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Background 
Acute kidney injury (AKI) is a complex disorder characterised by 
rapid reduction in renal function over a period of < 48 hours and is 
associated with poor patient outcomes. In the UK, AKI is seen in 
approximately 20% of unplanned admissions with associated 
mortality rate of 17-30%. 1 

 
The financial burden of AKI on the UK National Health Service  has 
been estimated at £1.02 billion (just over 1% of the total NHS 
budget.) 1  In-hospital costs are associated with increased length of 
hospital stay, use of critical care services and increased use of 
complex interventions.  
 
There are no known curative therapies; therefore assessment of 
risk, early detection of AKI and the development of preventive 
strategies are essential if progressive renal damage is to be 
avoided. 
 
With the right preventive care and treatment, it is estimated that 
up to 30% of AKI associated deaths could be prevented.2 This 
includes accurate assessment of pre-procedural risk in acute and 
planned admissions. 
 
In recent years, a small number of studies have emerged that 
consider Renal Resistive Index (RRI) as a predictor of AKI in 
patients presenting for major surgery and prediction of (contrast 
induced) CI-AKI. These studies build on evidence from critical care 
where RRI has been established as a useful prognostic indicator 
for renal recovery in acutely unwell patients with confirmed (AKI). 
 
These findings may have significant implications for patient 
assessment of pre-procedural risk (including contrast enhanced 
imaging) and patient counselling prior to surgical intervention.  
 

 

 
  

Renal resistive index  
RRI has been used for several decades as a potential indicator for 
renal disease and progression.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Historically, RRI was assumed to be directly associated with 
pathologically altered resistance to flow within the kidney. 
However, experimental and in vivo studies demonstrate that RRI is 
more closely associated with systemic factors. 3, 4 

For this reason, use of RRI as a useful (direct) indicator for renal 
disease has been challenged.  
 
RRI has been shown to be affected by a number of extra-renal 
factors that explain the observed value of RRI as a strong 
prognostic indicator for patients with confirmed AKI.   
 
Assessment of pre-procedural AKI risk is currently based on factors 
such as age, diabetes, chronic renal disease and reduced cardiac 
output, along with sCr based estimation of  glomerular filtration 
rate (eGFR). However, there is wide variation in practice and 
inconsistency in national and international guidelines. 5  Recent 
studies exploring the use of RRI as a potential  indicator of pre-
procedural risk are reviewed here.  
 

Review 
Four studies met the inclusion criteria for prediction of AKI. Three 
of these consider pre-procedural RRI as a predictor of AKI in 
patients following major surgery and one paper evaluated RRI in 
prediction of contrast induced (CI) AKI following coronary 
angiography.  
 
In each of the studies reviewed, baseline or post procedural RRI 
values were significantly higher in patients with confirmed AKI. 
Whilst context, intervention and patient groups vary, the observed 
association between raised RRI and AKI is unchanged. This would 
support the view that RRI is influenced closely by the underlying 
risk factors for AKI and that RRI has potential as an independent 
test of AKI risk. However, multiple variations in the methodology, 
measurements and definition of outcome parameters are noted.  
 
Cut off values for RRI vary between studies but, are closely in 
agreement with RRI > 0.70 as an upper limit of normal. There is 
wide variation in confidence intervals and most authors note a 
significant grey zone (14% - 23% of patients).  
 
However, this value is surprisingly consistent between studies of 
patients presenting for cardiac surgery, orthopaedic surgery, 
general surgery, sepsis and contrast enhanced angiography.   
 
RRI does not appear to correlate with pre procedural eGFR or SCr.  
This would support the view that raised RRI is an indicator of AKI 
risk rather than a marker of impaired renal function.  
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Discussion 
To date there are no reliable, validated AKI risk scores for 
patients presenting in primary or secondary care.2 Clinical 
decision making around planned interventions that could 
trigger AKI is based on multiple risk factors along with sCr 
based pre-procedural estimation of GFR. In acute referrals, 
although point-of-care sCr measurement systems offer rapid 
calculation of eGFR, this may be of limited value in the absence 
of a meaningful baseline measurement.  Identifying a simple, 
reliable test that can accurately estimate individual patient risk 
of AKI would be of significant benefit. 
 
Whilst current evidence suggests that raised RRI is not a direct 
indicator of altered renal function, it does appear to be 
influenced closely by the underlying risk factors and systemic 
vascular changes that lead to progressive renal damage. This 
may be particularly useful in patients where sub-clinical AKI 
has been previously undetected or reduced renal functional 
reserve has been masked by return to normal eGFR.  
 
Despite variation in patient characteristics, methodology and 
outcome measures, from the studies reviewed, RRI appears to 
perform consistently as an independent predictor of AKI. Broad 
confidence intervals suggest a grey zone approach may be 
useful with stratification of patients into high / low risk groups. 
Where iatrogenic AKI is anticipated, this could improve 
identification of patients at particular risk of falling off the cliff 
edge of non-recoverable renal failure.   

     In brief….. 
 
• RRI is closely associated with systemic factors (principally 

cardiac output and systemic vessel compliance) that may 
increase risk of AKI 
 

• In patients with confirmed AKI, RRI is a useful  prognostic 
indicator for renal recovery or need for long term renal 
replacement therapy. 
 

• RRI does not appear to correlate with pre procedural eGFR  
or SCr.  
 

• Baseline or post procedural RRI values are significantly 
higher in patients where AKI is confirmed after surgery or 
contrast enhanced imaging. 
 

• Cut off values for RRI are closely in agreement with              
RRI > 0.70 as an upper limit of normal 
 

• Broad confidence intervals suggest a grey zone approach 
may be useful.  
 

• In the small number of studies completed to date, RRI 
performs better than existing risk scores in predicting post-
surgical and contrast induced AKI.                                                                                                                                                                                                                           

Author, date   Patient group   Study type    Intervention and outcomes   Key results 

Giustiniano 

et al (2014)  

Italy 

Patients recovering 

from high risk 

surgery   

n= 205 

Prospective 

dual centre 

study 

RRI was measured in consecutive patients in the 

immediate post anaesthetic recovery period following 

surgery (including cardiac, thoracic, abdominal, brain 

and vascular interventions).  

RRI > 0.70 was measured in 60 patients (29.3%).   They note a significant correlation between raised RRI (>0.70) and complications  

at 1 week post-surgery 

[acute renal failure (P = 0.001),    pneumonia (P = 0.016), septic shock (P = 0.003)].  RRI> 0.70 was also closely associated with  

longer ICU stay (P = 0.001) and extended period of mechanical ventilation (P = 0.004.) 

Marty et al.  

(2016) 

France 

Patients presenting 

for surgical repair of 

hip fractures    

n=48 

Prospective 

cohort study 

Predictive value of RRI for early detection of AKI 

  

RRI was measured pre and post-operatively 

  

Multi-variate analysis used to compare the statistical significance of individual patient rise in pre / post-operative RRI and in 

absolute cut off values. 

High value post-operative RRI ( > 0.706) performed better that all other preoperative measures of AKI risk. 

 A significant grey zone was noted for both pre and post-operative prediction of AKI with (0.59 – 0.75 and 0.64 – 0.71 respectively). 

Hertzberg  

et al (2016) 

Sweden 

Patients undergoing 

cardiac surgery  

n=96 

Prospective 

cohort stud 

Logistic regression used to analyse association between 

RRI and AKI.  

27 patients (28%) developed AKI by AKIN criteria stage 1 (or worse).  Patients with preoperative RRI ≥ 0.7 had a threefold increased 

risk of AKI. Positive predictive value for RRI ≥ 0.7 was 0.36 (0.24-0.5). Negative predictive value for RRI<0.7 (95% CI) was 0.84 (0.69 - 

0.94).  Sensitivity and specificity were 0.78 (0.58 - 0.91) and 0.46 (0.34 - 0.59) respectively.   

Wybraniec  

et al (2017) 

Poland 

Patients presenting 

for coronary 

angiography 

n=95 

Prospective 

observational 

study 

 128 pre and intra-procedural variables were collected 

including multiple intra-renal Doppler  blood flow 

measurements acquired immediately prior to and 

repeated 1 hour post-procedure. 

  

CI-AKI as defined by AKIN criteria (≥50% relative or ≥0.3 

mg/dL absolute increase in SCr concentration) 48 hours 

after the procedure. 

Association between pre-procedural RRI and onset of contrast induced AKI (CI-AKI) - confirmed by these criteria in 9 patients (9%). 

Pre and intra-procedural data were compared in the CI-AKI and non-affected groups. Univariate analysis was used to identify odds 

ratios with 95% confidence intervals for all parameters.  Patient variables achieving statistical significance at p<0.1 were then used 

in logistic regression analysis. 

  

At a threshold of RRI > 0.69 , pre-procedural RRI achieved sensitivity and specificity of 78% and 81% respectively, positive likelihood 

ratio of 4.18 (95% CI 2.4 – 7.3) and negative likelihood ratio of 0.27 (95% CI 0.08 – 0.9) for prediction of CI-AKI.   

RRI and SYNTAX* score emerged as the strongest predictors of CI-AKI.  

(*SYNTAX – scoring system indicating the complexity of coronary disease) 
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