
New renal haemodynamic indices can predict
worsening of renal function in acute decompensated
heart failure

Amir Mostafa1* , Karim Said1, Walid Ammar1, Ahmed Elsayed Eltawil2 and Magdy Abdelhamid1

1Cardiology Department, Kasr Alainy School of Medicine, Cairo University, New Cairo, 5th settlement, Cairo, 11865, Egypt; 2Clinical Pathology Department, Kasr Alainy
School of Medicine, Cairo University, Cairo, Egypt

Abstract

Aims Worsening of renal function (WRF) is a common complication in patients with acute decompensated heart failure
(ADHF). We aimed to evaluate the role of intrarenal Doppler ultrasound (IRD) in the early prediction of WRF in this patient
group.
Methods and results Among 90 patients (age: 57.5 ± 11.1 years; 62% male) hospitalized with ADHF, resistivity index (RI), ac-
celeration time (AT), and pulsatility index (PI) were measured on admission and at 24 and 72 h. WRF was defined as increased
serum creatinine ≥0.3mg/dL from baseline. Adverse clinical outcomes were defined as the composite of death, use of vasopres-
sors, and need for ultrafiltration for refractory oedema. WRF developed in 40% of patients. Mean values of renal AT, RI, and PI
on admission were 59.7 ± 15, 0.717 ± 0.08, and 1.5 ± 0.48 ms, respectively. At 24 h, there was significant decrease in AT (to
56.7 ± 10 ms, P = 0.02) and renal RI (to 0.732 ± 0.07; P < 0.001); these changes were maintained up to 72 h. Renal PI showed
no significant changes. Independent predictors of WRF were renal AT at 24 h and admission values of renal RI, left ventricular
ejection fraction, and plasma cystatin C. Renal AT at 24 h ≥ 57.8ms had 89% sensitivity and 70% specificity for the prediction of
WRF. Independent predictors for adverse clinical outcomes were left ventricular end systolic dimension and WRF.
Conclusions Among ADHF patients receiving diuretic therapy, measurement of renal AT and RI by IRD can help identify pa-
tients at increased risk for WRF.
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Introduction

Worsening of renal functions (WRFs) is a common complica-
tion in patients with acute decompensated heart failure
(ADHF) with an incidence between 20% and 50%1–3 and with
increased risk of morbidity and mortality.4 Early identification
of WRF is an important key point for proper management
and prevention of subsequent complications. Unfortunately,
the early identification of WRF is highly challenging as the
use of serum creatinine and estimated glomerular filtration
rate (eGFR) has multiple limitations.5 Accordingly, efforts
are directed to discover better predictors for the develop-
ment of WRF.

Alternation of the intrarenal haemodynamics, mediated by
low renal perfusion pressure and neuro-hormonal activation,
may contribute to the development of WRF in response to di-
uretic use among patients with ADHF.6–8 Therefore, identifica-
tion of changes in renal haemodynamics in these patients may
aid in the early detection of WRF and hence in the prevention
of its consequences. Intrarenal Doppler ultrasound (IRD) is a
non-invasive bedside tool with good accuracy in defining
changes in renal hemodynamics.9 Furthermore, IRD-derived
indices were previously shown to be associated with increased
cardiovascular events.10,11 However, no adequate data exist
to describe the relation between changes in IRD indices and
WRF when diuretic therapy is initiated or intensified in ADHF
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patients. Accordingly, this study was conducted to describe
changes in selected IRD-derived indices used to evaluate he-
modynamic alterations in hospitalized ADHF patients receiv-
ing diuretic therapy and to study the potential relation
between these changes and the development of WRF.

Methods

This was a prospective study that recruited patients with
ADHF admitted to the Heart Failure Unit of the Cardiology
Department in Kasr Alainy Hospital, Cairo University between
June 2016 and January 2017. The investigation conforms with
the principles outlined in Declaration of Helsinki12 and was
approved by the ethical committee. All patients provided in-
formed consents.

Patients with ADHF were defined based on the presence of
rapid onset of, or change in symptoms (breathless, ankle
swelling, and fatigue) and/or signs (elevated jugular venous
pressure, pulmonary crackles, and peripheral oedema) of
heart failure requiring intravenous diuretic therapy.13 Only
patients with New York Heart Association function Class III
or IV were included with no specific inclusion criterion based
on left ventricular (LV) ejection fraction.

Patients were excluded from the study if they were
<18 years or having one of the following: cardiogenic shock,
acute myocardial infarction, atrial fibrillation, eGFR < 30
mL/min, stenotic valvular heart disease beyond moderate se-
verity, sepsis, pregnancy, renovascular disease, obstructive
uropathy, or technical difficulties in imaging renal vessels by
IRD.

All eligible patients had IRD and echocardiographic exami-
nations within 6 h of admission and after 24 and 72 h there-
after. During hospitalization, all patients were followed up
with special emphasis on the response to diuretic therapy
and changes in renal functions.

Assessment of response to diuretics

Per protocol, all patients received IV furosemide; the route of
administration (IV boluses or infusion), the titration of the
dose, and the addition of other diuretic agents in case of in-
adequate response were left to the discretion of the treating
physicians. For every patient, the total daily furosemide dose
and the 72 h cumulative furosemide dose were calculated.

Response to diuretics was assessed daily in the first 3 days
of admission in terms of change in the clinical status, change
in body weight, and total net fluid loss defined as the total
amount of urine output minus the total amount of fluid in-
take at 72 h.

A sample of blood was taken on admission for the mea-
surement of serum urea, serum creatinine, and plasma
cystatin C. In addition, serum creatinine, eGFR (calculated

by Cockcroft–Gault formula),14 and serum urea levels were
measured daily for the first 72 h while plasma cystatin C
levels were measured at 24 and 72 h. WRF was defined as
an increase in the serum creatinine level ≥0.3 mg/dL within
72 h of admission.15

Echocardiographic examination

Within 6 h of admission, all patients had transthoracic echo-
cardiography to measure LV dimensions; LV ejection fraction
by Simpson’s method; indexed left atrial volume; diastolic
function, E/e ratio over the lateral mitral annulus; severity
of mitral and tricuspid regurgitation; pulmonary artery sys-
tolic pressure; and tricuspid annular peak systolic excursion.16

Calculation of E/e ratio and pulmonary artery systolic pres-
sure was repeated at 24 and 72 h.

Intrarenal duplex examination

Intrarenal Doppler ultrasound studies were performed using
Philips iE3 machine (Philips Medical Systems, Andover, Mas-
sachusetts) equipped with sector array transducer of 3.5
and 5 MHz for both kidneys. Measurements of the renal re-
sistivity index (renal RI), pulsatility index (renal PI) and accel-
eration time (renal AT) were performed at the level of the
segmental, interlober, and arcuate arteries in the upper, mid-
dle, and lower thirds of each kidney, and then, the average of
these measurements were taken. To standardize the mea-
surements, all studies were performed in the supine position,
from the lateral lumbar window with attempt to make the
angle between the ultrasound beams and the flow direction
of the examined vessels of the kidney less than 30°, and pa-
tients were asked to avoid Valsalva.17

Renal RI was computed as PSV-EDV/PSV where PSV indi-
cates peak systolic velocity and EDV indicates end-diastolic
velocity. Renal AT was measured as the time from the begin-
ning of systole to the maximum systolic velocity. Renal PI was
calculated as PSV-EDV/mean velocity where mean velocity is
the sum of the PSV and EDV divided by 2.17

‘Adverse clinical outcome’ was defined as the composite of
death, need for ultrafiltration for refractory oedema, and use
of vasopressors for hypotension during the whole period of
hospitalization.

Statistical analysis

All statistical analyses were performed using SPSS for Win-
dows (17.0, SPSS Inc.). All continuous variables—except for
duration of hospitalization—showed normal distribution
when assessed by Kolmogorov–Smirnov test. Continuous var-
iables were presented as mean
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± standard deviation while categorical data were summa-
rized as number (percentage). Analysis of variance test was
used to assess differences in laboratory and IRD variables ob-
tained on admission and at 24 and 72 h. Bivariate correlations
were analysed by Pearson’s test.

Clinically relevant variables were used to identify univari-
ate predictors of WRF using Student sample t-test for contin-
uous variables and χ²-square test for categorical variables;
then, stepwise multiple linear regression analysis was per-
formed to assess the independent predictors. Variables used
in univariate comparison were age, gender, body mass index,
diabetes, systolic blood pressure, prior heart failure hospital-
ization, coronary artery disease, use of angiotensin blockers,
laboratory variables (admission levels of creatinine, urea,
cystatin C, sodium, and potassium), echocardiographic vari-
ables [LV volumes and ejection fraction, E/e ratio, and tricus-
pid annular peak systolic excursion (TAPSE)], pulmonary
artery systolic pressure, and IRD variables (renal RI, renal PI,
and renal AT on admission and at 24 h). Same variables—in
addition to WRF—were used to identify independent predic-
tors of adverse clinical outcome.

Receiver operating characteristics curves were used to
choose cut-offs with best sensitivity and specificity. A P
value ≤ 0.05 was considered to indicate statistical
significance.

Intraobserver variability was expressed as the mean per-
cent error, derived as the absolute difference between the
two sets of observations, divided by the mean of the observa-
tions then intraclass correlation coefficient was obtained.
Mean difference and mean percent error were 0.01 (1.1%)
for renal RI, 0.09 (1.4%) for renal PI, 2 ms (1.3%) for renal
AT, and 0.05 mg/dL (1.3%) for serum creatinine respectively.
Corresponding intraclass correlation coefficient values were
0.94, 0.93, 0.95, and 0.94 (P < 0.001).

Results

Among 102 eligible patients, 12 patients were excluded dur-
ing the course of the study because of technical difficulties
in assessing the intrarenal vessels (six patients), death before
completing the follow up studies (three patients) and consent
withdrawal (three patients). Accordingly, 90 patients consti-
tuted the study population.

Baseline characteristics

Baseline clinical characteristics of the study population are
listed in Table 1. Main causes of heart failure were ischemic
cardiomyopathy in 62 patients (69%), idiopathic dilated car-
diomyopathy in 18 patients (20%), and valvular heart disease
in 10 patients (11%).

Response to diuretic therapy

Furosemide was given as intermittent IV boluses in 72 pa-
tients (80%) and as intravenous infusion in 18 patients
(20%). Mean total daily dose of furosemide was
97 ± 59 mg, and the 72 h cumulative furosemide dose was
604 ± 344 mg. The total net fluid loss was 2357 ± 765 mL,
and the mean decrease in body weight in 72 h was 2.5 kg
(range 0–7 kg). The majority of patients (73%) were in New
York Heart Association function Class II at 72 h after
admission.

Table 1 Baseline characteristics of the study participants

Variable

Clinical and laboratory data
Age (year) 57.5 ± 11.1
Male 56 (62.2)
Body mass index (kg/m2) 29.3 ± 4.9
Body mass index ≥ 30 43 (47.8)
Current smokers 32 (35.6)
Diabetes mellitus 46 (51.1)
Hypertension 48 (53.3)
Heart failure hospitalization in past 6 months 60 (66.7)
Heart rate (bpm) 95.2 ± 20
Respiratory rate (cycle per minute) 28.7 ± 6.2
Elevated jugular venous pressure 71 (78.9%)
Pulmonary rales 89 (98.9%)
Peripheral oedema 75(83.3%)
Systolic blood pressure (mmHg) 136.5 ± 21.27
Heart rate (beat per minute) 95.2 ± 20
NYHA class
III 25 (27.8)
IV 65 (72.2)

Comorbidities
Coronary artery disease 62 (68.9)
Peripheral arterial disease 5 (5.6)
Cerebrovascular disease 7 (7.8)

Medications on admission
Diuretics 65 (72.2)
Renin angiotensin blockers 55 (61.1)
Spironolactone 38 (42.2)
B-blocker 39 (43.3)
Oral hypoglycaemic 26 (28.9)
Insulin 20 (22.2)
Haemoglobin (g/dL) 12.07 ± 2.2
Serum potassium (mEq/L) 4.2 ± 0.7
Serum sodium (mEq/L) 137 ± 4.5
Echocardiographic data
LV ejection fraction (%) 35.6 ± 9.3
LV ejection fraction < 40% 49 (54)
LV end-systolic dimension (cm) 4.97 ± 0.94
LV end-diastolic dimension (cm) 6.2 ± 0.9
Indexed left atrial volume (mL/m2) 49 ± 8
Pulmonary artery systolic pressure (mmHg) 37.8 ± 22.2
TAPSE (cm) 1.77 ± 0.37
Moderate to severe mitral incompetence 49 (54.4)
Moderate to severe tricuspid incompetence 27 (30)
Mitral E/e ratio 10.01 ± 4.6
Diastolic dysfunction grade III/IV 22 (24)

LV, left ventricle; NYHA, New York heart association; TAPSE, tricus-
pid annular peak systolic excursion.
Data are presented as number (%) or mean ± standard deviation.
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Renal functions and haemodynamics

Within 72 h of admission, there was significant increase in se-
rum creatinine and plasma cystatin C associated with signifi-
cant decline in eGFR (Table 2). WRF developed in 36
patients (40%) among whom 14 patients (39%) developed
WRF in the first 24 h. Notably, only five patients (5.5%) had
eGFR < 60 mL/min on admission.

At 24 h, there was significant increase in renal RI and de-
crease in renal AT; these changes were maintained up to
72 h. Renal PI showed no significant changes during the study
period (Table 2).

Predictors of worsening of renal
function

Multivariate stepwise regression analysis using significant var-
iables obtained by comparing patients with vs. without WRF
(Table 3) revealed four independent predictors that can ex-
plain 40% of the variability of WRF (Table 4). Renal AT at
24 h ≥ 57.8 ms had 89% sensitivity and 70% specificity for
the prediction of WRF (area under the curve 0.8;
P = 0.0001) with a positive predictive value of 65% and a neg-
ative predictive value of 90% (Figure 2). When patients were
dichotomized on the basis of renal AT at 24 h, those with

Table 2 Changes in renal functions and intrarenal duplex

Admission Fu-24 h Fu-72 h Pa

Renal function
Serum creatinine (mg/dL) 1.14 ± 0.26 1.26 ± 0.39 1.31 ± 0.35 0.0001
Serum urea (mmol/L) 60.9 ± 38 64.07 ± 39.8 67.96 ± 42.7 0.033
eGFR (mL/min) 87.3 ± 26.6 82.98 ± 34.6 77.5 ± 27.2 0.02
Plasma cystatin C (mg/L) 1822.7 ± 553 2027.9 ± 710 2,102 ± 729 0.05

Intrarenal duplex
Renal RI 0.717 ± 0.08 0.732 ± 0.07 0.734 ± 0.077 0.0001
Renal PI 1.5 ± 0.48 1.48 ± 0.44 1.52 ± 0.47 0.74
Renal AT (ms) 59.7 ± 15 56.7 ± 10 56.6 ± 10 0.02

ANOVA, analysis of variance; AT, acceleration time; eGFR, estimated glomerular filtration rate; PI, pulsatility index; RI, resistivity index.
Data are presented as mean ± standard deviation.
aP by repeated measures analysis of variance.

Table 3 Univariate predictors of WRF

Variable No WRF (n = 54) WRF (n = 36) P

LV ejection fraction (%) 38.3 ± 7.7 31.6 ± 10.1 0.001
LV end-systolic diameter (cm) 4.78 ± 0.82 5.25 ± 1 0.01
TAPSE (cm) 1.85 ± 0.34 1.64 ± 0.39 0.01
Moderate to severe mitral regurgitation 26 (48.1) 23 (66.7) 0.05
Moderate to severe tricuspid regurgitation 11(20.4) 16(44.4) 0.015
Serum creatinine (mg/dL) 1.01 ± 0.28 1.31 ± 022 0.05
Serum urea (mmol/L) 51.85 ± 31.2 74.53 ± 43.4 0.005
Plasma cystatin C (mg/L) 1663.7 ± 451 2004.9 ± 630 0.05
Renal RI on admission 0.7 ± 0.07 0.74 ± 0.06 0.026
Renal RI at 24 h 0.718 ± 0.07 0.754 ± 0.06 0.015
Renal PI on admission 1.4 ± 0.4 1.59 ± 0.4 0.05
Renal PI at 24 h 1.4 ± 0.43 1.59 ± 0.46 0.047
Renal AT at 24 h (ms) 52 ± 10 63 ± 9 0.001

AT, acceleration time; LV, left ventricle; PI, pulsatility index; RI, resistivity index; TPASE, tricuspid annular peak systolic excursion; WRF,
worsening of renal function.
Data are presented as number (%) or mean ± standard deviation.

Table 4 Multivariate regression analysis for predictors of WRF

Variable Standardized coefficient B Unstandardized coefficients T P 95% confidence interval

AT at 24 h (ms) 0.374 16.4 ± 3.9 4.2 0.0001 8.55 to 24.23
Renal RI on admission 0.26 1.8 ± 0.58 3.05 0.003 0.6 to 2.93
LV ejection fraction (%) �0.25 �0.01 ± 0.005 �2.8 0.006 �0.23 to �0.004
Plasma cystatin C on admission (mg/L) 0.23 0 2.6 0.01 0.555 to 0.789

AT, acceleration time; LV, left ventricle; RI, resistivity index; WRF, worsening of renal function.
R = 0.622 and R2 = 0.36.
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renal AT ≥ 57.8 ms showed lower LV ejection fraction
(33.6 ± 10% vs. 38 ± 7.8%; P = 0.02); larger LV end systolic di-
mension (5.08 ± 1 cm vs. 4.8 ± 0.8 cm; P = 0.02); lower TAPSE
(1.66 ± 0.4 cm vs. 1.89 ± 0.3 cm; P = 0.004) than did patients
with shorter renal AT. Moreover, renal AT at 24 h showed sig-
nificant correlations with LV ejection fraction (r = �0.286,
P = 0.006) and TAPSE (r = �0.28, P = 0.006). Renal RI on
admission ≥ 0.752 had 70% sensitivity and 68% specificity
for the prediction of WRF (area under the curve 0.63;
P = 0.003). (Figure 1).

Predictors of adverse clinical outcomes

The median hospital stay was 6.2 days (range between 4 and
16) with adverse clinical outcomes occurring in 20 patients
(22%) [need for vasopressors in 11 patients (12%), ultrafiltra-
tion for refractory oedema in 6 patients (7%), and death in 4
patients (4%)]. Among 10 variables that were included in mul-
tivariate linear regression analysis, two variables appeared to
independently predict adverse clinical outcomes: increased
LV end systolic dimension and WRF (Tables 5 and 6).

For the prediction of adverse clinical outcomes, LV end sys-
tolic dimension ≥5.0 cm showed 85% sensitivity and 70%
specificity (area under the curve 0.801; P = 0.0001) and
WRF was associated with 75% sensitivity and 70% specificity
(area under the curve 0.725 and P = 0.003). (Figure 2).

Discussion

The main finding of this study is that renal AT and RI mea-
sured by IRD have important role in predicting WRF in pa-
tients with ADHF receiving diuretic therapy.

In patients with ADHF, WRF can be attributed to alter-
ations in renal haemodynamics related to vascular and paren-
chymal abnormalities. Vascular abnormalities include renal

arterial vasoconstriction mediated by several neural, hor-
monal, and inflammatory pathways including activation of
renin-angiotensin-aldosterone system.18 In addition, renal ve-
nous congestion is associated with increased renal interstitial
pressure leading to direct compression of renal vessels with
reduction of vascular compliance.19 Furthermore, use of di-
uretics can lead to reduction in intravascular volume and re-
nal perfusion with more activation of the sympathetic and
renin-angiotensin-aldosterone system. Diuretics also have
deferential effect on the blood flow in the renal cortex and
medulla as they decrease medullary blood flow compared
with the cortex which increases the risk of medullar
ischemia.20,21

Renal acceleration time and worsening
of renal function

Renal AT is unexplored but potentially helpful index in the
evaluation of renal haemodynamics. To the best of our
knowledge, this is the first study to address and detect a sig-
nificant role for renal AT in the early prediction of WRF in pa-
tients with ADHF and to establish a cut-off point (≥57.8 ms,
24 h after admission) for this prediction. Renal AT is deter-
mined by several interacting intrarenal and cardiovascular
variables. Intrarenal variables include maximal velocity of
blood flow, arterial compliance, and vascular resistance22,23

while cardiovascular variables include systolic and diastolic
pressure and time, pulse pressure, cardiac output, and heart
rate.22,23 Accordingly, AT in ADHF is a moving target that re-
flects the dynamic interactions of the aforementioned vari-
ables. This was obvious in our study where renal AT showed
significant shortening in the first 24 h when compared with
admission values; on the other hand, renal AT was longer in
patients with WRF compared with patients without. The
shortening of renal AT is likely mediated by increased vascular
resistance related to the activation of renin-angiotensin

Figure 1 Receiver operating characteristics curve analysis. (A) Renal acceleration time at 24 h and (B) renal resistivity index at 24 h for prediction of
worsening of renal function. AUC, area under the curve.
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related to the use of diuretic therapy. Low flow velocity
mediated by poor cardiac function and excess diuresis may
explain the prolonged renal AT in patients at increased risk
for WRF. This is supported in our study by the finding that
renal AT has significant negative correlations with LV ejection
fraction and TAPSE and also by the finding that patients with
prolonged renal AT (≥57.8 ms at 24 h) had lower LV and right
ventricular systolic functions. Taken together, longer renal AT

may identify a group of ADHF patients at increased risk of
heart failure-related adverse events. Actually, in this study,
longer AT 24 h after admission was a univariate predictor
for in-hospital adverse clinical outcome, but this association
disappeared when adjusted by multivariate analysis in
favour of variables known to significantly reflect LV
systolic dysfunction (LV end-systolic diameter) and renal
dysfunction (WRF).

Table 5 Univariate analysis of adverse clinical outcome

Variable

Composite outcome

PYes (N = 20) 22% No (N = 70) 78%

Clinical variables
Age (year) 58.1 ± 10 55.1 ± 13 0.28
BMI (kg/m2) 29. ± 4.7 30.3 ± 5.4 0.3
Gender 0.01
Male 17(85%) 39(55.4%)

Prior HF Hosp. 17(85%) 43(61.4%) 0.05
Heart Rate (bpm) 95.1 ± 20 95.2 ± 18 0.9

Comorbidities
Diabetes mellitus 8(40%) 38(54.3%) 0.26
Hypertension 10(50%) 38(54%) 0.73
Admission medications

ACEI/ARBs 13(65%) 42(60%) 0.68
Aldosterone antagonists 8(40%) 30(42.9%) 0.82
B-blockers 10(50%) 29(41.4%) 0.49
Admission Echocardiographic data

LV end-systolic diameter (cm) 4.7 ± 0.8 5.7 ± 0.9 0.0001
PASP (mmHg) 37.3 ± 22 39.3 ± 23 0.7
Moderate/Severe MR 14(70%) 36(51.4%) 0.14
Moderate/Severe TR 9(45%) 18(25.7%) 0.09

Admission renal functions
Serum creatinine (mg/dL) 1.12 ± 0.25 1.21 ± 0.26 0.2
Urea (mmol/L) 56.3 ± 32 77.1 ± 50 0.03
eGFR (mL/min) 86.1 ± 23 91.7 ± 35 0.4
Plasma cystatin C (mg/L) 1723 ± 463 2064 ± 657 0.01
WRF 15(75%) 21(30%) 0.001

Intrarenal duplex data on admission
Mean RI 0.713 ± 0.07 0.733 ± 0.07 0.2
Mean PI 1.44 ± 0.4 1.65 ± 0.4 0.05
Mean AT (ms) 59 ± 15 59 ± 14 0.9

Intrarenal duplex data at 24 h follow up
Mean RI 0.726 ± 0.07 0.753 ± 0.06 0.12
Mean PI 1.43 ± 0.4 1.67 ± 0.5 0.02
Mean AT (ms) 55 ± 9 61 ± 14 0.02

Intrarenal duplex data at 72 h follow up
Mean RI 0.726 ± 0.08 0.76 ± 0.7 0.07
Mean PI 1.46 ± 0.43 1.74 ± 0.52 0.01
Mean AT (ms) 55 ± 10 60 ± 12 0.09

ACEI, angiotensin converting enzyme inhibiters; ARBs, angiotensin receptors blockers; AT, acceleration time; BMI, body mass index; E/e’,
lateral mitral annular E wave/e’ wave; eGFR, estimated glomerular filtration rate; HF, heart failure; LV, left ventricle; MR, mitral regurgita-
tion; PASP, pulmonary artery systolic pressure; PI, pulsatility index; RI, resistivity index; TAPSE, tricuspid annular peak systolic excursion; TR,
tricuspid regurgitation; WRF, worsening of renal function.
aData are presented as number (%) or mean ± standard deviation.

Table 6 Multivariate regression analysis for predictors of adverse clinical outcome

Variable Standardized coefficient B Unstandardized coefficients T P 95% confidence interval

LV end systolic volume (cm) 0.386 0.17 ± 0.04 4.13 0.0001 0.089–0.254
WRF 0.286 0.243 ± 0.08 3.1 0.003 0.085–0.4

LV, left ventricle; WRF, worsening of renal function.
R = 0.54 and R2 = 0.27.
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Renal resistivity index and worsening
of renal function

In our study, renal RI showed modest sensitivity and specific-
ity for the prediction of WRF.

The relation between renal RI and WRF likely reflects
several mechanistic pathways, including intrarenal arterial va-
soconstriction, reduced vascular compliance, endothelial dys-
function, and renal venous congestion.24–26

The role of renal RI in prediction of WRF in patients with
heart failure was addressed in few studies. In one study,27 re-
nal RI independently predicts WRF in patients with chronic
heart failure while in other study,28 in patients with ADHF,
admission renal RI was significantly associated with WRF at
Day 3 as well as renal RI at Day 3 for WRF at discharge.

In this study, admission level of plasma cystatin C—and not
serum creatinine—was an independent predictor for the de-
velopment of WRF. Plasma cystatin C is a sensitive marker
to early and also to mild changes in renal function and—con-
trary to serum creatinine—is not affected by age, gender, and
muscle mass.29,30

The incidence of WRF in this study is relatively high (40%);
however, it is concordant with rates reported by other
studies.1–3 This high rate can be attributed to the lower se-
rum creatinine threshold used to define WRF in our study
compared with other definitions and also to the higher prev-
alence of factors known to increase the risk WRF including
hypertension and diabetes. In other studies, the incidence
was lower,31 and this can be explained by difference in pa-
tients comorbidities.

Similar to other studies, lower LV ejection fraction was in-
dependent predictor of WRF,7,19 which likely reflects reduced
renal blood flow.

This study is predominantly limited by the small number of
patients recruited so results should be validated in large
multicentre study. Also, the study recruited selected popula-
tion with many exclusion criteria to avoid confounding vari-
ables; thus, the results cannot be applied to general ADHF
population. Renal AT depends on heart rate,22,23 and because
renal AT was not adjusted to the heart rate in our study, our
results should be applied with caution in patients with heart
rate outside the range (70–115 beats per minute) of heart
rate in our population.

Conclusions

Findings in our study suggest that intrarenal haemodynamics,
particularly renal AT and RI, are independent parameters that
can help identify ADHF patients at increased risk for WRF. IRD
is a rapid non-invasive simple bedside tool that can be used
routinely to obtain these parameters. This is particularly im-
portant when we consider the lack of well-validated model
or score to predict WRF in patients with ADHF. It is recom-
mended to make use of all the available variables including
the IRD parameters to enhance our ability for early and accu-
rate prediction of WRF.
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Figure 2 Receiver operating characteristics curve analysis. (A) Left ventricular systolic dimension and (B) worsening of renal function for prediction of
the adverse clinical outcomes. AUC, area under the curve.
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