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Background: The renal resistive index (RI) is calculated as (peak systolic velocity � minimum diastolic velocity)/

peak systolic velocity, and has been significantly associated with renal function. Pulse pressure index (PPI) is

derived from a formula similar to renal RI, i.e. (systolic blood pressure � diastolic blood pressure)/systolic blood

pressure. The purpose of this study was to investigate whether brachial PPI had a significant correlation with renal

RI and could be used in identifying patients with impaired renal function.

Methods: We consecutively enrolled 255 patients referred for echocardiographic examination. The renal RI was

measured from Doppler ultrasonography and blood pressure was measured from an ABI-form device.

Results: Patients with brachial PPI � 0.428 (mean value of brachial PPI) had a lower estimated glomerular filtration

rate (eGFR) than those with brachial PPI < 0.428 (p < 0.001). After the multivariate analysis was completed, brachial

PPI had a significant correlation with renal RI (unstandardized coefficient � = 0.53, p < 0.001). The areas under the

curve for brachial PPI and renal RI in prediction of eGFR < 45 mL/min/1.73 m
2

were 0.682 and 0.893 (both p <

0.001), respectively.

Conclusions: Brachial PPI was significantly correlated with renal RI. Patients with higher brachial PPI had a more

reduced renal function. Hence, brachial PPI may be able to quickly reflect the intrarenal vascular hemodynamics,

and may serve as an important tool for screening and follow-up for patients with abnormal renovascular resistance.
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INTRODUCTION

Renal ultrasonography has been shown to have an

important role in noninvasive assessment of renal ana-

tomic and vascular information.
1

As a supplement to re-

nal anatomy examined by conventional gray-scale ultra-

sonography, Doppler ultrasonography can help to evalu-

ate intrarenal hemodynamics. Renal resistive index (RI)

which is measured by use of the Doppler spectrum of

intrarenal arteries reflects renal vascular resistance.
2

The formula of renal RI was derived from fluid-flow ana-

logue of Ohm’s law (P = QR, where P is the pressure gra-

dient, Q is the volume flow rate, and R is the resistance)

and calculated as (peak systolic velocity � minimum dia-

stolic velocity)/peak systolic velocity.
1

The progressive

loss of glomerular microvasculature correlates with pro-

gressive renal disease, severity of glomerular sclerosis,

and interstitial fibrosis.
3

Ikee et al. demonstrated that a

direct relationship exists between renal RI and arteriolo-

sclerosis in 33 patients who underwent renal biopsy.
4

Furthermore, Bige´ et al. demonstrated that high renal

RI was associated with severe interstitial fibrosis, severe

arteriosclerosis, and the decline of renal function in 58
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patients with chronic kidney disease (CKD) during 18

months of follow-up.
5

Therefore, compared with tradi-

tional estimated glomerular filtration rate (eGFR), renal

RI additionally provided renal vascular hemodynamics,

arteriosclerotic change, and a predictor of renal func-

tion decline.

Blood pressure (BP) is a well-established and power-

ful risk factor for adverse cardiovascular events.
6

Pulse

pressure defined as systolic BP minus diastolic BP is also

an independent predictor of ischemic heart disease,

cerebrovascular disease, arterial stiffness, arteriosclero-

sis, and progression of CKD.
6-10

Recently, in the similar

concept of fluid-flow analog of Ohm’s law, Yang and Li

derived the pulse pressure index (PPI) calculated as (sys-

tolic BP � diastolic BP)/systolic BP. The PPI, which ranges

from 0 to 1, correlates negatively with vascular compli-

ance.
11

The PPI may not only reflect vascular compli-

ance, but also predict cardiovascular outcomes. Some

studies demonstrated there was a significant association

of PPI with atherosclerosis, cardiovascular events, and

CKD in Chinese patients.
12-14

Zhao et al. showed that

higher PPI was associated with lower eGFR in Chinese

patients with hypertension.
14

Recently, we demon-

strated that increased PPI significantly correlates with

elevated left ventricular filling pressure and left ventric-

ular diastolic dysfunction in patients with CKD.
15

Because the formulas to calculate the PPI and RI

were similar, and both parameters were correlated with

atherosclerosis and reduced renal function, PPI should

have a significant correlation with RI. Tublin et al. showed

renal RI was significantly correlated with renal PPI (R
2

=

0.89) in isolated rabbit perfusion kidney.
16

However,

there has been no clinical study which investigated the

correlation between brachial PPI and renal RI. There-

fore, the aim of this study was to assess whether the

easily-obtained parameter, brachial PPI, was signifi-

cantly associated with renal RI. Furthermore, we also

evaluated whether brachial PPI or renal RI was a useful

parameter in identification of patients with decreased

renal function.

MATERIALS AND METHODS

Study subjects and design

This study consecutively included patients referred

for echocardiographic examinations in a regional hospi-

tal in southern Taiwan due to suspected coronary artery

disease, heart failure, hypertension, abnormal results

on cardiac physical examination, dyspnea survey, or a

pre-operative cardiac function survey. Patients with

atrial fibrillation, significant aortic or mitral valve dis-

eases, or inadequate image visualization were excluded.

Additionally, patients with a history of unilateral or

bilateral renal artery stenosis, unilateral or bilateral

nephrectomy, end stage renal disease receiving renal re-

placement or renal transplantation therapy, acute kid-

ney injury, and acute unilateral or bilateral hydrone-

phrosis were also excluded. Finally, 255 patients were

enrolled in this study from July 2012 to December 2012.

Ethics statement

The protocol for this study was approved by the insti-

tutional review board of the Kaohsiung Medical Univer-

sity Hospital (KMUHIRB-20120162). Informed consents

have been obtained in writing from patients, and all clini-

cal investigation was conducted according to the princi-

ples expressed in the Declaration of Helsinki. The patients

gave consent for the publication of the clinical details.

Renal Doppler ultrasonography study

Ultrasonographic examinations were performed us-

ing duplex Doppler ultrasonography with a CX50 (Philips

Compact Xtreme System, USA) ultrasound machine with

a 2.5-MHz pulsed Doppler frequency and a 3.5-MHz

convex array transducer. The image of the kidneys was

determined by B-mode and renal blood flow was visual-

ized with color-Doppler sonography superimposed on

B-mode image while the patient was in the supine posi-

tion. Then, intrarenal Doppler signals were obtained

from the arcuate arteries at the corticomedullary junc-

tion. The renal RI was calculated as (peak systolic veloc-

ity � minimum diastolic velocity)/peak systolic veloc-

ity.
1,17,18

The renal RI was determined at least three

times for each kidney and then the values from bilateral

kidneys were averaged to obtain the mean value for

later analysis. All measurements were performed by one

experienced physician who was blinded to the other

data of the subjects.

BP measurement

After ultrasonographic examinations and ten min-
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utes of rest, BPs were measured by using an ABI-form

device (VP1000; Colin Co. Ltd., Komaki, Japan), which

automatically and simultaneously measures BPs in both

arms and ankles using an oscillometric method.
19-22

Af-

ter obtaining bilateral values of brachial BPs, their mean

values were used for later analysis. The pulse pressure

was calculated as the difference between brachial sys-

tolic BP and diastolic BP. The mean BP was calculated as

(brachial systolic BP + 2 � brachial diastolic BP)/3. The

PPI was calculated as (brachial systolic BP � brachial

diastolic BP)/brachial systolic BP.

Collection of demographic, medical, and laboratory

data

Demographic and medical data, including age, gen-

der, smoking history, and comorbid conditions, were ob-

tained from medical records or interviews with patients.

Body mass index was calculated as the ratio of weight in

kilograms divided by the square of height in meters.

Laboratory data were measured from fasting blood sam-

ples using an autoanalyzer (Roche Diagnostics GmbH,

Mannheim, Germany and COBAS Integra 400, Roche Di-

agnostics GmbH). Serum creatinine was measured by

the compensated Jaffe´ (kinetic alkaline picrate) method

with a Roche/Integra 400 Analyzer (Roche Diagnostics,

GmbH), using a calibrator traceable to isotope-dilution

mass spectrometry.
23

The value of eGFR was calculated

using the four-variable equation in the Modification of

Diet in Renal Disease study.
24

The definition of CKD was

according to the National Kidney Foundation-Kidney Dis-

ease Outcomes Quality Initiative guidelines.
25

Our pa-

tients with evidence of kidney damage lasting for over 3

months into CKD stages was based on having an eGFR

level (ml/min/1.73 m
2
) less than 60. Blood samples were

obtained within 1 month of enrollment. In addition, in-

formation regarding patient medications, including an-

giotensin-converting enzyme inhibitors, angiotensin II

receptor blockers, �-blockers, calcium channel blockers,

and diuretics during the study period, was obtained

from medical records.

Reproducibility

Thirty patients were randomly selected for evalua-

tion of the interobserver variability of renal RI measure-

ment by two independent observers. To obtain intra-

observer variability, the same measurement was re-

peated after 1 week. Mean percentage error was calcu-

lated as the absolute difference divided by the average

of the two observations. The intraobserver and inter-

observer mean percentage errors for renal RI measure-

ment were 3.29 � 2.18% and 6.58 � 4.36%, respectively.

Statistical analysis

Statistical analysis was performed using SPSS 18.0

for windows (SPSS Inc. Chicago, IL, USA). Data are ex-

pressed as percentages and the mean � standard devia-

tion. The differences between groups were evaluated

using a Chi-square test for categorical variables or by an

independent t-test for continuous variables. The rela-

tionship between two continuous variables was as-

sessed using a bivariate correlation method (Pearson’s

correlation). Significant variables in the univariable an-

alysis were further analyzed by multivariable linear

regression analysis to identify the determinants of renal

RI. Receiver operating characteristic (ROC) curve was

constructed for prediction of eGFR < 45 mL/min/1.73

m
2
. A difference was considered significant if the p value

was less than 0.05.

RESULTS

There were 255 patients (age 63.1 � 12.9 years,

male 58.4%, and PPI 0.428 � 0.059) included in this

study. Table 1 shows the comparison of baseline charac-

teristics between two groups (brachial PPI � 0.428 ver-

sus PPI < 0.428) divided by mean PPI. There was a signi-

ficant difference in age, gender, diabetes, systolic BP,

pulse pressure, mean BP, heart rate, hematocrit, eGFR,

eGFR < 45 mL/min/1.73 m
2
, renal RI, and brachial PPI

between groups. Figure 1 shows the scatter plot be-

tween renal RI and brachial PPI. Table 2 displays the de-

terminants of renal RI according to univariate and

multivariate analyses in the study subjects. Old age, dia-

betes, hypertension, cerebrovascular disease, increased

pulse pressure, decreased heart rate, use of angiotensin

II receptor blockers, � blockers, diuretics, and � blockers,

low hematocrit, and increased brachial PPI were associ-

ated with renal RI in the univariate analysis. Old age (un-

standardized coefficient � = 0.002, p < 0.001), diabetes

(unstandardized coefficient � = 0.03, p = 0.001), hema-

tocrit (unstandardized coefficient � = -0.003, p < 0.001),
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and brachial PPI (unstandardized coefficient � = 0.53, p

< 0.001) were significantly associated with renal RI in

the multivariate analysis. The areas under the ROC

curve (AUCs) for renal RI and brachial PPI in prediction

of < 45 mL/min/1.73 m
2

were shown in Figure 2. The

AUCs for brachial PPI and renal RI in the prediction of

eGRF < 45 mL/min/1.73 m
2

were 0.682 (p < 0.001) and

0.893 (p < 0.001), respectively. Table 3 shows the statis-

tical values of brachial PPI and renal RI in prediction of

eGFR < 45 mL/min/1.73 m
2
.

DISCUSSION

In this study, we evaluated the relationship between

brachial PPI and renal RI measured from renal Doppler
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Table 1. Comparison of baseline characteristics according to mean value of brachial PPI (0.428 � 0.059)

Brachial PPI < 0.428, n = 126 Brachial PPI � 0.428, n = 129 p value Total patients, n = 255

Age (years) 58.2 � 12.3 67.9 � 11.6 < 0.001 63.1 � 12.9

Male gender (%) 73.8 43.4 < 0.001 58.4

Smoking history (%) 26.2 17.1 0.09 21.6

Diabetes mellitus (%) 22.2 34.9 0.03 28.6

Hypertension (%) 66.7 76.7 0.10 71.8

Coronary artery disease (%) 15.9 13.2 0.60 14.5

Cerebrovascular disease (%) 07.1 11.6 0.28 09.4

Systolic blood pressure (mmHg) 128.4 � 17.80 139.2 � 19.40 < 0.001 133.9 � 19.30

Diastolic blood pressure (mmHg) 79.3 � 11.4 73.1 � 10.0 < 0.001 76.2 � 11.1

Pulse pressure (mmHg) 49.1 � 8.40 66.1 � 12.5 < 0.001 57.7 � 13.7

Mean blood pressure (mmHg) 95.7 � 13.3 95.1 � 12.5 0.72 95.4 � 12.9

Heart rate (beats/min) 72.4 � 12.6 66.1 � 9.20 < 0.001 69.2 � 11.5

Body mass index (kg/m
2
) 26.7 � 3.90 26.5 � 3.60 0.64 26.6 � 3.70

Antihypertensive medication

ACEIs 20.6 14.7 0.25 17.6

ARBs 35.7 47.3 0.08 41.6

�-blockers 38.9 48.8 0.13 43.9

Calcium channel blockers 39.7 47.3 0.26 43.5

Diuretics 32.5 32.6 1.00 32.5

�-blockers 3.2 4.7 0.75 03.9

Laboratory parameters

Fasting glucose (mg/dL) 121.8 � 49.6 116.7 � 28.90 0.34 119.3 � 40.60

Triglyceride (mg/dL) 144.7 � 91.5 137.5 � 83.0 0.54 141.1 � 87.20

Total cholesterol (mg/dL) 188.9 � 34.1 190.2 � 45.7 0.81 189.6 � 40.30

Hematocrit (%) 41.6 � 5.1 38.4 � 5.1 < 0.001 39.9 � 5.30

Baseline eGFR (mL/min/1.73 m
2
) 66.5 � 19.1 58.3 � 22.9 < 0.002 62.4 � 21.5

eGFR < 45 (mL/min/1.73 m
2
) 8.7 24.0 < 0.001 16.5

Renal resistive index 0.64 � 0.07 0.73 � 0.07 < 0.001 0.68 � 0.08

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; eGFR, estimated glomerular filtration rate; PPI,

pulse pressure index.

Figure 1. The scatter plot between brachial pulse pressure index (PPI)

and renal resistive index (RI) in all study patients.



ultrasonography. We found that patients with higher

brachial PPI had more impaired renal function. Brachial

PPI also had a significant correlation with renal RI and

was higher in patients with decreased eGFR. Although

renal ultrasonography is a useful tool in the assessment

of renal parenchymal and vascular disease, it is still

operator-dependent and relatively time-consuming. In

contrast, brachial PPI is an easily-obtained and opera-

tor-independent parameter and can be rapidly acquired

in daily clinical practice. Hence, brachial PPI may be able

to quickly reflect the intrarenal vascular resistance.

Renal RI is an important parameter used to evaluate

renal function and intrarenal vascular hemodynamics.
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Figure 2. The areas under the receiver operating characteristic curves

(AUCs) for brachial pulse pressure index (PPI) and renal resistive index

(RI) in the prediction of estimated glomerular filtration rate (eGFR) < 45

mL/min/1.73 m
2
.

Table 2. Determinants of renal resistive index by univariate and multivariate analyses in all patients

Univariate Multivariate

Unstandardized

coefficient �
SD 95% CI p value

Unstandardized

coefficient �
SD 95% CI p value

Age (year) 00.004 < 0.001 (0.003, 0.004) < 0.001 0.002 < 0.001 (0.001, 0.003) < 0.001

Male gender (%) -0.02- 0.010 (-0.04, 0.002) 0.080 -

Smoking history (%) -0.01- 0.010 (-0.04, 0.01) 0.270 -

Diabetes mellitus (%) 0.06 0.010 (0.03, 0.08) < 0.001 0.030 0.009 (0.01, 0.05) 0.001

Hypertension (%) 0.04 0.010 (0.01, 0.06) 0.002 0.003 0.009 (-0.02, 0.02) 0.760

Coronary artery disease (%) 0.03 0.020 (-0.003, 0.06) 0.080 -

Cerebrovascular disease (%) 0.04 0.020 (0.006, 0.08) 0.020 0.010 0.010 (-0.01, 0.03) 0.420

Pulse pressure (mmHg) 00.004 < 0.001 (0.003, 0.004) < 0.001 < 0.001 < < 0.001 (-0.001, 0.001) 0.590

Heart rate (beats/min) -0.002 < 0.001 (-0.002, -0.001) < 0.001 < 0.001 < < 0.001 (-0.001, < 0.001) 0.230

Body mass index (kg/m2) 00.001 0.001 (-0.002, 0.004) 0.540 -

Antihypertensive medication

ACEI -0.02- 0.010 (-0.05, 0.008) 0.170 -

ARB 0.03 0.010 (0.01, 0.05) 0.002 -0.01-0 0.008 (-0.03, 0.004) 0.140

Beta blocker 0.03 0.010 (0.009, 0.05) 0.005 0.020 0.008 (< 0.001, 0.03) 0.050

Calcium channel blocker 0.02 0.010 (-0.006, 0.04) 0.150 -

Diuretics 0.02 0.01 (0.002, 0.05) 0.04 0.010 0.008 (-0.003, 0.03) 0.100

Alfa blocker 0.06 0.03 (0.01, 0.11) 0.02 0.030 0.020 (-0.008, 0.08) 0.120

Laboratory parameters

Fasting glucose (mg/dL) < 0.001 < 0.001 (< 0.001, < 0.001) 0.24 -

Triglyceride (mg/dL) -3.62- < 0.001 (< 0.001, < 0.001) 0.58 -

Total cholesterol (mg/dL) < 0.001 < 0.001 (< 0.001, < 0.001) 0.10 -

Hematocrit (%) -0.007 0.001 (-0.009, -0.005) < 0.001 -0.003 0.001 (-0.004, -0.002) < 0.001

Brachial pulse pressure index 0.92 0.070 (0.79, 1.05) < 0.001 0.530 0.110 (0.32, 0.74) < 0.001

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; SD, standard deviation.

Table 3. Statistical values of brachial PPI and renal RI for

predicting eGFR < 45 mL/min/1.73 m
2

Sensitivity (%) Specificity (%) Accuracy (%)

Brachial PPI > 0.449 61.9 69.0 65.5

Renal RI > 0.718 95.2 75.6 85.4

eGFR, estimated glomerular filtration rate; PPI, pulse pressure

index; RI, resistive index.



The renal RI can be used to assess renal vascular resis-

tance, predict the decline of renal function and cardio-

vascular events, and reflect the pathological change in

CKD and target organ damage in patients with essential

hypertension.
1,4,5,17,26-29

There have been limited studies

that investigated the association between renal RI and

brachial PPI. In an isolated perfused rabbit kidney mo-

del, Tublin et al. had demonstrated that renal RI was af-

fected by age, heart rate, vascular stiffness, pulse pres-

sure, and renal blood flow.
16,30,31

Furthermore, in this

animal model, RI was significantly correlated with renal

PPI.
16

Jensen et al. showed there was a significant corre-

lation between BP index, calculated as (systolic BP � dia-

stolic BP)/mean BP, and renal blood flow in hypertensive

patients.
32

Dimsdale et al. showed that a change in main

renal artery RI was associated with a transient increase

in BP (r = 0.25, p < 0.05) in subjects without structural

renal disease.
33

The possible reasons why the change in

local renal vascular resistance and blood flow correlated

with the change in systemic BP are the result of hemo-

dynamic and neurohormonal influence. In the present

study, we consistently found brachial PPI had a moder-

ate correlation with renal RI (r = 0.65, p < 0.001).

PPI based on elastic chamber theory is the recently

emerged parameter which is theoretically illustrated by

internal and dynamic vascular compliance.
11

Studies of

Chinese populations have shown that PPI is significantly

associated with atherosclerosis and cardiovascular

events.
13

Our recent study found that CKD patients with

a ratio of transmitral E wave velocity (E) to early diastole

mitral annulus velocity (Ea) � 15 had a higher systolic

BP, higher pulse pressure, and higher PPI compared to

those patients with E/Ea < 15. In multivariate analysis,

PPI was an independent determinant of E/Ea and left

ventricular diastolic dysfunction in study subjects with

CKD.
15

In addition, there were few studies that had re-

searched the relationship between PPI and CKD. Zhao et

al. investigated the relationship among pulse pressure,

PPI, and eGFR in 742 Chinese patients with essential hy-

pertension.
14

The eGFR was significantly lower in the

group with PP > 55 mmHg and PPI > 0.45 than in the

group with PP � 55 mmHg and PPI � 0.45. In our study,

we similarly found brachial PPI > 0.449 was useful in the

prediction of eGFR < 45 mL/min/1.73 m
2
. Hence, bra-

chial PPI was not only positively correlated with renal RI,

but also higher in patients with impaired renal function.

There were several limitations to this study. The ma-

jority of our patients were treated chronically with anti-

hypertensive medications. Previous studies have shown

that antihypertensive agents can affect RI.
4,34,35

For ethi-

cal reasons, we did not withdraw these medications.

Therefore, we could not exclude the influence of anti-

hypertensive agents on our findings. Besides, because

the measurements of renal RI during atrial fibrillation

were difficult because of beat-to-beat variation, we ex-

cluded patients with atrial fibrillation. Finally, patients

with a history of renal artery stenosis, nephrectomy,

end stage renal disease receiving renal replacement or

renal transplantation therapy, acute kidney injury, and

hydronephrosis were also excluded. Therefore, our re-

sults could not be applied to these patients.

CONCLUSIONS

In conclusion, the present study demonstrated that

brachial PPI was significantly correlated with renal RI ob-

tained from Doppler ultrasonography. The patients with

higher brachial PPI had an increased impaired renal

function. Hence, brachial PPI may be able to quickly and

roughly reflect the intrarenal vascular hemodynamics

and may serve as an important tool for screening and

following up patients with abnormal renovascular resis-

tance. However, the clinical application of brachial PPI

needs to be investigated in future large-scale studies.
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