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Introduction
Contrast-induced nephropathy is a common and serious 

complication of contrast agents used in imaging studies and is the 
third leading cause of acute kidney injury in hospitalized patients 
[1]. Patients who develop contrast-induced nephropathy after 
percutaneous coronary intervention sustain an increase in both 
short and long-term mortality and increase in length of hospital 
stay [2,3]. However, in the periprocedural period early detection 
of CI-AKI is difficult as it’s hampered by the absence of early 
predictors of renal function and the delayed increase in the level of 
conventional markers, such as serum creatinine level or clearance 
[4]. Early recognition of CI-AKI might allow for optimization of 
renal condition and more intensive renal sparing actions.

Renal vasoconstriction resulting in medullary hypoxia is 
considered to play a significant role in the pathogenesis of CI- AKI  

 
[5,6]. RRI has recently been suggested for assessing these changes 
in renal perfusion and it has been shown that RRI correlates with 
serum creatinine level and also predicts AKI in post TAVI setting, 
[7] cardiac surgery patients [8] and in septic shock patients 
admitted to the intensive care unit [9]. This study aims to test 
the hypothesis that Doppler-based renal resistive index would 
similarly predicts contrast induced acute kidney injury in patients 
undergoing cardiac catheterization.

Methods

Patient population 
This prospective observational study that enrolled 100 

patients undergoing cardiac catheterization in Cairo University 
Hospital between September 2015 and September 2016. We 
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included consecutive subjects with at least two of the following 
known risk factors for CI-AKI: Glomeruler Filtration Rate (eGFR) 
< 90 ml/min/1.73m2, age >60yr, peripheral vascular disease, 
diabetes, heart failure and anemia. Exclusion criteria were the 
following: renal artery stenosis, non-sinus cardiac rhythm and 
presence of other identifiable causes of acute kidney injury such as 
sepsis, hypotension and nephrotoxic drugs. The primary endpoint 
of the study was the occurrence of contrast induced acute kidney 
injury defined as relative increase in serum creatinine by 25% 
between baseline level and peak level or rise in serum creatinine 
of >0.5mg/dl from baseline value or a >25% decrease in eGFR 
within 5 days after cardiac catheterization. For each subject, basic 
characteristic data, standard treatments, Mehran’s Score [10] and 
main procedure data were recorded. Outcome variables, such as 
the need for renal replacement therapy and in hospital mortality 
were also recorded.

The study protocol had been approved by the local ethics 
committee, and all patients had given informed consent.

Renal duplex evaluation
The Renal Resistive Index (RRI) measurement was performed 

by trained sonographer before and within 24 hours after coronary 
angiography using commercially available machines in our 
facility (Philips Envisor HD) with 2.5MHz pulsed wave Doppler 
probe. The patients were examined in a supine position using a 
lateral or postero-lateral approach. First correct B-mode acoustic 
window with a precise regulation of focus and gain was acquired; 
subsequently, the color box was opened.

With the activation of the pulsed wave Doppler module, the 
sample volume was placed in the lumen of proximal interlobar 
arteries and the speed-time curve was recorded. The Doppler 
gain was set to obtain a clear outline of flow waves with minimal 
background noise. The Doppler spectrum was considered optimal 
when at least three similar consecutive waveforms visualized. 
The renal RI was calculated as follows: (Peak systolic velocity - 
End diastolic velocity)/peak systolic velocity. The results from 
three consecutive measurements on both kidneys were averaged. 
Normal RI values in adults are in the range of 0.47-0.70 with 
a difference between two kidneys of 5-8%. The RRI value is 
independent of the angle between the ultrasound beam and blood 
flow (Figure 1).

Figure 1: Calculation of the Doppler-based renal resistance 
index. (Peak systolic velocity - End diastolic velocity) / peak 
systolic velocity.

Laboratory analyses
BUN and Creatinine were measured using Dimension auto 

analyzer (supplied by Siemens HealthCare Diagnostics Inc.), with 
a reference range of 0.4-1.2mg/dl for creatinine and 3-20mg/
dl for BUN. Both were assessed before coronary angiography as 
a reference value, and reassessed repeatedly after angiography, 
until peak serum creatinine value was reached also Creatinine 
Clearance was estimated by Cockcroft-Gault Equation [11].
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Haemoglobin and hematocrite were measured by coulter LH 

750 Analyzer with a cut off Hemoglobin value for anemia < 13gm/
dl for males and 12.3gm/dl for females and hematocrite value 
<39% for men and <36% for women.

Statistical analysis
Data were coded and entered using the statistical package SPSS 

(Statistical Package for the Social Sciences). Data was summarized 
using mean and standard deviation in quantitative data and 
using frequency (count) and relative frequency (percentage) for 
categorical data. Comparisons between quantitative variables 
were done using the non-parametric Kruskal-Wallis and Mann-
Whitney tests. For comparing categorical data, Chi square ( 2χ ) 
test was performed. Exact test was used instead when the expected 
frequency is less than 5. Correlations between quantitative 
variables were done using Spearman correlation coefficient. ROC 
curve was constructed with area under curve analysis performed 
to detect best cutoff values for detection of CIN. Logistic regression 
was done to detect independent predictors of CIN. P-values less 
than 0.05 were considered as statistically significant.

Results 

Baseline characteristics

In total, 100 patients were enrolled in this study between 
September 2015 and September 2016. In all study subject’s renal 
artery resistive index measurement was done before and within 
24 hours after cardiac catheterization.

Nineteen subjects developed CI-AKI, two of whom required 
dialysis (Figure 2). Subjects who developed CI-AKI were older 
(63.11±9.5 vs 56.33±7.11 years p=0.003) and suffered more 
frequently from heart failure (p=0.02) and the development of 
CI-AKI was associated with diuretics administration (p=0.001). 
Baseline characteristics are summarized in Table 1.

Figure 2: Percentage of patients who developed CI-AKI in the 
studied Population.
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Table 1: Baseline characteristics according to occurrence of CI-AKI.

Total No CI-AKI (n=81) CI-AKI (n=19) P value

Demographics, clinical data and CI-AKI related risk factors

Age, years mean(±SD) 57.62(±8) 56.33(±7.11) 63.11±9.5 0.003

Male gender, n (%) 78(78%) 64(78.8%) 14(73.7%) 0.759

Weight, kg mean(±SD) 79.48(±12.2) 80.26(±12.4) 76.2(±11) 0.238

Smoking, n (%) 63(63%) 51(63%) 12(63.2%) 0.987

DM, n (%) 53(53%) 41(51.9%) 12(63.2%) 0.324

HTN, n (%) 50(50%) 42(51.9%) 8(42.1%) 0.444

Heart failure (n, %) 55(55%) 40(49.4%) 15(78.9%) 0.02

Stroke n, (%) 7(7%) 6(7.4%) 1(5.3%) 1

Anemia, n (%) 32(32%) 25(30.9%) 7(36.8%) 0.615

Drug usage

NSAID, n (%) 2(2%) 2(2.5%) 0(0) 0.99

ACEI, n (%) 60(60%) 49(60.5%) 11(57.9) 0.835

Diuretics, n (%) 38(38) 24(29.6%) 14(73.7%) <0.001

Metformin, n (%) 10(10%) 9(11.1%) 1(5.3%) 0.682

Presentation

STEMI, n (%) 26(26%) 20(24.7%) 6(31.6%) 0.916

NSTEMI, n (%) 30(30%) 24(29.6%) 6(31.6%)

UA, n (%) 30(30%) 24(29.6%) 6(31.6%)

Stable Angina, n (%) 11(11%) 10(12.3%) 1(5.3%)

Cardiomyopathy, n (%) 3(3%) 3(3.7%) 0(0)

Peri-procedural data
Patients who developed CI-AKI were characterized by 

increased Mehran’s score for prediction contrast induced 
nephropathy (10.8±3.15 vs 6.67±2.36 in non-CI-AKI p=0.001) and 
decreased creatinine clearance levels (67.9±26.7 vs 85.1±21.4 

p=0.015). However, baseline creatinine levels weren’t significantly 
different between two groups. The pre-procedural RRI was 
significantly higher in patients who subsequently developed CI-
AKI after cardiac catheterization Table 2.

Table 2: Peri-procedural characteristics and measurements according to occurrence of CI-AKI.

Total (n=100) No CI-AKI (n=81) CI-AKI (n=19) P value

Pre-procedural

Pre Creat (mean ±SD) 1.15±.37 1.11±0.27 1.31±0.63 0.428

Pre eGFR (mean ±SD) 82.29±23 85.1±21.4 67.9±26.7 0.015

Pre RRI (mean ±SD) 0.671±.044 0.663±0.41 0.708±0.038 <0.001

Procedural

Type of procedure, 
n (%)

Diagnostic 31 (31.0%) 25 (30.9%) 6 (31.6%)
0.952

Interventional 69 (69.0%) 56 (69.1%) 13 (68.4%)

Angiographic 
disease, n (%)

None 3(3.0%) 2(2.5%) 1 (5.3%)

0.002
Single vessel 38 (38.0%) 34 (42.0%) 4 (21.1%)

Two vessel 38 (38.0%) 34 (42.0%) 4 (21.1%)

Three vessel 21 (21.0%) 11 (13.6%) 10 (52.6%)

Type of contrast, n 
(%)

High osmolar 66 (66.0%) 54 (66.7%) 12 (63.2%)
0.771

Low osmolar 34 (34.0%) 27 (33.3%) 7 (36.8%)

Volume of contrast 175.80±81.48 168.52±68.50 206.84±120.00 0.216

Post-procedural

Post creat 1.35 ±.83 1.09±.25 2.44±1.41 <0.001
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∆ creat .20 ±.66 0.01±.16 1.13±1.08 <0.001

Post eGFR 77.58±27.93 86.42±21.75 39.91±18.40 <0.001

∆GFR 4.71±17.66 0.74±13.21 27.96±15.31 <0.001

∆GFR% 6.25±23.12 1.93±15.76 41.10±15.85 <0.001

Post RRI .693±.053 0.676 ±0.041 .768±.026 <0.001

∆ RRI .022±.026 .013±.015 .061±.029 <0.001

Mehran score (mean±SD 7.45±3 6.67±2.36 10.8±3.15 <0.001

Dialysis 2(10.5%) 0 2(10.5%) <0.001

In hospital mortality 4(4%) 2(2.25%) 2(10.5) 0.162

The development of CI-AKI was associated with multi-vessel 
disease (52.6% in comparison with no CI-AKI 13.6% p=0.002).

Post-procedural renal resistive index and contrast in-
duced AKI

In patients developing CI-AKI, a significant increase of the RRI 
baseline values (from 0.708±.038 to 0.77±0.026 p=<0.001) was 
observed in first day after procedure Figure 3.

Figure 3: Pre and post procedural RRI measurement in the two 
groups.

In ROC curve analysis, we calculated a cut-off value of the RRI 
for the prediction of CI-AKI. At first day after cardiac catheteriza-
tion, a RRI >0.744 was able to predict CI-AKI with a sensitivity 
of 94% and a specificity of 92%, and was superior to the predic-
tion of CI-AKI by Mehran’s risk score. Also change in RRI (∆RRI) 
achieved high specificity and sensitivity values as shown in Figure 
4.

Figure 4: Prediction of CI-AKI with ROC curves.

There was moderate correlation between Post-RRI and post-
creatinine values (Correlation Coefficient =0.406, P= <0.001) as 
shown in Figure 5.

Figure 5: Correlation between Post-RRI and post-creatinine 
value.

Discussion 
The main finding of our study was the ability of RRI to 

predict CI-AKI with a high level of sensitivity and specificity at 
an early stage after cardiac catheterization, which is within the 
first 24 hours following cardiac catheterization. This parameter 
outperformed conventional serum creatinine, which rise was 
shown to be delayed after the procedure.

The overall occurrence of CI-AKI in the development set of 
Mehran risk score for patients undergoing PCI was 13.1%.10 
In our study subjects; the incidence of AKI was 19%, with 2% 
requiring dialysis and mean value of Mehran risk score in our 
study subjects was 7.5. These results are comparable with Mehran 
study.

Pathophysiology of CI-AKI and its link to renal resistive index.

Renal vasoconstriction resulting in medullary hypoxia, 
possibly mediated by alterations in nitric oxide, endothelin, 
or adenosine is considered to play a significant role in the 
pathogenesis of CI- AKI [12,13]. RRI can be used for assessing 
these renal perfusion changes, which only subsequently results 
in accumulation of serum Creat and overt CI-AKI. The RRI has 
recently been suggested for assessing changes in renal perfusion 
in post TAVI setting,7 cardiac surgery patients8 and in critically ill 
patients admitted to the intensive care unit [14-16]. 
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Post procedural RRI and contrast induced AKI
In present study the post procedural RRI threshold of >0.744 

achieved 94% sensitivity and 92% specificity closely matching 
values found in similar studies which investigated potential role 
of RRI in predicting AKI. Reviewing recently published studies, 
there is an interesting work presented by Bossard et al. [8], who 
studied 65 patients after cardiac bypass graft surgery with risk 
factors for AKI and indicated that in the immediate postoperative 
period RRI value >0.74 predicted the occurrence of delayed AKI 
with a sensitivity of 85 % and a specificity of 94%. Moreover, in 
a study of 51 critically ill patients hospitalized in an intensive 
care unit, Darmon et al. [15] showed that RRI >0.795 identified 
patients with persistent AKI (>3 days) with a sensitivity of 92% 
and a specificity of 85 %, in line with these results, Sinning et al. [7] 
studied 132 high risk subjects undergoing TAVI and indicated that 
RRI > 0.85 predicted post interventional AKI with a sensitivity of 
58% and specificity of 86%. This high RRI threshold in contrast to 
our study might be explained by significantly higher mean subject 
age in this study (80.9±6.6 years) in comparative to our study 
mean age (57.6±8 years). Hence, our data closely match those of 
published literature, supporting the use of a threshold value of 
RRI >0.74-0.85 in predicting AKI in different clinical scenarios.

Clinical Implications
Based on our analysis, RRI allows the diagnosis of CI-AKI to 

be anticipated by few days. Routine evaluation of RRI in subjects 
at risk of CI- AKI could encourage clinicians to increase duration 
and frequency of conventional renal markers monitoring and to 
maximize renal-sparing actions. Such a prompt response to CI-
AKI would not be possible if the therapeutic strategy is based on 
delayed criteria, such as the increase in serum creat.

Study Limitations and Future Direction
•	 First, our study is small sized study; a much larger study 
sample is mandatory to confirm our results.

•	 Second, we enrolled a mixed population of patients with 
different cardiovascular and renal risk factors. Such mixed 
sample may be a misleading factor.

•	 Third, we selected subjects presenting with an increases 
risk for CI-AKI. Extrapolation of our finding to low risk 
subjects is of obvious interest.

Conclusion
Our study showed that in high risk patients for contrast 

induced acute kidney injury, the Doppler based renal resistive 
index that is measured early after cardiac catheterization is useful 
in predicting contrast induced acute kidney injury in contrast 
to serum creatinine related markers, whose increase were 
shown to be delayed. Assessing RRI might allow for optimizing 
periprocedural renal function sparing strategies. Further studies 
are warranted to investigate the value RRI to guide therapeutic 

management and impact of such strategies on acute kidney injury 
incidence and severity.
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