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Abbreviations 

ADQI: Acute Disease Quality Initiative 

AKD: acute kidney disease 

AKI: Acute kidney injury 

CEUS: Contrast-enhanced ultra-sonography 

CKD: Chronic kidney disease 

GFR: glomerular filtration rate 

ICU: intensive care unit 

IGFBP-7:  insulinlike growth factor binding protein 7 

IL-18:  Interleukin-18 

K-DIGO: Kidney Disease Improving global outcomes  

KIM-1: kidney injury molecule-1  

L-FABP:  Liver-type fatty acid-binding protein 

NAG:  N-acetyl-b-glucosaminidase 
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NGAL: neutrophil gelatinase-associated lipocalin  

RFR: renal functional reserve 

RI: Doppler-based renal resistive index 

US: ultrasonography 

RRT: renal replacement therapy 

TIMP-2: tissue inhibitor of metalloproteinases2  

95%CI: 95% Confidence Interval 
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Summary (word count: 135) 

 

Despite the vast amount of literature dedicated to acute kidney injury and its clinical consequences, 

short term renal recovery has been relatively neglected. Recent studies suggest timing of renal recovery 

is associated with longer term risk of death, residual renal function and end-stage renal failure risk. In 

addition, longer AKI duration is associated with an increased requirement for renal replacement therapy. 

Comorbidities, especially renal and cardiovascular, severity of AKI, criteria to reach AKI dignosis, as well 

as severity of critical illness have been associated with longer AKI duration, and more specifically risk of 

persistent renal dysfunction. 

Since, predicting short-term renal recovery is clinically relevant, several tests, imaging, and biomarkers 

have been tested in way to predict course of AKI and chances for early renal recovery. In this review, 

definition of recovery, consequences of persistent AKI, and tools proposed to predict recovery will be 

described. Performance of these tools and their limits will be discussed.  
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Introduction  

Although a vast amount of literature has been dedicated to acute kidney injury (AKI) and its 

clinical consequences, consideration short term renal recovery has been largely neglected [1]. In fact, 

renal recovery has been only recently defined and these criteria are s still poorly validated [2]. 

Nevertheless, recent studies suggest timing of renal recovery to be associated with outcome [3–6], 

residual renal function and end-stage renal failure risk [3]. In addition, AKI duration is associated with an 

increased renal replacement therapy requirement (RRT).  Consequently, predicting short term 

reversibility of AKI may help in assessing likelihood of needing RRT  and ultimately could help determine 

optimal timing of RRT initiation (Figure 1) [7–9].  

Several factors have been demonstrated to be associated with AKI duration. First, comorbidities, 

especially preexisting renal dysfunction and cardiovascular comorbidities, are associated with longer AKI 

duration and higher risk of persistent AKI [2–5]. Severity of AKI, both assessed by AKI stage [10] but also 

by criteria to reach AKI definition have been associated with higher risk of persistent AKI [2–5]. In this 

line, patients with AKI defined by both oliguria and elevated serum creatinine have higher risk of 

persistent AKI [2–5]. Last, severity of critical illness, need for additional organ support and probably, 

although poorly assessed, course of clinical illness are strong predictors of persistent AKI [2–5]. 

In this review, we will focus on short term AKI recovery, its definition, tools that have been 

investigated to allow its detection, their performance and limits. We will conclude on a paragraph 

underlining limits of current knowledge.  

 



6 

 

Renal recovery and time to recovery: definitions and prognostic impact 

Renal recovery epidemiology description is limited by significant heterogeneity in available literature 

regarding the population studied, the definition used (RRT-independency, fall in one AKI severity stage, 

complete disappearance of AKI criteria, or return to baseline creatinine) or the timing of its assessment 

(at intensive care unit (ICU) or hospital discharge, or at the 3-month time point required to diagnose 

chronic kidney disease (CKD)). In a recent large observational study enrolling 16,968 ICU patients with 

Kidney Disease Improving global outcomes (KDIGO) stage 2 or 3 AKI, Kellum et al. aimed at describing the 

different patterns of renal recovery [3]. Among the 9,976 (58.8%) patients with complete renal recovery 

at hospital discharge, approximately 45% of them had an early sustained reversal (within 7 days), 

whereas 38% had an evolution marked by a relapsing AKI which ultimately recovered before hospital 

discharge. Of the 6,992 (41.2%) patients who did not exhibit renal recovery at hospital discharge, one 

third reversed their AKI at some point before another episode without recovery [3]. The early reversal 

group had the best prognosis (approximately 90% age-adjusted one-year survival), whereas the group 

without reversal had the worst (approximately 40% age-adjusted one-year survival) [3]. Interestingly, 

late recovery was associated with better outcomes than no recovery (75% one year-survival). This study 

and others [4, 5, 11] pointed out that the occurrence and the timing of renal recovery are associated 

with patients’ outcomes. Of note, renal recovery is not limited to hospital discharge and should be 

search for up until one-year after the acute episode [12, 13]. However, despite recovery, AKI survivors 

are still at higher-risk for various complications ranging from CKD [14, 15] to coronary events and 

dramatically increased long-term mortality [16]. 

 

The Acute Disease Quality Initiative (ADQI) conference in 2017 proposed a consensual definition in 

order to develop a common lexicon, differentiating AKI from acute and chronic kidney diseases with a 7-
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day and a 3-month threshold respectively [2] (Figure 2). Renal recovery corresponds to the 

disappearance of serum creatinine and urine output KDIGO criteria [2]. A reversal is rapid when it occurs 

within the first 48h and sustained when it persists for 48h [2]. This conference had also the advantage to 

refine acute kidney disease (AKD) description in terms of definition and severity and to acknowledge that 

AKI and AKD are a continuum. It appears a crucial period to mitigate patient’s evolution toward CKD. 

These definitions however require to be adequately validated. 

 

Some drawbacks persist in evaluating the incidence of renal recovery. Indeed, in the ICU settings, 

serum creatinine can be lowered by fluid resuscitation, increased volume of distribution and decreased 

creatinine production in sepsis-context [17], as well as a reduced muscle mass due to prolonged critical 

illness [18]. Hence, taking into account the confounding effect of prolonged stay on measured creatinine, 

Prowle et al. demonstrated a potential 135% increase in potential CKD diagnosis [19]. Moreover, AKI 

diagnosis and as a consequence its potential reversal is dependent on the baseline creatinine. If a prior 

patient’s creatinine is unknown, the different available methods to estimate it, such as creatinine nadir 

during ICU stay, creatinine value on admission or MDRD-derived value assuming a glomerular filtration 

rate (GFR) of 75 ml/min/1.73 m² [10], could both be associated with a biased estimation of AKI incidence 

and its recovery [20, 21]. It is well-known that serum creatinine increase is a delayed marker of renal 

function [22]. As a consequence, even if AKI criteria no longer exists, renal functional reserve (RFR), 

defined as the kidney ability to increase GFR following a physiological or pathological stimuli could still be 

impaired, and the patient thus more prompt to develop subsequent AKI in face of a new injury or to 

evolve toward CKD [23]. For now, neither a validated glomerular or tubular RFR measure in acute 

context, nor a better alternative to creatinine measurement exist. Last, competitive risk arising from 

patients’ death should be taken into account in studies assessing renal recovery as the main outcome. 
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Urinary indices 

Historically, non-obstructive acute kidney injury related from mere hypoperfusion (pre-renal AKI) 

and from organic renal injury (intrinsic AKI), were differentiated and ability of tubule to concentrate 

urines assessed [24, 25]. This assessment was performed using urinary indices demonstrating ability 

of the tubule to reabsorb sodium and water (fractional excretion of sodium, natriuresis, fractional 

excretion of urea, urinary urea/creatinine ratio) [24, 25]. Most of these indices were validated in 

studies in which gold standard to distinguish “pre-renal azotemia” from “intrinsic AKI” were poorly 

defined, arbitrarily defined, or where gold standard included all or part of the tested markers [25–27].  

In ICU settings, several cohort studies underlined the wide overlap of urinary indices when trying to 

distinguish transient AKI (≤3 days) from persistent AKI (>3 days) [28–32]. This overlap between 

urinary indices results resulted in poor to inconsistent discriminative ability of these indices in this 

setting [28–31]. Moreover, this poor discriminative ability was independent of the underlying context, 

was found similarly in septic and non-septic patients, and was independent from diuretic use [28, 29] 

(Table 1).  

Although physiological rational supporting use of urinary indices remains, several mechanisms 

may explain lack of discriminative ability in ICU settings. First, AKI pathophysiological mechanisms 

may coexist in ICU patients explaining lack of ability to discriminate a single mechanism in most of the 

patients [33]. In addition, renal macrocirculatory hypoperfusion may have been overestimated as a 

mechanism explaining renal injury [34, 35]. Hence, most of the recent models suggest renal blood 

flow to be normal or even increased even in sepsis models with AKI [34]. Moreover, large animal 

model suggests renal blood flow not only to be increased during sepsis, but also correlated with renal 

dysfunction, the higher the dysfunction, the higher the renal blood flow [34]. Thus, renal 
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hypoperfusion may be due to microcirculatory alteration, related to medullary perfusion regulatory 

dysfunction and to capillary obstruction rather than to a decreased renal blood flow [34, 35].  

Concluding from these data that the classic distinction between “pre-renal azotemia” vs. 

“intrinsic AKI” should be abandoned is probably an error. Very recent experimental studies confirm 

that both mechanisms exists, leading to very different pathophysiological mechanisms and distinctive 

gene expression [36]. This finding is important, demonstrating that different injury pathways may 

exist and suggesting potential biomarkers to differentiate them [36]. On the other side, whether this 

finding may be relevant at bedside, and whether some patients may experience AKI mainly related to 

a single of these pathways remain however unknown.  
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Renal Doppler 

Ultrasonography (US) is performed routinely to assess the morphology of kidneys, the collecting 

system and the renal arteries and veins [37]. Doppler-based renal resistive index (RI), so-called 

Pourcelot index, and contrast-enhanced ultrasonography (CEUS) are tools derived from Doppler 

suggested to assess renal perfusion and predict AKI in ICU patients [38, 39].  

Renal RI measurement is rapid, easy to perform and to learn. A half-day course on renal Doppler 

allowed inexperienced juniors physician to assess renal perfusion with a good reproducibility when 

compared to senior operators, however the precision of the measure was limited, raising concern 

about the clinical significance of RI changes smaller than ±0.1 [37]. 

The measure is usually performed using 2- to 5-MHz transducers [39]. A longitudinal view of the 

kidney is obtained in B-mode US in the postero-lateral approach then Colour-Doppler allows vessels’ 

localization [39]. A semi-quantitative evaluation of renal perfusion using Colour-Doppler has been 

proposed (Table 2) and is closely correlated to RI values (Figure 3a) [37, 40]. Either the arcuate 

arteries or the interlobar arteries are then insonated with pulsed wave Doppler. Good quality 

measure is ensured by using a Doppler gate as small as possible and by obtaining optimized 

waveforms with the lowest pulse repetition frequency without aliasing, to maximize waveform size, 

the highest gain without obscuring background noise, and the lowest wall filter [39]. A spectrum is 

considered optimal when three to five consecutive similar-appearing waveforms are noted and RIs 

from these waveforms are averaged to compute the mean RI for each kidney (Figure 3b). This 

parameter is calculated as follows: 

RI= [peak systolic shift -minimum diastolic shift]/peak systolic shift 

RI can theoretically range from 0 to 1 and is normally lower than 0.70. 
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As suggested by its name, RI has long been considered as a valuable marker of renal vascular 

resistance and blood flow [39, 41]. However, both experimental and clinical studies revealed a weak 

correlation between RI and these parameters [42, 43]. Indeed, numerous physiological and 

pathological parameters are known to influence RI. As a matter of fact, if experimental studies 

confirmed RI correlation to renal vascular resistance, this correlation is weak and only 

supraphysiological variations of resistance are responsible for small, quite unsignificant, RI variations 

[44]. Furthermore, numerous factors influence RI (Figure 4), the first of them being renal and central 

vascular compliance (vascular distensibility) [43, 44]. This factor may explain RI elevation observed 

during various physiological and pathological situations: aging [45], hypertension [46, 47], diabetes 

mellitus [46], and renal graft with previous vascular alteration [47]. In the same way, any elevation of 

intraabdominal, intrathoracic and renal interstitial pressures is responsible for RI elevation, by 

diminishing vascular distensibility [43, 48, 49]. In addition to these factors, both hypoxemia and 

hypercapnia may elevate RI [45, 50]. 

  

Renal RI has been proposed to monitor renal perfusion in ICU patients, considering its supposed 

link to renal vascular resistance and blood flow. If clinical studies showed variations of RI in response 

to dopamine infusion or mean arterial pressure increase induced by norepinephrine, it must be kept 

in mind that these variations were very small and their significance in term of renal perfusion unclear 

[51, 52]. Based on the same hypothesis, other studies tried to demonstrate the role of RI to evaluate 

renal response to vascular expansion [53, 54], or to detect occult haemorrhage shock in normotensive 

trauma patients [55]. Given the numerous factors influencing RI and its weak correlation to renal 
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blood flow, its potential interest to monitor renal perfusion seems questionable. An interventional 

study has been specifically designed to explore this topic (NCT01473498, DORESEP study). 

Renal RI has been proposed for early AKI detection [56, 57] or to differentiate between transient 

from persistent AKI in ICU patients [58, 59]. Most of these studies were performed in expert center 

with limited patients’ samples and were of high risk of bias. A recent multicenter prospective cohort 

study was performed to evaluate the exact performance of RI to predict short-term reversibility of 

AKI or the need for RRT in a large cohort of unselected ICU patients [40]. In this study, although 

statistically associated with AKI occurrence and severity, RI performed poorly in predicting renal 

recovery or need for RRT and was adequately powered to suggest no to little interest in measuring 

renal Doppler in this setting (Figure 5) [40]. 

 

Contrast-Enhanced UltraSonography associates low mechanical index (MI) ultrasonography and 

microbubble-based contrast agents and has been proposed to assess organ perfusion [38]. Use of the 

intravascular microbubbles distribution along with their sensitivity to high-power acoustic pulses are 

used to obtain destruction-refilling sequences, from which some parameters proportional to blood 

flow can be derived (Figure 3c) [38]. Rational of the technique is strong, correlation between CEUS 

and perfusion having been validated in several models [60], and the technique initially developed has 

been both simplified and improved [61]. Data in ICU and especially in assessing renal perfusion are 

however limited. In a feasibility study performed in healthy volunteers, Schneider and colleagues 

demonstrated CEUS to detect renal cortical changes following angiotensin II or captopril 

administration [62]. Observed changes where parallel to those of estimated renal plasma flow as 

estimated by para-aminohippurate clearance [62]. Two recent studies in critically-ill patients assessed 

changes in CEUS derived parameters following vasoactive drugs, namely terlipressin and 
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norepinephrine were however disappointing [63, 64]. Although CEUS was able to found significant 

changes in perfusion, responses across patients were heterogeneous, unpredictable and of unclear 

relationship with patients characteristics [63, 64]. More importantly, inter-observer variability was as 

high as 25% and discordant changes across perfusion parameters observed in 25% of tested patients 

[63, 64]. Thus, although this technique is certainly to be studied its clinical relevancy at bedside is for 

now uncertain. Last, although assessing renal perfusion is believed to be a potential predictor of renal 

recovery, use of CEUS in this setting has never been formally evaluated.  
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Predictive models  

Only few predictive clinical models have been developed and tested specifically to assess 

probability of renal recovery. None of them has been adequately assessed and validated.  

The “renal angina index” has been developed and validated to assess risk of AKI at day 3 mainly 

in pediatric settings and is the most studied model [65, 66]. This score is the results of serum 

creatinine or fluid overload increase multiplied by contextual variables (organ or stem cell 

transplantation) or organ support [65, 66]. In pediatric setting, this score proves to allow 

discrimination between patients that will develop severe AKI at day 3, needs for RRT or poor outcome 

[67, 68]. Discriminative performance of this score ranged from fair to good, area under ROC curve 

ranging from 0.7 to 0.8 in most of the studies [65, 67–69]. 

In adult patients, this score has been less well studied although renal angina index or similar 

score have been tested [65, 69, 70]. These predictive scores have several limitations, as is their 

validation. First, these score do not specifically detect renal recovery but intend to detect one of its 

surrogate, namely progression toward severe AKI over time [65, 67–69]. While these two endpoints 

are probably closely correlated, it may be misleading to use both events interchangeably [4, 5]. 

Although extensively studied, especially in pediatric settings, rate of event is usually low, translating 

into wide confidence interval and uncertainty as regard to actual performance of these scores [65, 

67–69]. Calibration of these scores, i.e. relationship between predicted risk and actual risk, is usually 

not reported [71, 72]. The poor specificity in several studies may suggest calibration to be poor, the 

score to overestimate risk of severe AKI/lack of short term reversibility, and interest for individual 

prediction remains therefore to be confirmed [65, 67–69]. Last, formal superiority of the score when 

compared to usual predictors of poor outcome is lacking from most of the studies [67, 68].  
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Biomarkers 

A biomarker is an indicator than can be objectively quantified or evaluated to indicate the status 

of a biological process or condition. Most AKI biomarkers are biochemical parameters that have been 

developed to detect early onset of AKI. However, their use has ranged from early AKI detection to 

assessment of chances of early renal recovery. Ideally, AKI biomarkers should have high sensitivity 

and specificity for kidney injury in the presence of concomitant injury involving other organs and 

across a range of different ICU populations. Their kinetic should be associated with known biological 

mechanisms, should correlate with the extent of damage, and should yield specific threshold values 

allowing risk stratification. Their measurement should be performed using a minimally invasive 

technique, by a rapid, reliable, inexpensive and standardized clinical assay, and unaffected by drugs or 

other endogenous substances. It is highly unlikely that a single biomarker of AKI fulfilling all these 

needs may exist.  

Biomarkers specific to the kidney can be classified into two broad class, either functional markers 

to estimate the glomerular filtration rate (e.g., serum cystatin C), or damage markers indicating 

kidney stress (kidney injury molecule-1 (Kim-1), neutrophil gelatinase-asociated lipocalin (NGAL), 

Liver-type fatty acid-binding protein (L-FABP), Interleukin-18 (IL-18), N-acetyl-b-glucosaminidase 

(NAG), insulinlike growth factorbinding protein 7 (IGFBP7) and tissue inhibitor of metalloproteinases2 

(TIMP2)). B 

Although both classes have been investigated for prediction of renal recovery or persistent AKI, none 

has been sufficiently validated in this setting.  

A few studies specifically assessed use of function or damage biomarkers in predicting short 

terms renal recovery [32, 73, 74] or an indirect assessment of recovery, namely progression to severe 

AKI or need for RRT [74–77]. Unsurprisingly NGAL is the most studied biomarker [32, 73–77], although 
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other markers have been tested including Cystatin C, KIM-1 and cell-cycle arrest ([TIMP-2].[IGFBP-7]), 

endostatine, or L-FABP [32, 73, 75, 77–81]. Results of the available studies are disappointing, most of 

the later demonstrating significant association between biomarkers and renal recovery but with poor 

to fair performance of biomarkers [32, 73–75, 77, 80], high rate of false positive results [73], limited 

input when compared to usual markers [76], clinical score [74], or kinetic change in serum creatinine 

[32]. Overall, results of these studies suggest a lack of obvious benefit of biomarkers to predict renal 

recovery and need for carefully designed phase 3 studies evaluating input of biomarkers when 

compared to clinical judgement at bedside.  
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Limits of current knowledge  

Most of the studies performed to date are limited by imperfect definitions of renal recovery, 

various influence of time chosen to define transient/persistent AKI, and gold standard. The threshold 

of serum creatinine to define recovery is likely to influence rate of recovery as is rate of approximated 

renal dysfunction or of unknown preexisting renal dysfunction [20]. Moreover, patients without 

available baseline serum creatinine, differ significantly from patients with known baseline serum 

creatinine, suggesting selection of patients on this criterion may introduce a selection bias [18]. Last, 

influence of time dependency of renal recovery is poorly assessed or accounted for [5]. Hence, death 

or ICU/hospital discharge act as confounders in recovery assessment and this confusion factor has 

poorly been taken into account in previous studies and further limits reliability of recovery definition 

[5, 20]. Last, in patients with acute kidney disease, duration of ICU stay, muscle wasting and 

subsequent decrease in theoretical baseline serum creatinine may deserve to be taken into account 

in recovery definition [18]. These limits to detect and define recovery have been poorly assessed so 

far and may deserve to be more closely evaluated. Similarly, risk of transition from AKI to recovery at 

various time points are currently unknown and needs to be evaluated (Table 3).  

Assessing reliability of tool aiming to predict an event require several information frequently 

missing from existing studies. First, uncertainty reported as confidence interval, is required and may 

deserve to be accounted for. In this line, uncertainty resulting from sampling in the studied 

population may influence findings [82]. Comparison to usual test, at similar period, is mandatory to 

assess input of marker, test or score when compared to usual severity criteria. In this line, comparison 

of discriminative ability (area under ROC curve) might require formal assessment rather than informal 

comparison of estimators [83]. Both discriminative ability and prognostic influence may deserve to be 

delineated respectively [84, 85]. In this line, adequate validation of predictive model is required 
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before drawing definite conclusion [72], both discriminative ability of the model and its calibration 

being required and informative [71, 72]. Last, although gaining popularity, new criteria to assess input 

of biomarker, such net reclassification index, are poorly reliable, may overstate incremental value of a 

biomarker, and should be interpreted only in light of usual discriminative and predictive ability of the 

tested marker [86, 87].  

Last, clinically relevance of early detection of renal recovery or lack of this later deserves to be 

validated. Preliminary studies and theoretical framework suggest early detection of high risk patients 

may help in adapting treatment in way to avoid further renal deterioration [88] or to identify patients 

at high risk of requiring renal replacement therapy which may help determining optimal timing 

strategy for this later [7–9]. However, validation of these assumptions is needed in way to more 

clearly underline input of risk stratification strategies in real life and then assess their cost-

effectiveness.   
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Conclusion 

Although definition of renal recovery has been standardized and its clinical relevancy 

demonstrated, several uncertainties remain. First, exact rate of recovery, accounting for competing 

risk is unknown as well as optimal definition to conclude to renal recovery. Moreover, although 

predicting short term recovery might help in optimizing patients’ management and anticipate 

outcome, available imaging tests, biomarkers and scores have not yet been validated and, at the best 

were found to be poorly efficient in preliminary studies. Focus on recovery is however surprisingly 

recent and additional studies will hopefully help in more clearly delineating optimal definition and 

identify patients at high risk of non-recovery using either single, or more likely, association of scores 

and biomarker strategies.  
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Figure Legends 

 

 

 

Figure 1. Probability of renal replacement therapy according to persistent AKI (redrawn from Perinel et 

al. Crit Care Med 2015 [4]).  
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Figure 2. AKI terminology according to its reversibility over time. Modified from Chawla et al. Nature 

Review Nephrology 2017 [2]. 
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Figure 3. Panels showing respectively color Doppler allowing semi-quantitative perfusion (A), 

measurement of Resistive index (B) and destruction refilling sequence allowing perfusion assessment 

using Contrast-Enhanced Ultrasonography (Reproduced from Schnell et al. Intensive Care Med 2012 [39] 

and Schneider et al. Crit Care 2011 [38], with permission) 

 

 

 

Figure 4. Factors influencing Doppler-based renal Resistive Index value. Modified from Schnell et al. 

Intensive Care Med 2012 [39]. 
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Figure 5.  Semi-quantitative renal perfusion and Doppler-based resistive index performance in predicting 

short term renal recovery in the R2D2 study (Reproduced from Darmon et al. Intensive Care Med 2018 

[40], with permission).  
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Table 1. Main studies assessing performance of urinary indices in predicting short-term renal recovery 

in ICU setting 

 Vanmassenhove 

et al. [31] 

Darmon et 

al. 

[28] 

Dewitte 

et al. 

[30] 

Pons et al. 

[29] 

Wlodzimirow 

et al. 

[89] 

Legrand et al. 

[90] 

N patients 107 

(81 with AKI) 

203 

(136 with 

AKI) 

47 

(47 with 

AKI) 

244 

(147 with 

AKI) 

150  

(92 with AKI) 

54 

(54 oliguric) 

Population Medical/Surgical 91.3% with 

medical 

condition 

Surgical 91.9% 

with 

medical 

condition 

Medical 

/Surgical 

Medical/Surgical 

Oliguric patients 

Natriuresis Not Reported Not 

Reported 

0.44 

[0.27-

0.62] 

Not 

Reported 

Not Reported 0.51 [0.35-0.68] 

FeNA 0.59 [95%CI?] 0.62 [0.52-

0.72] 

0.60 

[0.43-

0.77] 

0.59 

[0.49-

0.69] 

Not Reported 0.56 [0.39-0.73] 

FeUrea 0.36 [95%CI?] 0.59 [0.49-

0.70] 

0.59 

[0.42-

0.50 

[0.41-

0.61 [0.49-

0.73] 

0.60 [0.54-0.67] 
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0.77] 0.60] 

U/P Urea Not Reported 0.71 [0.62-

0.80] 

0.78 

[0.63-

0.92] 

0.57 

[0.48-

0.67] 

Not Reported Not Reported 

Specificities High negative 

predictive value 

of both criteria 

combined 

Similar 

findings in 

patients 

with sepsis 

or without 

diuretics 

Similar 

findings in 

patients 

with 

diuretics 

Similar 

findings in 

patients 

with sepsis, 

without 

diuretics 

and at 

various 

time during 

first 24 

hours 

Similar 

findings in 

predicting 

occurrence of 

AKI 

Fluid renal 

responsiveness 

 

 



35 

 

Table 2. Semi-quantitative Colour-Doppler scale for evaluating intrarenal perfusion (adapted from 

Schnell et al. Minerva 2014 [37]) 

Grade Renal perfusion  

0 Unidentifiable vessels 

1 Few vessels visible in the vicinity of the hilum 

2 Hilar and interlobar vessels visible in most of the renal parenchyma 

3 Renal vessels identifiable until the arcuate arteries in the entire field of view 
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Table 3. Main unanswered question in assessing risk of persistent AKI 

 Unanswered question 

1 Competing risk adjusted rate of recovery 

2 Change in recovery rate according to setting and ICU discharge 

3 Transition risk and rate of Transient AKI/Persistent AKI/AKD according to ADQI 

definition 

4 Risk factors for AKD and influence of timing to recovery on subsequent residual 

renal function 

5 Validation of prognostic score and biomarkers of persistent AKI 

6 Clinical relevancy and impact of adequate prediction on patients’ management 

7 Cost-benefit ratio of predictive measure to assess renal recovery 

 




