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Abstract
Background
Renal replacement therapy (RRT) is used to manage critically ill patients with severe acute kidney injury (AKI-D), and it is undoubtedly life-sustaining for most patients. However, the prolonged unnecessary use of these techniques may be harmful. At present, no consensus guidelines provide specific recommendations for clinicians on when (optimal timing of discontinuation) and how (liberation or weaning) to stop RRT in intensive care unit (ICU) patients with recovering native kidney function.

Methods and results
Numerous variables such as clinical parameters, classical surrogate markers for glomerular filtration rate, novel biomarkers of kidney function and damage, and new imaging techniques in AKI-D have been described to predict successful discontinuation of RRT. Most available studies are limited by study design, heterogeneity of variable assessment and thresholds of biomarkers, and lack of prospective validation. At present, the decision on discontinuation of RRT in ICU patients is based on three clinical scenarios: (a) intrinsic kidney function (defined as spontaneous urine output > 500 ml/24 h, timed creatinine clearance > 15 to 20 ml/min) has adequately improved to match the demands and continued RRT is no longer consistent with goals of care (transition to intermittent RRT); (b) the acute illness that prompted RRT has improved; (c) the clinical practice of switching haemodynamic stable patients with persistent AKI-D from continuous RRTs to intermittent RRTs is variable, but de-escalation of RRT (frequency, dose) may facilitate mobilization and discharge of ICU patients.

Conclusions
The predictive ability of novel kidney biomarkers, surrogate markers of kidney function, and direct measurements of kidney function should be evaluated in future studies.
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Background
Recovery of sufficient kidney function after acute kidney injury requiring renal replacement therapy (AKI-D) is recognized as an important clinical determinant of patient-centred outcome, but it is unpredictable. Numerous risk factors for maladaptive renal repair processes have been identified and include patient-related factors (age, chronic kidney disease, proteinuria, specific comorbidity, high acuity of the precipitating illness (multiple organ failure), the aetiology, stage, and duration of AKI, post-insult exposure to therapeutic nephrotoxins or diagnostic use of nephrotoxins after onset of AKI as well as potentially the renal replacement therapy per se (membrane, intensity) [1–4].
Defining renal recovery is far from straightforward due to the limitations of the criteria used to assess renal function. A good definition of renal recovery from AKI-D should include four main domains: inception (starting point of recovery), extent of recovery of renal function, timing (when recovery is assessed), and confounding factors [5]. Despite limitations, non-recovery of AKI-D (transition from AKI-D to end-stage renal disease) is best defined as persistent dialysis dependence, partial recovery as no need for RRT but failure to meet the criteria for complete recovery or a lower AKI stage, and complete recovery as absence of AKI criteria [2]. The investigators of the Artificial Kidney Initiation in Kidney Injury 2 (AKIKI2) defined renal function recovery in three different ways: (a) adequate diuresis (more than 1000 ml/day in the absence of diuretic therapy or more than 2000 ml/day with diuretic therapy and no resumption of RRT within 7 days after stopping RRT), (b) adequate urine output and spontaneous decrease in serum creatinine value and no re-institution of RRT within 7 days after stopping RRT, and (c) absence of any AKI KDIGO stages 1–3 [6].
The extent and the time pattern of recovery of intrinsic kidney function substantially affect the well-being and morbidity/mortality of unwell patients surviving an acute episode of AKI-D [2, 7]. The mortality rate of AKI-D survivors is higher than that of opponents without AKI-D, and a reverse correlation exists for a progressively high risk of death [8]. Patients who fail to recover sufficient renal function and require maintenance dialysis treatment have a shortened life span, a low quality of life, and succumb to numerous morbidities. Survivors with partial recovery of kidney function have an increased risk for progressive de novo CKD, morbidity, and mortality. Both the risk for premature death and transition to CKD were lowest in ICU patients with normal renal function prior AKI-D [9].
Predicting the probability of kidney recovery in an individual ICU patient after AKI-D is a dilemma faced by physicians, patients, and patients’ families. Moreover, ICU patients with AKI-D may recover sufficient kidney function late, i.e. after weeks or even months (up to 1 year) of RRT. Determining which patients have a reasonable chance of renal recovery may guide decision-making such as transfer to nephrological ward, vascular access creation, discharge from the hospital, outpatient dialysis chair placement. It determines the frequency of follow-up and prevention of sequelae of prolonged unnecessary RRT (catheter-related infections, bleeding, haemodynamic instability, delayed renal recovery, and inappropriate drug dosing) [10].
This narrative review aims to discuss the available literature on current approaches to anticipate recovery of kidney function from acute kidney injury and to propose recommendations for front-line physicians on when (optimal timing) and how (liberation or weaning) RRT could be safely discontinued in critically ill patients with AKI-D.
Current practice of RRT discontinuation on anticipation of renal recovery
The 2012 Clinical Practice Guidelines for Acute Kidney injury of the Kidney Disease Improving Global Outcomes (KDIGO) organization recommend that “RRT should be discontinued when it is no longer required, because intrinsic kidney function has recovered to the point that it is adequate to meet patients need” [11]. However, these guidelines are based on expert opinions and lack detailed guidance for when and how clinicians should assess candidates for successful discontinuation of RRT.
There are currently no established guidelines for discontinuation of RRT in unwell patients with AKI-D. As no randomized controlled trial (RCT) to date has evaluated the optimal timing of discontinuation, the factors determining the decision to stop RRT, or the effects of success or failure of liberation on primary or secondary patient outcomes remain unclear. This situation is in contradiction to that related to acute lung injury and mechanical ventilation for which there are multiple multicentre randomized trials and international consensus guidelines outlining ventilator treatment strategies and liberation/weaning parameters [12].
Currently, practices of RRT discontinuation depend on centre policy, vary from early (fast track approach) to late (wait and see approach) cessation of RRT, and result in a high rate of unsuccessful attempts [13]. Utilizing the 24-h urinary creatinine excretion rate, a small study encompassing a total of 54 ICU patients receiving IHD reported successful weaning in 26 out of 54 patients (48%). Twenty-one patients needed a second attempt, and 7 patients more than 2 attempts [14]. Whether or not unsuccessful discontinuation causing re-occurrence of acute uraemia or reinstitution is by itself harmful has not been thoroughly examined. Observational studies found, however, that AKI-D patients with failure to stop RRT may have longer ICU or hospital stay, less chance of kidney recovery among survivors [13, 15], and a higher short-term mortality [16, 17] than successfully discontinued patients.
Criteria for cessation of RRT in critically ill patients with AKI-D
Readiness for de-escalation
The complex decision to discontinue RRT in critically ill patients with AKI-D is based on two clinical scenarios: a) intrinsic kidney function has adequately improved to meet demands and continued RRT is no longer consistent with the goals of care and b) the acute illness that prompted renal support has improved.
There is consensus that the assessment of the clinical status of the patients should be conducted at least daily to determine whether the patient meets criteria to move forward with the liberation process. The criteria should include (a) resolution of the precipitating cause of AKI-D; (b) improvement in multi-organ failure; (c) haemodynamic stability; (d) need for volume removal does not exceed daily urine output; (e) absence of electrolyte imbalance refractory to medical management; and (f) sufficient intrinsic kidney function capable of maintaining acid base and metabolic homoeostasis.
Anticipation of recovery of intrinsic renal function
Nephrologists/intensivists start RRT when confronted with life-threatening complications of acute uraemia. However, there is a wide variation in the minimum severity of indications prompting discontinuation of RRT in critical ill patients. Many factors modify these decisions, such as, age, comorbidity, illness severity, or administration of drugs.
A survey of US nephrologists treating AKI-D patients found that the most common criteria to stop dialysis were resolution of oliguria (51%), resolution of volume overload (29%), improvement in serum creatinine (27%), and resolution of hyperkalaemia (21%) [18].
Score systems to predict AKI-D recovery
Numerous scores encompassing laboratory results, patients’ characteristics, or features of AKI, alone or in combination, have been used to predict successful RRT liberation from AKI-D.
Wang et al. performed a meta-analysis of 10 observational studies to evaluate routine laboratory parameters as predictors of successful weaning in AKI-D. Not surprisingly, the authors noted that surrogate parameters of renal function such as urine output, urinary urea and creatinine excretion rate, and serum creatinine as well as parameters of electrolyte (serum potassium) or acid–base homoeostasis (serum bicarbonate, pH) were significantly associated with weaning success [19]. Other tools for prediction of renal recovery from AKI-D encompass patient-related factors (age, higher SOFA score) or AKI-D-associated factors (duration of renal support, a diuresis < 400 ml and not increasing spontaneously or responding adequate to diuretic challenge, presence of hypervolemia and degree of azotaemia) [16, 17, 20, 21].
However, such severity of illness scores was developed to predict renal recovery in small cohorts of patients and are not very helpful in individual patients [22]. Generally spoken, current predictive models have low discrimination, missing calibration statistics, are at risk of bias, and show limited clinical applicability. There is a need for studies that prospectively collect relevant data of intrinsic renal function recovery in large cohorts and then proceed to validate findings in external data sets.
Timing of RRT cessation by markers of kidney function and damage
Numerous surrogate markers of kidney function (changes in serum creatinine, changes in eGFR, kinetic GFR, urine output, urinary creatinine excretion rate, urinary urea excretion rate, and timed creatinine clearances), a raising number of novel biomarkers of kidney damage (neutrophil gelatinase-associated lipocalin, kidney injury molecule ‘Linterleukin 6 and interleukin 18, urinary markers of cell cycle arrest) and of kidney function (cystatin C), or circulating markers of hypervolemia due to kidney dysfunction (NT-proBNP, osteopontin) have been assessed to identify patients for whom RRT may be successfully discontinued. However, available traditional or novel markers of kidney recovery are limited by study design (retrospective analyses, small sample size, definition of successful RRT discontinuation), variable heterogeneity, and lack of prospective validation of the cut-offs [23, 24].
Spontaneously increasing urine output and decreasing serum creatinine concentrations may herald the beginning of renal recovery. The predictive value of urine output, prior or after discontinuation of RRT, has been examined in numerous studies. However, recent meta-analyses found a pooled sensitivity of 66.2% and specificity of 73.6%. The thresholds of urine output ranged from 191 to 1720 ml/day. The authors graded the overall certainty of evidence regarding this parameter as very low [23].
Another strategy is to use enhanced urinary output and sodium excretion. This may allow optimal timing of RRT liberation, and a negative fluid balance may reduce the risk for restart of RRT. The reported predictive effect of a diuretic challenge was variable. Some studies described a decrease in the predictive ability of urine volumes after diuretics, and other reports described superior discrimination following administration. There was a wide range in the cut-off values ranging from 125 to 2330 ml/day. The effect of the exposure to diuretics administration (furosemide bolus/infusion, thiazides, etc.) on the predictive ability of augmented urine output remains uncertain [23]. Van der Voort and colleagues demonstrated an excellent clinical performance of the furosemide stress test with an AUROC of 0. 84 for assessing renal recovery [25]. While the authors did not show performance of specific cut-off values of urine output for the 4-h collection after a 24-h infusion of furosemide, they did provide interquartile ranges for each group. A cut-off value of 333 ml/24 h appears to produce a test with potential predictive utility for liberation from RRT.
The KDIGO AKI Guidelines state that the creatinine clearance remains the best clinical surrogate marker of renal function, and it should be measured, when possible, in AKI. However, neither the RIFLE, AKIN nor KDIGO classification system estimates actual creatinine clearance. Physicians caring for critically ill AKI-D patients should be aware of pitfalls in urinary creatinine clearance measurements and avoid misinterpretation of recovering renal function. Timed creatinine clearance calculations in unwell AKI-D patients mostly require an indwelling urethral catheter. Improper urine samples lead to underestimation of renal function. Determination of urinary creatinine clearance can be more challenging in AKI-D patients receiving IRRT, compared to patients treated with CRRT, due to fluctuations of serum creatinine in the intra-, post-, and interdialytic period (dose-dependent reductions in raised small solute levels during the session, post-dialytic rebound of serum creatinine starting at the end of the session as well as the interdialytic serum creatinine rise). However, standard equations for estimation of creatinine clearances are not accurate in the presence of unstable serum creatinine levels. Therefore, native renal function of AKI-D patients treated with IRRT—as assessed by timed creatinine clearance—can only be estimated during the interdialytic period on non-dialysis days. The problem of fluctuations in serum creatinine concentrations is much easier to address in AKI-D patients treated with CRRT, where steady-state creatinine concentrations are usually achieved at a prescribed dose. Finally, because of quite variable creatinine tubular secretion, urinary creatinine clearance systematically overestimates measured GFR, particularly at low GFR levels. Despite these constraints, few small cohort studies, collecting urine at 2 h, 6 h, or 24 h, have shown that urinary creatinine clearances between 11 and 20 ml/min are useful surrogate markers for native kidney function and for decision-making regarding liberation from RRT (Table 1) [26–28].Table 1Readiness for RRT liberation or de-escalation


	Assessment of ICU patients in anticipation of recovery of native kidney function from AKI-D

	Clinical scenarios

	  Evidence of stabilization of clinical status

	   Resolution of the precipitating insults

	   Reduction in the acuity of the underlying disease and improvement in multi-organ dysfunctions (Haemodynamic stability, mechanical ventilation)

	   Natural improvement in kidney function (spontaneous increase in urine output > 400 ml/day)

	   Adequate capacity to maintain metabolic, electrolyte, acid–base homoeostasis and to manage obligatory fluid requirements by conservative management of AKI

	Additional considerations

	   Discharge from the ICU

	   Physiotherapy and mobilization of the patient

	   Logistic capabilities of the institution (staffing, nurses, availability of bedside IRRT)

	Additional diagnostic measures to predict successful discontinuation of RRT

	  Timed creatinine clearance (> 15 ml/min)

	  Spontaneously decreasing serum creatinine

	  Positive furosemide challenge, and/or urine output > 2300 ml/day on diuretics

	Attempt to discontinue RRT

	  Liberation versus weaning

	Critical appraisal of the attempt

	  Morbidity and mortality due to inadequate resolution of AKI

	  Morbidity and mortality of transition to IRRT

	  Re-institution of RRT

	Success/failure of the attempt

	  Success: no further dialysis for 7 days

	  Failure: re-institution of RRT within 7 days of the attempt to stop RRT


RRT renal replacement therapy, AKI acute kidney injury, AKI-D acute kidney injury requiring dialysis, ICU intensive care unit, IRRT intermittent renal replacement therapy



Novel Kidney biomarkers correlating with renal cell injury or function could potentially predict renal recovery. Studies in critically ill patients with AKI-D have shown that lower initial levels of kidney specific biomarkers or decreasing levels of kidney specific biomarkers over time indicate a more likely recovery of kidney function [29]. Plasma cystatin C, urinary NGAL, and urinary markers of cell cycle arrest appear to have a promising predictive ability. Xie et al. found that the risk of ineffective discontinuation of CRRT (less than 7 days) was nearly 5 times higher in patients with urinary biomarkers of cell cycle arrest than in biomarker-negative patients [30]. The authors concluded that urinary markers of cell cycle arrest can serve as an auxiliary biomarker for the identification of renal function recovery.
At present, the accuracy of the novel markers of kidney function and kidney damage markers for sufficient recovery of renal function cannot be determined. There is a need for prospective validation of candidate biomarkers to predict successful replacement therapy discontinuation.
Prospective AKI trials have used timed creatinine clearance (combined with other surrogate markers of kidney function) to define renal recovery. In the Veterans Affairs National Institutes of Health Acute Renal Failure Trial Network (ATN Trial), patients with a 6-h creatinine > 20 ml/min were trailed off RRT, whereas patients with a creatinine clearance < 12 ml/min had RRT continued [31]. In the Early vs Delayed Initiation of Renal Replacement Therapy on mortality in critically ill patients with acute kidney injury trial, RRT was discontinued; if renal recovery defined by creatinine clearance > 20 ml/min occurred. Regrettably, rates for successful discontinuation/weaning were not reported [32].
Imaging techniques and prediction of RRT discontinuation
Non-radioactive exogenous techniques (inulin, iohexol) for GFR measurements are very cumbersome and are therefore not applicable in a clinical setting.
Radioactive GFR markers (e.g. 125 I-iothalamate and 51 Cr-EDTA) have been used in conjunction with a radiation detector real-time GFR. However, the downside of using such techniques is the low availability and the high costs, difficulties in repeating the measurements, and the need to transport the patient for the study [33].
The visible fluorescent injectate (VFI)-based approach allows for the rapid determination of GFR at the bedside while maintaining patient safety and measurement accuracy and reproducibility. Measurements of GFR in patients with chronic kidney disease (stages 2, 3, and 4) required three 0.5 ml blood samples drawn over 3 h utilizing the VFI-based approach, but 5 samples taken over 6 h utilizing Iohexol-based GFR measurements [34]. Data obtained from ICU patients with resolving AKI-D are limited, and no definitive interferences can be made from the available data.
The Doppler-based renal resistance index (RI), which is a simple, rapid, non-invasive, and repeatable marker, could be promising to distinguish transient from persistent AKI-D in critically ill patients. A small prospective observational study assessed the performance of the Doppler RI in diagnosing persistent AKI-D [35]. The area under the RI ROC curve was 0.91. The RI was 0.71 in the no-AKI-D group and 0.71 in the transient and 0.82 in the persistent AKI-D group. The progress in contrast-enhanced ultrasound (CEUS) gives the opportunity to assess kidney microcirculation at the bed side in the ICU. However, CEUS is still an experimental tool [36].
Whether or not these imaging methods should be employed as screening in those critically ill patients with AKI-D where surrogate or biomarkers are suggestive of renal function recovery remains to be determined. Most studies focused more on the differentiation between transient and persistent AKI-D and on recovery of renal function than on their predictive value for successful RRT cessation [37].
Definitions of successful liberation from RRT in AKI-D
Commonly used definitions of a successful attempt to discontinue RRT in critically ill patients with resolving AKI-D use an extended period free from further RRT.
Successful renal recovery to dialysis independence at 28 days has been defined by a patient receiving no RRT by 28 days. This time point has been chosen in RCTs because it is the furthest time point from randomization where data can be obtained from the greatest number of patients.
Sustained renal recovery to dialysis independence has been defined by a patient receiving no RRT for 7 days.
Successful cessation of RRT has been defined by no need to have dialysis for at least 14 days.
A minimum 90-day frame for renal recovery has been used to assess renal outcome in survivors of AKI-D discharged from hospital in accordance with the KDIGO guidelines which define chronic kidney disease as a persistent decline in kidney function lasting more than 90 days [38].
Cessation of RRT in critically ill patients with AKI-D: liberation or weaning
In critical care patients, one of the goals of clinicians is to discontinue the patient from RRT as soon as possible to allow recovery of native kidney function and to avoid RRT associated untoward effects.
At present, there are no standardized recommendations of the optimal method (weaning or liberation) for discontinuation the renal support due to lack of evidence. The strategy of stopping RRT must thus be individualized in each patient. Whether or not RRT discontinuation is best achieved by gradually reducing the level/duration per session, frequency or by complete liberation (no RRT) is unknown. Undoubtedly, the process of weaning may prolong total duration of RRT. However, whether the risks of early liberation from RRT may outweigh the risk of prolonged RRT remains unknown.
Transition from an initial RRT modality to another modality later during AKI-D is common in clinical practice. The main reasons for switching are changes in the clinical condition (haemodynamic stability, recovery of intrinsic kidney function) or adverse events. RCTs reported wide variations in the rate of transition. In an RCT comparing CRRT and IHD, 26% of critically ill patients with AKI-D switched from initial CRRT to IHD and 21% transitioned from initial IHD to CRRT [39]. Higher rates of transition were noted in another RCT [40], in which 21% of the patients assigned to IHD switched to CRRT and 46% of the patients who were randomized to CRRT changed to IHD later during persistent AKI-D. The authors reported that transition from IHD to CRRT occurred earlier (mean time 4.4 days) compared with the switch from CRRT to IHD (mean time 6.2 days). The main reason for early transition of IHD to CRRT was haemodynamic instability. In the more recent Elain study (early versus late initiation of RRT), 34% of critically ill patients with AKI-D switched from CRRT to intermittent RRT (26% SLED, 2% IHD, 6% IHD and SLED) [32].
The Acute Dialysis Quality Initiative proposed a schema to guide the appropriate transition of RRT based on the limited existing data [41]. If the demand to capacity ratio improves, it is prudent to consider de-escalation to a RRT modality, that allows mobilization of the patient, earlier discharge from the ICU and places less strain on costs and resources [42]. Undoubtedly, the risks of transition may be lower in CRRT patients with serum creatinine levels closely to delayed exposure to intermittent RRT (IRRT) until at least 24 h after stopping administration of vasopressor agents [43].
When dialysis is weaned, discontinued, or patients are transitioned to another RRT, there is a need to adapt drug dosing regimens (such as antibiotics) according to differences in pharmacokinetics and pharmacodynamics of the drugs [44]. Moreover, the switch of AKI-D patients to intermittent techniques may be associated with electrolyte imbalances [45] and more intradialytic hypotensive episodes and increased mortality [46]. Finally, patients with ESRD due to nonrecovery from AKI-D must be transitioned to IHD or CAPD prior to hospital discharge.
Conclusions
Currently, standardized indices are non-existent for the discontinuation of RRT in critically ill patients with AKI-D. The decision to discontinue RRT in this subgroup of patients is complex and requires considerations of the patient’s clinical condition, degree of native kidney function recovery, and ongoing need for RRT.
At present, spontaneously increasing urine output, a creatinine clearance of 15–20 ml/min, and a progressive decline in serum creatinine in the context of steady state in CRRT patients or a delayed increase in serum creatinine during the dialysis free interval in patients treated with IRRT are considered significant predictors of renal recovery.
Larger research studies are needed addressing this topic for the identification of renal recovery predictors, and for uniform consensus for cessation of RRT.
Authors' contributions
The author meets the International Committee of Medical Journal Editor`s criteria for authorship for this article, takes responsibility for the integrity of the work, and has given his approval for the final version of the article to be published. All authors read and approved the final manuscript.

Funding
There was no funding for design of the study and collection, analysis, and interpretation of data and for writing the manuscript.

Availability of data and materials
Data sharing is not applicable to this review as no new data sets were generated or analysed.

Declarations
Ethics approval and consent to participate
This narrative review is based on previously conducted studies and does not contain any study with participants or animals performed by the author. It uses publicly accessible data as evidence. Institution approval and patient consent were not necessary.

Consent for publication
The manuscript does not contain data from any individual person.

Competing interests
The author declares that he has no non-financial or financial competing interests.


References
	1.
Cerdá J, Liu KD, Cruz DN, Jaber BL, Koyner JL, Heung M, et al. Promoting kidney function recovery in patients with AKI requiring RRT. Clin J Am Soc Nephrol. 2015;10(10):1859–67.PubMedPubMedCentral

	2.
Forni LG, Darmon M, Ostermann M, Oudemans-van Straaten HM, Pettilä V, Prowle JR, et al. Renal recovery after acute kidney injury. Intensive Care Med. 2017;43(6):855–66.PubMedPubMedCentral

	3.
Lee BJ, Go AS, Parikh R, Leong TK, Tan TC, Walia S, et al. Pre-admission proteinuria impacts risk of non-recovery after dialysis-requiring acute kidney injury. Kidney Int. 2018;93(4):968–76.PubMedPubMedCentral

	4.
Schiffl H. Renal recovery after severe acute renal injury. Eur J Med Res. 2008;13(12):552–6.PubMed

	5.
Kellum JA. How can we define recovery after acute kidney injury? Considerations from epidemiology and clinical trial design. Nephron Clin Pract. 2014;127(1–4):81–8.PubMed

	6.
Gaudry S, Hajage D, Martin-Lefevre L, Lebbah S, Louis G, Moschietto S, et al. Comparison of two delayed strategies for renal replacement therapy initiation for severe acute kidney injury (AKIKI 2): a multicentre, open-label, randomised, controlled trial. Lancet. 2021;397(10281):1293–300.PubMed

	7.
Chawla LS, Bellomo R, Bihorac A, Goldstein SL, Siew ED, Bagshaw SM, et al. Acute kidney disease and renal recovery: consensus report of the Acute Disease Quality Initiative (ADQI) 16 Workgroup. Nat Rev Nephrol. 2017;13(4):241–57.PubMed

	8.
Thongprayoon C, Cheungpasitporn W, Srivali N, Kittanamongkolchai W, Sakhuja A, Greason KL, et al. The association between renal recovery after acute kidney injury and long-term mortality after transcatheter aortic valve replacement. PLoS ONE. 2017;12(8):e0183350.PubMedPubMedCentral

	9.
Schiffl H, Lang SM, Fischer R. Long-term outcomes of survivors of ICU acute kidney injury requiring renal replacement therapy: a 10-year prospective cohort study. Clin Kidney J. 2012;5(4):297–302.PubMedPubMedCentral

	10.
Clark EG, Bagshaw SM. Unnecessary renal replacement therapy for acute kidney injury is harmful for renal recovery. Semin Dial. 2015;28(1):6–11.PubMed

	11.
Acute Kidney injury Work Group. KDIGO clinical practice guideline for acute kidney injury. Kidney Int. 2012;2(Suppl):1–138.

	12.
Kelly YP, Waikar SS, Mendu ML. When to stop renal replacement therapy in anticipation of renal recovery in AKI: the need for consensus guidelines. Semin Dial. 2019;32(3):205–9.PubMed

	13.
Liu C, Peng Z, Dong Y, Li Z, Song X, Liu X, et al. Continuous renal replacement therapy liberation and outcomes of critically ill patients with acute kidney injury. In: Mayo Clinic Proceedings. 2021.

	14.
Viallet N, Brunot V, Kuster N, Daubin D, Besnard N, Platon L, et al. Daily urinary creatinine predicts the weaning of renal replacement therapy in ICU acute kidney injury patients. Ann Intensive Care. 2016;6(1):71.PubMedPubMedCentral

	15.
Shawwa K, Kompotiatis P, Sakhuja A, McCarthy P, Kashani KB. Prolonged exposure to continuous renal replacement therapy in patients with acute kidney injury. J Nephrol. 2021.

	16.
Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, Tan I, et al. Discontinuation of continuous renal replacement therapy: a post hoc analysis of a prospective multicenter observational study. Crit Care Med. 2009;37(9):2576–82.PubMed

	17.
Wu VC, Ko WJ, Chang HW, Chen YW, Lin YF, Shiao CC, et al. Risk factors of early redialysis after weaning from postoperative acute renal replacement therapy. Intensive Care Med. 2008;34(1):101–8.PubMed

	18.
Mallappallil MC, Mehta R, Yoshiuchi E, Briefel G, Lerma E, Salifu M. Parameters used to discontinue dialysis in acute kidney injury recovery: a survey of United States nephrologists. Nephron. 2015;130(1):41–7.PubMed

	19.
Wang L, Li J, Sun S, Du H, Chen P, Xu Y, et al. Predictors of successful discontinuation from renal replacement therapy during AKI: a meta-analysis. Semin Dial. 2021;34(2):137–46.PubMed

	20.
Hansrivijit P, Yarlagadda K, Puthenpura MM, Ghahramani N, Thongprayoon C, Vaitla P, et al. A meta-analysis of clinical predictors for renal recovery and overall mortality in acute kidney injury requiring continuous renal replacement therapy. J Crit Care. 2020;60:13–22.PubMed

	21.
Mendu ML, Ciociolo GR Jr, McLaughlin SR, Graham DA, Ghazinouri R, Parmar S, et al. A decision-making algorithm for initiation and discontinuation of RRT in severe AKI. Clin J Am Soc Nephrol. 2017;12(2):228–36.PubMedPubMedCentral

	22.
Goldstein SL, Chawla L, Ronco C, Kellum JA. Renal recovery. Crit Care. 2014;18(1):301.PubMedPubMedCentral

	23.
Katulka RJ, Al Saadon A, Sebastianski M, Featherstone R, Vandermeer B, Silver SA, et al. Determining the optimal time for liberation from renal replacement therapy in critically ill patients: a systematic review and meta-analysis (DOnE RRT). Crit Care. 2020;24(1):50.PubMedPubMedCentral

	24.
Schiffl H, Lang SM. Current approach to successful liberation from renal replacement therapy in critically ill patients with severe acute kidney injury: the quest for biomarkers continues. Mol Diagn Ther. 2021;25(1):1–8.PubMed

	25.
van der Voort PH, Boerma EC, Pickkers P. The furosemide stress test to predict renal function after continuous renal replacement therapy. Crit Care. 2014;18(3):429.PubMedPubMedCentral

	26.
Fröhlich S, Donnelly A, Solymos O, Conlon N. Use of 2-hour creatinine clearance to guide cessation of continuous renal replacement therapy. J Crit Care. 2012;27(6):744.e1-5.

	27.
Stads S, Kant KM, de Jong MFC, de Ruijter W, Cobbaert CM, Betjes MGH, et al. Predictors of short-term successful discontinuation of continuous renal replacement therapy: results from a prospective multicentre study. BMC Nephrol. 2019;20(1):129.PubMedPubMedCentral

	28.
Wheeler TS, Tolwani AJ. The 24-hour urine creatinine clearance predicts successful discontinuation of continuous renal replacement therapy in acute renal failure. J Investig Med. 2007;55(1):S274.

	29.
Klouche K, Gibney RTN, Forni LG. Can this patient be safely weaned from RRT? Intensive Care Med. 2018;44(5):639–42.PubMed

	30.
Xie Y, Martino F, Bredolan A, Fan W, Ronco C. 37th Vicenza Course on AKI & CRRT. TIMP-2xIGFBP7 as an auxiliary identification of effective discontinuation CRRT in critically ill patients. Blood Purif. 2021;50:447.

	31.
Palevsky PM, Zhang JH, O’Connor TZ, Chertow GM, Crowley ST, Choudhury D, et al. Intensity of renal support in critically ill patients with acute kidney injury. N Engl J Med. 2008;359(1):7–20.PubMed

	32.
Zarbock A, Kellum JA, Schmidt C, Van Aken H, Wempe C, Pavenstadt H, et al. Effect of early vs delayed initiation of renal replacement therapy on mortality in critically ill patients with acute kidney injury: the ELAIN randomized clinical trial. JAMA. 2016;315(20):2190–9.PubMed

	33.
Luque Y, Rondeau E. Estimating glomerular filtration rate in patients with acute kidney injury. Nephrol Dial Transpl. 2020;35(11):1834–6.

	34.
Rizk DV, Meier D, Sandoval RM, Chacana T, Reilly ES, Seegmiller JC, et al. A novel method for rapid bedside measurement of GFR. J Am Soc Nephrol. 2018;29(6):1609–13.PubMedPubMedCentral

	35.
Darmon M, Bourmaud A, Reynaud M, Rouleau S, Meziani F, Boivin A, et al. Performance of Doppler-based resistive index and semi-quantitative renal perfusion in predicting persistent AKI: results of a prospective multicenter study. Intensive Care Med. 2018;44(11):1904–13.PubMed

	36.
Selby NM, Duranteau J. New imaging techniques in AKI. Curr Opin Crit Care. 2020;26(6):543–8.PubMed

	37.
Schneider AG, Molitoris BA. Real-time glomerular filtration rate: improving sensitivity, accuracy and prognostic value in acute kidney injury. Curr Opin Crit Care. 2020;26(6):549–55.PubMed

	38.
Kellum JA, Sileanu FE, Bihorac A, Hoste EA, Chawla LS. Recovery after acute kidney injury. Am J Respir Crit Care Med. 2017;195(6):784–91.PubMedPubMedCentral

	39.
Mehta RL, McDonald B, Gabbai FB, Pahl M, Pascual MT, Farkas A, et al. A randomized clinical trial of continuous versus intermittent dialysis for acute renal failure. Kidney Int. 2001;60(3):1154–63.PubMed

	40.
Schefold JC, von Haehling S, Pschowski R, Bender T, Berkmann C, Briegel S, et al. The effect of continuous versus intermittent renal replacement therapy on the outcome of critically ill patients with acute renal failure (CONVINT): a prospective randomized controlled trial. Crit Care. 2014;18(1):R11.PubMedPubMedCentral

	41.
Annigeri RA, Ostermann M, Tolwani A, Vazquez-Rangel A, Ponce D, Bagga A, et al. Renal support for acute kidney injury in the developing world. Kidney Int Rep. 2017;2(4):559–78.PubMedCentral

	42.
Tandukar S, Palevsky PM. Continuous renal replacement therapy: who, when, why, and how. Chest. 2019;155(3):626–38.PubMed

	43.
Cruz DN, Ricci Z, Bagshaw SM, Piccinni P, Gibney N, Ronco C. Renal replacement therapy in adult critically ill patients: when to begin and when to stop. Contrib Nephrol. 2010;165:263–73.PubMed

	44.
Hoff BM, Maker JH, Dager WE, Heintz BH. Antibiotic dosing for critically ill adult patients receiving intermittent hemodialysis, prolonged intermittent renal replacement therapy, and continuous renal replacement therapy: an update. Ann Pharmacother. 2020;54(1):43–55.PubMed

	45.
Scherer PF, Iizuka IJ, Ammirati AL, Doher MP, Matsui TN, Dos Santos BFC, et al. Intermittent hemodiafiltration as a down-step transition therapy in patients with acute kidney injury admitted to intensive care unit who initially underwent continuous venovenous hemodiafiltration. Int J Artif Organs. 2021;44(4):223–8.PubMed

	46.
Beaubien-Souligny W, Yang Y, Burns KEA, Friedrich JO, Meraz-Muñoz A, Clark EG, et al. Intra-dialytic hypotension following the transition from continuous to intermittent renal replacement therapy. Ann Intensive Care. 2021;11(1):96.PubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Anticipation of recovery of native renal function and liberation from renal replacement therapy in critically ill patients with severe acute kidney injury


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





