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Abstract

Background Urinary C-C motif chemokine ligand 14 (CCL14) has been described as an effective marker for delayed
recovery of acute kidney injury (AKI), yet its efficacy has been found to vary between different trials. The goal of this
research was to assess the predictive performance of urinary CCL14 as a marker for persistent AKI.

Methods In accordance with the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, we searched the PubMed, Embase, and Cochrane databases up to April 2023 for studies of adults

(> 18 years) that reported the diagnostic performance of urinary CCL14. The sensitivity, specificity, number of events,
true positive, and false positive results were extracted and evaluated. Hierarchical summary receiver operating char-
acteristic curves (HSROCs) were used to summarize the pooled test performance, and the Grading of Recommenda-
tions, Assessment, Development and Evaluations criteria were used to appraise the quality of evidence.

Results We included six studies with 952 patients in this meta-analysis. The occurrence of persistent AKI among these
patients was 39.6% (377/952). The pooled sensitivity and specificity results of urinary CCL14 in predicting persistent
AKl'were 0.81 (95% C1 0.72-0.87) and 0.71 (95% Cl 0.53-0.84), respectively. The pooled positive likelihood ratio (LR)
was 2.75 (95% Cl 1.63-4.66), and the negative LR was 0.27 (95% Cl 0.18-0.41). The HSROC with pooled diagnostic
accuracy was 0.84.

Conclusion Our results suggest that urinary CCL14 can be used as an effective marker for predicting persistent AKI.
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Background

Acute kidney injury (AKI) is a condition that occurs in
40% to 70% of critically ill patients, and that is associated
with worse outcomes such as increased length of stay
and costs, morbidity and mortality [1, 2]. Persistent AKI,
defined as AKI with a duration of 48 h or longer, is asso-
ciated with worse outcomes compared to AKI with rapid
reversal [3]. The persistence of AKI is a matter of great
importance, as it significantly increases a patient’s risk
of developing a variety of associated complications such
as cardiovascular disease, hypertension, chronic kidney
disease (CKD), end-stage renal disease (ESRD), and mor-
tality [4—7]. Early identification of persistent AKI may
facilitate timely interventions and so improve outcomes
[8-11].

Urinary C-C motif chemokine ligand 14 (CCL14),
also known as human CC chemokines-1 (HCC-1), has
been identified as a potential biomarker for AKI and
may provide new insights into the pathophysiology of
AKI [12-14]. CCL14 is a small cytokine belonging to
the chemokine family [15, 16]. It is primarily produced
by macrophages and monocytes and is thought to play
an important role in recruiting immune cells to sites of
injury or infection and in regulating inflammation in var-
ious organ systems, including the kidney [13]. The RUBY
study and subsequent studies demonstrated that CCL14
levels were significantly elevated in the urine of patients
with AKI and elevated urinary CCL14 levels were associ-
ated with persistent AKI [17-20].

Since these studies included a limited number of
patients, a meta-analysis was conducted to evaluate the
diagnostic value of urinary CCL14 in predicting persis-
tent AKL

Methods

Data sources and search strategy

The primary outcome was persistent AKI. We performed
electronic searches on PubMed, Medline and Embase
from inception to April 12, 2023. The search strategies are
listed in Fig. 1. We collected information regarding the
clinical setting, timing of urinary CCL14 measurement,
definition of persistent AKI, patient number, and the
number of participating centers (Table 1). We reviewed
references by evaluating their titles and abstracts, and
selected studies that were relevant for further analy-
sis. We manually checked the reference lists of relevant
studies, systematic reviews, and meta-analyses to find
any additional publications that could be useful for our
analysis. We evaluated both the abstracts and full papers
for their quality and included them in our synthesis of
data. We also contacted the authors of the abstracts we
selected for further details. This systematic review and
meta-analysis was carried out following the guidelines
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outlined in the Preferred Reporting Items of Systematic
Reviews and Meta-Analyses (PRISMA) statement, and
utilizing the Cochrane methodology. We prospectively
submitted the systematic review protocol for registration
on PROSPERO [No. CRD42023399055].

Inclusion and exclusion criteria

We included studies in our analysis that met the follow-
ing criteria: (1) studies that enrolled participants who
were 18 years or older, (2) studies which reported the use
of urinary CCL14 for the detection of AKI, (3) studies
that evaluated the incidence of persistent AKI, as defined
by the study investigators, (4) provision of comprehen-
sive information, including sample size, sensitivity, and
specificity at a designated cutoff value, thereby facili-
tating the pooling of data for accuracy analysis, and (5)
in cases where multiple studies were available from the
same database and reported on similar or overlapping
patient populations, we selected the most recent publica-
tion for analysis.

We excluded studies that met any of the following crite-
ria: letters, conference reports, or case reports. By adopt-
ing this selection approach, our aim was to maximize the
accuracy and representativeness and avoid potential data
duplication in our meta-analysis by incorporating the lat-
est available evidence from the chosen database.

Study selection and data extraction

Two independent reviewers (YTC and HCP) assessed
searched articles, including title, abstract, and full text to
determine the eligibility. Divergences were resolved by
discussion with a third investigator (VCW). All relevant
data were independently extracted from the included
studies by two reviewers (YTC and HCP). The data that
were extracted included information about the study
(such as first author, year of publication, study design,
study population, genre of biomarkers and timing of
measurements, main study outcome and events) and
the patients’ baseline data (such as the mean age, gender,
underlying diseases, and the severity of illness).

Quality assessment

The Quality Assessment of Diagnostic Accuracy Stud-
ies-2 (QUADAS-2) tool was used to assess the quality
of each included study [21]. The following four domains
were assessed: patient selection, index test, reference
standard, and flow and timing.

The criteria for rating study quality were as follows:
high-risk study (2 or more items rated as high risk of
bias); low-risk study (5 or more items rated as low risk
and no more than one as high risk); moderate-risk study
(all remaining situations) [22, 23].



Chen et al. Critical Care

(2023) 27:318

Identification of studies via databases and registers

Identification

Screening

Eligibility

Records identified from

Database searching (n = 32)

Records removed before
screening:

Duplicate (n = 13)

Records screened (n=19)

Records excluded:
Animals (n = 5)
Review (n=1)
Editorial, letters and conference

(n=1)

Screen with title and abstract

(n=12)

Full text articles excluded:
Basic studies (n=2)
Not relevant studies (n = 2)
Duplication of study cohort
(n=1)
Lacking of target outcome

(n=1)

\

Included

J

Studies included in qualitative
synthesis (n = 6)
Studies included in quantitative

synthesis (n = 6)

Fig. 1 Flowchart of study selection for meta-analysis
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Table 1 Characteristics of included studies
No Study Population Timing Definition Definition of Total Patient Distribution Persistent Multi/single
setting of CCL14 of persistent  AKI of AKI AKl, % center
measurement AKI severity
among all
included
patients, %
1 Massoth et al.  Cardiac sur- Atenrollment  AKl stage KDIGO SCr 100 Stage 2: 83 37 (37.0%) Single center
[25] gery patients 3>72h and UO (83.0%)
with AKI stage criteria Stage 3:17
20r3 (17.0%)
2 Koyneretal.  Critically Atenrollment  AKl stage KDIGO 335 No AKI: 18 110 (32.8%) Multi-nation
[24] ill patients 3>72h SCrand UO (5.4%)
with AKI stage criteria Stage 1:37
20r3 (11.0%)
Stage 2: 169
(50.4%)
Stage 3: 111
(33.1%)
3 Panetal.[26] Critically Before weaning RRT depend-  KDIGO SCr 140 Stage 3: 140 54 (38.6%) Multi-center
ill patients of RRT ence criteria (100%)
with dialysis- at 90 days
requiring AKI after dis-
charge
4 Qianetal [19] Critically Atenrollment ~ No renal KDIGO SCr 164 Stage 1: 91 64 (39.0%) Multi-center
ill patients recovery and UO (55.5%)
with AKI within 7 days  criteria Stage 2: 54
(33.0%)
Stage 3: 19
(11.6%)
5 Jiangetal Critically Atenrollment  AKl stage 2 KDIGO SCr 18 N/A 9 (50.0%) Single center
[18] ill patients or3>48h and UO
with AKI criteria
6  Meerschetal. Critically Atenrollment  AKlstage 3 KDIGO UO 195 Stage 2: 92 103 (52.8%) Single center
[20] ill patients at 90 days criteria (47.2%)
with oliguric Stage 3: 103
stage 2 AKI (52.8%)

AKI, acute kidney injury; KDIGO, Kidney Disease Improving Global Outcomes; SCr, serum creatinine; UO, urine output

Any disagreements in the quality assessment were
resolved by discussion and consensus.

Data synthesis and statistical analysis

We calculated the sensitivity, specificity, positive pre-
dictive value, and negative predictive value of the cut-
off value of urinary CCL14 in predicting persistent AKI
using the number of true positives (TP), true nega-
tives (TN), false positives (FP), and false negatives (FN)
obtained from the study. If the study only provided sam-
ple size, sensitivity and specificity, we used these values
to back-calculate the TP, TN, FP, and FN. We then used
Stata 14.1 for Mac and the "midas” module to generate a
hierarchical summary receiver operating characteristic
curve (HSROC) to evaluate the overall diagnostic perfor-
mance of urinary CCL14. We used funnel plots to check
for publication bias. A two-sided P value <0.05 was con-
sidered statistically significant.

Results

Search results and study characteristics

The study selection process is summarized in Fig. 1.
A total of 32 articles were identified through database
searching. After removing duplicates, 19 articles were
evaluated by their titles and abstracts. Out of these, six
studies met the criteria for a full-text review [18-20,
24-26]. During the literature search process, we found
that the RUBY study, authored by Hoste et al. [17], and
the subsequent secondary analysis article by Koyner et al.
[24] shared the same study population. To avoid data
duplication, we opted to include the more recent study
data from Koyner et al., which also provided the target
outcome, for our integrated analysis. From the stud-
ies conducted by Jiang et al. and Meersch et al., in order
to reduce the research heterogeneity, we extracted data
from subpopulations within those two studies [18, 20].
These studies included information on 952 patients, who
had data on the incidence of persistent AKI with urinary
CCL14 values, and were included in the meta-analysis.
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Tables 1 and 2 show the details of these studies, as well
as the population characteristics and AKI diagnosis defi-
nition used. Among the six included studies, four stud-
ies exclusively enrolled patients from a mixed ICU, and
two studies exclusively enrolled surgical patients. All six
studies used the KDIGO classification as the definition
for AKI. To be specific, four studies utilized both serum
and urine criteria of the kidney disease improving global
outcomes (KDIGO) classification, while one study solely
relied on serum criteria, and the remaining study solely
relied on urine criteria. Of the enrolled study, three stud-
ies enrolled patients with moderate to severe AKI (stage
2 or 3), one study only enrolled AKI patients treated
with renal replacement therapy (RRT), and the remain-
ing two studies enrolled patients with AKI of any stage.
All six studies provided quantifiable results for persistent
AKI. Among them, two studies defined persistent AKI
as AKI stage 3 persisting for 72 h, one study defined it
as AKI stage 2 or 3 persisting for 48 h, one study defined
it as AKI stage 3 at day 90, one study defined it as RRT
dependence at 90 days after discharge, and one study
defined it as the absence of renal recovery within 7 days.

Quality of the enrolled trials

All six studies were published in the recent three years
[18-20, 24-26]. The included number of patients ranged
from 18 to 335. The QUADAS-2 tool revealed that the
quality of each study varied. There was a low or unclear
risk in each study in most domains of bias evaluation
(Additional file 1: Figs. S1-S2). The risk of bias was low
for patient selection in five studies (83.3%); index test
in one study (16.6%); reference standard in six stud-
ies (100%); and flow and timing in three studies (50.0%).
The applicability concerns were low for patient selection
in one study (16.6%); index test in five studies (83.3%);
and reference standard in six studies (100%). Therefore,
according to the criteria of overall quality, four stud-
ies (66.6%) were rated as low risk, two studies (33.3%) as
unclear risk, and none study as high risk.

Primary outcomes

Based on all of included studies with a total of 952
patients, 377 patients (39.6%) had persistent AKI. The
diagnostic values, cutoffs, and key results are summa-
rized in Table 3. Among them, the cutoff values of uri-
nary CCL14 range from 0.4 to 2.44 ng/ml, according to
different studies. The sensitivity for diagnosing persistent
AKI varies from 0.66 to 1.00, while the specificity ranges
from 0.49 to 0.95. The numbers of CCL test positives
and test negatives are also listed in Table 3, according to
the respective studies. The HSROC depicting the overall
discriminative accuracy of the urinary CCL14 to predict
persistent AKI shows an area under the curve (AUC) of
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0.84 (0.80-0.87) (Fig. 2). The forest plot for evaluating
the pooled sensitivity of urinary CCL14 for predicting
persistent AKI is 0.81 (95% CI 0.72—0.87) and the pooled
specificity is 0.71 (95% CI 0.53-0.84) (Fig. 3). Heteroge-
neity was remarked in the pooled sensitivity (I*=80.80%,
p<0.001) and pooled specificity analyses (I?=91.69%,
p<0.001). The pooled positive LR is 2.75 (95% CI 1.63—
4.66), and the negative LR is 0.27 (95% CI 0.18-0.41)
(Fig. 4). The Fagan nomogram discloses that, in the
enrolled patient population in the current meta-analysis
with a prevalence of persistent AKI of 39.6%, the post-
test likelihood increases to 64% when the test is positive.
Under the same prevalence, it decreases to 15% when
the test is negative (Additional file 1: Fig. S3a). If the
prevalence of persistent AKI is 25%, the post-test likeli-
hood increases to 48% when the test is positive. Under
the same prevalence, it decreases to 8% when the test is
negative (Additional file 1: Fig. S3b). If the prevalence of
persistent AKI increases to 75%, the positive post-test
likelihood is 89% and the negative post-test likelihood is
45% (Additional file 1: Fig. S3c).

Publication bias

Funnel plots were generated to evaluate the possibility
of publication bias, which showed generally symmetrical
distributions. This result suggests that publication bias is
unlikely in this meta-analysis (p=0.37) (Additional file 1:
Fig. S4).

Sensitivity analysis

Among the six studies included, Pan’s study differed
significantly in terms of population setting, specifically
focused on critically ill patients who are treated with
RRT. In contrast, the other five studies involved critically
ill patients with AKI, regardless of whether they received
RRT or not. However, after excluding Pan’s study, the
combined data from the remaining five studies align with
our main findings, as depicted in Additional file 1: Figs.
S5-S7. Notably, our findings remained consistent and
robust in sensitivity analyses, as the results were unaf-
fected by the removal of any individual study (data not
shown). This result supports the utility of urinary CCL14
as an effective marker for predicting persistent AKI.

Assessment of evidence quality and summary of findings

The quality of evidence was assessed using the Grading
of Recommendations, Assessment, Development, and
Evaluations (GRADE) system. We evaluated the primary
outcome and presented them as summary of findings.
The certainty of evidence (COE) for the primary outcome
was determined to be low due to the observational nature
of the included studies. Although there was a low risk
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Fig. 2 Accuracy of urinary CCL14 for prediction of persistent AKI.
HSROC curve with Prediction and Confidence contours. Circles
symbolize estimates of individual primary studies, and a square
indicates the summary point of sensitivity and specificity. The HSROC
curve is plotted as a curvilinear line passing through the summary
point. The overall discriminative accuracy of the urinary CCL14
to predict persistent AKI shows an area under the curve (AUC) of 0.84
(0.80-0.87). AKI, acute kidney injury; CCL14, C-C motif chemokine
ligand 14; HSROC, hierarchical summary receiver operating
characteristic

of bias, indirectness, imprecision, and publication bias,
the COE was downgraded due to inconsistent results
among the included studies. For a more comprehensive
understanding of our COE assessment, please refer to the
Additional file 1.

Discussion

The current study aimed to summarize the predictive
performance of urinary CCL14 for persistent AKI in
hospitalized critically ill patients or patients undergoing
heart surgery. Nearly one-third of AKI patients experi-
ence persistent AKI, highlighting the need for accurate
biomarkers to aid in its prediction. To the best of our
knowledge, this is the first study to conduct a meta-
analysis on the diagnostic accuracy of urinary CCL14
for predicting persistent AKI. A total of six studies, com-
prising 952 patients, were included in the analysis. The
meta-analysis demonstrated that urinary CCL14 has a
good overall accuracy in predicting persistent AKI, with
an overall discriminatory accuracy of 0.84 (0.80-0.87)
(Additional file 1: Fig. S8). The positive and negative like-
lihood ratios were above 2.5 and below 0.3, further sup-
porting the reliability and accuracy of urinary CCL14 as a
biomarker for predicting persistent AKI.
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In clinical practice, early detection of persistent and
severe AKI may prevent further damage to kidney func-
tion as it may trigger the use of the AKI bundle to pre-
vent further deterioration of AKI [27-30]. Patients with
severe and persistent AKI have a higher risk of develop-
ing CKD and ESRD than those with non-severe and per-
sistent AKI [31-34]. Early diagnosis and intervention
may help to reduce mortality rates and the economic
burden of healthcare [30, 35]. The 23rd ADQI consensus
work group suggests that biomarkers can be combined
with traditional methods to stratify risk, distinguish eti-
ologies, assess severity, and predict the duration and
recovery of AKI [14]. In particular, urinary CCL14 has
emerged as a promising biomarker with the ability to
forecast severe and persistent AKI based on previous
research [17, 20, 24, 25, 36]. CCL14 is expressed naturally
in various tissues [37], including the kidney, in order to
recruit immune cells to sites of injury or infection and
to regulate inflammatory response. Its involvement in
proinflammatory chemotaxis has been documented in
several diseases such as multiple myeloma, lupus, hepa-
tocellular carcinoma, inflammatory bowel disease, and
rheumatoid arthritis, through the activation of mono-
cytes and macrophages [38-41]. The precise role of
urinary CCL14 in AKI is not yet comprehensively under-
stood. It has been proposed that the release of CCL14
from injured renal tubular epithelial cells is stimulated
by inflammatory mediators. The binding of CCL14 to
receptors on T-cells and monocytes induces the differ-
entiation of T cells into proinflammatory type 1 helper
T (Thl) cells and monocytes into macrophages. This
process subsequently enables downstream inflamma-
tory responses [13, 37, 42]. Several pathways have been
proposed to explain the impact of CCL14 on renal func-
tion. First, CCL14 may promote inflammation and fibro-
sis [42-44], which can impair renal function. Second,
CCL14 may cause immune modulation, which leading to
an inadequate response to the injury [40]. Lastly, CCL14
may trigger the apoptosis of renal tubular cells, further
damaging the kidney given that it showed the property
of cell cycle modulation and promoting apoptosis in vitro
[45]. As CCL14 plays a role in mediating inflammatory
and profibrotic pathways, its elevated levels may indicate
persistent renal dysfunction following AKI episodes, as
shown in previous clinical studies [17, 24, 25].

In the current meta-analysis, the diagnostic thresh-
olds of urinary CCL14 varied among the enrolled studies
yet all of them demonstrated high diagnostic sensitivity
and good negative predictive value. On the other hand,
the enrolled studies showed considerable variation in
diagnostic specificity and positive predictive value, and
the combined results were only moderately satisfactory.
These results suggest that urinary CCL14 may exhibit
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Fig. 3 The forest plot for evaluating the pooled sensitivity and specificity of urinary CCL14 in predicting persistent AKI. AKI, acute kidney injury;

CCL14, C-C motif chemokine ligand 14; Cl, confidence interval

greater effectiveness in clinical settings characterized by
a higher risk of persistent AKI, in contrast to those with a
lower risk. In critical care or surgical settings, the poten-
tial advantages of reducing kidney injury-related com-
plications may outweigh any potential harms associated
with excessive monitoring [29, 46-48]. Consequently,
urinary CCL14 shows great promise as a useful bio-
marker for such patients.

The results of this study may provide clinical prac-
titioners and researchers with important information
regarding the clinical application of urinary CCL14 and
future research directions in this area. By improving our
understanding of the predictive performance of urinary
CCL14 for persistent AKI, we might have the potential to
improve patient outcomes by enabling prompt interven-
tion and more effective management of AKI.

Limitation

While our study yielded promising outcomes, it is impor-
tant to acknowledge several important limitations. First,
the meta-analysis was hindered by the small sample sizes

of most studies, leading to high heterogeneity. Further-
more, while the majority of studies enrolled patients
with stage 2 or 3 AKI, two studies included a substantial
number of patients with stage 1 AKI or non-AKI [19, 24].
This heterogeneity of the patient cohorts in the included
studies further contributed to the overall heterogeneity
of the results. While there was no significant publica-
tion bias as shown by the funnel plot and Cochrane Col-
laboration tool analysis, the limited number of studies
made it impossible to conduct subgroup analysis. Sec-
ond, the studies included in the meta-analyses were all
observational in nature and did not account for poten-
tial confounding factors. Furthermore, we were unable
to include the secondary analysis study of SAPPHIRE
conducted by Bagshaw et al. due to data limitations.
Third, all the included studies were conducted in criti-
cally ill or surgical patients, which limits the generaliz-
ability of our findings to other clinical settings. Fourth,
we were unable to compare the predictive performance
of urinary CCL14 and the traditional methods currently
used in clinical practice for predicting persistent AKI,
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as the enrolled studies did not provide related predic-
tive information about serum creatinine (SCr). However,
SCr levels are known to have limited predictive perfor-
mance for AKI due to their delayed rise, inability to accu-
rately estimate the timing of injury, and susceptibility to
fluid status influences. Therefore, there are limitations
to using SCr as a comparison, including the potential
for both overestimating and underestimating the pre-
dictive performance of biomarkers. Moreover, in the
studies by Massoth et al. and Koyner et al. [24, 25], the
inclusion of urinary CCL14 in models constructed using
clinical parameters to predict severe persistent AKI can
improve the predictive ability of the models. Further-
more, in Koyner’s study, they also conducted multivari-
able adjusted analysis and found that even after adjusting
for other clinical factors, urinary CCL14 still possesses
remarked predictive ability for persistent severe AKI.
However, the limited number of current studies focus-
ing on these specific evaluations regarding the predic-
tive significance of urinary CCL14 presents a challenge
in performing a meta-analysis on this subject. The future
emergence of more relevant research is necessary to fur-
ther validate these particular aspects. Fifth, the kits for
CCL14 analysis varied among studies, making it difficult
to determine the optimal cutoff value of urinary CCL14
to predict persistent AKI. Sixth, all six studies included

in our analysis were observational, and as such, the find-
ings should be interpreted with caution. It is crucial to
note that the certainty of evidence for our findings was
initially rated low due to the observational nature of the
studies included. Although the majority of the studies
were deemed to be of high quality, with only two rated
as moderate, the possibility of selection bias, information
bias, and confounding factors may still have influenced
our results. Seventh, it should be noted that this meta-
analysis exhibits heterogeneity in both pooled sensitivity
and pooled specificity, which could be due to variations
in study design, baseline characteristics, timing of uri-
nary CCL14 measurement, and the kits used for CCL14
level analysis. These factors may have impacted the over-
all accuracy of the results, thus reducing the confidence
level of the present findings. In addition, the definition of
persistent AKI also varied among the studies, potentially
impacting the pooled effect estimates. Specifically, one
study had a particular focus on critically ill patients who
required RRT. Nonetheless, our findings demonstrated
consistency and robustness in sensitivity analyses, as the
results remained unaffected by the exclusion of any indi-
vidual study. Despite the aforementioned limitations, the
conclusions drawn from our study were based on a range
of studies with varying designs and clinical contexts.
To further advance precision medicine, future research
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efforts should explore whether the predictive accuracy
of urinary CCL14 is impacted by the specific etiology of
AKI and the severity of the condition. These issues could
be incorporated into future randomized controlled trials,
which could help to identify the optimal cutoff values for
different clinical settings and improve the timely diag-
nosis and management of persistent AKI. Additionally,
further investigations into the underlying mechanisms
of AKI may aid in enhancing predictive performance and
timely treatment, potentially reducing the high mortality
rate among AKI patients.

Conclusion

In conclusion, the findings of this systematic review
suggest that urinary CCL14 may serve as a potential
biomarker for predicting persistent AKI in critically ill
patients or those undergoing cardiac surgery. However,
further research is required to establish a distinct diag-
nostic threshold for urinary CCL14 to enhance its clinical
utility in predicting persistent AKI. While the meta-anal-
ysis demonstrated good overall accuracy, the limitations
and variations in the included studies highlight the need
for additional clinical trials and real-world data to vali-
date the use of urinary CCL14 as a biomarker for predict-
ing persistent AKIL
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