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ARTICLE INFO ABSTRACT
Purpose: There is wide variation in the practice of acute renal replacement therapy (RRT). Quality of care is sub-
Keywords: optimal, and substantial knowledge-to-care gaps need to be addressed. The quality of care for patients receiving

Acute kidney injury

; acute RRT has been recognized as a clinical and research priority. Quality indicators (QIs) can be implemented to
Continuous renal replacement therapy

measure the quality of care received by patients and further be used as targets for continuous quality improve-

Dose . . -

Intensity ment initiatives focused on the prescription, delivery, and monitoring of acute RRT care.

Outcome Methods: The 22nd ADQI meeting was held in San Diego, USA, from October 28th to 30th 2018. Prior to the meet-
Quality ing, a literature review was conducted, and 3 teleconferences were held to develop research questions and con-

sensus statements. These were presented at the meeting and refined before being approved by all ADQI
delegates.
Results: Four research questions and fifteen consensus statements were generated. These focused on monitoring
the quality of acute RRT along with the Donabedian quality measure domains of structure, process, and outcome.
Recommendations for clinical practice and a research agenda for each question were also proposed.
Conclusion: Currently, there remains few validated QIs for acute RRT. These need further evaluation, need bench-
marks established, and ultimately require implementation into clinical practice.

Crown Copyright © 2019 Published by Elsevier Inc. All rights reserved.

1. Introduction

There are few studies that have examined the quality of care pro-
vided to patients with acute kidney injury (AKI), specifically those re-
ceiving treatment with acute renal replacement therapy (RRT).
Selected studies suggest that the quality of care received by these
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patients is subject to wide practice variation and is suboptimal [1,2].
For instance, the landmark report by the National Confidential Enquiry
into Patient Outcome and Death (NCEPOD) identified that only 50% of
hospitalized patients dying with AKI received ‘good’ care, and fewer
than a third with hospital-acquired AKI received adequate care [3].
Hence, there are increasing efforts aimed at not only improving the gen-
eral care provided to patients with AKI but also developing new stan-
dards for high-quality care specific for AKI and acute RRT [4-7]. To this
end, several organizations including the ‘Acute Disease Quality Initia-
tive’ (ADQI) and ‘Kidney Disease: Improving Global Outcomes’
(KDIGO) have worked towards implementing evidence-informed clini-
cal practice guidelines and developing research priorities for acute RRT
care [8,9].
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Table 1
Previous identified quality indicators for CRRT.
Study Structure Process Outcomes
Systematic « Filter life + Adherence to protocol * Bleeding
Review * Blood « Catheter colonization » Complications
flow « Cather malfunction * CRBSIs
« Filter effi- + Delivered dose » Thrombocytopenia
cacy « Downtime = VTE events

* SCT Effluent volume
training ¢ Fluid management

Interruptions

Small solute clearance

Delphi Process ¢ Filter life  * Delivered dose « Adverse events
« SCT « Downtime * Bleeding
training ¢ Fluid management  Catheter dysfunc-
* Medication adjustment tion
 Time from prescription to + CLABSIs
therapy
« Therapy prescription

CLABSI - catheter line-associated bloodstream infection; CRBSI - catheter-related blood-
stream infection; SCT - specialized care team; VTE - venous thromboembolism.

Despite the abovementioned initiatives, there remains limited data
on quality indicators (QIs) for acute RRT. This has created numerous
challenges for understanding the relative quality and safety of acute
RRT along with the limited capacity to monitor, report, and benchmark
performance. One of the main challenges has been identifying evidence-
based QIs. QIs represent methods to measure, monitor, evaluate, and
communicate targeted areas of the healthcare system to assess whether
and how often it does what it is intended to do [7]. Qls have classically
been described using the Donabedian framework, assessing the struc-
ture (i.e., where healthcare is delivered), process (i.e., how healthcare
is delivered) and outcomes (i.e., the effects of healthcare delivery)
[10]. A recent systematic review identified 18 potential QIs for continu-
ous renal replacement therapy (CRRT) using the Donabedian domains
of structure, process, and outcomes [11]. A Delphi process further re-
fined these QIs to arrive at a prioritized list of 13 QIs that may be consid-
ered for inclusion into clinical practice and for development of a quality
dashboard for any CRRT program (Tables 1 and Table 2). [12] However,
these QIs are generally limited to CRRT and do not encompass the full
spectrum of acute RRT therapies that are used to treat AKI (Table 3).

An additional barrier to the delivery of consistently high-quality care
to patients with AKI treated with acute RRT is the variation in clinical

Table 2

Proposed quality dashboard for CRRT.
Quality Operational definition Proposed
Indicator Benchmark
Filter life Number of filters lasting 60 h/Total >60% filters

number of filters used

Delivered Dose (Actual delivered dose/24 h)/(Prescribed  >80% of dose
dose/24 h)
Fluid (UF removed/24 h)/(Prescribed UF/24 h)  >80% of ultrafiltrate
management
Small solute [sCr (d1) - sCr (d2)]/[sCr (d2)] No increases
clearance (i.e., change <0%)
Downtime Hours off CRRT/24 h < 10% of the time

Adverse events # of adverse events (i.e.,, machine alarms)/ 0 events
number of patients on CRRT

Catheter # of catheters, dysfunction-free/# of >80% of catheters
dysfunction  catheters with dysfunction
CLABSIs CLBSIs/# Catheter-line days 0 events/catheter

Quality Indicators that may be used as part of a CRRT Quality Dashboard. These include
process (light grey) and outcome (dark grey) indicators. Structure indicators would be
part of the framework of a CRRT program and may include a CRRT committee, defined
training program, standardized CRRT order sets, infrastructure to support and measure
these ongoing quality indicators and a process to ensure the proper functioning of CRRT
machines. CLABSI - catheter line-associated bloodstream infections; CRRT - continuous
renal replacement therapy.

practice for how acute RRT is prescribed, monitored, and delivered.
This practice variability may stem from several sources, including
variable services and operational models for providing RRT
(e.g., nephrology, intensive care, both), knowledge gaps in the evidence
base for acute RRT, and failure to adequately adopt best practices sup-
ported by high-quality evidence from clinical trials [7,13,14]. Indeed,
such variability can be a risk for the delivery of suboptimal quality of
care and/or less favorable outcomes [13,14]. We submit the integration
and routine measurement of acute RRT specific Qls are essential for im-
proved standardizations of practice, identification of knowledge-to-care
gaps, facilitating improved reliability of RRT delivery, and identifying
opportunities for continuous quality improvement (CQI). Our objective
was to put forward methodology for integrating potential QIs into clin-
ical practice and propose an agenda for research to evaluate and validate
these QIs.

2. Methods

The methodology of ADQI consensus meetings are well developed
and have undergone refinement in the last two decades [15]. The aim
of ADQI is to provide expert-based statements, supported by evidence
where applicable, and interpretation of current knowledge for use in
clinical care by healthcare professionals and decision-makers. These
healthcare professionals included physicians (i.e., nephrologists and
intensivists), nurses and nurse educators, as well as allied health profes-
sionals (i.e., pharmacists). In addition, ADQI aims to identify evidence
and knowledge-to-care gaps to establish future research priorities. The
22nd ADQI consensus meeting convened a diverse panel of experts
representing the disciplines of nephrology, critical care, nursing, phar-
macology, epidemiology, and biostatistics and medical informatics
around the theme of “Improving Care for Patients with AKI” for a 3-
day meeting in San Diego, USA (October 28-30, 2018) [8,16].

The ADQI methodology begins with a pre-conference comprehen-
sive literature search and appraisal of scientific evidence to identify
key themes. The core theme for this workgroup centered on “quality
measures in acute RRT.” The workgroup summarized areas where
there is consensus supported by evidence, consensus but limited or no
evidence and existing knowledge gaps where consensus was uncertain.
The workgroup identified four core themes to generate questions for
presentation to the ADQI delegates during the meeting. The workgroup
iteratively developed and refined consensus statements in response to
each core question. Core questions and statements were presented dur-
ing five successive plenary sessions involving all ADQI delegates for de-
bate, discussion, suggested revisions, and final consensus. Following the
conference, this summary review of the process and final content was
generated, reviewed, and approved by all (Table 3).

Question 1. How should the quality of acute RRT be monitored, evalu-
ated, and reported?

3. Consensus statements

1. Quality indicators for intermittent RRT (IRRT), including intermittent
hemodialysis (IHD) and prolonged intermittent RRT (PIRRT), perito-
neal dialysis (PD) and continuous renal replacement therapy (CRRT)
should be implemented in routine clinical practice for acute IRRT de-
livered both in intensive care unit (ICU) and hospital ward settings.

2. Acute RRT programs should integrate structure, process, and out-
come quality indicators for each therapeutic modality, both in ICU
and the hospital ward settings.

3.1. Rationale

Quality of acute RRT should be monitored to ensure the effective and
safe delivery of care. QIs need to encompass all aspects of acute RRT,
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Table 3
Summary of core questions focused on “quality measures in acute RRT.”

Core Questions for “Quality Measures in Acute RRT”

1 How should the quality of acute renal replacement therapy be monitored,
evaluated, and reported?

2 What are the minimum structure indicators that should be implemented for
the provision of acute RRT?

3 What are the minimum process indicators that should be implemented for the
provision of acute RRT?

4 What are the minimum outcome indicators that should be implemented for
the provision of acute RRT?

RRT - renal replacement therapy.

including patients transitioning from differing areas of the intensity of
care while still receiving RRT. In order to ensure their broad uptake,
quality of care and QIs must be incorporated into educational and train-
ing programs. These programs should target not only frontline
healthcare professionals involved in the prescription and delivery of
acute RRT (i.e., physicians and nurses) but also inter-professional allied
health personnel involved in the care of patients undergoing acute RRT
(i.e., pharmacists, dieticians, physiotherapists, and occupational thera-
pists). They should target multi-level learners on the importance of
QIs, quality improvement methodology, and rationale for iterative eval-
uation and benchmarking.

Providing appropriate and adequate education is a vital step to iden-
tify and address potential barriers to implementation of QIs. Barriers
may include the cost of QI implementation, heterogeneous definitions,
and lack of robustly determined QI benchmarks, as well as organiza-
tional and technological limitations for the implementation of these
QIs. Industry, medical leaders, and policy-makers will need to ideally
partner as stakeholders in order to integrate QIs. QIs will need to be de-
fined with future studies done to determine robust and achievable
benchmark targets. These QlIs should not be linked to program accredita-
tion and remuneration until evidence-based benchmarks are rigorously
defined and endorsed by the National Quality Forum and leading critical
care nephrology quality-focused organizations (i.e., KDIGO) [9,17,18].

3.2. Recommendations for clinical practice

All institutions that provide acute RRT should adopt and implement
a quality framework around acute RRT services. At a minimum, this
should include the integration, monitoring, and reporting of structure,
process, and outcome indicators across all forms of acute RRT therapies
(Fig. 1). These should be adapted as necessary to the clinical setting for
acute RRT delivery (i.e., ICU or ward).

3.3. Recommendations for research

* Future work should evaluate target benchmarks for each QI that can
inform about patient-specific and aggregate institutional quality of
care.

* Future resources should be directed towards developing and refining a
multi-center acute RRT registry to further develop, validate, and refine
QIs that identify target benchmarks for clinical practice guidelines. [19]

Question 2. What are the minimum structure QIs that should be imple-
mented for the provision of acute RRT?

3.4. Consensus statements

1. Structure quality indicators should specifically target clinician capac-
ity and expertise for providing acute RRT services (i.e., intensivist
and/or nephrologist or alternative trained clinicians).

2. Structure quality indicators should specifically target nursing capac-
ity and expertise for delivering acute RRT services (i.e., ICU, nephrol-
ogy nurses, or alternatively trained clinicians).
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Fig. 1. Depicted above are 13 evidence-based CRRT quality indicators from a recent Delphi-
process which prioritized these quality indicators as stratified by the Donabedian domains
of structure, process and outcome. CLABSI - catheter line-associated bloodstream
infection; SCT - specialized care team. Source: Acute Disease Quality Initiative XXII;
www.adgqi.org. Used with permission.

3. Structure quality indicators should specifically target the availability
of multidisciplinary professionals (i.e., pharmacy; dietary; rehabilita-
tion; biomedical engineering; clinical nurse educators) who concom-
itantly support acute RRT programs.

4. Structure quality indicators should identify a responsible team to im-
plement and report quality indicators for acute RRT services, includ-
ing the capture and monitoring of quality indicator data and
developing/implementing a quality assurance process.

5. Structure quality indicators should establish local operational stan-
dards, including policies, procedures, and protocols for acute RRT
services.

6. Structure quality indicators should determine the availability of tech-
nology (i.e., RRT machines, catheters, etc.) and leverage electronic
health record (EHR) capability to capture selected quality indicators,
if applicable.

3.5. Rationale

Structure indicators should focus on ensuring that all necessary re-
sources, including personnel, technology, and infrastructure, are avail-
able. In addition, standardized operational parameters, suited to the
institutional or regional context, should be established. A key structure
QI should focus on the identification of an individual or a multidisciplin-
ary team that will be responsible for the quality framework for acute
RRT services in a given institution or region [20]. Such persons or mem-
bers of the team should have expertise in health care quality and safety,
and be accountable for the implementation, monitoring, and reporting
of the QIs. When available, utilization of the EHR and bedside clinical in-
formation can provide an opportunity for automated capture, calcula-
tion, and reporting of a wide variety of process Qls. These QIs can be
integrated into clinical and/or administrative databases (i.e., data repos-
itories or registries) or to a specific acute RRT quality registry to develop
new QIs, or further refine existing ones. Such repositories can be lever-
aged to establish benchmark targets for both experienced acute RRT in-
stitutions and those establishing new acute RRT programs.
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3.6. Recommendations for clinical practice

Institutions that provide acute RRT should establish standards for
structural QIs that incorporate evaluation of resource availability and
the infrastructure for providing RRT. At a minimum, this should include:

1. Incorporation of a team, comprised of expert clinicians, nurses and
allied professionals, that are responsible for the monitoring and
reporting of QI data, as well as the creation and implementation of
QI processes for each acute RRT modality offered.

2. Establishment of operational standards, including policies, proce-
dures, and protocols for each acute RRT modality offered.

3. Evaluation of the equipment and supplies utilized (i.e., RRT ma-
chines, catheters, etc.) to ensure optimal use and maintenance.

3.7. Recommendations for research

Future work should rigorously evaluate specific structure QIs and cor-
relate these with the process of care and outcome QIs for acute RRT.
Future work should rigorously evaluate target benchmarks for each QI
that can inform about the patient-specific and institutional quality of
care.

Future resources should be directed towards developing a multi-center
acute RRT registry to further develop, validate, and refine QIs for imple-
mentation into routine practice and informing on ideal target bench-
marks for integration into updated clinical practice guidelines [21].

Question 3. What are the minimum process indicators that should be
implemented for the provision of acute RRT?

3.8. Consensus statements

1. Process quality indicators should incorporate methodology that stan-
dardizes procedures and protocols, allowing for greater consistency
in care and safety.

2. Process quality indicators should specifically target RRT efficiency
parameters including dose delivered vs. prescribed, metabolic con-
trol, and volume control.

3. Additional process quality indicators should target individual deter-
minants of RRT efficiency including time between RRT decision and
initiation (including time to catheter placement/replacement), pro-
tocol adherence, and treatment downtime (e.g., time off the machine
and other delays).

4. Process quality indicators specific to each modality are required.
CRRT should include filter lifespan, whereas IRRT should include
treatment sessions requiring >1 filter (i.e., unplanned filter change).

3.9. Rationale

Process QIs focus on ensuring the delivery of consistent, high-quality
RRT care. An important process indicator is the degree of standardization
of procedures and methodology. Standardization, facilitated through the
development of protocols, and adherence to such procedures/protocols,
improves consistency in care, safety, and communication, and thus pro-
vides the basis for quality evaluation of any acute RRT program.

Process QIs for RRT should evaluate the performance of the RRT
treatment itself, as well as achievement of the goals of acute RRT
(i.e., control of azotemia, acid-base and electrolyte derangement, and
fluid overload). Randomized trials have shown that augmented CRRT
dose is not associated with improved patient outcomes. Based on both
the Acute Renal Failure Trial Network (ATN) study and the Randomized
Evaluation of Normal versus Augmented Level Replacement Therapy
Study (RENAL) an effluent rate of at least 20-25 mL/kg/h should be pre-
scribed for CRRT as long as careful attention is given to ensure that the

target dose of therapy is actually delivered [22,23]. For IRRT, treatments
three times a week are sufficient for solute clearance as long as a target
Kt/Vurea >1.2 per treatment is achieved. As a result, process QIs should
at a minimum focus on measuring and achieving these evidence-based
standards for RRT dose. If target dosing is not achieved, then additional
process QIs should be developed to evaluate for potential causes con-
tributing to the inadequate delivery of RRT dose or inability to meet clin-
ical goals. Fluid management, as measured by volume removal should
be considered in a similar fashion as dose; the patient is evaluated,
and subsequent fluid management is prescribed, targets are deter-
mined, and these goals should be monitored to assess the performance
of delivered RRT. For CRRT, unplanned loss of the circuit contributes to
lower average delivered effluent dose and ultrafiltration, potential
blood loss, increased nursing workload, and increased costs. Although
no agreement on specific targets exists, achieving institutional targets
for circuit life is a key QI to assess in patients receiving CRRT. Other pro-
cess QIs for consideration should focus on aspects of anticoagulation, di-
alysis access, fluid management, and appropriate drug dosing.

3.10. Recommendations for clinical practice

Institutions providing acute RRT should incorporate standardized
clinical protocols for each RRT modality in order to deliver consistent
and safe care. Key measures of RRT adequacy should be routinely mea-
sured and reported. These include delivered dose of RRT, and determin-
ing whether metabolic and volume targets are being met. The
implementation of quality improvement methodologies should be con-
ducted when there are significant deviations in a QI (Fig. 2). These quality
processes will be directed by root cause analyses, which identify gaps in
the delivery of care, and an analysis of the patterns of these gaps (Fig. 3).

3.11. Recommendations for research

« Future studies should further evaluate specific process QIs and corre-
late these with outcome indicators for acute RRT.

* Future studies should evaluate target benchmarks for each QI that can
inform about patient-specific and aggregate institutional perfor-
mance.

* Future resources should be directed towards developing a multi-
center acute RRT registry to further develop, validate, and refine QIs
for implementation into routine practice and informing on ideal target
benchmarks for integration into updated clinical practice guidelines.

Question 4. What are the minimum outcome indicators that should be
implemented for the provision of acute RRT?

3.12. Consensus statements

1. Outcome quality indicators should target patient-centered outcomes
such as survival, duration of RRT, and recovery of kidney function/
discontinuation of RRT.

2. Outcome quality indicators should incorporate adverse events re-
lated to acute RRT.

3. Outcome quality indicators should consider integrating AKI survivor-
related outcomes, including changes in baseline kidney function, re-
hospitalization rates due to kidney-related complications within 30-
days after discharge and patient experience-related outcomes such
as patient satisfaction and health-related quality of life.

3.13. Rationale

The ultimate goal of quality processes is to improve patient out-
comes. This should not be limited to patient survival, but rather com-
prise a variety of metrics that incorporate patient survival, patient-
centered acute RRT outcomes, safety, AKI survivor-reported outcomes,
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Fig. 2. Depicted above are potential findings from monitoring the performance in CRRT. In the top figure, there is a small percentage of causes that fall outside of the expected deviations
from the mean. In this case, we evaluate these outliers. However, in the figure below, the incidence of deviation from the mean in higher. Hence a review of the unit policy is required to
ensure decreased practice and performance variability. SD - standard deviation. Source: Acute Disease Quality Initiative XXII; www.adqi.org. Used with permission.

and patient experience. Patient-centered acute RRT outcomes include
the duration of RRT and rate or renal recovery. Outcome QIs should en-
compass measures of each one of these parameters and assess them
regularly. This not only allows every center to compare their
institution's actual vs. expected QI outcomes (for each of the aforemen-
tioned parameters) but also track their trends over time so that the ef-
ficacy of their quality processes can be determined.

While no single intervention (e.g., therapy modality, medication,
etc.) has been demonstrated to improve mortality in patients with
AKI, trends in mortality have temporally decreased over time. [24] A
possible explanation may be due to overall better supportive care and
improved safety by decreasing adverse events. Common potentially
avoidable complications can be classified into; i) those that contribute
to unplanned blood transfusions, ii) catheter-related, iii) metabolic,
and iv) episodes of iatrogenic hemodynamic instability and hypoten-
sion. Because avoidable complications are well-established contributors
to morbidity and mortality, as well as long-term morbidity of survivors,
it is imperative that these iatrogenic adverse events be monitored, and a
root-cause analysis conducted (Fig. 3) [25].

It is recognized that AKI survivors incur increased risk for long-term
complications, including impairment in long-term health-related qual-
ity of life [26]. Thus, factors that impact the long-term health of these
patients constitute important metrics to monitor. The most widely rec-
ognized are incident or worsened CKD and end-stage kidney disease,
which are associated with an increased rate of cardiovascular events
and death. While other factors may also contribute to impaired quality
of life, the ongoing dependence on RRT following discharge is certainly
a leading factor. But even lesser decreases in kidney function may con-
tribute to impaired fluid homeostasis and accumulation and greater
risk of rehospitalization, particularly in patients who were discharged
while still overloaded [27]. Thus, evaluating factors that may influence
kidney recovery and its related complications (e.g., severity and dura-
tion of AKI and the controversial IRRT vs. CRRT). It is important to note
that while short-term morbidity after severe AKl is significant, many pa-
tients still experience reductions in their quality of lives after 5 years,

»
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submitting that long-term changes in quality of life may be an impor-
tant patient-centered outcome to be considered [28].

Patient-centered endpoints can be proposed as outcome QIs,
though it may be challenging to establish benchmark targets. They
are influenced by multiple factors including patient variability, sever-
ity of illness, and differences in concomitant care, many of which
cannot be identified or their impact quantified. They can be used
for internal benchmarking, and with careful case-mix adjustment ac-
counting for the aforementioned factors, can be used to benchmark
performance between institutions. This may be especially true for
large quality improvement or patient registries such as the CRRT net-
work [19].

3.14. Recommendations for clinical practice

Institutions and programs providing acute RRT should integrate,
monitor, and report outcome QIs for acute RRT. The monitoring of
adverse events is vital to ensure that acute RRT is being delivered
in a safe and high-quality manner. Furthermore, long-term patient-
centered outcomes must be considered to ensure that acute RRT is
being initiated and administered in a fashion aligned with important
patient values. Programs should set target benchmarks for each QI
that are context-specific and customized to the individual institution.
When there is significant deviation in outcome QIs, a root-cause
analysis should be conducted to determine and address these
deficiencies.

3.15. Recommendations for research

 Future work should further evaluate the association of specific out-
come indicators and health system value (i.e., outcome achieved rela-
tive to health care costs) for patients, institutions, and health systems.

 Future work should evaluate target benchmarks for each QI that can
inform about the patient-specific quality of care and aggregate institu-
tional quality of care.

¢ |dentify ¢ Implement
effective and track
solutions solutions
G J ¢ J

Fig. 3. This is a 4-stage analysis that facilitates the creation of a common reality, using input from all stakeholders to produce an evidence-based understanding of the problem and ensures
that the solutions address proven causes to prevent recurrences. Source: Acute Disease Quality Initiative XXII; www.adqi.org. Used with permission.
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* Future resources should be directed towards developing a multi-
center acute RRT registry to further develop, validate, and refine qual-
ity measures for implementation into routine practice and informing
on ideal target benchmarks for integration into updated clinical prac-
tice guidelines.

3.16. Strengths/limitations

While this consensus process has strengths, such as the inclusion
of diverse inter-professional membership and the development of
evidence-informed consensus statements to guide clinical practice
and future research on quality in acute RRT; there are also limitations
that warrant consideration. For example, members of the work group
were generally representative of high-income countries and academic
centers, as such, consensus statements may not reflect the nuanced
challenges of providing acute RRT in lower resource and/or non-
academic settings. However, we aimed to present a broad range of
generalizable QIs that could be implemented across a spectrum of
healthcare settings. In addition, we recognize that most available ev-
idence for QIs in acute RRT stems from literature focused on CRRT
[29]. Finally, we have proposed initial targets for benchmarks from
our list of QIs that may be integrated into a CRRT Quality Dashboard
(Table 3). However, as evidence evolves on quality in acute RRT and
as selected indicators may be implemented into local acute RRT pro-
grams, we submit these targets should be iteratively revisited and re-
vised accordingly.

4. Conclusions

Quality measures for acute RRT should be implemented and evalu-
ated in the routine clinical application of acute RRT. Acute RRT care
should be monitored, reported, and benchmarked. Future steps require
identification, development, and validation of QIs across the domains of
structure, process, and outcomes.

Acknowledgments

SMB is supported by a Canada Research Chair in Critical Care
Nephrology. LA] is supported in part by grants from NIDDK and
NIGMS.

We also acknowledge the members of ADQI XXII. They include:
Kianoush Kashani, Mitchell Howard Rosner, Michael Haase, Andrew
J.P. Lewington, Donal J. 0O'Donoghue, F. Perry Wilson, Mitra K. Nadim,
Samuel A. Silver, Alexander Zarbock, Malies Ostermann, Ravindra L.
Mehta, Sandra L. Kane-Gill, Xiaogiang Ding, Peter Pickkers, Azra Bihorac,
Edward D. Siew, Erin F. Barreto, Etienne Macedo, John A. Kelloum, Paul
M. Palevsky, Ashita Jiwat Tolwani, Claudio Ronco, Luis A. Juncos, Oleksa
G. Rewa, Sean M. Bagshaw, Theresa Ann Mottes, Jay L. Koyner, Kathleen
D. Liy, Lui G. Forni, Michael Heung, Vin-Cent Wu.

Conflicts of interests

OGR, SMB, TAM, LA], and AT have consulted and received honoraria
from Baxter Healthcare Corp.

TAM has consulted and received honoraria from Medtronic.

MH has received honoraria fees from Abbott, Alere, Astute, Baxter,
Novartis, Roche, and Siemens.

The ADQI consensus meeting received unrestricted grants from Bax-
ter International Inc., La Jolla Pharmaceutical Company, Astute Medical
Inc., MediBeacon Inc., AM-Pharma B.V., and AbbVie Inc. Corporate spon-
sors were allowed to attend all meeting sessions as observers but were
not allowed to participate in the consensus process. Corporate sponsors
had no input into the preparation of final recommendations or this
manuscript.

References

[1] Hayes W. Stop adding insult to injury-identifying and managing risk factors for the
progression of acute kidney injury in children. Pediatr Nephrol 2017;32(12):
2235-43.

[2] Askenazi DJ, Heung M, Connor Jr MJ, Basu RK, Cerda J, Doi K, et al. Optimal role of the
nephrologist in the intensive care unit. Blood Purif 2017;43(1-3):68-77.

[3] National Confidential Enquiry into Patient Outcome and Death. Adding insult to in-
jury. http://www.ncepod.org.uk/2009aki.html; 2009, Accessed date: 10 November
2018.

[4] Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute Dialysis quality initiative
w: acute renal failure - definition, outcome measures, animal models, fluid therapy
and information technology needs: the second international consensus conference
of the Acute Dialysis quality initiative (ADQI) group. Crit Care 2004;8(4):R204-12.

[5] Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute kid-
ney injury N: acute kidney injury Network: report of an initiative to improve out-
comes in acute kidney injury. Crit Care 2007;11(2):R31.

[6] Ronco C, Bellomo R, Ricci Z. Continuous renal replacement therapy in critically ill pa-
tients. Nephrol Dial Transplant Offi Publ Eur Dial Transp Assoc Eur Ren Assoc 2001;
16(Suppl. 5):67-72.

[7] Rewa O, Mottes T, Bagshaw SM. Quality measures for acute kidney injury and con-
tinuous renal replacement therapy. Curr Opin Crit Care 2015;21(6):490-9.

[8] Kellum JA, Mehta RL, Angus DC, Palevsky P, Ronco C, Workgroup A. The first interna-
tional consensus conference on continuous renal replacement therapy. Kidney Int
2002;62(5):1855-63.

[9] Kellum JA, Lameire N. Diagnosis, evaluation, and management of acute kidney in-
jury: a KDIGO summary (part 1). Crit Care 2013;17(1):204.

[10] Donabedian A. Evaluating the quality of medical care. Milbank Q 2005 1966;83(4):
691-729.

[11] Rewa OG, Villeneuve PM, Lachance P, Eurich DT, Stelfox HT, Gibney RTN, et al. Qual-
ity indicators of continuous renal replacement therapy (CRRT) care in critically ill
patients: a systematic review. Intensive Care Med 2017;43(6):750-63.

[12] Rewa OG, Eurich DT, Noel Gibney RT, Bagshaw SM. A modified Delphi process to
identify, rank and prioritize quality indicators for continuous renal replacement
therapy (CRRT) care in critically ill patients. J Crit Care 2018;47:145-52.

[13] Tolwani A. Continuous renal-replacement therapy for acute kidney injury. N Engl ]
Med 2012;367(26):2505-14.

[14] Uchino S, Fealy N, Baldwin I, Morimatsu H, Bellomo R. Continuous is not continuous:
the incidence and impact of circuit "down-time" on uraemic control during contin-
uous veno-venous haemofiltration. Intensive Care Med 2003;29(4):575-8.

[15] Ronco C, Kellum JA, Bellomo R, Mehta RL. Acute Dialysis quality initiative (ADQI).
Contrib Nephrol 2013;182:1-4.

[16] Kashani K, Rosner MH, Haase M, Lewington AJP, O'Donoghue DJ, Wilson FP, et al.
Quality improvement goals for Acute kidney injury. Clin ] Am Soc Nephrol 2019
Jun 7;14(6):941-53. https://doi.org/10.2215/CJN.01250119 (Epub 2019 May 17).

[17] Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute kid-
ney injury Network: report of an initiative to improve outcomes in acute kidney in-
jury. Crit Care 2007;11(2):R31.

[18] 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 ini-
tiative (ADQI) 16 Workgroup. Nat Rev Nephrol 2017;13(4):241-57.

[19] Heung M, Bagshaw SM, House AA, Juncos LA, Piazza R, Goldstein SL. CRRTnet: a pro-
spective, multi-national, observational study of continuous renal replacement ther-
apy practices. BMC Nephrol 2017;18(1):222.

[20] Lane D, Ferri M, Lemaire J, McLaughlin K, Stelfox HT. A systematic review of
evidence-informed practices for patient care rounds in the ICU*. Crit Care Med
2013;41(8):2015-29.

[21] Group. AKIW: kidney disease: improving global outcomes (KDIGO) clinical practice
guideline for acute kidney injury. Kidney Int 2012;Suppl(2):1-138.

[22] Acute Renal Failure Trial Network VA/NIH, Palevsky PM, Zhang JH, O'Connor TZ,
Chertow GM, Crowley ST, et al. Intensity of renal support in critically ill patients
with acute kidney injury. N Engl ] Med 2008;359(1):7-20.

[23] Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lo S, et al. Intensity of continuous
renal-replacement therapy in critically ill patients. N Engl ] Med 2009;361(17):
1627-38.

[24] Silver SA, Harel Z, McArthur E, Nash DM, Acedillo R, Kitchlu A, et al. Causes of death
after a hospitalization with AKI. ] Am Soc Nephrol 2018;29(3):1001-10.

[25] Liborio AB, Leite TT, Neves FM, Teles F, Bezerra CT. AKI complications in critically ill
patients: association with mortality rates and RRT. Clin ] Am Soc Nephrol 2015;10
(1):21-8.

[26] Villeneuve PM, Clark EG, Sikora L, Sood MM, Bagshaw SM. Health-related quality-of-
life among survivors of acute kidney injury in the intensive care unit: a systematic
review. Intensive Care Med 2016;42(2):137-46.

[27] Prescott HC, Langa KM, Iwashyna TJ. Readmission diagnoses after hospitalization for
severe sepsis and other acute medical conditions. Jama 2015;313(10):1055-7.

[28] Faulhaber-Walter R, Scholz S, Haller H, Kielstein JT, Hafer C. Health status, renal
function, and quality of life after multiorgan failure and acute kidney injury requir-
ing renal replacement therapy. Int ] Nephrol Renov Dis 2016 May 23;9:119-28.
https://doi.org/10.2147/]JNRD.S89128. eCollection 2016.

[29] Hoste EA, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN, et al. Epidemiology
of acute kidney injury in critically ill patients: the multinational AKI-EPI study. Inten-
sive Care Med 2015;41(8):1411-23.


http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0005
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0005
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0005
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0010
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0010
http://www.ncepod.org.uk/2009aki.html
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0020
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0020
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0020
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0020
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0025
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0025
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0025
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0030
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0030
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0030
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0035
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0035
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0040
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0040
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0040
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0045
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0045
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0050
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0050
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0055
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0055
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0055
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0060
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0060
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0060
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0065
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0065
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0070
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0070
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0070
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0075
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0075
https://doi.org/10.2215/CJN.01250119
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0085
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0085
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0085
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0090
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0090
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0090
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0095
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0095
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0095
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0100
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0100
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0100
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0105
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0105
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0110
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0110
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0110
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0115
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0115
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0115
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0120
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0120
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0125
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0125
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0125
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0130
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0130
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0130
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0135
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0135
https://doi.org/10.2147/IJNRD.S89128. eCollection 2016
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0145
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0145
http://refhub.elsevier.com/S0883-9441(19)30514-3/rf0145

	Quality of care and safety measures of acute renal replacement therapy: Workgroup statements from the 22nd acute disease qu...
	1. Introduction
	2. Methods
	3. Consensus statements
	3.1. Rationale
	3.2. Recommendations for clinical practice
	3.3. Recommendations for research
	3.4. Consensus statements
	3.5. Rationale
	3.6. Recommendations for clinical practice
	3.7. Recommendations for research
	3.8. Consensus statements
	3.9. Rationale
	3.10. Recommendations for clinical practice
	3.11. Recommendations for research
	3.12. Consensus statements
	3.13. Rationale
	3.14. Recommendations for clinical practice
	3.15. Recommendations for research
	3.16. Strengths/limitations

	4. Conclusions
	Acknowledgments
	Conflicts of interests
	References


