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Purpose: This study was conducted to assess the role of renal Doppler ultrasonography (US) in
predicting non-diabetic kidney disease (NDKD) in patients with diabetes, using histologic findings
as the reference standard.

Methods: Fifty-nine consecutive patients with diabetes who underwent renal Doppler US and
native kidney biopsy were included in this retrospective, single-institutional study. Based on
histologic findings, patients were classified as having diabetic nephropathy (DN) or NDKD. Renal
Doppler US findings, including cortical echogenicity, corticomedullary differentiation, and the
resistive index (RI), were compared between DN and NDKD. A subgroup analysis according to
chronic kidney disease (CKD) status was also performed.

Results: Cortical echogenicity and corticomedullary differentiation showed no significant
differences between DN and NDKD (P=0.887 and P>0.99, respectively), whereas the RI was
significantly higher in patients with DN than in those with NDKD (P=0.032). The subgroup
analysis revealed a significant difference in the RI between DN and NDKD in patients with
diabetes and CKD (P=0.010), but a significant difference was not found in those without CKD
(P=0.713). When limited to patients with diabetes and CKD, the RI had an area under the curve
value of 0.759, sensitivity of 57.1%, specificity of 81.0%, positive likelihood ratio of 3.0, and
negative LR of 0.5 for predicting NDKD, using a cutoff value of <0.69.

Conclusion: Renal Doppler US may be useful in predicting NDKD in patients with diabetes and
CKD.

Keywords: Diabetes mellitus; Non-diabetic renal disease; Renal Doppler ultrasonography;

Kidney biopsy
Key points: The prevalence of non-diabetic kidney disease is high in patients with both diabetes
and chronic kidney disease who have normal intrarenal resistance indexes. Renal Doppler
ultrasonography may be useful in predicting non-diabetic kidney disease in patients with
diabetes and chronic kidney disease.
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Renal Doppler US in patients with diabetes

Introduction

Renal involvement secondary to diabetes mellitus (DM) is the
most common cause of chronic kidney disease (CKD) worldwide
[1]. Diabetic nephropathy (DN) is typically diagnosed based on
clinical factors, including the duration of diabetes, the presence
of neuropathy, retinopathy, or other complications, as well as the
development of gradual and progressive proteinuria [2]. However,
non-diabetic kidney disease (NDKD) may also occur in some patients
with diabetes. According to a recent meta-analysis, the prevalence
of NDKD ranges from 6.5% to 94% [3].

In patients with diabetes, it is important to distinguish NDKD from
DN because renal function could be restored through treatment
in some cases of NDKD [4-6]. Previous investigators have shown
that renal Doppler ultrasonography (US) effectively reflects the
progression of DN [7-11]. However, these studies relied on clinical
diagnoses of DN and did not compare it with NDKD, which can
also occur in patients with diabetes. To the best of the authors’
knowledge, the role of renal Doppler US in predicting NDKD in
patients with diabetes remains unclear. Therefore, this study aimed
to evaluate the utility of renal Doppler US in predicting NDKD in
patients with diabetes by comparing renal Doppler US findings
between biopsy-based DN and biopsy-based NDKD.

Materials and Methods

Compliance with Ethical Standards

The institutional review board of SMG-SNU Boramae Medical
Center (IBR No. 20-2023-17) approved the data collection for this
retrospective study, and informed consent was waived. The waiver
of informed consent was granted based on the retrospective nature
of the study and other ethical considerations, as approved by the
institutional review board.

Study Population

A retrospective single-center cohort of consecutive patients with
diabetes who underwent kidney biopsy between July 2017 and
December 2021 was analyzed]. Eighty-one patients who were
diagnosed with DM [12] underwent native kidney biopsy due
to atypical clinical features. Of these, 19 patients were excluded
because they did not have a renal Doppler US study before the
biopsy (n=13) or had a renal Doppler US study performed more
than 3 months prior to biopsy (n=6). Three additional patients were
excluded due to indeterminate biopsy results. Finally, a total of 59
patients with diabetes (44 men, 15 women; mean age, 62 years;
age range, 30 to 83 years) were included in the analysis (Fig. 1).
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US Examinations

US examinations were performed by three genitourinary radiologists
(C.K.S., with 21 years of experience; M.H.M., with 18 years of
experience; M.S.L., with 7 years of experience) using a Philips 1U22
ultrasound system (Philips Healthcare, Bothell, WA, USA) equipped
with a curvilinear C5-1 broadband transducer or an Aplio 500
system (Toshiba Medical Systems Corp., Otawara, Japan) equipped
with a 6C1 curvilinear transducer. A standard gray-scale examination
and multiple Doppler waveforms of the kidney were obtained and
transferred to the picture archiving and communication system
(Marosis M-view, Infinitt, Seoul, Korea). Color Doppler US was used
to identify intrarenal arteries, and Doppler signals were obtained
from the interlobar arteries along the border of medullary pyramids
[11]. To minimize error in the measurement of the resistive index
(RI), Doppler waveforms were maximized using the lowest pulse
repetition possible without aliasing. The Rl was automatically
calculated at the time of ultrasound examinations using the
following formula: RI=PSV-EDV/PSV, where PSV represents peak
systolic velocity, and EDV denotes end-diastolic velocity. The
ultrasound examinations were completed in 15 minutes or less.

Image Interpretation

Renal cortical echogenicity and corticomedullary differentiation
were retrospectively determined by consensus agreement of two
reviewers (M.H.M., with 18 years of experience; S.I.J., with 17 years
of experience), who were blinded to the renal function and the
pathologic results of study population. Renal cortical echogenicity
was categorized as normal (hypoechoic to the adjacent liver
parenchyma), equal (isoechoic to the adjacent liver parenchyma), or
increased (hyperechoic to the adjacent liver parenchyma) [13,14]. If
the liver parenchyma's echogenicity appeared increased due to fatty
liver, spleen echogenicity was used for comparison. Corticomedullary
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Fig. 1. Flow diagram of the study population. US, ultrasonography.
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differentiation was subjectively categorized as either normal or
accentuated [15,16]. The acquisition of Doppler waveforms for Rl
measurement varied from 1 to 6 per patient, with a median value of
3. Rl values were collected retrospectively, and the mean Rl values
were calculated for each patient for subsequent analysis.

Reference Standard

Histologic diagnoses were prospectively provided by a pathologist
(J.H.P.) specialized in renal pathology as part of their daily clinical
practice. Based on the histologic results, patients were allocated to
three categories: (1) DN, (2) NDKD, and (3) NDKD superimposed
on DN. Categories 2 and 3 were grouped together into the NDKD
group because the presence of NDKD may affect treatment plans in
patients with diabetes in whom kidney disease is suspected.

Statistical Analysis

Differences between the DN and NDKD groups were assessed using
the Mann-Whitney test (MedCalc, version 18.6, MedCalc Software,
Ostend, Belgium) for continuous variables and Fisher's exact test
(R, version 4.4.1, The R Foundation, Vienna, Austria) for categorical
variables. Since renal function in patients with diabetes may
influence RI [11], a subgroup analysis for Rl was also conducted
based on the presence or absence of CKD. CKD was defined as
a glomerular filtration rate below 60 mL/min per 1.73 m’ for a
duration of at least 3 months [17]. Receiver operating characteristic
analysis was employed to evaluate the diagnostic performance
of Doppler US in diagnosing NDKD in patients with diabetes, and
the cutoff values were determined using the highest Youden index
(MedCalc, version 18.6). A P-value below 0.05 was considered to
indicate a statistically significant difference.

Results

Of 59 patients with diabetes, 29 (49.2%) had a pathologic
diagnosis of DN, 20 (33.9%) had NDKD, and 10 (16.9%) had NDKD
superimposed on DN. Nephropathy in the NDKD group (n=30) is
summarized in Table 1. Acute tubulointerstitial nephritis was the
most common nephropathy in the NDKD group (26.7%), followed
by minimal change disease (13.3%), IgA nephropathy (13.3%),
and membranoproliferative glomerulonephritis (13.3%). CKD was
found in 72.4% (21/29) of patients with DN and 46.7% (14/30) of
patients in the NDKD group (P=0.064).

The renal length in the DN group ranged from 8.5 cm to 14 cm,
with a median length of 10.7 cm, while that in the NDKD group
ranged from 7.9 cm to 13.8 ¢m, with a median value of 10.8 cm
(P=0.930). Table 2 summarizes the Doppler US findings of the
study population. Parenchymal echogenicity and corticomedullary
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Table 1. Histologic diagnoses in the NDKD group (n=30)
NDKD (n=20)" NDKD on DN (n=10)
3

Histologic diagnosis

Acute tubulointerstitial nephritis
Light chain cast nephropathy
Membranous nephropathy
Minimal change disease

MPGN

Crescentic GN
Lupus-like nephritis
FSGS

5
1
2
0
IgA nephropathy 3
3
1
1
2
Hypertensive nephropathy 2

0
1
4
1
1
0
0
0
0

Acute tubular necrosis 1 0
NDKD, non-diabetic kidney disease; DN, diabetic nephropathy; MPGN,
membranoproliferative glomerulonephritis; GN, glomerulonephritis; FSGS, focal
segmental glomerulosclerosis.
J0ne patient had two histologic diagnoses.

Table 2. Comparison of renal Doppler US findings between the
DN and NDKD groups

DN NDKD group  P-value
Cortical echogenicity
(n=59)
Normal 19 21 0.887
Equal 9 9
Increased 1 0
Corticomedullary
differentiation (n=59)
Normal 22 22 >0.99
Accentuated 7 7
Etc. 0 1
Resistive index
All (n=59) 0.73 (0.70-0.76) 0.69 (0.66—0.71)  0.032
Without CKD (n=24) 0.68(0.53-0.78) 0.67(0.63-0.72) 0.713
With CKD (n=35) 0.74(0.71-0.76) 0.69(0.66—0.72) 0.010

Values are presented as numbers of patients or median value (95% confidence
interval).

US, ultrasonography; DN, diabetic nephropathy; NDKD, non-diabetic kidney disease;
CKD, chronic kidney disease.

differentiation showed no significant differences between the DN
and NDKD groups (P=0.887 and P>0.99, respectively). However,
the Rl of Doppler spectra was significantly different between the
DN and NDKD groups (P=0.032). In the subgroup analysis, patients
without CKD (n=24) did not show a significant difference in the RI
between the DN and NDKD groups (P=0.713), whereas a significant
difference in the Rl was observed between the DN and NDKD
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groups (P=0.010) (Fig. 2). In patients with diabetes and CKD, the Rl
in the DN group (median, 0.74; 95% confidence interval [C], 0.71
to 0.76) was significantly higher than the RI in the NDKD group
(median, 0.69; 95% Cl, 0.66 to 0.72). Furthermore, in patients with
diabetes and CKD, the RI had an area under the receiver operating
characteristic curve (AUC) value of 0.759 (P=0.001), sensitivity of
57.1% (95% Cl, 28.9% to 82.3%), specificity of 81.0% (95% Cl,
58.1% to 94.6%), positive likelihood ratio (LR) of 3.0 (95% Cl,
1.1 to 8.1), and negative LR of 0.5 (95% Cl, 0.3 to 1.0) for the
diagnosis of NDKD, using a cutoff value of <0.69 (Fig. 3).

Discussion

The intrarenal RI, a reflection of renal vascular resistance, has been
utilized in the assessment of kidney diseases. Evaluating intrarenal
RI can help pinpoint the location of kidney disease, as active disease

+ PSV 29.1 cmis
EDV 7.04 cm/s
RI 0.76

6.6sec
L T T T T T e T O T O T T e I |

+ PSV 35.1 cmis

EDV 11.4 cm/s
~ RI 0.68
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in the tubule-interstitial or vascular compartment typically exhibits
elevated RI, while disease confined to the glomeruli usually presents
with normal Rl [18]. Intrarenal RI measurements have also been
reported to be useful in differentiating acute tubular necrosis from
prerenal acute kidney injury [19,20]. In patients with diabetes,
intrarenal RI has been shown to predict the functional status of
the kidneys. Elevated Rl is uncommon in the early stages without
renal dysfunction, but it is frequently observed in later stages
with clinical renal dysfunction [7-11]. The mechanism responsible
for the increased Rl in patients with DM remains unknown, but
arteriosclerosis is thought to be the key factor [8,21,22]. Similar to
previous research, the present study found that the intrarenal Rl was
higher in patients with DN who had CKD than in those with DN who
did not have CKD. However, unlike previous studies, the intrarenal Rl
was found to predict renal function in pathologically-proven cases
of DN, which represents a notable strength of the present study.

Ri(Ved)A 0.57
Vmax A 22.6cmfs
VedA 9.7cmis

Fig. 2. Renal Doppler US of patients with diabetes and CKD.

A. A 42-year-old man with biopsy-proven DN shows an increased
Rl of 0.76. B. A 54-year-old man with biopsy-proven MPGN
shows a normal Rl of 0.57. C. A 62-year-old man with biopsy-
proven MCD superimposed on DN shows a normal Rl of 0.68.
US, ultrasonography; CKD, chronic kidney disease; DN, diabetic
nephropathy; Rl, resistive index; MPGN, membranoproliferative
glomerulonephritis; MCD, minimal change disease; PSV, peak systolic
velocity; EDV, end-diastolic velocity.
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Kidney biopsy is typically performed in patients with diabetes
who exhibit atypical clinical and laboratory features. However, the
indications for renal biopsy in patients with diabetes remain unclear
and are largely based on subjective decisions made by physicians
and institutional policies [4,23-25]. Several factors, such as severe
proteinuria or rapidly progressing proteinuria, the absence of
retinopathy, a short duration of diabetes, the presence of hematuria,
and acute deterioration of renal function, have been identified
as clinical predictors of NDKD [26,27]. In the present study, Rl
demonstrated an AUC value of 0.759 (P=0.001), a sensitivity of
57.1% (95% Cl, 28.9% to 82.3%), a specificity of 81.0% (95% Cl,
58.1% to 94.6%), a positive LR of 3.0 (95% Cl, 1.1% to 8.1%),
and a negative LR of 0.5 (95% Cl, 0.3% to 1.0%) for diagnosing
NDKD in patients with diabetes and CKD, using a cutoff value of
<0.69 (Fig. 3). Based on these findings, it is proposed that intrarenal
Rl measurement could serve as a criterion for indicating kidney
biopsy in patients with diabetes. However, it is important to note
that patients with diabetes without CKD will not benefit from
intrarenal Rl evaluation in predicting NDKD (Table 2). To the best
of the authors’ knowledge, this is the first study to employ US as a
criterion for predicting NDKD in patients with diabetes

The primary limitation of this study is its retrospective design. In
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Fig. 3. ROC curve of the Rl for diagnosing NDKD. The AUC is 0.759
(P=0.001) and the RI has a sensitivity of 57.1% (95% Cl, 28.9%
to 82.3%) and specificity of 81.0% (95% Cl, 58.1% to 94.6%)
for diagnosing NDKD, using a cutoff value of <0.69. ROC, receiver
operating characteristic; RI, resistive index; NDKD, non-diabetic
kidney disease; AUC, area under the ROC curve; Cl, confidence
interval.

444

Ultrasonography 42(3), July 2023

Sung Il Jung, et al.

this biopsy-based investigation, kidney biopsies were conducted for
diagnostic purposes rather than for research purposes. Although
the indications for renal biopsy in patients with diabetes are not
well-defined in current clinical practice [23], there may have been
selection bias in this study, as the indications for renal biopsy were
determined at the discretion of the treating clinicians. Ultrasound
examinations were performed by three experienced radiologists
who specialize in genitourinary imaging. While these radiologists
typically attempted to follow the recommendations of the Korean
Society of Ultrasound in Medicine (KSUM), the lack of uniformity in
the ultrasound examinations represents another limitation of this
retrospective study. Additionally, the small sample size and single-
institution nature of the study may limit the generalizability of these
findings. The institution where this study was conducted is a tertiary
referral center that performs over 100 kidney biopsies annually.
However, obtaining a larger sample size was challenging, as kidney
biopsies are not routinely performed in patients with diabetes with
suspected kidney disease. Moreover, this study was carried out at a
single institution. To confirm and generalize the findings, large-scale
prospective biopsy-based studies with standardized indications for
biopsy are needed.

In conclusion, patients with diabetes who present with signs
or symptoms of kidney disease may have NDKD and should be
evaluated accordingly. Based on the high prevalence of NDKD in
patients with diabetes and CKD who had normal Rls, a normal
intrarenal Rl may be a potential indicator for predicting NDKD in
these patients. The authors hope that these findings will be helpful
in managing patients with diabetes and CKD.
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