce renal elasticity.
Limited number of data exist indicating whether early kidney damage causes stiffening of renal
tissue. This comparative study aims to assess kidney elasticity in T2ZDM patients with or without
moderate albuminuria, using ultrasound-based two-dimensional shear wave velocity (2D-SWV)
measurements.

Methods: Fifty-seven cases (40 T2D patients with stage 1 or 2 chronic kidney disease and 17
age- and sex-matched healthy controls) were included in this single-center prospective study.
The T2DM patients were divided into those with moderate albuminuria (n=22) and those without
albuminuria (n=18). Bilateral renal parenchymal 2D-SWV values were measured (separately)
in the upper, middle, and lower kidney regions. Group data were compared using the t-test
or Mann-Whitney-U test (whichever appropriate). Inter-observer agreement was assessed by
deriving the intra-class correlation coefficient.

Results: There was no difference between the T2DM and control groups in terms of the median
age [55.5 (50-62) vs. 55 (48.5-59.5) years, p=0.48] and sex ratio [18 (45%) males vs. 10 (58.8%)
females, p=0.34]. The average regional ZD-SWV values were all similar between the groups (all
p>0.05). The average 2D-SWV values were similar between the subgroups with and without
albuminuria. The inter-observer agreement was good (intra-class correlation coefficient=0.66,
95% CI 0.19-0.88, p=0.000).

Conclusion: Kidney elasticity does not seem to be compromised in patients with diabetes and
preserved estimated glomerular filtration rate with or without moderate albuminuria.

Keywords: Shear wave elastography, diabetes mellitus, albuminuria
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Amac: Tip Il diyabetin neden oldugu bébrek hasari bobrek elastisitesini bozabilir. Erken evre
bébrek hasarinin bébrek dokusunda sertlesmeye neden olup olmadigi konusunda sinirli veri bu-
lunmaktadir. Bu karsilastirmall calismada; ultrason temelli 2B Shear wave hizlari (2B-SWH) ile,
orta derecede alblimintirisi olan ve olmayan diyabetiklerin bobrek elastisitesini degerlendirmeyi
amagladik.

Yontem: Bu tek merkezli, prospektif calismaya toplam 57 olgu (evre 1 veya 2 kronik bobrek
hastaligr olan DM-II tanili 40 hasta ile yas ve cinsiyet uyumlu 17 saglikli kontrol) dahil edildi. Tip Il
diyabetlilerin olusturdugu grup kendi icinde alblimintirisi olan (n=22) ve albiimintirisi olmayanlar
(n=18) olmak tizere iki alt grup olusturdu. Her iki taraf bébrek parankim 2B-SWH degerleri (ist,
orta ve alt kesimlerden ayri ayri éictilmdistir. Gruplar uygunluguna gére T testi ve Mann-Whitney
U testi ile karsilastirilmistir. Okuyucular arasi uyum sinif ici korelasyon katsayisi ile degerlendi-
rildli.

Bulgular: Ortanca yas [sirastyla 55,5 (50-62) ve 55 (48,5-59,5) yil, p=0,48] ve cinsiyet dagilimi
[sirastyla 18 (45%) erkek ve 10 (58,8%) kadin p=0,34] diyabetliler ve kontrol grubu icin farkiilik
gostermemekteydi. Ortalama ve bagimsiz 2B-SWH degerleri de benzerdi (Hepsi icin p>0,05).
Ortalama 2B-SWH degerleri alblimindirisi olan ve olmayan grup icin de benzerdi. Gézlemciler
arasi uyum lyiydi (ICC: 0.66, 95% CI: 0.19-0.88, p=0.000).

Sonuc: Bobrek elastisitesinin eGFR’si korunmus, orta derecede albimintirisi olan ya da olmayan
diyabetik hastalarda bozulmadigi goriilmUistiir.

Anahtar kelimeler: Shear wave elastografi, diyabet, albiiminiri
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INTRODUCTION

Chronic kidney disease (CKD) is defined as
sustained kidney damage or a decrease in the
estimated glomerular filtration rate (eGFR) less
than 60 mL/min/1.73 m?2 body surface area
persisting for >3 months'. Patients with eGFRs of
60-90 mL/min/1.73 m?Z are considered to exhibit
mild kidney dysfunction. Diabetes mellitus (DM)
is one of the most common causes of kidney
damage and dysfunction?’. Type 2 DM (T2DM)
triggers endothelial dysfunction and increases
permeability to protein 3. Moderate albuminuria,
defined as a urinary albumin-to-creatinine ratio
(uUACR) of 30-300 mg/g, is one of the most
commonly used biomarkers of early renal injury.

The most common noninvasive imaging
method employed to assess renal disease is
ultrasonography (US) where renal size and cortical
echogenicity and thickness serve as markers of
CKD*5. Although these conventional markers
are correlated well with the eGFR and severity of
albuminuria, they become apparent only relatively
late in the disease course®. It is well-recognized
that histological changes in kidneys commence
prior to a measurable decline in the eGFR, thus
before diagnostic US findings develop?®. The typical
histological changes in kidneys of T2ZDM patients
include glomerular changes reflecting proteinuria’.
Interstitial fibrosis develops during later stages and
is associated with a decreased GFR, progressive
deterioration of tissue elasticity, and increased
renal stiffness®S. Hence, a mildly decreased eGFR
(60-90 mL/min/1.73 m?) or a combination of a
moderately increased uACR and a preserved eGFR
(>90 mL/min/1.73 m?) serve as surrogate markers
of early kidney damage in patients with TZ2ZDM.

The so-called “gold standard” method used
to detect early glomerular change is biopsy?®,
which is both invasive and inappropriate when
prospective serial follow-up is required®.
Moreover, the sensitivity of biopsy remains
problematic, and sampling errors are possible®°.
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Hence, elastography methods, including magnetic
resonance imaging'' and USS®'#13) have been
increasingly used to assess kidney stiffness.
Among the US shear wave elastography methods,
two-dimensional shear wave velocity (2D-SWV) is
a relatively novel technique that assesses tissue
stiffness, yielding results comparable with those
of transient elastography and point shear wave
elastography'#!>.

In one biopsy study, kidney elasticity was related
to the CKD stage in a population without diabetes,
but not in diabetics. Diabetes is a unique disease
in which histological changes in the kidney do
not necessarily resemble those of other CKD
etiologies, particularly during early stages.
Hence, we focused on T2DM patients with early
kidney damage. Does such damage compromise
renal elasticity? We enrolled T2ZDM patients and
healthy controls and performed US-based 2D-
SWV measurements.

MATERIAL and METHODS

This prospective, observational single-center
study was conducted in accordance with the
Declaration of Helsinki and with the approval
of our Institutional Research Ethics Committee.
Written informed consents were obtained from all
participants.

Study design and participants

Sample size calculation based on the mean SWV
indicated that at least 14 T2DM patients and 14
healthy controls were required. However, as we
planned to stratify the T2ZDM patients into two
groups, we considered that 28 T2DM patients
would be appropriate. The study was performed
in our tertiary institution over three consecutive
months. We enrolled 57 subjects including
40 outpatients with T2ZDM and 17 age- and
sex-matched healthy controls. T2ZDM patients
were recruited from our internal medicine and
nephrology outpatient clinics and control subjects
via in-hospital advertisements.



N. Gunduz et al. Does Early Diabetic Kidney Damage Alter Renal Elasticity? An Ultrasound-Based, Two-Dimensional Shear Wave Elastography

Study

In the current study, early diabetic kidney
damage was defined as either mildly decreased
kidney function (eGFR=60-90 mL/min/1.73 m?)
or moderately elevated albuminuria (UACR 30-
300 mg/g) against a background eGFR >90 mL/
min/1.73 m?2. Patients with T2ZDM were divided
into two subgroups according to the presence
or absence of a moderately elevated uACR [Alb+
and Alb-subgroups]. During the initial screening
of T2DM subjects, those who exhibited more
than a mild reduction in the eGFR (i.e., <60 mL/
min/1.73 cm?) or more than moderate proteinuria
(urine ACR >300 mg/g), who were already being
treated for proteinuria or had any other (confirmed)
diabetic organ complication, any systemic disease
that potentially involved the kidneys, any history
or symptoms of cardiovascular disease, any
common risk factors) for vascular disease (i.e.,
hypertension, smoking, or dyslipidemia) were
excluded. The uACR was measured in early-
morning urine samples on at least two occasions
and three months apart. The eGFR was calculated
using the 2009 CKD-EPI formula based on serum
creatinine values measured on at least two
occasions and three months apart!®.

No patient had been clinically scheduled for
elastography; all were imaged for research
purposes. We obtained conventional kidney US
scans after the initial recruitment. Patients with
abnormal findings (a renal tumor, hydronephrosis,
acongenital anomaly, or any sign of acquired renal
disease) and those with images of poor quality
(n=7) were excluded.

US shear wave elastography

The2D-SWV-basedUSelastographywasperformed
using the Toshiba Aplio i800 ultrasound device
fitted with an ultra-wideband convex transducer
(model i8CX1) (Canon Medical Systems, Japan).
All images were obtained from the patients in
the lateral decubitus position (while holding their
breath) by a skilled radiologist (N.G. with 12 years
of experience in US imaging). The average depth
during SWV assessment was 5.1 cm. The sample

box was placed in the renal cortices of the upper,
middle, and lower portions of each kidney (Figure
1). A region-of-interest (ROI) of fixed size was
chosen for each measurement. The 2D-SWV data
were obtained four to six times for each renal
region and the mean values were recorded. The
mean 2D-SWV values of the entire right and left
kidneys were calculated by averaging the means
of the three renal regions. For assessment of inter-
observer reliability, a second radiologist (A.B. with
4 years of experience in US imaging) repeated the
2D-SWV measurements of the right kidneys in 10
randomly selected healthy subjects on the same
day.

Right Kidney

Ave.T1 1.71m/s
SD.T1 0.37m/s
AveT2 1,71m/s
SD.T2 0.37m/s

Fige 1. An example of shear wave velocity measure-
ment. The box indicates the region of interest.

Statistical analysis

Statistical analysis was performed using SPSS
ver. 19.0 (IBM SPSS Inc., Chicago, IL, USA). The
normality of continuous variables was explored
using the Shapiro-Wilk test. Descriptive statistics
were reported as means with standard deviations
for normally distributed continuous variables
and as medians with 25" and 75" percentiles for
others. Categorical variables were reported as
frequencies with percentages. Independent two-
group comparisons of non-normally distributed
continuous variables were performed using
the Mann-Whitney U-test. The unpaired t-test
was employed to compare normally distributed
continuous variables. Proportions were compared
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between the groups using the Pearson chi-
squared test if the assumptions were valid.
Otherwise, the Fisher exact test was employed.
Given the accepted relationship between aging
and loss of renal function, a logistic regression
analysis model including age and the 2D-SWV
measurements of certain kidney regions (with
intergroup p-values <0.05) was used to predict
Alb+status. The significance level was set to
P<0.05 for all analyses.

A similar subgroup from a previous study was
subjected to elasticity assessment!’. Based on the
mean SWVs in that study, we performed a priori
sample size calculations for an alpha of 0.05, a
beta of 0.20, and an expected effect size of 0.20
(thus a 20% lower SWVs were obtained in healthy
individuals compared with diabetic subjects). The
total required sample size was 28; however, we
sought to enroll more than 14 patients in each
group. Moreover, as we planned to stratify the
T2DM patients into two subgroups, the sample
size of the T2ZDM group was doubled.

RESULTS

We included 40 patients with T2DM and 17
age- and sex-matched healthy controls. There
was no significant difference between the two
groups in terms of the median age [55.5 (50-62)

Medeni Med ]. 2021;36:209-16

vs. 55 (48.5-59.5) years, p=0.48] and sex ratio
(M:F 22/18 vs. 7/10, p=0.34). The inter-observer
reliability of 2D-SWV analysis was good (intra-
class correlation coefficient = 0.66, 95% CI 0.19-
0.88, p=0.0006).

Patients with T2DM were divided into two
subgroups according to the uACR. Twenty-
two T2DM (55%) cases exhibited a moderately
increased uACR and 18 (45%) no albuminuria.
The ages [55.5 (49.5-63) vs. 56 (51-60.25) years,
p=0.71] and sex ratios (M/F 11/11 vs. 11/7,
p=0.48) were similar between the Alb+ and Alb-
subgroups (Table 1).

Comparison of the 2D-SWVs between the
T2DM patients and healthy subjects

There was no significant difference between the
T2DM group and healthy controls in terms of the
average 2D-SWV of the right [1.89 (1.73-2.18) vs.
1.99(1.83-2.38) m/s, p=0.18] and left[1.91 (1.66-
2.13) vs. 1.95 (1.58-2.1) m/s, p=0.92] kidneys.
The 2D-SWV values of the upper, middle, and
lower kidney regions were similar between the
groups (all p>0.05) for both kidneys (Table 2).

Comparison of the 2D-SWVs of the Alb+ vs.
Alb- subgroups

There was no significant difference between the
Alb+ and Alb- subgroups in terms of the average

Table 1. Demographic and Clinical Characteristics of the Study and Control Groups

Diabetic patients

(n=40)

Chracteristics Albuminuria (+)

Albuminuria (-) Healthy controls

n=22 n=18 (n=17)

Age (years)* 55.5 (49.5-63) 56 (51-60.25) 55 (48.5-59.5)
Sex [n (%)]

Male

Female 11 (50) 11 (61.1) 7 (41.2)
Duration of diabetes 11 (50) 7 (38.9) 10 (58.8)
(years)* 7 (2.75-12) 2.5 (1.75-6.25) -
Drugs [n (%)]

OAD 7 (31.8) 13 (72.2) -

OAD+Insulin 15 (68.2) 5(27.8)

Footnote: OAD: Oral antidiabetic
*Values are medians with quartiles
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Table 2. Comparison of SWV values between the T2DM group and healthy controls.

Measurement site T2DM group Healthy controls P value?
(n=40) (n=17)

Right kidney (m/s)*
Average 1.89 (1.73-2.1 1.99 (1.83-2.38) 0.18
Upper pole 1.88 (1.63-2.1 1.99 (1.81-2.43) 0.14
Mid portion 1.98 (1.71-2.2 1.98 (1.73-2.60) 0.65
Lower pole 1.84 (1.61-2.3 2.05 (1.62-2.51) 0.57

Left kidney (m/s)*
Average 1.91 (1.66-2.13 1.95 (1.58-2.10) 0.92
Upper pole 1.83 (1.55-2.03 1.82 (1.70-2.14) 0.29
Mid portion 1.82 (1.46-2.20 1.85 (1.42-2.32) 0.56
Lower pole 1.84 (1.62-2.25 1.89 (1.57-2.08) 0.51

Footnote: SWV: Shear wave velocity, T2ZDM: Type 2 Diabetes Mellitus

* The values are medians along with 25" and 75" percentiles within parentheses

* Calculated using Mann-Whitney-U test since the distributions of data were not normal

Table 3. Comparison of SWV values between the Alb+ and Alb- subgroups.

Measurement site Alb+ (n=22) Alb- (n=18) P value

Right kidney (m/s)*
Average 2.00 (1.75-2.28) 1.83 (1.71-2.06) 0.32t
Upper pole 2.04 (1.68-2.40) 1.82 (1.50-2.05) 0.045
Mid portion 1.98 (1.58-2.21) 1.98 (1.77-2.24) 0.941
Lower pole 1.84 (1.61-2.32) 2.05 (1.62-2.51) 0.37t

Left kidney (m/s)*
Average 1.99 (1.69-2.24) 1.76 (1.55-2.10) 0.13t
Upper pole 2.02 (1.46-2.43) 1.83 (1.63-2.11) 0.35¢
Mid portion 1.96 (1.64-2.23) 1.54 (1.35-2.00) 0.03f
Lower pole 1.96 (1.70-2.34) 1.77 (1.50-1.98) o0.11t

Footnote: SWV: Shear wave velocity, Alb: Albuminuria

* The values are medians along with 25" and 75" percentiles within parantheses
* Calculated using Mann-Whitney-U test since the distributions of data were not normal
$ Calculated using unpaired T test since the data distributions were normal

2D-SWVs of the right [2 (1.75-2.28) vs. 1.83
(1.71-2.06) m/s, p=0.32] and left [1.99 (1.69-
2.24) vs. 1.76 (1.55-2.1), p=0.13] kidneys. Only
the 2D-SWV values of the upper poles of the
right kidneys [2.02 (1.46-2.43) vs. 1.83 (1.63-
2.11) m/s, p=0.04] and the middle regions of the
left kidneys [1.96 (1.64-2.23) vs. 1.54 (1.35-2)
m/s, p=0.03] were significantly higher in the
Alb+ subgroup. The 2D-SWVs of the remaining
regions of both kidneys did not differ between the
subgroups (Table 3).

Effect of sex on the 2D-SWVs

All 2D-SWVs of individual kidney regions and the
average 2D-SWVs of both kidneys were similar for
both males and females (all p>0.05).

Effect of age on 2D-SWV

A weak positive correlation was evident between
age and the average 2D-SWVs of the left kidneys
(correlation coefficient 0.29, p=0.03). However,
no such correlation was evident for the right
kidneys (correlation coefficient 0.054, p=0.69).

Prediction of albuminuria

As 2D-SWVs of the right kidney upper pole and
the left kidney middle region portion seemed to
differ significantly between the Alb+ and Alb-
subgroups, and as age exhibited some correlation
with the SWV, logistic regression analysis was
performed. The first model included age and the
left middle region SWV which were not significant
predictors of albuminuria. The second model
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included age and the right upper pole SWV; again,
the results were negative (Table 4).

Table 4. Age adjustment for both LMP and RUP elasticities
for predicting Alb+ status.

95% Confidence interval

Model Wald OR Lower limit Upper limit P value

Age 1.33 1.05 0.97 1.13 0.25
LMP-SWV 3.62 4.43 0.96 20.55 0.06
Age 0.33 1.02 095 1.09 0.56
RUP-SWV 3.33 4.68 0.89 24.56 0.68

Footnote: SWV: Shear wave velocity, Alb: Albuminuria

* The values are medians along with 25" and 75" percentiles
within parantheses

* Calculated using Mann-Whitney-U test since the distributi-
ons of data were not normal

$ Calculated using unpaired T test since the data distributions
were normal

DISCUSSION

Our principal finding from this study was that
US-based 2D-SWV measurements do not reveal
early kidney damage caused by diabetes. Kidney
elasticity did not differ between the T2DM
patients and healthy subjects or between T2ZDM
patients with and without albuminuria. T2DM
triggers microstructural changes in the renal
parenchyma prior to a significant decrease in the
eGFR3. A moderately increased uACR is indicative
of kidney damage and is associated with future
risk of progression to kidney dysfunction and
cardiovascular complications (independent of
the eGFR)'°. We accept that histological changes
may be apparent in some T2DM patients before
pathological levels of wurinary albumin are
detectable®’. Hence, it might be argued that biopsy
is required for definitive confirmation of the typical
diabetic changes in glomeruli®. However, biopsy is
not a routine procedure for all T2ZDM cases, being
usually reserved for those with certain relevant
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indications®. None of our study subjects exhibited
either a routine or compelling indication for biopsy
because the cause of early kidney damage was not
controversial. In the landmark study of Fioretto et
al., microalbuminuric T2ZDM patients with normal
eGFRs underwent kidney biopsy for research
purposes rather than clinical indications'®. The cited
authors found histopathological changes (either
typical glomerular or atypical tubulointerstitial
and vascular changes) in 70% of T2ZDM subjects.
This work established that an eGFR of 60-90 mL/
min/1.73 m? or a moderately elevated uACR in
the context of a preserved eGFR reflects early-
stage diabetic renal injury. We used these criteria
in our current study. Again, biopsies were not
performed.

Conventional kidney US alone usually cannot
permit early recognition of kidney damage.
Indeed, the typical US findings of CKD reflect
irreversible late changes*®. Moreover, the
conventional US CKD findings are not specific for
diabetic nephropathy, because diseases of diverse
etiologies share such imaging changes. However,
elastography assesses increased tissue stiffness
caused by damage to the liver, breasts, thyroid,
prostate, and kidneys®. We used (relatively) novel
US shear wave elastography method to assess
kidney stiffness. 2D-SWV measurements yield
results comparable with those of conventional
transient elastography and acoustic radiation
force imaging when evaluating liver fibrosis'.
Although the SWVs were correlated positively
with the extent of liver fibrosis'®, they were
correlated negatively with the CKD stage and
eGFR®'2, The mechanism underlying the inverse
relationship between kidney stiffness and the
eGFR in CKD patients remains unclear. Changes
in renal perfusion were suggested to affect
measurements of stiffness 2°. Acoustic radiation
force impulse (ARFI)-derived SWVs were higher in
T2DM patients than the healthy controls?!. Another
study reported increased SWVs in patients with
T2DM-induced early kidney damage, but not in
those with non-diabetic CKD (i.e., eGFR >60 mL/
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min/1.73 m?), unlike patients with diabetic CKD
(i.e., eGFR <60 mL/min/1.73 m2)?2. Our results
do not support these findings. The whole-kidney
average SWVs did not increase either in T2DM
patients (compared with healthy controls) or in
Alb+ or Alb- subjects. This apparent contradiction
can be explained by differences in the study
populations. Goya et al.!” did not exclude patients
with comorbidities (hypertension, systemic
diseases, other diabetic organ complications,
and risk factors for vascular diseases) that may
affect the elasticity results. We carefully selected
our subjects; any confounder of elasticity is likely
absent. In addition, the sonographic technique
used for elasticity assessment may affect the
results. We derived 2D-SWVs, whereas the cited
authors used the ARFI method.

On univariate analysis, the elasticities of the left
middle and right upper kidney regions seemed
to be selectively disturbed in the Alb+ cases.
This could be attributable to the potentially
asynchronous severity of changes in different
kidney regions®'°. Indeed, heterogeneous renal
histopathological changes were reported in
albuminuric patients with T2DM?*%*, However, the
SWVs did not predict Alb+ status on multivariate
analysis after adjustment for age. Hence, any
focal elasticity impairment in the Alb+ group,
compared with the Alb- group, is unlikely.

Our results suggest that early diabetic histological
kidney changes do not compromise elasticity,
or that any such change cannot be revealed
by US-based 2D-SWV. Impairment of whole-
kidney elasticity probably requires the profound
histological changes of diabetic nephropathy.
Previous studies reported reduced global kidney
SWV and eGFR values in both patients with and
those without severe proteinuria®!#'°, However,
such findings probably require kidney damage that
is more severe than glomerulosclerosis, such as
irreversible tubulointerstitial fibrosis and vascular
changes. We believe that 2D-SWV measurements
have not yet revealed early compromised kidney

elasticity (a surrogate marker of early kidney
damage). However, as our results conflict with
those of a previous work that used the ARFI
technique, further well-controlled longitudinal
studies in larger patient series, using biopsy and
histopathology as the reference standards, are
required. Limited acoustic wave penetration in
obese patients and motion artifacts caused by
breathing movements reduce the validity and
reliability of SWE?>.

Repeat assessments by the second radiologist
could be performed in 10 cases which we
considered  sufficient  for  reproducibility
assessment. The reproducibility of 2D-SWV was
good, and the intra-class correlation coefficient
of inter-observer agreement was 0.66, close to
that of the previous reports.

The major strength of our study is that we are the
first to evaluate the ability of novel 2D-SWV US
elastography to detect early kidney damage in
patients with T2ZDM. Furthermore, we applied strict
inclusion criteria to eliminate potential confounders
(disturbed elasticity and proteinuria). The sample
size was calculated a priori, and the number of
patients was adequate to reveal differences in the
SWVs between the study groups.

The main limitation of our study is that kidney
damage was not confirmed histopathologically.
We believe that a mildly decreased eGFR or a
combination of moderate albuminuria and a
preserved eGFR will reveal early diabetic kidney
damage when biopsy is not possible. Although
very unlikely, other causes of a moderately
increased uACR or mildly reduced eGFR cannot
be entirely excluded based on anamnesis and
symptoms alone. In conclusion, kidney elasticity
does not seem to be compromised in patients
with diabetes and preserved eGFR, with or without
moderate albuminuria.
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