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CHAPTER 6

Diagnostic accuracy of arterial 
and venous renal Doppler 

assessment for acute kidney 
injury in critically ill patients: 

a prospective study

Renske Wiersema, Thomas Kaufmann, Hilde N. van der Veen, Robbert J. de Haas, 
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Abstract 

Background
Renal Resistive Index (RRI) and Venous Impedance Index (VII) might be of additional value for 
diagnosing Acute Kidney Injury (AKI). The purpose of this study was to assess the diagnostic 
accuracy of RRI and VII for AKI.

Materials and methods
In the prospective Simple Intensive Care Studies-II (NCT03577405), we measured RRI and VII in 
acutely admitted adult intensive care patients within 24 hours of admission. AKI was defined 
by the Kidney Disease Improving Global Outcome (KDIGO) criteria. The primary outcome was 
persistent AKI, defined as non-resolved AKI on day three. We tested specificity, sensitivity and 
diagnostic accuracy of both RRI and VII for persistent AKI.

Results
In total, 371 patients were included of whom 123 patients (33%) had persistent AKI. RRI and VII did 
not differ between patients with and those without persistent AKI (p=0.08 and p=0.59). RRI had 
a moderate specificity (72%, 95%CI 66-78%) and low sensitivity (32%, 95%CI 24-41%) and VII had 
high sensitivity (93%, 95%CI 85-98%) and low specificity (11%, 95%CI 6-16%) for persistent AKI. 
Overall diagnostic accuracy of RRI and VII was moderate.

Conclusions
In acutely admitted critically ill patients, measures of renal perfusion by renal ultrasound were not 
different between patients with and without AKI, and show limited diagnostic accuracy for AKI.

Keywords: prospective study, ultrasound, acute kidney injury, diagnostic imaging, critical care, 
resistive index, Doppler
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Introduction

One of the frequent complications of shock is Acute Kidney Injury (AKI), defined as a decrease 
in kidney function reflected by elevated serum creatinine, a decreased urine output or the need 
for Renal Replacement Therapy (RRT). In critically ill patients, AKI is associated with increased 
morbidity and mortality and its incidence varies between 30 and 60%.1 Various underlying illnesses 
characterise critically ill patients with AKI, and therefore, it is likely that multiple mechanisms play 
a role in the pathophysiology of AKI.2

Diminished renal perfusion is one possible factor contributing to AKI 3,4, which can be caused 
several factors such as diminished arterial or venous flow in patients with circulatory shock. The 
possible harmful role of fluid overload or venous congestion in critically ill patients has been 
suggested in multiple cohorts5–9, but there is no diagnostic test to establish whether fluid overload 
has a direct impact on renal perfusion. Ultrasound has been used to assess renal perfusion.10–12 

Three widely used measures to assess renal perfusion are Renal Resistive Index (RRI), Intra Renal 
Venous Flow (IRVF), and Venous Impedance Index (VII). RRI is the ratio of the velocities of arterial 
perfusion throughout the cardiac phases and it was reported to be associated with persistent 
AKI.13 Recently, a multicentre study observed that the prognostic value of RRI for persistent AKI 
on day three might be limited.14 The VII is a renal Doppler measurement to assess IRVF, which 
could potentially reflect renal venous congestion. In multiple studies including cardiac patients, 
measurements of renal venous perfusion have been shown to be associated with serum creatinine 
and overall patient prognosis.15–18 In patients with diabetic nephropathy, VII was moderately 
associated with serum creatinine but had no additional value over RRI to evaluate renal function19, 
but no such studies have been performed in critically ill patients. This study aims to evaluate the 
diagnostic test accuracy of both RRI and VII for AKI in critically ill patients.

Methods

Design and setting
This study was a predefined sub-study of the Simple Intensive Care Studies-II (SICS-II), a single-
centre, prospective observational cohort study designed to evaluate the prognostic and 
diagnostic value of repeated measurements of ultrasound in critically ill patients (NCT03577405).20 
The local institutional review board approved the main study (M18.228393, 2018/203). This study 
was reported in adherence to the STARD guidelines.21

Objective
The primary objective was to assess the diagnostic accuracy of the RRI and VII for persistent AKI in 
a large heterogeneous cohort of critically ill patients.

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients
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Participants and study size
Participants were critically ill patients. The study size was dependent on patients included within 
SICS-II and the amount of available data. The inclusion criteria of the SICS-II were:
 - Above 18 years of age;
 - Acutely admitted;
 - Expected ICU stay of at least 24 hours

Exclusion criteria were:
 - Discharged within 24 hours;
 - Non-traumatic neurological admission diagnosis (e.g., spontaneous intracranial 
   haemorrhage);
 - Absence of informed consent.

Variables
We registered patient characteristics such as demographical data, comorbidities, and severity of 
illness scores at admission. Comorbidities were defined according to the Dutch National Intensive 
Care Evaluation (NICE) registry.22,23 Patients were included as soon as possible, up to a maximum of 
24 hours after their ICU admission. We performed critical care ultrasound (CCUS) upon inclusion 
according to our protocol using the Vivid-S6 system (General Electric Healthcare, London, UK).20 

We primarily assessed the right kidney as this is usually situated lower and more easily visualised, 
and the left kidney was assessed in case the right kidney could not be visualised. We registered 
the side where the kidney was measured, RRI, IRVF pattern (continuous, biphasic, monophasic), 
and the VII. The RRI was estimated in a renal arteriole at the corticomedullary junction near the 
renal hilum and defined by the peak systolic velocity minus the end-diastolic velocity divided by 
the peak systolic velocity (E-figure 1). The VII was estimated in a similar way, but in a renal vein 
and defined by the peak systolic velocity minus end-diastolic velocity divided by peak systolic 
velocity. If the IRVF pattern was monophasic, no VII was measured as it requires velocities in 
multiple phases for the calculation of a difference between these phases.

Training and image quality
CCUS examinations were conducted by trained researchers who were not involved in patient care. 
Training consisted of studying of theory, knowledge of the protocol and practical sessions with 
training on healthy individuals. The first 20 CCUS images and measurements of were supervised. 
At the end of the study, all images and measurements were validated or if needed remeasured by 
an expert radiologist who was blinded for other measurements and patient information.

Definitions
The index tests were the RRI and VII, and the reference standard was persistent AKI at day three. 
Transient AKI was defined as any AKI, which resolved within three days. Persistent AKI was defined 
as any AKI on day three.24 AKI within this time frame is assumed to reflect renal injury during the 
diagnostic test as serum creatinine rises late after initial renal injury. In patients who had AKI but 
were discharged on or before day three, AKI was assumed to be transient. In patients who had 
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AKI and deceased on or before day three, AKI was assumed to be persistent. We defined AKI and 
its severity according to the Kidney Disease Improving Global Outcome (KDIGO) criteria based on 
serum creatinine, urinary output, and use of renal replacement therapy (RRT).25 Baseline serum 
creatinine was defined as the lowest registered serum creatinine in the year previous to ICU 
admission. We used the MDRD formula to estimate baseline serum creatinine when unavailable. 
For urine output criteria, hourly registered data was used and grouped in six-hour time windows 
to assess AKI. The test performers did not know the results and cut-off points of both the index 
test and the reference standard.

Statistics
Continuous variables were reported as means (with standard deviations (SD)) or medians 
(with interquartile ranges (IQR)) depending on distributions. Categorical data were presented 
in proportions. Associations were calculated as odds ratios (OR) with 95% confidence intervals 
(CI). Student’s T-test, Mann-Whitney U test, or the Chi-square tests were used as appropriate. No 
missing data were imputed. We assessed whether the patients in whom no image was obtained 
had a higher risk of AKI, to assess potential bias in studies using renal ultrasound. The optimal cut-
off point for RRI and VII was defined according to the optimal Youden’s J statistic using univariable 
analysis.26 Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), 
and overall accuracy of RRI and VII for persistent AKI were calculated to assess diagnostic accuracy. 
We performed two sensitivity analyses; we investigated whether diagnostic test performance 
was different when using previously described cut off values from the literature: 0.70 for RRI 27 and 
0.38 for VII19, and we assessed whether the results of this study were robust when using different 
definitions of AKI. A two-sided p-value of <0.05 was considered statistically significant. Analyses 
were performed using Stata version 15 (StataCorp, CollegeStation, TX, USA) and R version R 3.6.0 
(R Core Team, Vienna, Austria).

Results

Between 14 May 2018 and 10 July 2019, a total of 1010 patients were included in the SICS-II 
cohort. In total, 553 patients were included in the ultrasound cohort, and in 440 patients, 
measurements of renal ultrasound were obtained. Eventually, 371 patients were included with 
measurements of renal perfusion which were validated by the expert radiologist (Figure 1). 
The baseline characteristics of the 371 patients are shown in Table 1. A comparison of baseline 
characteristics of all patients and the patients included in this sub-study is shown in E-Table 1. 
Mean time to inclusion was 13 (±7) hours.

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients
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113 No measurement, reason: 
 56      No image obtainable 
 51      No abdominal US possible¥  
 6        Other 

371 Included in current analysis 

627 Fulfilled inclusion criteria 

383 Did not fulfill eligibility criteria for CCUS  

1010 Included in SICS-II cohort 

553 Underwent CCUS 

74 Not included, reason: 
 46      No access within 24 hours  
 28      Continuous resuscitation or death 

440 Renal CCUS performed 

69 No measure of renal perfusion or 
insufficient quality 

Figure 1. Flowchart of patient inclusion 

Abbreviations: SICS = Simple Intensive Care Studies, CCUS = Critical Care Ultrasound, US = Ultrasound. ¥ Due to 
open wounds, bandages or severe abdominal pain.

Chapter 6
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Table 1. Characteristics of included patients

Abbreviations: SD = standard deviation, BMI = Body Mass Index, IQR = Inter Quartile Range. *Capillary refill time 
was considered prolonged if it was more than 4.5 seconds.

Acute kidney injury
Of the 371 included patients, 252 patients (68%) had some stage of AKI during the first three 
days of ICU admission, and 119 patients (32%) had no AKI. Of the patients with AKI, 146 patients 
(58%) had severe AKI; stage 2 or 3. Hundred and twenty-three patients (33%) had persistent AKI 
at day three and 129 patients (35%) had transient AKI. RRT was initiated in 12 patients (3%) within 
the first three days of ICU admission. In the 182 patients that were included in the ultrasound 
cohort but in whom no renal images could be obtained (Figure 1), persistent AKI incidence was 
higher (51% vs. 33%, p<0.001) (E-table 2). In univariable analysis, the absence of an image was 
significantly associated with persistent AKI (OR 2.1, 95%CI 1.4-2.9). This association remained 
significant in multivariable analysis (E-table 3).

Renal ultrasound
The right kidney was assessed in 342 patients (92%). RRI was obtained in 355 patients, and the 
mean RRI was 0.69 ± 0.08 for patients with AKI and 0.67 ± 0.08 for those without persistent AKI 
(p=0.08) (Table 2).

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 N = 371 
Age, years (SD) 62 (14) 
Gender, male (%) 244 (66) 
BMI, kg/m2 (SD) 26 (5) 
Previous renal failure, n (%) 21 (6) 
Diabetes mellitus, n (%) 64 (17) 
Liver cirrhosis, n (%) 13 (4) 
Admission type, n (%)  

Elective surgery 10 (3) 
Medical admission 241 (65) 
Emergency surgery 120 (32) 

At inclusion 
Mechanical ventilation at inclusion, n (%) 234 (63) 
RRT at the day of inclusion, n (%) 5 (1) 
Use of vasopressors at inclusion, n (%) 196 (53) 
Heart rate, BPM (SD) 84 (20) 
Mean arterial pressure, mmHg (SD) 76 (13) 
Subjectively cold temperature, n (%) 121 (36) 
Prolonged capillary refill time sternum*, n (%) 35 (10) 
Lactate, mmol/L (IQR) 1.3 (0.9-1.9) 
Outcomes 
Length of stay, days (IQR) 2.6 (1.6-5.4) 
90-day mortality, n (%) 89 (24) 



547452-L-bw-Wiersema547452-L-bw-Wiersema547452-L-bw-Wiersema547452-L-bw-Wiersema
Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020 PDF page: 100PDF page: 100PDF page: 100PDF page: 100

 100  

Table 2. Renal perfusion variables in patients with and without persistent AKI

Abbreviations: AKI, acute kidney injury; RRI, renal resistive index; IRVF, intrarenal venous flow; VII, venous impedance 
index.

Age and mean arterial pressure were associated with RRI, but lactate was not associated with 
RRI (p<0.001, p=0.001 and p=0.35, respectively, E-Table 4). Venous perfusion measurements were 
obtained in 252 patients, and the IRVF pattern was continuous in 128 patients (51%), biphasic 
in 108 patients (43%), and monophasic in 16 patients (6%). No difference was observed in IRVF 
patterns between patients with and without AKI (Table 2). No VII was obtained in those patients 
where the IRVF pattern was monophasic, and thus VII data were available in 236 patients, with a 
mean of 0.37 ± 0.11 for patients with AKI and 0.37 ± 0.12 for patients without AKI (p=0.59) (Table 
2). Results were similar when using different definitions of AKI (E-table 5).

Diagnostic accuracy of renal ultrasound
The optimal cut-off for RRI was 0.74, where the sensitivity was 32% (95%CI 24-41%), and specificity 
was 72% (95%CI 66-78%). The PPV was 37% (95%CI 30-39%) and NPV was 68% (95%CI 65-71%) for 
persistent AKI, and overall diagnostic accuracy of RRI was 59% (95%CI 54-64%). The optimal cut-
off for the VII was 0.23, where the sensitivity was 93% (95%CI 85-98%), specificity was 11% (6-16%), 
the PPV was 33% (95%CI 31-35%), the NPV was 77% (95%CI 57-90%) and the overall diagnostic 
accuracy of VII for persistent AKI was 37% (95%CI 31-43%) (Table 3). As diagnostic tests of both RRI 
and VII at optimal cut-off were moderate, we assessed whether a combined assessment of both 
tests would result in better diagnostic accuracy. Two-hundred and twenty-five patients had both 
RRI and VII assessed, and in 57 of these patients (25%), both were abnormal. Of these, 19 patients 
(33%) had AKI, implicating that diagnostic test accuracy was moderate (Table 4). Diagnostic test 
performances for RRI and VII were still moderate when using different, previously suggested cut-
off values (E-Table 6).

Chapter 6
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Table 3. Diagnostic test for perfusion variables

Abbreviations: AKI, acute kidney injury; RRI, renal resistive index; VII, venous impedance index, PPV; Positive 
predictive value, NPV; Negative predictive value 

Table 4. Diagnostic test for both perfusion variables combined

Abbreviations: AKI, acute kidney injury; RRI, renal resistive index; VII, venous impedance index, PPV; Positive 
predictive value, NPV; Negative predictive value

Discussion

In a heterogeneous population of critically ill patients, the diagnostic accuracy of both RRI and 
VII for persistent AKI at day three after admission was moderate. Mean values of RRI and VII were 
almost equal, thus measures of RRI and VII cannot inform clinicians at admission on the likelihood 
of persistent AKI in individual patients. Interestingly, the absence of a usable image was associated 
with AKI, and this factor remained associated with AKI in multivariable analysis.

As more evidence points towards the role of venous congestion in AKI, it seems essential to 
investigate both arterial and venous perfusion measurements when studying the possibilities 
of renal ultrasound. This study is one of the first to assess both arterial and venous renal Doppler 
measurements in critically ill patients.

The diagnostic accuracy of RRI for AKI in our study is consistent with other studies. One study 
investigated the RRI in 351 critically ill patients and found similarly that prognostic and diagnostic 
accuracy of the RRI was moderate.14 The method to define AKI and AKI incidence was similar, but 

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients

 
 Abnormal, 

N 
Total, 

N 
Diagnostic test performance in %, (95% CI) 

   Sensitivity Specificity PPV NPV Diagnostic 
accuracy 

RRI 103 (29%) 355 32 (24-41) 72 (66-78) 37 (30-39) 68 (65-71) 59 (54-64) 

VII 214 (91%) 236 93 (85-98) 11 (6-16) 33 (31-35) 77 (57-90) 37 (31-43) 



547452-L-bw-Wiersema547452-L-bw-Wiersema547452-L-bw-Wiersema547452-L-bw-Wiersema
Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020 PDF page: 102PDF page: 102PDF page: 102PDF page: 102

 102  

this study only included patients who were mechanically ventilated. Besides RRI, the authors also 
investigated the semi-quantitative evaluation of renal perfusion (SQP), which is a measurement 
to quantify the identification of renal vessels. The authors found that patients in which no renal 
vessels could be identified, but where it was possible to measure RRI using the SQP method. They 
found that this score was associated with AKI.14 We similarly found that the inability to measure 
RRI, which could be due to a low SQP, was associated with AKI in multivariable analysis.

RRI can be influenced by many factors, as we showed for age and mean arterial pressure. It is 
plausible that besides age and mean arterial pressure, other variables are also associated with 
the RRI, such as diabetes, hypertension, or the use of specific medications, which we did not 
assess.28 Evaluation in subgroups might yield different results, which may also point towards a 
more focused use of this variable. For such analysis however, larger sample sizes are needed.

The value of VII as a marker for AKI has not previously been investigated in critically ill patients. 
One study investigated renal vein perfusion in 145 patients who underwent cardiac surgery.18 

The study found that both portal vein pulsatility and IRVF were associated with AKI and proposed 
these two measurements as a marker of venous congestion. Although we did not measure portal 
vein pulsatility, we found that both IRVF and VII were not different in patients with and without AKI. 
A comparison of results is limited as in the other study, AKI was determined based on increases 
in serum creatinine, and a different, more homogeneous population was studied.18 Another 
study investigated the renal venous stasis index as a new variable to reflect renal congestion in 
patients with diagnosed or suspected pulmonary hypertension.29 This study showed that this 
venous ultrasound measurement was associated with worse renal function and that it provided 
additional prognostic information with regards to morbidity and mortality.30

Our hypothesis was that an assessment of venous perfusion potentially reflects renal congestion 
and the association between fluid overload and AKI but we demonstrated limited value of the VII. 
This hypothesis has been investigated using other proxies. One study investigated the additive 
value of central venous pressure (CVP) to the RRI in 124 septic patients and found that this 
increased prognostic value for septic AKI.12 From our results, it seems that renal venous perfusion 
assessment is not associated with AKI in critically ill patients, which is in contrast to the results of 
previous studies in cardiac populations. This leads to the question whether renal vein assessment 
is useful in critically ill patients or whether other factors contributing to AKI in this population 
are more important than solely renal venous perfusion. Furthermore, our analyses showed that 
in patients in whom no renal perfusion measurements could be performed, the risk of AKI was 
higher. It is often unclear whether studies excluded patients in whom ultrasound measurements 
could not be obtained. We initially hypothesized this result could be explained by the fact that 
the inability to get an image is a proxy for previous renal failure and diabetes, but the association 
remained even after correcting for these factors.

Chapter 6
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Implications and generalizability
The most significant implication is that we demonstrate potentially limited value for the use 
of renal ultrasound to diagnose AKI in a heterogeneous single-center population of critically ill 
patients, which could be due to several reasons. First, renal ultrasound measures used in our study 
might not be sufficient to identify impairment in renal perfusion. Second, arterial and venous 
perfusion impairments might not be a causal factor in AKI and the main drivers of AKI might lay 
in different pathways, such as disturbances in systemic hemodynamic functioning. Third, a more 
useful measurement for assessment of venous perfusion other than VII might be needed.31

Limitations
This study has several limitations. First, we assessed the diagnostic accuracy of the perfusion 
variables using the presence of persistent AKI on day three, as serum creatinine often rises one to 
two days after the initial insult. We think, however, as we also used urine output criteria to diagnose 
AKI, that these numbers are reflective of the diagnostic accuracy at that moment and show 
that there was no difference in RRI or VII in patients with and without persistent AKI. Moreover, 
a sensitivity analysis showed that there was no difference in renal perfusion measurements 
between patients with or without AKI using other AKI definitions. Second, we assessed the 
association and diagnostic accuracy of the perfusion variables with persistent AKI, following 
examples from previous literature. It remains challenging to compare our results to other studies 
as the methods to diagnose AKI lead to various incidences, associations with outcome, and thus 
associations with proxies such as those investigated here. This is a limitation that is inherent to all 
studies investigating AKI. Third, the measurements were performed by trained researchers and 
not experts, which could affect the image quality and thus reliability of the measurements. This 
is why, for quality assurance, one expert radiologist validated all images and measurements and 
only approved measurements were included. Fourth, as literature concerning the VII in critically 
ill patients is scarce, it is difficult to compare whether the observed values reflect the expected 
values for VII. Moreover, in 32% of patients, no venous measurement could be obtained. Although 
it is known that obtaining ultrasound measurements in critically ill patients may be difficult, 
no feasibility studies exist that included the VII. This could have influenced our results. Further 
studies are warranted to assess the feasibility and meaning of venous perfusion measurements 
in critically ill patients.

Conclusion
In an unselected cohort of critically ill patients, RRI was not associated with AKI. VII, as a new 
potential measurement of renal congestion, was not different between patients with and without 
AKI. The diagnostic accuracy of both RRI and VII was low. Our results warrant external validation 
but raise the question whether evaluation of renal perfusion parameters by renal ultrasound will 
become a valuable tool for the diagnosis of AKI in the critically ill.

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients
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Supplementary data

E-Figure 1. Measurements of RRI, IRVF and VII and applied formulas

E-Table 1. Baseline characteristics of included patients in this substudy compared to all patients in the SICS-II cohort

Abbreviations: BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation. Data presented as 
mean (SD), or number (percentage).
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 Excluded (N=639) Included (N=371) p-value 
Age, years 60 (16) 62 (14) 0.12 

Gender, male 386 (60%) 244 (66%) 0.090 

BMI, kg m-2  27 (5) 26 (5) 0.007 

Diabetes  126 (20%) 64 (17%) 0.33 

Liver cirrhosis 30 (5%) 13 (4%) 0.36 

Mechanical Ventilation  296 (46%) 234 (63%) <0.001 

Vasoactive medication  262 (41%) 196 (53%) <0.001 

APACHE IV - score 69 (31) 71 (30) 0.35 
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E-Table 2. Multivariable analysis with not obtaining an image as risk factor for persistent AKI

Abbreviations: BMI, body mass index; APACHE, Acute Physiology and Chronic Health Evaluation; AKI, acute kidney 
injury. Data presented as mean (SD), or number (percentage).

E-Table 3. Multivariable analysis with not obtaining an image as risk factor for persistent AKI

Abbreviations: OR: Odds Ratio, CI: Confidence Interval. * Adjusted for age, body mass index and lactate.

E-Table 4. Associations between RRI and hemodynamic variables 

Abbreviations: RRI, renal resistive index; CI, confidence interval

Diagnostic accuracy of renal perfusion measurements for AKI in critically ill patients

 Coefficient (95%CI) p-value 

Age, per 10 years 0.013 (0.007-0.019) <0.001 

Mean arterial pressure, per 10 mmHg -0.012 (-0.018- -0.005) 0.001 

Lactate 0.003 (-0.003-0.008) 0.349 
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E-Table 5. Renal perfusion measurements

Abbreviations: AKI, acute kidney injury; RRI, renal resistive index; VII, venous impedance index

E-Table 6. Diagnostic test for perfusion variables using cut-off values from literature, 0.70 for RRI and 0.38 for VII

Abbreviations: AKI, acute kidney injury; RRI, renal resistive index; VII, venous impedance index, PPV; Positive 
predictive value, NPV; Negative predictive value
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 No AKI (N=119) Any AKI (N=252) p-value 
RRI (SD) 0.67 (0.08) 0.68 (0.08) 0.27 
VII (SD) 0.37 (0.12) 0.37 (0.12) 0.62 
 No severe AKI (N=225) Severe AKI (N=146)  
RRI (SD) 0.67 (0.08) 0.69 (0.09) 0.07 
VII (SD) 0.38 (0.11) 0.36 (0.12) 0.46 
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