
Introduction

Chronic kidney disease (CKD) is a major public health 
problem, and the incidence and prevalence of CKD have 
been increasing annually. Patients with CKD are at a high 
risk of not only renal progression but also cardiovascular 
disease (CVD) [1,2]. Several biomarkers, including serum 
creatinine (sCr), proteinuria, and neutrophil gelatinase-
associated lipocalin are commonly used as predictors of 
renal prognosis in patients with CKD [3]. However, it is 
still difficult to predict renal outcome precisely because 
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multiple factors, such as control of hypertension and 
renal ischemia due to renal atherosclerosis, affect renal 
progression. 

It is well known that use of an angiotensin converting 
enzyme inhibitor (ACEI) or angiotensin receptor antago-
nist (ARB) can retard renal progression [4]. These medi-
cations have been commonly used in clinical practice not 
only to control hypertension but also to reduce protein-
uria. On the contrary, it is of note that these strategies can 
increase the risk of acute kidney injury (AKI) or hyper-
kalemia [5,6]. AKI is a well-known important risk factor 
of renal progression in patients with CKD [7]. Therefore, 
patients who have not taken ACEI or ARB due to AKI are 
at risk of renal progression. There is no study evaluating 
factors for renal progression among CKD patients who 
cannot take ACEI or ARB. 

The renal resistive index (RI) is a measure of renal arte-
rial resistances to blood flow detected by kidney doppler 
ultrasonography. RI appears to be a good indicator of re-
nal vascular resistance [8,9]. RI was also well-correlated 
with renal arteriolosclerosis [10]. A few previous studies 
have reported that higher RI values are associated with 
renal progression [11-13]. However, studies regarding 
the relationship between RI values and renal prognosis in 
patients with moderate renal dysfunction are limited. 

The objective of this study was to assess the role of the RI 
measured with the initial sCr level on predicting renal pro-
gression or initiation of renal replacement therapy (RRT) 
in patients with moderate renal dysfunction. In addition, 
we investigated the relationship between ACEI or ARB us-
age and renal progression with respect to RI values.

Methods

Patient inclusion and data collection

This single center study was conducted from January 
2011 to April 2015. We screened 146 patients who had 
been diagnosed with stage 3 or 4 CKD, were simultane-
ously evaluated with renal duplex ultrasonography, and 
were over 18 years of age. The criteria for exclusion were 
the following: patients with a single kidney, patients 
undergoing RRT, patients with renal artery stenosis, or 
patients with clinical evidence of renovascular stenosis. 
Patients who were followed up for at least 24 months 
were enrolled. Ultimately, 119 patients were included in 

this study.
We retrospectively analyzed the patients’ medical re-

cords, age, sex, blood pressure, and other comorbidities 
such as diabetes mellitus (DM), hypertension, ischemic 
heart disease (IHD), and cerebrovascular accidents 
(CVA). Renal function was evaluated using sCr, esti-
mated glomerular filtration rate (eGFR), cystatin-c, and 
cystatin-c-based GFR. Estimated GFR was calculated us-
ing the Modified Diet in Renal Disease equation (MDRD) 
and CKD Epidemiology Collaboration (CKD-EPI) equa-
tion [14,15]. CKD was defined according to National 
Kidney Foundation’s Kidney Disease Outcomes Quality 
Initiative (NKF-K/DOQI) guideline in 2002 and moderate 
renal dysfunction was defined as a stage 3 to 4 CKD [16]. 
Renal progression was defined as a doubling of baseline 
sCr, a decrease of baseline GFR by > 50%, or initiation of 
RRT [17-19]. AKI caused by ACEI or ARB treatment was 
defined as showing any one criterion of two diagnosis 
criteria in previous study [13]. First, sCr was elevated 
more than 30% of baseline sCr within 1 month of taking 
ACEI or ARB. Second, sCr level was slowly elevated more 
than 30% of baseline sCr within 3 months without other 
cause or sCr was rapidly recovered more than 30% after 
stopping ACEI or ARB and persistently maintained sCr 
for > 3 months. Cardiovascular events were defined as 
the occurrence of IHD, CVA, or peripheral artery disease 
during the follow-up period.

This study was approved by the Dong-A University 
Hospital Institutional Review Board (DAUHIRB-16-002). 
Informed consent was waived because the study was of a 
retrospective design and the data were analyzed anony-
mously. The study was conducted in accordance with the 
Declaration of Helsinki.

Renal duplex ultrasonography

Renal duplex ultrasonography was performed by one 
radiologist using a Siemens Sequoia 512 (Siemens Medi-
cal Solutions USA, Issaquah, WA, USA). The renal RI was 
calculated as [1 - (end diastolic frequency shift/peak 
systolic frequency shift)] using doppler samples from the 
segmental and interlobar arteries of the kidney with the 
higher main renal artery peak systolic velocity. Using a 
3-mm Doppler sample, the parenchymal peak systolic 
and end diastolic frequency shifts (kHz) of the segmental 
and interlobar arteries were obtained.
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Statistical analysis

The data are presented as the mean ± standard deviation 
or frequency. The subjects’ characteristics were analyzed 

by using Student’s t-test for continuous variables, such 
as age, duration for follow up, baseline renal function, 
and systemic factors. The chi-squared test for categorical 
variables, such as medical history, medication, and clini-

Table 1. Clinical characteristics of patients with and without ACEI or ARB

Characteristic All patients
Without ACEI or ARB 

(n = 59)
With ACEI or ARB 

 (n = 60)
P

Age (yr) 64.7 ± 11.0 65.8 ± 10.7 63.5 ± 11.2 0.260
Male 72 (60.5) 36 (61.0) 36 (60.0) 0.910
Duration for follow up (mo) 34.6 ± 6.7 34.7 ± 6.8 34.5 ± 6.7 0.841
Medical history
  Diabetes mellitus 51 (42.9) 26 (44.1) 25 (41.7) 0.791
  Hypertension 101 (84.9) 46 (78.0) 55 (91.7) 0.037
  Ischemic heart disease 10 (8.4) 5 (8.5) 5 (8.3) 0.978
  Cerebrovascular accidents 17 (14.3) 6 (10.2) 11 (18.3) 0.203
  Chronic kidney disease 0.312
    Stage 3 72 (60.5) 33 (55.9) 39 (65.0)
    Stage 4 47 (69.5) 26 (44.1) 21 (35.0)
Baseline renal function
  Creatinine (mg/dL) 2.1 ± 1.2 2.1 ± 0.7 2.1 ± 1.5 0.814
  RUP/Cr (g/g) 2.2 ± 3.4 2.7 ± 4.0 1.8 ± 2.8 0.188
  GFR (mL/min/1.73m2) 35.1 ± 12.2 33.7 ± 11.9 36.5 ± 12.5 0.223
  CKD-EPI GFR 28.2 ± 10.2 26.7 ± 10.0 29.6 ± 10.2 0.122
  Cystatin C (mg/dL) 2.0 ± 0.6 2.1 ± 0.6 2.0 ± 0.5 0.601
  Cystatin C based GFR (mL/min/1.73m2) 34.4 ± 11.4 34.1 ± 12.1 34.8 ± 10.9 0.803
Renal duplex ultrasonography
  Right kidney size (cm) 10.4 ± 1.7 10.5 ± 1.3 10.3 ± 2.0 0.607
  Resistive index 0.79 ± 0.08 0.80 ± 0.07 0.75 ± 0.09 0.002
Systemic factor
  Hemoglobin (g/dL) 11.7 ± 2.1 11.2 ± 2.1 12.3 ± 1.9 0.003
  Albumin (g/dL) 4.1 ± 0.5 3.9 ± 0.5 4.2 ± 0.4 0.005
  Systolic blood pressure (mmHg) 131.2 ± 16.7 129.5 ± 18.2 132.8 ± 15.1 0.282
  Diastolic blood pressure (mmHg) 72.4 ± 13.1 70.5 ± 12.5 74.3 ± 13.4 0.115
  Pulse pressure (mmHg) 58.8 ± 16.9 59.0 ± 18.8 58.6 ± 15.0 0.881
Medication
  Beta blocker 35 (29.4) 21 (35.6) 14 (23.3) 0.142
  Calcium channel blocker 68 (57.1) 33 (55.9) 35 (58.3) 0.791
  Furosemide 23 (19.3) 16 (27.1) 7 (11.7) 0.033
  Spironolactone 9 (7.6) 6 (10.2) 3 (5.0) 0.286
  Digoxin 13 (10.9) 10 (16.9) 3 (5.0) 0.037
  Statin 62 (52.1) 28 (47.5) 34 (56.7) 0.315
Renal progression 35 (29.4) 24 (40.7) 11 (18.3) 0.007
  Creatinine doubling or GFR < 50% 15 (12.6) 9 (15.3) 6 (10.0) 0.388
  End-stage renal disease 20 (16.8) 15 (25.4) 5 (8.3) 0.013
Cardiovascular event 6 (5.0) 4 (6.8) 2 (3.3) 0.390

Data are presented as number (%), or mean ± standard deviation. 
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor antagonist; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; GFR, glo-
merular filtration rate; RUP/Cr, random urine protein to creatinine ratio. 
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cal outcomes were performed between two groups. The 
area under the receiver operating characteristic (ROC) 
curve was used to determine cut-off value of RI for the 
prediction of renal progression. Kaplan-Meier analysis 
and log-rank tests were performed to demonstrate the 
cumulative risk of renal progression. Furthermore, a mul-
tivariate Cox proportional hazards regression analysis 
was performed to clarify the factors associated with renal 
progression. The P-value less than 0.05 was considered to 
be statistically significant. All statistical calculations were 
performed with PASW Statistics software (version 18.0; 
IBM Co., Armonk, NY, USA).

Results

Baseline characteristics

The patient characteristics are summarized in Table 1. 
The mean patient age was 64.7 ± 11.0 years, and 60.5% 
were male. Of the enrolled patients, 84.9% had hyperten-
sion, 42.9% had DM, 8.4% had IHD, and 14.3% had CVA. 
The mean sCr level was 2.1 ± 1.2 mg/dL, and the mean RI 
was 0.79 ± 0.08. Sixty patients (50.4%) were treated with 
an ACEI or ARB and their mean RI was 0.75 ± 0.09.

Clinical characteristics of patients with or without ACEI 
or ARB

We stratified the patients into two groups depending 
on whether they received ACEIs or ARBs, or not (Table 
1). There were no significant differences in baseline re-
nal function between both groups. Most patients treated 
without an ACEI or ARB had a previous history of AKI 
caused by ACEI or ARB treatment. The RI value was sig-
nificantly higher in patients treated without ACEI or ARB 
than in those treated with ACEI or ARB (P = 0.002). How-
ever, there was no difference in the size of the kidneys. The 
proportion of patients with renal progression in the group 
treated with ACEIs or ARBs was lower than that of those 
treated without ACEIs or ARBs (18.3% vs. 40.7%, P = 0.007).

Clinical characteristics of patients with respect to RI

We analyzed the diagnostic performance of the RI value 
for the prediction of renal progression (Fig. 1). The area 
under the ROC curve was 0.705 (95% confidence interval 

[CI], 0.609-0.801; P < 0.001), and a renal RI ≥ 0.79 pre-
dicted renal progression with 82.9% sensitivity and 51.2% 
specificity.

Patients with RI ≥ 0.79 were older and commonly had 
a history of DM and IHD (Table 2). The sCr levels were 
higher in patients with RI ≥ 0.79 than in patients with RI < 
0.79 (P = 0.001). The eGFR, hemoglobin, and albumin lev-
els were significantly lower in patients with RI ≥ 0.79 than 
they were in those with RI < 0.79 (P < 0.001, P = 0.001, and 
P = 0.002, respectively). The proportion of patients with 
renal progression in the group with RI ≥ 0.79 was higher 
than that of those with RI < 0.79 (41.9% vs. 8.9%, P < 0.001). 
In addition, the patients with RI ≥ 0.79 had a tendency 
for increased number of cardiovascular events compared 
with those with RI < 0.79 (P = 0.051, log-rank test).

Clinical characteristics of patients with or without ACEI 
or ARB in accordance with RI

Of all patients treated with ACEIs or ARBs, 27 patients 
(45.0%) had RI ≥ 0.79 on renal duplex ultrasonography 
(Table 3). Among them, patients with RI ≥ 0.79 had a 
greater incidence of DM or IHD than those with RI < 0.79. 
The eGFR, hemoglobin, and albumin levels were signifi-
cantly lower in patients with RI ≥ 0.79 than in those with 
an RI < 0.79. Among the patients treated without ACEIs or 
ARBs, 47 patients (79.7%) had RI ≥ 0.79 on renal duplex ul-
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Figure 1. The receiver-operating characteristics (ROC) curve 
for the prediction of renal progression. The area under the ROC 
curve was 0.705 (95% confidence interval, 0.609-0.801, P < 0.001), 
and a renal resistive index ≥ 0.79 predicted renal progression with 
82.9% sensitivity and 51.2% specificity.
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trasonography. Higher renal progression was found in the 
patients with RI ≥ 0.79 regardless of ACEI or ARB usage. 

Independent factors associated with the RI value

The patients with RI ≥ 0.79 had significantly higher 
incidence of renal progression than those with RI < 0.79 

Table 2. Comparison of clinical characteristics in accordance with resistive index (RI) value
Characteristic RI < 0.79 (n = 45) RI ≥ 0.79 (n = 74) P

Age (yr) 61.2 ± 12.0 66.7 ± 9.8 0.008
Male 24 (53.3) 48 (64.9) 0.212
Duration for follow up (mo) 34.5 ± 6.6 34.7 ± 6.8 0.866
Medical history
  Diabetes mellitus 9 (20.0) 42 (56.8) < 0.001
  Hypertension 37 (82.2) 64 (86.5) 0.529
  Ischemic heart disease 0 10 (13.5) 0.010
  Cerebrovascular accidents 5 (11.1) 12 (16.2) 0.440
  Chronic kidney disease 0.009
    Stage 3 34 (75.6) 38 (51.4)
    Stage 4 11 (24.4) 36 (48.6)
Baseline renal function
  Creatinine (mg/dL) 1.7 ± 0.5 2.4 ± 1.4 0.001
  RUP/Cr (g/g) 1.6 ± 2.8 2.6 ± 3.7 0.156
  GFR (mL/min/1.73 m2) 41.1 ± 11.9 31.5 ± 11.0 < 0.001
  CKD-EPI GFR 33.8 ± 9.6 24.8 ± 9.0 <0.001
  Cystatin C (mg/dL) 1.9 ± 0.6 2.1 ± 0.5 0.067
  Cystatin C based GFR (mL/min/1.73 m2) 38.4 ± 13.1 32.1 ± 9.8 0.030
Renal duplex ultrasonography
  Right kidney size (cm) 10.3 ± 1.9 10.5 ± 1.6 0.464
  Resistive index 0.71 ± 0.06 0.85 ± 0.04 < 0.001
Systemic factor
  Hemoglobin (g/dL) 12.7 ± 2.0 11.3 ± 1.9 0.001
  Albumin (g/dL) 4.2 ± 0.4 3.9 ± 0.5 0.002
  Systolic blood pressure (mmHg) 126.7 ± 14.8 134.0 ± 17.3 0.021
  Diastolic blood pressure (mmHg) 74.6 ± 14.5 71.1 ± 12.0 0.156
  Pulse pressure (mmHg) 52.1 ± 14.7 62.9 ± 17.0 0.001
Medication
  ACEI or ARB 33 (73.3) 27 (36.5) < 0.001
  Beta blocker 8 (17.8) 27 (36.5) 0.030
  Calcium channel blocker 23 (51.1) 45 (60.8) 0.300
  Furosemide 4 (8.9) 19 (25.7) 0.025
  Spironolactone 1 (2.2) 8 (10.8) 0.086
  Digoxin 1 (2.2) 12 (16.2) 0.018
  Statin 24 (53.3) 38 (51.4) 0.834
Renal progression 4 (8.9) 31 (41.9) < 0.001
  Creatinine doubling or GFR < 50% 1 (2.2) 14 (18.9) 0.008
  End-stage renal disease 3 (6.7) 17 (23.0) 0.021
Cardiovascular event 0 6 (8.1) 0.050

Data are presented as number (%), or mean ± standard deviation.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor antagonist; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; GFR, glo-
merular filtration rate; RUP/Cr, random urine protein to creatinine ratio.
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(P = 0.004, log-rank test; Fig. 2). In Cox proportional haz-
ards regression analysis, RI ≥ 0.79 was an independent 
prognostic factor after adjustment for age, sex, DM, sCr, 

proteinuria, and use of ACEIs or ARBs (hazard ratio, 4.88; 
95% CI, 1.06-22.53; P = 0.043; Table 4).

Table 3. Clinical characteristics of patients with and without ACEI or ARB

Characteristic
Without ACEI or ARB With ACEI or ARB

RI < 0.79 (n = 12) RI ≥ 0.79 (n = 47) RI < 0.79 (n = 33) RI ≥ 0.79 (n = 27)
Age (yr) 64.1 ± 13.0 66.3 ± 10.2 60.2 ± 11.7 67.6 ± 9.4*
Male 6 (50.0) 30 (63.8) 18 (54.5) 18 (66.7)
Duration for follow up (mo) 32.6 ± 6.1 35.3 ± 7.0 35.2 ± 6.8 33.6 ± 6.6
Medical history
  Diabetes mellitus 3 (25.0) 23 (48.9) 6 (18.2) 19 (70.4)*
  Hypertension 7 (58.3) 39 (83.0)* 30 (90.9)† 25 (92.6)
  Ischemic heart disease 0 5 (10.6) 0 5 (18.5)*
  Cerebrovascular accidents 1 (8.3) 5 (10.6) 4 (12.1) 7 (25.9)
  Chronic kidney disease
    Stage 3 10 (83.3) 23 (48.9) 24 (72.7) 15 (55.6)
    Stage 4 2 (16.7) 24 (51.1)* 9 (27.3) 12 (44.4)
Baseline renal function
  Creatinine (mg/dL) 1.7 ± 0.4 2.3 ± 0.8* 1.8 ± 0.5 2.5 ± 2.1
  RUP/Cr (g/g) 1.2 ± 2.6 3.1 ± 4.2 1.8 ± 2.9 1.8 ± 2.7
  GFR (mL/min/1.73 m2) 41.5 ± 10.0 31.8 ± 11.7* 40.9 ± 12.6 31.1 ± 10.1*
  CKD-EPI GFR 34.0 ± 9.3 24.9 ± 9.4* 33.7 ± 9.8 24.7 ± 8.5*
  Cystatin C (mg/dL) 1.7 ± 0.5 2.2 ± 0.6* 1.9 ± 0.6 2.1 ± 0.5
  Cystatin C based GFR (mL/min/1.73 m2) 42.4 ± 15.2 31.8 ± 10.3 36.7 ± 12.2 32.5 ± 9.1
Renal duplex ultrasonography
  Right kidney size (cm) 10.0 ± 1.1 10.6 ± 1.3 10.4 ± 2.1 10.3 ± 2.0
  RI 0.72 ± 0.05 0.85 ± 0.04* 0.71 ± 0.06 0.85 ± 0.04*
Systemic factor
  Hemoglobin (g/dL) 11.3 ± 1.7 11.2 ± 2.2 13.1 ± 1.9† 11.5 ± 1.5*
  Albumin (g/dL) 4.1 ± 0.4 3.9 ± 0.6 4.3 ± 0.4 4.1 ± 0.3*
  Systolic BP (mmHg) 118.8 ± 17.4 132.3 ± 17.5* 129.6 ± 12.9† 136.9 ± 16.8
  Diastolic BP (mmHg) 69.5 ± 16.8 70.7 ± 11.4 76.4 ± 13.3 71.6 ± 13.3
  Pulse pressure (mmHg) 49.3 ± 14.8 61.5 ± 19.1* 53.1 ± 14.8 65.2 ± 12.6*
Medication
  Beta blocker 1 (8.3) 20 (42.6)* 7 (21.2) 7 (25.9)
  Calcium channel blocker 5 (41.7) 28 (59.6) 18 (54.5) 17 (63.0)
  Furosemide 2 (16.7) 14 (29.8) 2 (6.1) 5 (18.5)
  Spironolactone 1 (8.3) 5 (10.6) 0 3 (11.1)*
  Digoxin 0 10 (21.3) 1 (3.0) 2 (7.4)
  Statin 5 (41.7) 23 (48.9) 19 (57.6) 15 (55.6)
Renal progression 2 (16.7) 22 (46.8)* 2 (6.1) 9 (33.3)*
  Creatinine doubling or GFR < 50% 0 9 (19.1) 1 (3.0) 5 (18.5)*
  End-stage renal disease 2 (16.7) 13 (27.7) 1 (3.0) 4 (14.8)
Cardiovascular event 0 4 (8.5) 0 2 (7.4)

Data are presented as number (%), or mean ± standard deviation.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BP, blood pressure; CKD-EPI, Chronic Kidney Disease Epidemiology Col-
laboration; GFR, glomerular filtration rate; RI, resistive index; RUP/Cr, random urine protein to creatinine ratio.  
*P < 0.05 (mean values are significantly different from RI <0.79 group). †P < 0.05 (mean values are significantly different from those without ACEI or ARB 
among RI < 0.79 group).
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Discussion

One previous study showed that RI > 0.8 on renal du-
plex ultrasonography was a predictor of worsened renal 
function and progression to renal replacement in pa-
tients newly diagnosed with CKD [11]. Another obser-
vational study also demonstrated that RI > 0.7 was an 
independent risk factor for the progression of CKD [12]. 
Present study also showed that RI ≥ 0.79 can predict renal 
progression in patients with moderate renal dysfunction. 
These studies support that higher RI > 0.7 may be related 
with renal progression. Similar to the present study, pa-
tients with a higher RI had a higher rate of DM (e.g., 40% 
vs. 8%), lower renal function (e.g., creatinine clearance, 
24 ± 16 mL/min/1.73m2 vs. 91 ± 31 mL/min/1.73 m2), and 
were older (e.g., 66 ± 10 years vs. 47 ± 16 years) compared 

with those with a lower RI in the previous two studies 
[11,12]. However, the enrolled patients had a mean age 
> 60 years, mean RI values > 7.0, GFR < 60 mL/min/1.73 
m2, and a prevalence of diabetes > 40% in this study. 
Therefore, the cut off value of RI for predicting rapid 
renal progression may be 0.79 in elderly patients (> 60 
years) with moderate renal dysfunction. The cut off value 
of RI for predicting rapid renal progression may be 0.7 in 
younger patients (≤ 60 years) with renal dysfunction. It is 
not conclusive which value of RI is the more important 
cutoff point because of a lack of studies. Further prospec-
tive studies are necessary to demonstrate a clear cutoff 
value for RI in CKD patients. 

Kidney ultrasonography should be performed to esti-
mate kidney size, structural abnormalities, and cortical 
echogenicity of the kidneys in nearly all cases of sus-
pected CKD. Measuring the RI gives additional informa-
tion outside of kidney size and echogenicity when kidney 
ultrasonography is performed. Although renal pathol-
ogy was not included in this study, the RI is significantly 
higher in nephropathies with tubulointerstitial and/
or vascular injury, although the mechanism is not clear 
[20,21]. Alterations in the postglomerular vessels due to 
interstitial fibrosis can increase resistance to renal corti-
cal blood flow, subsequently reducing glomerular perfu-
sion [22]. A higher RI also implies target organ damage 
in essential hypertension [9]. Atherosclerosis in diabetic 
patients can be assumed by RI elevation on renal duplex 
ultrasonography [23]. These results suggest that a higher 
RI indirectly reflects atherosclerosis, target organ dam-
age, tubulointerstitial injury or fibrosis, and vascular in-
jury without pathologic evaluation. Based on our results, 
a higher RI is related not only with renal progression but 

Table 4. Independent factors associated with renal progression

Parameter
Univariate Multivariate

HR (95% CI) P HR (95% CI) P
Age 0.99 (0.95-1.02) 0.483 1.00 (0.94-1.07) 0.995
Male 0.34 (0.14-0.84) 0.019 0.38 (0.11-1.31) 0.124
Diabetes mellitus 5.58 (2.34-13.27) < 0.001 4.28 (1.32-13.85) 0.015
Creatinine 1.29 (0.87-1.92) 0.204 0.80 (0.53-1.20) 0.283
RUP/Cr 1.32 (1.11-1.57) 0.002 1.32 (1.07-1.62) 0.010
Use of ACEI or ARB 0.33 (0.14-0.76) 0.009 0.23 (0.07-0.78) 0.018
Resistive index ≥ 0.79 7.39 (2.40-22.78) < 0.001 4.88 (1.06-22.53) 0.043

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; HR, hazard ratio; RUP/Cr, random urine protein to 
creatinine ratio.
Clinical parameters (age, sex, diabetes mellitus, creatinine, RUP/Cr, use of ACEI or ARB) were examined with resistive index ≥ 0.79.
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Figure 2. Kaplan-Meier survival curves of renal progression. 
The patients with resistive index (RI) value ≥ 0.79 had a significantly 
higher incidence of renal progression compared with those with RI 
value < 0.79 (P = 0.005, log-rank test).
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also cardiovascular events and prevalence of IHD. Kawai 
et al [24] also showed that the RI may be a useful marker 
to detect and evaluate atherosclerotic diseases. There-
fore, we recommend that routine checking of the RI using 
renal duplex ultrasonography may provide additional in-
formation in predicting renal progression in patients with 
CKD. Further studies are necessary to evaluate the role of 
the initial RI value and serial change in RI while checking 
for sCr increase. 

The prevalence of diabetes and number of elderly pa-
tients are sharply increasing [25]. These phenomena 
result in increasing atherosclerosis-related disease. Ath-
erosclerotic renovascular disease is also common [26]. 
Recent clinical trials in patients with atherosclerotic 
renovascular disease found that renal revascularization 
was not superior to medical therapy using ACEIs or ARBs 
[27-29]. There is no significant decrease in renal blood 
flow in atherosclerotic renovascular disease if vascular 
occlusions are less than 50-60% [30]. However, there are 
no definite markers of or non-invasive studies reflecting 
the amount of arterial occlusion without angiography. In 
the future, the RI value on renal duplex ultrasonography 
associated with atherosclerosis and renal artery resis-
tance may reflect severity of arterial occlusion in patients 
with CKD. Further studies are necessary to demonstrate 
this role of the RI value. 

Treatment with ACEIs or ARBs is known to reduce the 
progression of CKD [4]. In this study, patients treated 
with ACEIs or ARBs seemed to have a better renal prog-
nosis. Most patients treated without ACEIs or ARBs were 
initially treated with them. However, the medication was 
stopped because of the occurrence of AKI. These patients 
had higher mean RI values and a higher percentage of 
diuretic use compared with patients continuously treated 
with ACEIs or ARBs. RI > 0.8 can predict AKI risk after the 
use of ACEI or ARB medication based on our previous 
study [13]. The benefit of ACEIs or ARBs in patients with 
CKD without use of them was not apparent when consid-
ering renal progression. In this study, we demonstrated 
that a higher RI value was a significant risk factor for re-
nal progression. Especially, the risk of renal progression 
was not high in CKD patients with a low RI value, regard-
less of their ACEI or ARB usage. 

This study has several limitations. First, the sample size 
is small and the study was performed retrospectively. 
Second, most enrolled patients who were not being treat-

ed with ACEIs or ARBs had a history of AKI due to their 
use. This bias of enrolled patients may have had an effect 
on the results. Despite these limitations, we observed that 
RI ≥ 0.79 predicted higher incidence of renal progression 
in patients with CKD with moderate renal dysfunction, 
regardless of their current ACEI or ARB usage.  

In conclusion, RI ≥ 0.79 on the renal duplex ultrasonog-
raphy can be a helpful predictor for renal progression in 
patients with moderate renal dysfunction, regardless of 
their ACEI or ARB usage. Therefore, checking the RI value 
is helpful when we evaluate kidney ultrasonography in 
patients with moderate renal dysfunction. 
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