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Abstract
Background: Drug-associated acute kidney injury (D-AKI) ac-
counts for 19–26% of acute kidney injury (AKI) events in hos-
pitalized patients and results in outcomes similar to patientswith
AKI from other etiologies. Diagnosing D-AKI is complex and
various criteria have been used. Summary: To highlight the
variability in D-AKI determination, a review was conducted
between January 2017 and December 2022 using PubMed.
Search terms included adaptations of “drug associated kidney
injury” to identify a sampling of literature discussing definitions
and criteria for D-AKI evaluation. The search yielded 291 articles
that were uploaded to Rayyan, a software tool used to screen
and select studies. Retrospective, observational electronic health
record (EHR) studies conducted in hospitalized patients were
included. The final sample contained 16 studies for data ex-
traction, representingmostly adult populations (n=13, 81.3%) in
noncritical or unspecified inpatient settings (n = 12, 75%). Nine

studies (56.3%) utilized the recommended Kidney Disease:
Improving Global Outcome guidelines (KDIGO) criteria to define
AKI. Baseline creatinine or laboratory criteria for kidney function
were provided in 10 studies (62.5%). Eleven studies (68.8%)
established a temporal sequence assessment linking neph-
rotoxin drug exposure to an AKI event, but these criteria were
inconsistent among studies using time frames as soon as
3 months prior to AKI. Conclusion: This review highlights the
substantial variability in D-AKI criteria in select studies. Minimum
expectations about what should be reported and criteria for the
elements reported are needed to assure transparency, consis-
tency, and standardization of pharmacovigilance strategies.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Drug-associated acute kidney injury (D-AKI), a phe-
notype of acute kidney injury (AKI), accounts for 19–26%
of inpatient AKI events [1]. A study conducted across five
academic hospitals in the USA reported in-hospital
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mortality rates from nephrotoxic causes ranging from
18% to 50% [2]. A single-center AKI surveillance study
among children reported that 70% of the patients pre-
sented with residual kidney damage during a follow-up
visit that was 6 months after the AKI event associated
with high nephrotoxic medication exposure [3]. Patient
outcomes related to D-AKI are similar to outcomes for
patients with AKI due to other etiologies [2].

It is important to identify and manage D-AKI promptly
to avoid negative outcomes. Still, the diagnosis of D-AKI is a
complex process and various criteria have been used to
make this determination. The criteria are complicated
further when real-time assessments in clinical practice are
compared to retrospective evaluations using electronic
health record (EHR) data. The heterogeneity in D-AKI
assessment criteria creates confusion and inconsistency.
This can prevent proper identification and overlooking
drugs as a contributor or cause of an AKI event [1, 4].
Further, it creates challenges in pharmacovigilance.

D-AKI requires standardized definitions to facilitate
detection, consistency in interpretation, opportunities for
prevention, and ensuring pharmacovigilance surveillance
strategies. This review highlights the variability in D-AKI
criteria in a select representation of recent retrospective,
observational EHR studies conducted in hospitalized
patients.

Methods

A PubMed search was conducted between January 2017 and
December 2022 to identify a recent sampling of literature discussing
definitions and criteria forD-AKI using the following terms: “drug” or
“medication” or “nephrotoxin” mentioned in the title, and “associ-
ated” or “induced” and “acute kidney injury” or “acute kidney failure”
or “acute kidney disease” or “acute renal failure” or “acute renal
disease” or “acute renal injury” or “AKI” or “ARF” or “AKD”
mentioned in any aspect of the article (online suppl. Fig. 1; for all
online suppl. material, see https://doi.org/10.1159/000531916). Ad-
ditionally, the search included the following filters: full-text, humans,
and English. The PubMed search yielded 291 articles.

Rayyan, a software tool to facilitate screening and selecting
studies, was used. The 291 publications were uploaded to Rayyan
for title and abstract review. Inclusion criteria were observational
studies conducted in hospitalized patients. Case reports or series,
prospective studies, meta-analyses, reviews, letters, editorials, and
commentaries were excluded (n = 102). Furthermore, studies that
were not available as full-text (n = 4), irrelevant to the review (n =
125), and of an inappropriate study population (n = 19) were
excluded. Articles were evaluated by three reviewers (N.A., I.Z.,
C.S.). Two additional reviewers (B.S., S.L.K.-G.) were available to
resolve any discrepancies. Forty-one articles remained for full-text
review. Of these studies, there were further exclusions because 18
were not EHR studies, four did not define D-AKI and three de-
scribed illicit drug use, drug abuse, or unregulated substances as a

cause for D-AKI. The final sample contained 16 studies for data
extraction (online suppl. Fig. 2).

The following information was extracted from each article:
patient population and care setting, D-AKI definition used, if
D-AKI criteria were derived from AKI guidelines, utilization of
urine output criteria for AKI, management of missing serum
creatinine (SCr) data, definition of baseline SCr and related cri-
teria, temporal sequence conditions for D-AKI, assessment of
creatinine stability and other AKI causes including drugs prior to
an AKI event, plausibility of drug as a cause, utilization of a
causality tool, and evaluation of recovery.

Results

Of the 16 articles, the patient populations mainly
consisted of adults (n = 13, 81.3%) with the remaining
studies conducted in the pediatric population (n = 3,
18.8%). A majority were denoted as noncritical inpatient
or unspecified inpatient (n = 12, 75%), three (18.8%) were
completed in intensive care units, and one (6.3%) study
evaluated patients who transferred from the emergency
department to the ward.

Table 1 provides the exact definitions for D-AKI and
highlights the variability. Definitions differed between
articles with some lacking any temporal relation of
nephrotoxin exposure to AKI development and others
deviating from guidelines. For example, one study
mentions D-AKI development with nephrotoxin expo-
sure within the 3 months prior to AKI; whereas another
describes AKI development within 48 h prior to neph-
rotoxin exposure. Table 2 provides a detailed list of the
criteria applied for determining AKI and the criteria
applied for assessing causality. Nine studies (56.3%)
utilized Kidney Disease: Improving Global Outcome
guidelines (KDIGO) for AKI determination while the
others utilized Acute Kidney Injury Network (AKIN) (n =
3, 18.8%), Risk, Injury, Failure, Loss of kidney function,
and End-stage kidney disease (RIFLE) (n = 1, 6.3%), or
alternative criteria (n = 3, 18.8%). Only 10 studies (62.5%)
provided a baseline definition for SCr or other laboratory
result to describe kidney function before drug adminis-
tration. In cases of missing SCr values, only 10 studies
(62.5%) mentioned a method to account for this in the
data analysis (i.e., excluding subjects or adjusting for this
statistically post-data collection). A total of 11 studies
(68.8%) established a temporal sequence linking neph-
rotoxin drug exposure to an AKI event, but variation
among the studies existed. One (6.3%) study used an
adverse drug-event causality tool (i.e., Naranjo) for an
objective assessment of nephrotoxin association to an
AKI event.
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Discussion

There is lack of consistency in D-AKI definitions and
causality assessment criteria provided in retrospective
observational studies representing challenges in detec-
tion, assessment, understanding, and prevention. Even
studies that provided a definition for D-AKI were dis-
similar, indicating a lack of standardization. Drug-event
causality tools are recommended to aid in assessment and
provide reliability among evaluators and between studies
but were utilized in only one of the 16 selected articles.
Causality criterion most frequently assessed across the 16
studies was plausibility of the drug as a cause, temporal
sequence, and other causes. While this may appear fa-
vorable at first glance, it is highly discouraging that not
only did definitions vary, but baseline SCr definition,
temporal sequence consideration between AKI event and
drug, evaluation of other drug causes, and other nondrug
causes also lacked consistency between studies. This lack
of standardization explains why variability in incidence
and prevalence rates of D-AKI exists.

The three main criteria used to identify AKI are
KDIGO, RIFLE, and AKIN. Although all of these defi-
nitions have similarities, the more recent and preferred
definition is KDIGO [21]. Of the 16 articles evaluated,
only nine (56.3%) applied KDIGO and of those, not all
employed the full KDIGO definition or variations of the
definition were utilized. Additionally, the 10 studies
(62.5%) that provided a baseline definition for SCr or
other laboratory result to describe kidney function before
drug administration, a concept mentioned in the main-
stay guidelines, used time windows for determination of
baseline SCr ranging from within 30 days prior to drug
insult to 3 months after (i.e., 3 months after discontin-
uation of the RAS inhibitors were regarded as baseline
levels) [9, 14]. Establishing a baseline laboratory mea-
surement for comparison to fluctuations post-
nephrotoxin insult is essential to determining the pres-
ence of D-AKI.

Further discrepancies exist, with only 11 studies
(68.8%) establishing a temporal relation between the
nephrotoxin administration and AKI onset. Temporal
sequences were described as “after the first day of ex-
posure through 6 days after last day of drug combination
exposure” and “patients with AKI with a drug exposure
history within 3 months” [7, 13]. Assessing temporal
sequence is an essential gauge for causality because the
drug must be administered before the rise in functional or
damage biomarkers. Also, the drug should be adminis-
tered at least 24 h prior to the rise in SCr because it takes
at least that long for the increase to reflect the insult.

Temporal sequence is a minimum characteristic to
consider for causality.

There are several other items that should be reported
for transparency in causal determination. The manage-
ment of missing data such as SCr needs to be discussed as
with any study involving EHR data. Deliberating other
causes of AKI such as other drugs, diseases, or conditions,
including sepsis or surgery, are relevant causality criterion
and critical in D-AKI determination. Consideration to
the stability of the baseline SCr provides evidence of the
contribution of the drug to the change of functional
kidney status. When a drug is administered while the SCr
is rising, this suggests an association more than an in-
duced event. In contrast, if the drug is administered while
the SCr is stable then this enhances consideration of
causality. Baseline SCr stability prior to drug adminis-
tration was not discussed in any article we evaluated.
Knowing recovery status following a D-AKI event is
useful in understanding the impact but was only reported
in one study. All of these criteria are important to disclose
in D-AKI assessment.

This review focused on retrospective studies to provide
homogeneity in the evaluation because there are expec-
tations that real-time and retrospective studies may have
inherent variability in the assessment measures. We
limited our review to studies over the past 6 years for an
evaluation of contemporary approaches. The search
terms used could have been more thorough, but the goal
was to provide a sampling of the variability in the lit-
erature and not a comprehensive systematic review. A
further description of elements to report in studies
evaluating D-AKI is highlighted in online supplementary
Table 1.

Conclusion

The variability in the criteria for assessing D-AKI and
causality is substantial, creating challenges in pharma-
covigilance surveillance strategies. For purposes of
transparency and consistency, there should be a mini-
mum expectation about what should be reported and
criteria for the elements reported in retrospective ob-
servational EHR studies designed to evaluate D-AKI.
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