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Abstract

Background/Objectives: Peritonitis remains a leading cause of morbidity and mortality in patients
undergoing peritoneal dialysis and those with cirrhotic ascites. Neutrophil gelatinase-associated
lipocalin (NGAL) is a promising early biomarker. We conducted a systematic review and meta-
analysis to determine NGAL's diagnostic performance for peritoneal dialysis-associated peritonitis
(PDAP) and spontaneous bacterial peritonitis (SBP). Methods: Following PRISMA-DTA guidelines
and PROSPERO registration (CRD420251105563), six databases were searched to 30 June 2025.
Studies with extractable 2x2 data reporting peritoneal or ascitic fluid NGAL measurements against
standard reference criteria were included. Pooled sensitivity, specificity, diagnostic odds ratio (DOR),
and HSROC AUC were estimated using bivariate random-effects models. Heterogeneity was
explored through prespecified subgroup analyses. Results: Thirteen studies (2013-2024) met
inclusion; ten (573 cases, 833 controls) entered meta-analysis. Pooled sensitivity was 0.948 (95% CI
0.901-0.973) and specificity 0.864 (0.704-0.944); HSROC AUC was 0.95 and DOR 90.59. Likelihood
ratios were LR* 6.96 and LR~ 0.06. Accuracy was similar for PDAP vs SBP (Se 0.964 vs 0.932; Sp 0.882
vs 0.849; subgroup p-values >0.3), with heterogeneity concentrated in specificity. By platform, ELISA
showed balanced performance (Se 0.947; Sp 0.910), point-of-care (POC) tests the highest sensitivity
(0.977) with wider specificity uncertainty, and automated immunoassays lower specificity (0.691); a
global LRT supported platform differences (p=0.0098). Conclusions: Peritoneal/ascitic NGAL
provides rapid, accurate discrimination of peritonitis across SBP and PDAP, with particularly strong
rule-out capability. Implementation should prioritize assay-specific (two-threshold) decision points,
standardized dwell time and pre-analytics, and prospective multicenter impact studies to embed
NGAL within guideline-concordant diagnostic pathways.

Keywords: neutrophil gelatinase—associated lipocalin; peritonitis; diagnostic accuracy; meta-
analysis; peritoneal dialysis; ascites
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1. Introduction

Peritonitis represents a significant clinical burden in both dialysis patients and those with
cirrhosis [1-4]. Among individuals receiving peritoneal dialysis (PD), peritoneal dialysis-associated
peritonitis (PDAP) is the most frequent infectious complication [1]. Although incidence rates vary
across programs, current benchmarks recommend rates not exceeding 0.5 episodes per patient-year,
with many centers achieving rates below 0.33 and some as low as 0.20 episodes per patient-year [1,5].
In the United States, recent data indicate an incidence of 0.26 episodes per patient-year, consistent
with global figures [5]. Approximately 28% of patients experience at least one episode of peritonitis
during the first year of PD [5]. PDAP is associated with considerable morbidity: nearly 50% of
episodes result in hospitalization, and peritonitis-attributable mortality ranges from 3% to 10% [1,6—
8]. Furthermore, the risk of death remains elevated for up to 120 days following an episode [1].

Among patients with cirrhosis, spontaneous bacterial peritonitis (SBP) is the most prevalent and
clinically significant infection, accounting for 27% of infections in this group [9]. SBP is a major driver
of morbidity and mortality: infections in cirrhosis increase the risk of death fourfold; in-hospital
mortality among cirrhotic patients with sepsis may exceed 50% [3,9,10]. The burden of infection in
cirrhosis is further compounded by the high prevalence of multidrug-resistant organisms,
particularly in nosocomial and healthcare-associated settings [9,11]. In patients with both cirrhosis
and end-stage kidney disease receiving PD, the risk of peritonitis is slightly higher than in non-
cirrhotic PD patients (odds ratio, 1.10; 95% CI, 1.03-1.18), but overall mortality is not significantly
increased, and outcomes are comparable to those with hemodialysis [12].

Neutrophil gelatinase-associated lipocalin (NGAL) in peritoneal fluid has emerged as a
promising biomarker for the diagnosis of peritonitis, encompassing both spontaneous bacterial
peritonitis (SBP) in cirrhotic patients and peritonitis in patients receiving peritoneal dialysis [13,14].
NGAL is an acute-phase protein released by neutrophils and mesothelial cells in response to infection
and inflammation, and its concentration in peritoneal fluid increases substantially during episodes
of peritonitis [15-17]. Mechanistically, NGAL is a component of the innate immune response, limiting
bacterial growth by sequestering iron and modulating neutrophil function [18,19]. Its rapid induction
in peritoneal fluid reflects both neutrophil influx and local mesothelial cell activation in response to
infection [18].

In cirrhotic patients with ascites, elevated ascitic NGAL levels are strongly associated with SBP
[13,20]. Studies have demonstrated that NGAL concentrations are significantly higher in patients
with SBP than in those without, and NGAL correlates with the absolute neutrophil count in ascitic
fluid [21,22]. Receiver operating characteristic (ROC) analysis shows that ascitic NGAL has good
diagnostic performance for SBP, with an area under the curve (AUC) of approximately 0.89 and
clinically meaningful accuracy (e.g., sensitivity, 96%; specificity, 75% at a threshold of 120 ng/mL)
[13,21]. Furthermore, ascitic NGAL levels are independent predictors of in-hospital mortality in
cirrhotic patients, even after adjustment for SBP and the Model for End-Stage Liver Disease (MELD)
score [13].

In the context of peritoneal dialysis, NGAL in peritoneal dialysis effluent (PDE) is a sensitive
early marker of PDAP [23,24]. NGAL levels in PDE rise rapidly during PDAP and correlate with
peritoneal white blood cell (WBC) counts [15]. NGAL may also help distinguish bacterial from
nonbacterial or culture-negative peritonitis, as levels are typically higher in bacterial infections [15].
NGAL may also help differentiate bacterial from non-bacterial or culture-negative peritonitis, as
levels are typically higher in bacterial infections [15]. Additionally, NGAL concentrations in
peritoneal fluid may decline earlier than WBC counts during the resolution of peritonitis, suggesting
a role in monitoring treatment response [24].

Despite these promising data, several factors have limited the adoption of NGAL as a standard
diagnostic tool [21]. A lack of standardization in assay methods, cutoff values, and sampling time
points complicates clinical implementation and interpretation [21,23]. Most studies to date are single-
center, observational, or case-control in design, and there is a paucity of large, prospective,
multicenter validation studies demonstrating clear clinical benefit [13,21]. Accordingly, this study
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aims to synthesize existing evidence on NGAL concentrations in peritoneal dialysis effluent and
ascitic fluid and to provide robust estimates of its diagnostic performance for PDAP and SBP.

2. Materials and Methods

This systematic review and meta-analysis adhered to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) of diagnostic test accuracy guidelines (PRISMA-DTA)
[25]. It was prospectively registered in PROSPERO (CRD420251105563).

2.1. Eligibility Criteria

We included studies in which human subjects of any age had undergone peritoneal fluid
sampling —either dialysis effluent or ascitic fluid —to evaluate neutrophil gelatinase—associated
lipocalin as a biomarker for peritonitis. For peritoneal dialysis—associated peritonitis, the reference
standard was defined according to International Society for Peritoneal Dialysis (ISPD) criteria,
requiring at least two of the following: clinical features consistent with peritonitis (abdominal pain
and/or cloudy dialysis effluent), dialysis effluent WBC count > 100 cells/uL or > 0.1 x 10° L-! with > 50
% polymorphonuclear leukocytes after a dwell time of at least two hours, and positive dialysis
effluent culture [26]. For SBP in patients with cirrhosis and ascites, the reference standard was defined
according to International Ascites Club consensus and incorporated in subsequent guidelines by the
American Association for the Study of Liver Diseases (AASLD) and the European Association for the
Study of the Liver (EASL), requiring an ascitic fluid polymorphonuclear leukocyte count > 250
cells/mm? irrespective of culture status [27,28]. To enable construction of 2 x 2 contingency tables,
studies were required to report or facilitate derivation of true positives, false positives, false
negatives, and true negatives for NGAL versus the reference standard.

We included prospective and retrospective cohort studies, cross-sectional surveys, and case—
control designs published as full-text articles, as well as abstracts from scientific congresses published
in indexed journals. We excluded case series with fewer than ten patients, narrative reviews,
editorials, and non-human investigations. No language restrictions were imposed, and unpublished
or gray-literature reports were considered when they provided sufficient diagnostic performance
data. For the quantitative analysis, studies were excluded if they had not measured NGAL in
peritoneal fluid, had not applied a peritonitis definition based on ISPD criteria, or had failed to report
sufficient data to construct a 2 x 2 contingency table.

2.2. Search Strategy

On June 30, 2025, we systematically searched six bibliographic databases —PubMed/MEDLINE,
Embase, the Cochrane Library (CLIB), LILACS, Scopus, and the Web of Science Core Collection —
using combined keywords and subject headings for neutrophil gelatinase—associated lipocalin

i

(NGAL; “lipocalin-2”) and peritonitis (including “peritoneal dialysis,” “ascites,” and related terms).
The complete search strategies for each platform are detailed in Table 1.

No language or publication-status restrictions were imposed. To capture additional reports, we
hand-searched reference lists of included studies and relevant reviews, screened Google Scholar for
conference abstracts and dissertations, and queried ClinicalTrials.gov and the WHO ICTRP for

unpublished or ongoing diagnostic studies.
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Table 1. Database-specific search strategies for NGAL and peritonitis diagnostics.

Database Search strategy

('neutrophil gelatinase-associated lipocalin"[Title/Abstract]
OR "NGAL"[Title/Abstract]
OR "lipocalin-2"[Title/Abstract])
AND
("peritoneal dialysis"[Title/ Abstract]
OR "dialysis effluent"[Title/Abstract]
OR "peritoneal fluid"[Title/Abstract]
OR "ascites"[Title/ Abstract])
AND
("peritonitis"[Title/Abstract]
OR "spontaneous bacterial peritonitis"[Title/Abstract]

PubMed /
MEDLINE

OR "secondary bacterial peritonitis"[Title/Abstract]
OR "infection"[Title/Abstract])
(‘neutrophil gelatinase associated lipocalin':ab,ti
OR 'NGAL":ab,ti
OR 'lipocalin 2":ab,ti)
AND
(‘peritoneal dialysis':ab,ti
OR 'dialysis effluent'ab,ti
Embase OR 'peritoneal fluid":ab,ti
OR 'ascites":ab, ti)
AND
('peritonitis':ab,ti
OR 'spontaneous bacterial peritonitis"ab,ti
OR 'secondary bacterial peritonitisab,ti
OR 'infection":ab, ti)
("meutrophil gelatinase-associated lipocalin" OR NGAL OR "lipocalin-2")
AND
("peritoneal dialysis" OR "dialysis effluent” OR "peritoneal fluid" OR "ascites")
AND
(peritonitis OR "spontaneous bacterial peritonitis” OR "secondary bacterial
peritonitis” OR infection)
("meutrophil gelatinase-associated lipocalin" OR NGAL OR "lipocalin-2")
AND
("dialisis peritoneal” OR "efluente peritoneal” OR "liquido peritoneal”" OR ascitis)
AND
(peritonitis OR "peritonitis bacteriana espontanea” OR "peritonitis bacteriana
secundaria” OR infeccion)
TITLE-ABS-KEY("neutrophil gelatinase-associated lipocalin” OR NGAL OR
"lipocalin-2") AND
TITLE-ABS-KEY("peritoneal dialysis" OR "dialysis effluent” OR "peritoneal fluid"
OR ascites) AND
TITLE-ABS-KEY(peritonitis OR "spontaneous bacterial peritonitis” OR
"secondary bacterial peritonitis” OR infection)
WoS TS=("neutrophil gelatinase-associated lipocalin” OR NGAL OR "lipocalin-2")
AND TS=("peritoneal dialysis" OR "dialysis effluent" OR "peritoneal fluid" OR
ascites)
AND TS=(peritonitis OR "spontaneous bacterial peritonitis" OR "secondary
bacterial peritonitis" OR infection)

Cochrane Library

LILACS

Scopus

1 Wos. Web of Science.
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2.3. Study Selection

After duplicate removal, two reviewers (M.L.P-M and G.A.G.-F.) independently screened titles
and abstracts against the eligibility criteria. Full texts of potentially relevant articles were
subsequently assessed. Reference lists of included studies were also hand-searched. Disagreements
were resolved by discussion or consultation with a third reviewer (J.D.G.-B).

2.4. Data Extraction and Quality Assessment of Studies

Two reviewers (M.L.P-M. and V.A.C.-A.) independently extracted study-level characteristics
(first author, publication year, study design, and geographic setting), patient demographics (mean or
median age, sex distribution, and peritonitis subtype), index-test details (NGAL assay method and
cut-off values), reference standard criteria, and 2x2 contingency data (true positives, false positives,
false negatives, true negatives). Discrepancies were resolved by discussion and, when necessary,
adjudicated by a third investigator (B.D.-V). Risk of bias and applicability concerns were evaluated
using the QUADAS-2 tool, with each domain (patient selection, index test, reference standard, and
flow and timing) rated as “low,” “high,” or “unclear” risk [29]. A summary QUADAS-2 is presented
to illustrate the methodological quality across included studies in Table 2.

2.5. Statistical Analysis

For each study, we obtained a 2x2 table (true positives, false positives, false negatives, true
negatives). When raw 2x2 data were unavailable, we reconstructed cell counts from reported
accuracy metrics (sensitivity, specificity, and group totals) using internally consistent algebraic
solutions. If a study reported multiple NGAL thresholds, we preferentially extracted the prespecified
clinical cutoff; when not prespecified, we selected the threshold used in the primary analysis of the
article. Unit inconsistencies (e.g., ng/dL vs ng/mL) were corrected per protocol and documented. For
studies with any zero cell, we applied a Haldane—Anscombe continuity correction (adding 0.5 to all
four cells) in primary analyses and repeated key analyses with a 0.1 correction as sensitivity analysis.

The primary outcomes were pooled sensitivity and specificity and the area under the
hierarchical summary ROC (HSROC) curve (including the partial AUC restricted to observed
false-positive rates). Secondary summaries included likelihood ratios (LR*, LR"), the diagnostic odds
ratio (DOR), and predictive values (PPV/NPV) calculated at pre-specified pre-test probabilities (15%,
20%, 25%, 30%, and 40%) via Fagan analysis.

Diagnostic accuracy was synthesized using the bivariate random-effects model of
Reitsma/Rutter—Gatsonis, which jointly models logit-transformed sensitivity and the logit-
transformed false-positive rate (FPR =1 - specificity) under a bivariate normal distribution, allowing
between-study heterogeneity in both parameters and in their correlation. Models were fitted by
restricted maximum likelihood (REML). Summary sensitivity and specificity on the probability scale
were obtained by back-transforming the model’s logit-scale means. On the hierarchical summary
receiver operating characteristic (HSROC) plot, we displayed the summary operating point with its
95% confidence and prediction regions, derived from the model’s variance—covariance components;
in addition, we reported 95% prediction intervals for sensitivity and specificity to express expected
variability in a new setting. For nested comparisons (e.g., adding subgroup covariates), models were
re-estimated by maximum likelihood (ML) and compared using likelihood-ratio tests (LRTs).
Between-study heterogeneity was described by the between-study variances (reported as logit-scale
standard deviations for sensitivity and FPR) and their random correlation (rho, ).

Small-study effects were evaluated with Deeks’ funnel plot asymmetry test, regressing In(DOR)
on 1/VESS (ESS = 4n;1,/n), after Haldane-Anscombe correction. We used weighted least-squares with
weights proportional to ESS and considered p < 0.10 as suggestive of asymmetry, acknowledging the
limited power with small k.

We examined prespecified subgroups by (i) clinical context (spontaneous bacterial peritonitis
[SBP] vs peritoneal dialysis—associated peritonitis [PDAP]), (ii) assay method (e.g., ELISA, automated
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immunoassay, rapid H-NGAL), (iii) testing platform (laboratory-based vs point-of-care), and (iv)
study size (<100 vs 2100 participants). For each factor, group differences in sensitivity and specificity
were tested on the logit scale using random-effects meta-regressions with Knapp-Hartung small-
sample adjustment; pooled Se/Sp are reported on the probability scale. In parallel, we fitted a
bivariate Reitsma model including the subgroup as a covariate and compared it to the intercept-only
model via a maximum-likelihood likelihood-ratio test to assess the joint effect on logit-sensitivity and
logit-FPR. As a secondary summary, between-group differences in diagnostic odds ratio were
evaluated with random-effects meta-regression of log(DOR) using REML with Knapp-Hartung
inference. Given the small number of studies in several strata, subgroup models were fitted one factor
at a time (no multi-covariate adjustments), results were shown only when k>3 per stratum, and zero-
cell studies used a 0.5 continuity correction (with 0.1 in sensitivity analyses).

The certainty of evidence for sensitivity, specificity, and HSROC AUC was appraised with
GRADE for test accuracy, considering risk of bias (QUADAS-2), inconsistency (between-study
heterogeneity), imprecision (width of 95% Cls), and publication bias (Deeks’ test). We did not
downgrade for indirectness because all studies directly evaluated NGAL in peritoneal or ascitic fluid
against accepted reference standards for peritonitis.

2.6. Data Visualization and Tabulation

We tabulated study-level characteristics (design, setting, patient population), assay details
(method/platform, matrix, and positivity threshold), reference standards, and diagnostic 2x2 data
with 95% Cls. Forest plots displayed individual and pooled estimates for sensitivity and specificity
(and, as a secondary summary, DOR). HSROC plots showed the summary operating point with 95%
confidence and prediction regions. Subgroups (SBP vs PDAP) were visualized with stratified forest
plots and separate HSROCs. Small-study effects were visualized with Deeks’ funnel plots (log-DOR
vs 1NESS).

2.7. Software and Statistical Packages

All analyses were performed in R (version 4.3.1) using RStudio. The mada package was used for
the bivariate Reitsma model, HSROC summaries, Deeks’ test, and prediction intervals; metafor
supported logit-scale random-effects meta-regressions with REML and Knapp-Hartung adjustments
and provided influence diagnostics for log-DOR analyses. We used meta for complementary
univariate summaries and forest plotting where appropriate, readxl for data import, dplyr for data
management, and ggplot2 for figures. All code is available upon request.

3. Results
3.1. Study Selection

An electronic search of PubMed, Embase, Scopus, Web of Science, Cochrane Library, and
LILACS retrieved 147 records. After removal of 101 duplicates, 46 unique titles and abstracts were
screened, leading to the exclusion of 31 studies for ineligible population, intervention, or design. We
obtained 15 articles for detailed assessment; of these, 1 were not accessible, and 1 lacked a valid
reference standard or comparator. Ultimately, 13 full text studies satisfied our inclusion criteria and
were incorporated into the qualitative synthesis, with 10 studies providing sufficient data for the
quantitative meta-analysis. A PRISMA flow diagram summarizing the selection process is shown in
Figure 1.
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[ Identification of studies via databases and registers ]
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Figure 1. PRISMA flow diagram.

3.2. Characteristics of Included Studies

Between 2013 and 2024, 13 studies met our inclusion criteria (Table 2), comprising two cross-
sectional investigations, five case—control studies, two retrospective analyses (one incorporating
cross-sectional elements), one prospective observational study, two prospective cohort studies, and
one case—cohort study with longitudinal follow-up. Collectively, these studies enrolled 1642 adult
participants (sample sizes, 30-301; mean or median age, approximately 45-65 years; sex distributions,
approximately balanced) across two primary clinical contexts: spontaneous bacterial peritonitis in
cirrhotic ascites and peritoneal dialysis—associated peritonitis. Studies were conducted in diverse
geographic settings including Egypt, Italy, China, and the United States.

Ascitic or peritoneal neutrophil gelatinase—-associated lipocalin (NGAL) was quantified using
established assay platforms: enzyme-linked immunosorbent assay (ELISA; n = 5),
immunoturbidimetric assay (n = 5), chemiluminescent microparticle immunoassay (n = 2), rapid
immunochromatographic test (n = 1), and lateral-flow dipstick (n=2). Reported diagnostic thresholds
ranged from approximately 85 ng/mL to 300 ng/mL. Across studies, sensitivities ranged from 90% to
100%, specificities from 75% to 99%, and areas under the receiver-operating characteristic curve from
0.68 to 0.99. All investigations employed standardized diagnostic reference criteria (e.g.,
polymorphonuclear leukocyte count > 250 cells/mm? for SBP, and International Society for Peritoneal
Dialysis [ISPD] guidelines for PDAP). The characteristics of the included studies, along with the
QUADAS-2 risk-of-bias assessment, are summarized in Table 2.
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Y group y - Clinical NGAL was
al.,, 2021  sectional bacterial years - Analyte/target: iteria: predictive determined usi
[31], Egypt  study eritonitis - Gender Total NGAL AEI; ena: 1 value: 97.62% (ternzime di us(ling
P distribution: SBP - Diagnostic cut-off . fommaGI - Negative Eilgr/; ar (;ZISO C
group: Male: 28 (standardized): 100.8 palbnl,eee(;]i:., predictive ) v an q
(66.67%), Female: ng/mL - addi & | value: 97.67% ana {Sls was use
14 (22.2%); Non- - Original reporting lo?a - AUC: 0.974 df’ asses;
SBP group: Male: units: ng/dL ;:fg(e)tsei‘(;' e;?igz(:c ¢
28(65.12%),  (standardized to zsdﬁc P 5 main};'
Female: 15 ng/mL) . © )
(34.88%) protein, glucose, Reference
- Specific albumin, SAAG Standard: SBP
inclusion/exclusi was diagnosed by
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on criteria: Not
reported

- Total number of
participants: 221-
PD patients from

ascitic fluid PMN
count >250/mm3.
Domain 4: Flow
and Timing:
Ascitic fluid
samples were
collected
consistently for
NGAL
measurement in
relation to SBP
diagnosis.
Overall risk: High

Domain 1: Patient
Selection: Patients
were enrolled
from multiple
centers with
clearly defined
inclusion and
exclusion criteria,
ensuring a
relevant sample.

4 hospitals
) Mea.n{)r]r:l)eAdIl)an Domain 2: Index
8139 Test: The H-
group: ] N T NGAL rapid test
P}llje:;, on—. - Sensitivity: was performed by
51.2 +12g9roup, 100% (95% CI both professionals
oo diiars - Type of assay: 91.62%-100%)  (blinded) and
e Rapid . - Specificity: ~ patients, using
distribution: - ISPD criteria .
immunochromatogra 99.44% (95% CI various formats to
PDAP group: . (at least 2 of):1) o Y
o phic test L 96.90%-99.90%) ensure robust
59.5% male, e 1 Clinical .
405% female: - Specific kit or features: - Accuracy: evaluation.
Non—PD AP " technology used: H- abdominal .ain 99.55% (95% CI ~ Domain 3:
oup: 59.8°% NGAL rapid test kit and/or dof d 97.48%-99.92%) Reference
Chenet Multicenter Peritoneal & 0P 277" (Qingdao Hantang y - Positive  Standard: PDAP
. . . male, 40.2% . PD effluent2) . . . .
al.,, 2024 prospective dialysis- female Biotechnology Co.)- PD effluent Predictive  diagnosis strictly
[32], observation associated o NGAL Value: 97.67% adhered to
. L - Specific . WBC count ) .
China al study peritonitis , . ., . Mmeasurement units: (95% CI 87.94%-  international
inclusion criteria: . >100/pl or Lo
Qualitative 99.59%) guidelines,
Age >18 years, . . >0.1x10°%/L . o
. (positive/negative) . - Negative utilizing a
continuous PD (dwell time 22h) T . L
- Test formats: Predictive combination of
treatment >3 . or PMN >50%3) ..
Cassette, strip, and . Value: 100%  clinical, cellular,
months Positive PD o o
- Specific pen types effluent culture (95% C197.89%- and
PECC _ Reading time: 10-15 100%) microbiological
exclusion criterja: : .
Prior antibiotic minutes - Kappa value: criteria.
bef 0.985 (95% CI  Domain 4: Flow
e betore 0956-1.000)  and Timing:
sampling, S )
lear sample ampes were
une Samp collected at the
labeling, )
. time of
contaminated
) " enrollment, and
sampres, re(liaea the rapid test
cases, rec- results (10-15
colored PD .
minutes) allowed
effluent .
for timely
diagnostic
assessment.
Overall risk:
Moderate
Cullaro et Prospective Spontaneo- Totfxl‘ number of - Type of assay: Neutrophil —.For SB? Domaer 1: Patient
al. 2017 cohort us participants: 146 ELISA count threshold:  diagnosis: Selection: Low
[ 3i USA tud bacterial - Hospitalized - Specific kit or ANC >250 - c-statistic  risk - consecutive
’ Sey peritonitis  patients with technology used: cells/mm3 (AUC): 0.68 patients with
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cirrhosis and AntibodyShop, - - For mortality clear
ascites Gentofte, Denmark Microbiological —prediction: inclusion/exclusio
- Mean/median -NGAL confirmation Sensitivity: n criteria
age: SBP group: measurement units: method: Blood, 73.3% (cutoff Domain 2: Index
56.6+9.62 years; ng/mL urine, or ascites >221.3 ng/mL), Test: Low risk -
Non-SBP group: - Limit of detection: cultures Specificity: ~ ELISA performed
59.9+10.9 years 0.5-4.0 ng/mL - Clinical 71.2% (cutoff with standardized
- Gender Diagnostic cut-off ~ criteria: Not  >221.3 ng/mL), protocol, blinded
distribution: SBP  (standardized): specified- AUC: 0.79 to reference
group: 55% male,  230.05 ng/mL Additional standard
45% female; - Original reporting  diagnostic Domain 3:
Non-SBP group: units: ng/mL parameters: Reference
56% male, 44% - Intra-assay None Standard: Low
female- Specific ~ variation: 2.1% risk - ANC >250
inclusion criteria:  (range 1.3-4.0) cells/mm?3 is
Adult patients standard criterion
hospitalized with Domain 4: Flow
cirrhosis and and Timing: Low
ascites risk - samples
undergoing collected on day
clinically of paracentesis
indicated Overall risk: Low
paracentesis
- Specific
exclusion criteria:
Ascites due to
non-cirrhotic
causes, recent
abdominal
surgery, solid
organ transplant
recipients,
documented
colitis or enteritis
-Total number of
participants: 72 - Neutrophil
- Patients with count threshold: Domain 1: Patient
cirrhotic liver PMNL count omanm : Fate
: Selection:
and ascites- >250/mm3 .
. Moderate risk -
Mean/median ) case-control
age: Not Microbiological . .
. - design with clear
reported confirmation . . .
- Type of assay: inclusion/exclusio
- Gender method: o
o ELISA .. . o n criteria
distribution: Not I Positive fluid - Sensitivity: .
- Specific kit or . o Domain 2: Index
reported- cultures with 94.4% .
. . technology used: . . o Test: Low risk -
Specific inclusion ) . single organism - Specificity:
. Human Lipocalin . . ELISA performed
criteria: All . . culture isolation 88.9% . .
. linked with . . with standardized
Spontaneo patients Neutrophil - Clinical - Positive rotocol
Hassanet  Case- P diagnosed as . b criteria: Clinical =~ Predictive proto
. X Gelatinase Kit, Sun Domain 3:
al., 2023 control . cirrhotic based . presence of Value: 89.5%
bacterial .. Red bio company, . . . Reference
[20], Egypt  study .. ... onclinical and . ascites, hepatic - Negative
peritonitis China T . Standard: Low
laboratory tests encephalopathy, Predictive .
. . -NGAL . . risk - PMNL
with ascites . jaundiceor  Value: 94.1%
measurement units: . count >250/mm?3
caused by hematemesis - AUC: 0.989- e
o ng/mL and/or positive
chronic liver and melena Accuracy:
. - Threshold values Y culture
illness . . - Additional 91.7% .
Specifi used for diagnosis: di i Domain 4: Flow
‘pec1 I,C . >230.05 ng/mL 1agnostce and Timing: Low
exclusion criteria: parameters: .
. . . risk - samples
Cirrhotic patients Laboratory tests collected at
with HCC, (CBC platelet aracentesis
peritonitis due to <150000, liver P .
. Overall risk:
any cause other function test
Moderate

than SBP, portal
hypertension and
ascites from non-
cirrhotic causes,

albumin<3.5,
INR >1.1)
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liver or organ
transplantation,
renal diseases

-Total number of
participants: 150
- Cirrhotic
patients divided
into infected
(n=100) and non-

55 patients- count threshold:
AF neutrophils e
CNNA 5050x10° " Sensitivity:
subgroup: 15 - Type of assay: countu_ L 92.7% (CI: [0.82,
patients- UTI ELISA (DRG GmbH) ~ “CLS/H 0.98])
subgroup: 30 - Platform/format: L . - Specificity:
patients-  ELISA (laboratory) Niﬁ‘f’ﬁ lri’llaoﬁgg;al 84% (CL: [0.75,
Spontaneo Mean/median - Manufacturer/kit: method: 0.91])
us age: Not DRG GmbH Positive aS(;itic - Positive
bacterial reported- - Analyte/target: fluid culture for Predictive
Khalilet =~ Case-  peritonitis Gender Total NGAL SBP; negative Value: 0.77 (CL:
al., 2023 control and  distribution: Not - Diagnostic cut-off cuiture for [0.65, 0.86])
[33], Egypt study  Culture- reported (standardized): CNNA - Negative
negative - Specific 110.72 ng/mL — Clinical Predictive
neutrocyti inclusion criteria: - Original reporting criteria: Clinical Value: 0.95 (CI:
c ascites Patients aged >18 units: ng/mL symptéms and [0.88, 0.98])
years with liver  (standardized to signs - Area under
cirrhosis and ng/mL) - Additional the ROC curve
ascites - Cut-off selection diagnostic (AUC): 0.899
- Specific rule: reported (CI: [0.848,
exclusion criteria: parameters: 0.951])
Antibiotic treated Mac.—l
. expression by
Ppatients, renal flow cytometry
failure, HCC,
malignant
ascites,
septicemia,
secondary
bacterial
peritonitis
- Total number of
participants: 111
- Patient
population: - Neutrophil - Sensitivity:
Patients with - Type of assay:  count threshold: 96% (95% CI:
new onset Automated NGAL PMN >250/uL 80-100%)
nonmalignant  Test™ (BioPorto - - Specificity:
ascites Diagnostics A/S) on Microbiological  75% (95% CI:
- Mean/median  Beckman Coulter confirmation 65-84%)
age: Not AU5822 method: Not - Positive
Bacterial reported - Platform/format:  used (68% on Predictive
Lippi et Cross- o - Gender Immunoturbidimetri ~ antibiotics) Value: Not
al.,, 2013  sectional per1t<.)mtxs distribution: Not ¢ (laboratory) - Clinical reported
[21], Ttaly ~ study (::11;21:)5 reported - Manufacturer/kit:  criteria: New - Negative
- Specific BioPorto Diagnostics onset Predictive
inclusion criteria: A/S nonmalignant Value: Not
Consecutive - Analyte/target: ascites reported
peritoneal fluids Total NGAL - Additional - AUC: 0.89
from patients - Diagnostic cut-off ~ diagnostic (95% CI: 0.82-

with new onset (standardized): 120.0 parameters:

nonmalignant
ascites
- Specific

exclusion criteria:

Visible clots in

ng/mL

0.95)

Domain 1: Patient
Selection:
Moderate risk -
case-control
design with clear
inclusion/exclusio
n criteria
Domain 2: Index
Test: Low risk -
ELISA and flow
cytometry
performed with
standardized
protocols
Domain 3:
Reference
Standard: Low
risk - standard
criteria for SBP
and CNNA
Domain 4: Flow
and Timing: Low
risk - samples
collected within
6h after
paracentesis
Opverall risk:
Moderate

Domain 1: Patient
Selection: Low
risk - consecutive
patients with
defined criteria
Domain 2: Index
Test: Low risk -
predefined
threshold,
automated assay
Domain 3:
Reference
Standard:
Moderate risk -
PMN count used
instead of culture
due to antibiotic
use
Domain 4: Flow
and Timing: Low

LDH, proteins, - Accuracy: Not risk - all samples

glucose reported

analyzed

similarly
Overall risk:

Moderate
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samples (7
samples
excluded)

-Total number of

participants: 204

decompensated
liver cirrhosis

Domain 1: Patient

patients with Selection:
ascites Consecutive
- Mean/median patients with
age: Non-SBP well-defined
group: 57.31 + Neutrohil inclusion/exclusio
12.91 years; SBP count threfhol a Sensitivity: n criteria.
group: 59.64 + PMN > 250 " 769% (for  Domain 2: Index
11.95 years cells /r_nm3 mortality Test: Ascitic
- Gender and/or positive prediction) NGAL measured
distribution: Tvpe of assay: ascitif fAuid Specificity: by standardized
Non-SBP group: Lat}g o nhancgd. culbure 45.1% (for  latex-enhanced
65.7% male, . . . mortality immunoturbidim
immunoturbidimetri - . .
34.3% female; < (BSBE) Microbiological prediction) etric method,
SBP group: 76.6% Platform/format:  confirmation - Positive with ROC
. Spontaneo  male, 23.4% o " Predictive analysis for
Liu et al., . Immunoturbidimetri method: Ascitic . .
Prospective ~ us female . Value: Not diagnostic
2020 [22], . o ¢ (laboratory) fluid culture
. cohort  bacterial - Specific . e reported performance.
China . . .. . -Manufacturer/kit:  (positive in 9 . .
peritonitis inclusion criteria: BSBE atients: 7 E - Negative Domain 3:
Consecutive Analyte/tareet: P coli. 2 .K ' Predictive Reference
hospitalized Tota}llN G Ai ' neur/noni;ze) Value:Not  Standard: SBP
patients with Diagnostic cut-off P Clinical reported diagnosed by
- : >
d?comPensatfed (standardized):  criteria: Clinical AUC: 0'792 PMN 2250
liver cirrhosis 108.95 ng/mL. and biological (for mortality cells/mm? and/or
and ascites SN dia nosiflo ¢ predictionin  positive ascitic
- Specific decori ensated SBP patients)  fluid culture.
exclusion criteria: liver c}i)rrhosis - Accuracy: Not Domain 4: Flow
Pre-existing renal reported and Timing:
disease, presence Ascitic samples
of AKIT at collected at
hospitalization, paracentesis with
renal consistent timing
replacement for all patients.
therapy, Overall risk: Low
secondary
peritonitis,
malignant
diseases
- Total f
Otaf ‘number © - Sensitivity: Domain 1: Patient
participants: 60 .
Not reported-  Selection: Low
(30 cases, 30 e . .
controls) Specificity: Not risk - consecutive
Patient Type of assay: reported- cases and
opulation: PD Chemiluminescent ISPD guidelines:  Positive matched controls
P patients én microparticle Cloudy Predictive =~ Domain 2: Index
tfeatment >3 immunoassay peritoneal Value: Not ~ Test: Unclear risk
months - Specific kit or effluent with reported- - no predefined
Peritoneal Mean/median technology used: WBC > 100 x Negative threshold
Martino F.  Case— dialvsis-  age: Cases: 66.5 Architect platform 1076 cells/L Predictive reported
etal, 2012 control Y & ‘__~ (Abbott Diagnostics)  (after>2h Value: Not Domain 3:
associated years (IQR 52.2- .
[34], Italy ~ study eritonitis 73); Controls: 70 -NGAL dwell) with > reported Reference
P ea;rs (IQR 5 9 7 measurement units:  50% PMNSs, -AUC Standard: Low
y 73.2) ' ng/mL abdominal pain  peritoneal risk - standard
GEI.’l der - Threshold values and/or positive NGAL 0.99 (p <ISPD criteria used
e used for diagnosis: culture or Gram 0.001);AUC  Domain 4: Flow
distribution:

Cases: 73.3%
male; Controls:
73.3% male
- Specific
inclusion criteria:

CRP 0.81 (p= and Timing: Low
0.001), PCT 0.70 risk - appropriate

Not specified (ROC stain

analysis performed)

(p=0.039), sample collection
WBC1.00 (p<  Overall risk:
0.001) Moderate
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PD patients >3
months with
signs/symptoms
of peritonitis
(cases) or routine
visit (controls)

- Specific
exclusion criteria:
Not reported

- Total number of
participants: 182
(91 cases, 91
controls)

- Patient
population: PD
patients on
treatment 290

- Neutrophil
count threshold:
WBC > 100
cells/mm"3
(with at least
50%
polymorphonuc
lear cells)

Domain 1: Patient
Selection: Low

- Sensitivity:
days CNSLIVIY® isk - consecutive
. 90% .
-Mean/median - Type of assay: - e enrollment with
. . . . . . - Specificity: .
age: Peritonitis: Chemiluminescent Microbiological o clear criteria
. . ' - 82% .
65 years (IQR microparticle confirmation Positive Domain 2: Index
53.7-73.7); No immunoassay method: cedictive Test: Low risk -
peritonitis: 66.5 - Specifickitor  Positive culture Salue. Not ROC-determined
. Peritoneal years (IQR 53.25- technology used:  or Gram stain ) threshold,
Martino et ~ Case- L . reported . .
dialysis-  78)- Gender  Architect platform . blinded analysis
al., 2015  control . N . . .. - Negative .
(23], Ital stud associated  distribution: ~ (Abbott Diagnostics) - Clinical cedictive Domain 3:
Y Y peritonitis Peritonitis: 77.5% -NGAL criteria: Clinical ~ Reference
. . value: Not
male; No measurement units: signs and reported Standard: Low
peritonitis: 71.6% ng/mL symptoms of p risk - standard
» . - Area under .
male- Specific - Threshold values peritoneal the ROC curve ISPD criteria
inclusion criteria: used for diagnosis:  inflammation (AUC): 0 ;3‘6] Domain 4: Flow
Age >18 years, 85 ng/mL (pain, o and Timing: Low
. - Accuracy: Not .
PD treatment 290 discomfort, risk - appropriate
. . reported .
days, informed nausea/vomitin sample collection
consent g, diarrhea, or Overall risk: Low.
- Specific constipation)
exclusion criteria:
Peritonitis - Additional
episode within diagnostic
30 days before parameters:
enrollment Cloudy
drainage
- Total number of Doma.m 1: Patient
. . Selection: Unclear
participants: 301 - Neutrophil risk -
peritoneal Type of assay: count threshold: retrospective
cffluent samples . . 1 (NGALds) " ite cell count design, selection
- Patient A . and percentage .
. vs turbidimetric . e criteria not fully
population: PD of neutrophils - Sensitivity: .
. (NGALlab) o o described
patients (stable (specific 96% .
K - Platform/format: . Domain 2: Index
and with . thresholds not - Specificity: .
) POC rapid Test: Low risk -
suspected/confir , .. . reported) Not reported
. .. ... (dipstick/lateral flow) » threshold
Retrospecti . med peritonitis) . - - Positive .
. . Peritoneal R - Manufacturer/kit: X . R . determined by
Morisi et veanalysis .~ . -Mean/median Microbiological ~ predictive L .
. dialysis- NGALds i ; statistical analysis
al.,, 2024 with cross- . age: Not confirmation value: 0.64 .
. associated - Analyte/target: . Domain 3:
[35], Italy  sectional ... reported- Gender method: Not - Negative
peritonitis . Total NGAL . > Reference
elements distribution: Not . . specified predictive
- Diagnostic cut-off .. Standard: Unclear
reported . - Clinical value: 0.87 .
" (standardized): 100.0 . . risk - reference
- Specific criteria: ISPD - Area under
. . o ng/mL . standard not fully
inclusion criteria: Original reportin criteria- the ROC curve described
PD patients &0 P & Additional (AUC): 0.82 .
undereoin units: ug/L diaenostic Domain 4: Flow
CETBOIME (standardized to & and Timing: Low
routine analysis ng/mL) parameters: risk - parallel
or with & NGALlab used Sx-P
. testing performed
suspected/confir as comparator

med peritonitis

Overall risk:
Moderate
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- Specific
exclusion criteria:
Not reported
Spearman’s ¢ Domain 1: Patient
- Total number between selection: clear
of participants = NGALds and inclusion/exclusio
30 PD patients labNGAL = n; consecutive
(17 with Laboratory-based 0.88 (p <0.01), enrolment
peritonitis; 13 NGAL: particle- Spearman’s 0 Domain 2: Index
controls) - Age > enhanced Cq between test: blinded
ISPD lines:
18 years;onPD > turbidimetric S C%;?if 1S NGALds and operators; pre-
30 days; immunoassay eritonzal effluent WCC = specified cutoffs
informed consent  (BioPorto P ' 0.82 (p<0.01), Domain 3:
. . . effluent with
Virz et - PD modality: 7 Diagnostics; range WBC > 100 x Inter-operator Reference
Observation . - . CAPD, 23 APD; 50-3000 ng/mL; > 200 reproducibility:standard: ~ ISPD
al., 2022 Dialysis s . 1076 cells/L. . .
al, case— : treatment ng/mL indicative of 0=0.847 (p< criteria with
[36], associated . . .. (after>2 h
Vicenza It control eritonitis duration median peritonitis). dwell) with > 0.001), x = 0.786 culture/WCC
’ study P 32.7 mo (IQR 11- Point-of-care NGAL Y (p<0.001). Al -Flow & timing:
aly 50% PMNis, L.
49; range 1-88 (NGALds): lateral- abdominal pain peritonitis cases  concurrent
mo) - flow dipstick and/or osiI’: ve had NGALds>  sampling for
Comorbidities: (BioPorto P 300 ng/mL cases/controls
. . . . culture or Gram .
9/30 diabetes; Diagnostics), semi- . (proposed Domain 4:
e stain X
30/30 quantitative colour cutoff) No Interpretation:
hypertension;  categories 25-600 formal objective readouts
12/30 CVD; none ng/mL; read by two sensitivity/specifi (dipstick
immunosuppress blinded operators city or AUC categories;
ed; 86.6% on reported immunoassay
erythropoietin (preliminary thresholds)
study) Overall risk: High
- Total number
of parhc?lpants: Type of assay: Two - Domain 1:
301 peritoneal . .
offluent samples methods compared: Patient Selection -
. P NGALIab: BioPorto Low risk (parallel
- Patient .
opulation: PD test (particle- samples from
pop ) enhanced both healthy and
patients (healthy e . o
. . turbidimetric peritonitis
during routine . .
analvsis and with immunoassay) patients)
y . NGALds: Rapid - Domain 2: Index
suspected/confir . e , .
med peritonitis) semi-quantitative - Spearman’s Rs  Test - Low risk
P . colorimetric dipstick =0.876 (p= (NGALds
- Mean/median
Peritoneal age: Not test 10-%) compared to
Virzi et al,, Retrospecti dialvsis- rf (.)rte d - Specific kit or Diagnosed by - Sensitivity: 96  established
2024 [37], pec y P technology used:  ISPD criteria for % (150/156) NGALIab)
ve analysis associated - Gender . . N o .
Italy eritonitis distribution: Not Antibody sandwich  peritonitis - Specificity, - Domain 3:
P report d lateral flow dipstick PPV, NPV, Reference
) e;po ci?ic test- NGAL AUC: not Standard - Low
. PECC  easurement units: reported  risk (NGALIlab as
inclusion criteria:
PD patients pg/L reference)
o dpr in - Threshold values - Domain 4: Flow
UNCCTBOME 1 sed for diagnosis: and Timing - Low
routine analysis . .
ith >100 pg/L for risk (retrospective
or Wi . peritonitis diagnosis- analysis with
suspected/confir * . . .
d peritonitis Dipstick categories: parallel samples)
e sp o 25,50,100, 150, 300, Overall risk:
pectie 600 pg/L Moderate
exclusion criteria:
Not reported

ANC, Absolute Neutrophil Count; APD, Automated Peritoneal Dialysis; AUC, Area Under the Curve; CAPD,
Continuous Ambulatory Peritoneal Dialysis; CBC, Complete Blood Count; CI, Confidence Interval; CNNA,
Culture-Negative Neutrocytic Ascites; CRP, C-Reactive Protein; CVD, Cardiovascular Disease; ELISA, Enzyme-
Linked Immunosorbent Assay; GI, Gastrointestinal; HCC, Hepatocellular Carcinoma; INR, International
Normalized Ratio; IRB, Institutional Review Board; ISPD, International Society for Peritoneal Dialysis; LDH,
Lactate Dehydrogenase; NGAL, Neutrophil Gelatinase-Associated Lipocalin; NGALds, NGAL Dipstick Test;
NGALIlab, Laboratory-based NGAL Test; NPV, Negative Predictive Value; PCT, Procalcitonin; PD, Peritoneal
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Dialysis; PDAP, Peritoneal Dialysis-Associated Peritonitis; PMN, Polymorphonuclear Neutrophils; PMNL,
Polymorphonuclear Leukocytes; PPV, Positive Predictive Value; QUADAS-2, Quality Assessment of Diagnostic
Accuracy Studies-2; ROC, Receiver Operating Characteristic; SAAG, Serum-Ascites Albumin Gradient; Ascites
Serum; SBP, Spontaneous Bacterial Peritonitis; UTI, Urinary Tract Infection; WBC, White Blood Cell; WCC,
White Cell Coun.

3.3. Performance of Neutrophil Gelatinase-Associated Lipocalin for Detection of SBP and PDAP

Ten studies evaluated NGAL for peritonitis diagnosis, encompassing 573 cases and 833 controls.
In the bivariate random-effects model, NGAL showed excellent sensitivity, with pooled sensitivity
0.948 (95% CI, 0.901-0.973) and specificity 0.864 (95% CI, 0.704-0.944). Forest plots for sensitivity,
specificity, and diagnostic odds ratio (DOR) are shown in Figure 2a—c, and the HSROC curve in
Figure 2d. The pooled DOR was 90.59 (95% CI, 18.84-435.61), indicating strong overall discrimination
(Figure 2c). The HSROC AUC was 0.95 (partial AUC restricted to observed FPRs 0.932), confirming
excellent global performance (Figure 2d).

Study Events Total Sensitivity ~ 985% CI Study Events Total Specificity ~ 95% Cl
Ahmed 2023 38 40 — 0.95 [0.83;0.99] Ahmed 2023 37 40 —. 0.93 [0.80;0.98]
Biomy_2021 a1 42 —= 0.98 [0.87;1.00] Biomy_2021 42 43 —= 0.98 [0.88;1.00]
Chen_2024 a2 42 - 1.00 [0.92;1.00] Chen_2024 178 179 a 0.99 [097;1.00]
Hassan_2023 34 36 — 0.94 [0.81;0.99] Hassan 2023 32 36 —i 0.89 [0.74,0.97]
Khalil_2023 65 70 — 0.93 [0.84:0.98] Khalil_2023 42 50 —— 0.84 [0.71,093]
Lippi_2013 25 26 —a 0.96 [0.80; 1.00] Lippi_2013 64 85 —— 0.75 [0.65; 0.84]
Liu_2020 49 64 —— 0.77 [0.64; 0.86] Liu_2020 63 140 — 0.45 [0.37;0.54]
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Figure 2. Forest plots of diagnostic performance metrics for NGAL in peritonitis diagnosis: (a) Sensitivity; (b)
Specificity; (c) Diagnostic odds ratio; (d) Summary receiver operating characteristic curve for NGAL diagnostic

performance.

Between-study heterogeneity concentrated in specificity rather than sensitivity. In the overall
bivariate model, the between-study SDs on the logit scale were 0.721 for sensitivity and 1.377 for the
FPR, implying relatively stable sensitivity but markedly more variable specificity across settings.
Translating this to clinical terms using 95% PIs, a future study would be expected to observe
sensitivity between 0.75-0.98 and specificity between 0.23-0.99.

For threshold and small-study effects, in the bivariate model, the random-effects correlation
between sensitivity and the false-positive rate was negative (0=-0.63), consistent with a threshold
effect across studies. The scatter of logit-sensitivity versus logit-FPR also showed a negative
Spearman correlation that did not reach statistical significance overall (0=-0.43; p=0.218). Using our
prespecified Deeks’ funnel test on the primary dataset, we observed significant asymmetry (p=0.003),
suggesting small-study effects. In sensitivity analyses that applied alternative continuity/weighting
definitions, the association attenuated and the test was not significant (p=0.27; Supplementary Figure
S1). Given the small number of studies and the influence of individual high-leverage studies, we
interpret small-study effects as possible but not definitive.
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Leave-one-out analyses of the pooled DOR supported robustness: estimates remained high
across iterations (range, 58.43-124.71). Excluding Liu et al. [22] yielded the highest DOR (124.71; 95%
CI, 32.51-478.45), whereas excluding Chen et al. [32] yielded the lowest (58.43; 95% CI, 14.96-228.18),
without materially altering the conclusion (Figure 3).
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Figure 3. Leave-One-Out sensitivity analysis of the pooled diagnostic odds ratio for NGAL in peritonitis

diagnosis.

For decision support, pooled likelihood ratios were LR* 6.96 and LR~ 0.06 overall —consistent
with good confirmatory value and strong rule-out capability, respectively. Example Fagan updates:
at 20% pre-test probability, a positive test increases post-test probability to ~63.5%, while a negative
reduces it to ~1.5%.

3.4. Subgroup Analysis by Peritonitis Type

Of the 10 studies with quantitative data, 6 evaluated spontaneous bacterial peritonitis (n = 278
cases; n = 394 controls) and 4 evaluated peritoneal dialysis—associated peritonitis (n = 295 cases; n =
439 controls). Pooled accuracy was similar between groups (Figure 4), SBP: sensitivity 0.932 (95% CI,
0.859-0.969), specificity 0.849 (95% CI, 0.676-0.938), AUC 0.949. PDAP: sensitivity 0.964 (95% CI,
0.883-0.989), specificity 0.882 (95% CI, 0.504-0.982), AUC 0.936.

Formal subgroup tests found no evidence of a difference by peritonitis type. On the logit scale
with REML and Knapp-Hartung adjustments, the difference in pooled sensitivity was p = 0.333 and
in specificity p = 0.819. The DOR ratio (PDAP/SBP) was 1.90 (95% CI, 0.07-52.42; p = 0.666), and a
global LRT in the bivariate model ML detected no subgroup effect (p = 1.00).
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Figure 4. Subgroup analysis of NGAL diagnostic performance by peritonitis type: (a) Forest plot of sensitivity
by peritonitis type; (b) Forest plot of specificity by peritonitis type; (¢) PDAP diagnostic odds ratios; (d) SBP
diagnostic odds ratios; (e) Summary of receiver operating characteristic curves in PDAP; (f) Summary of receiver

operating characteristic curves in SBP.

Heterogeneity patterns were consistent but more extreme in PDAP. The between-study SDs
were 0.310 (logit-sensitivity) and 1.935 (logit-FPR) for PDAP, yielding 95% PIs of Se 0.84-0.97 and Sp
0.07—0.99 (the very wide Sp PI reflects the small k and boundary estimation). For SBP, SDs were
0.831 (logit-sensitivity) and 1.144 (logit-FPR), with PIs Se 0.68-0.99 and Sp 0.31-0.98. Deeks’ test
indicated small-study effects in SBP (p = 0.0043) but not in PDAP (p =0.164). Spearman’s correlations
were negative but non-significant in both subgroups (SBP o = -0.66; p = 0.175; PDAP ¢ = -0.80; p =
0.333).

Subgroup influence analyses mirrored the overall pattern (Figure 5). For PDAP, the pooled DOR
was 133.17 (95% CI, 5.08-9509.62) with broader leave-one-out variation (30.74-315.59); excluding
Chen et al. [32] gave the most conservative estimate (30.74; 95% CI, 5.12-184.54), while excluding
Morisi et al. [35] produced the highest DOR (315.59; 95% CI, 0.28-353,806), with very wide ClIs. For
SBP, the pooled DOR was 77.32 (95% CI, 8.36-715.47) with tighter leave-one-out range (47.12-127.89);
excluding Liu et al. [22] yielded the highest DOR (127.89; 95% CI, 36.84-443.95), and excluding Biomy
et al. [31] the lowest (47.12; 95% CI, 4.87-455.78).
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Figure 5. Leave-One-Out sensitivity analysis of the pooled diagnostic odds ratio for NGAL in peritonitis
diagnosis: (a) Peritoneal dialysis-associated peritonitis; (b) Spontaneous bacterial peritonitis.
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For clinical translation, subgroup LR estimates were PDAP LR* 8.15 / LR~ 0.04 and SBP LR* 6.16
/ LR 0.08, supporting strong rule-out value in both groups and moderate confirmatory value that is
sensitive to the local threshold and assay format (e.g., rapid dipsticks versus quantitative platforms).

3.5. Subgroup Analysis by NGAL Assay Method

We examined whether assay methodology modifies diagnostic performance using a bivariate
random-effects (Reitsma/HSROC) model stratified by assay type—ELISA (four studies),
point-of-care/rapid tests (three studies), and automated immunoassays (three studies). Heterogeneity
was summarized with 95% prediction intervals (PI) for sensitivity and specificity on the probability
scale, and by assessing the influence of individual studies on the diagnostic odds ratio.
Between-group differences were evaluated with a bivariate meta-regression and a likelihood-ratio
test (LRT).

In the bivariate model, ELISA yielded a pooled sensitivity of 0.947 (95% CI, 0.900-0.973) and
specificity of 0.910 (0.840-0.951), corresponding to a DOR of 159.06 (55.33-457.25) and an HSROC
AUC of 0.967. POC/rapid assays showed the highest pooled sensitivity, 0.977 (0.939-0.992), but with
wide uncertainty in specificity, 0.90 (0.380-0.992); the resulting DOR was 242.91 (6.23-9475.85) and
AUC 0.974. Automated immunoassays displayed lower overall accuracy, with sensitivity 0.881
(0.749-0.944), specificity 0.691 (0.492-0.843), DOR 18.04 (2.27-143.36), and AUC 0.871 (Figure 6).

Prediction intervals illustrated the extent of between-study dispersion. For sensitivity, the 95%
PIs were narrow for ELISA (approximately 0.89-0.96) and POC/rapid (0.93-0.98), but wide for
automated assays (0.58-0.97). For specificity, dispersion was modest for ELISA (about 0.79-0.95) and
very large for both POC/rapid (0.03-0.99) and automated platforms (0.25-0.94), consistent with
threshold variation across studies and explaining the broad HSROC prediction regions for these
subgroups (Figure 6d).
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Figure 6. Subgroup analysis of NGAL diagnostic performance by NGAL test type: (a) Forest plot of sensitivity
by NGAL test type; (b) Forest plot of specificity by NGAL test type; (c) Forest plot of diagnostic odds ratio by
NGAL test type; (d) Summary receiver operating characteristic (SROC) curves by NGAL test type.

To facilitate clinical translation, we collapsed platforms into two groups: laboratory-based
assays (ELISA plus automated immunoassays) and point-of-care (POC) tests (Figure S2). The
comparison included 10 studies overall: 7 laboratory-based studies (358 cases, 496 controls) and 3
POC studies (215 cases, 337 controls). Pooled estimates were obtained from a bivariate random-effects
(Reitsma/HSROC) model; heterogeneity is described using prediction-region behavior and by
leave-one-out (LOO) influence on the diagnostic odds ratio (DOR). Laboratory-based assays showed
sensitivity 0.92 (95% CI 0.86-0.96) and specificity 0.84 (0.70-0.92), with DOR 67.54 (16.05-284.24) and
AUC = 0.94. POC tests yielded sensitivity 0.97 (0.94-0.99) and specificity 0.90 (0.38-0.99), with DOR
24291 (6.23-9475.85) and AUC = 0.97 (Figure S2a-d). Thus, POC tests tend to provide higher
sensitivity while maintaining broadly comparable specificity, albeit with much wider uncertainty for
specificity.

Prediction regions from the HSROC display a narrow band for sensitivity in the POC subgroup
and a broader band for specificity in both groups—extremely wide for POC, reflecting threshold
dispersion across studies (Figure S2d). This pattern mirrors the subgroup results by individual assay
type and explains the large uncertainty around the POC DOR despite a high point estimate. A
bivariate meta-regression likelihood-ratio test confirmed that overall diagnostic accuracy differs
between laboratory-based and POC tests (x?=9.26, df=2, p=0.0098). In keeping with the HSROC, this
difference is driven primarily by the spread in specificity across POC studies and by the
lower/heterogeneous specificity of automated assays within the laboratory group. (For reference,
univariate subgroup tests on sensitivity and specificity alone did not reach conventional significance:
x?=~3.79, p=0.052 for sensitivity; x?~0.14, p=0.71 for specificity.)

As detailed in Figure S3, POC results are highly sensitive to individual studies: omitting Chen
et al. [32] reduced the POC DOR to 31.6, whereas omitting Morisi et al. [35], increased it to 1253.0 and
omitting Virzi et al. [36] raised it to 351.8. Within the laboratory group, influence is concentrated in
the automated-assay subset: excluding Liu et al. [22], increased the automated DOR to 46.1, while
excluding Lippi et al. [21], and Martino et al. [23] lowered it to 10.4 and 12.3, respectively.
ELISA-based estimates were comparatively robust, with smaller LOO shifts. Together, these findings
reinforce that assay choice and study-level thresholds materially affect observed performance.

Deeks’ funnel asymmetry tests showed no evidence of small-study effects for POC (p=0.727) and
a borderline signal for the laboratory group (p=0.062), advising cautious interpretation of
between-group contrasts.

3.6. Subgroup Analysis by Sample Size

To assess whether study size affects diagnostic performance, we stratified studies by total
sample size using a threshold of 100 participants (Figure 7). Four studies with <100 participants
contributed 135 peritonitis cases and 132 controls, and six studies with 2100 participants contributed
438 cases and 701 controls. Pooled estimates were obtained with a bivariate random-effects
(Reitsma/HSROC) model; heterogeneity was described via the HSROC prediction regions and
leave-one-out (LOO) influence on the diagnostic odds ratio (DOR). The pooled accuracy in the
bivariate model for small studies (<100) showed sensitivity 0.957 (95% CI 0.905-0.981) and specificity
0.916 (0.855-0.958), yielding DOR 245.81 (82.78-729.96) and AUC 0.972. Large studies (=100) showed
sensitivity 0.952 (0.859-0.971) and specificity 0.807 (0.506-0.937), with DOR 50.22 (7.80-323.55) and
AUC 0.943 (Figure S4a—d).

A bivariate meta-regression did not detect a significant effect of sample size on overall accuracy
(x>=1.76, df=2, p=0.415). Thus, while point estimates suggest better performance among smaller
studies, this contrast is not supported when sensitivity and specificity are modeled jointly.
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The HSROC display shows a narrower prediction region for sensitivity in small studies and a
markedly broader region for specificity —especially among larger studies—indicating substantial
threshold dispersion for specificity (Figure 7d). These patterns overlap widely across size strata,
consistent with the non-significant LRT.

LOO analyses indicated moderate influence within the <100 group (baseline DOR = 245.81):
omitting Biomy et al. [31] lowered the DOR to 174.1, whereas omitting Ahmed et al [30], Hassan et
al. [20], or Virzi et al. [37] raised it to 269.9, 353.5, and 260.6, respectively. In the 2100 group (baseline
DOR = 50.22), omitting Chen et al. [32] reduced the DOR to 22.7; excluding Liu et al. [22] increased it
to 84.5; other omissions had smaller effects (e.g., Martino et al. [34] 57.0, Morisi et al. [35], 67.6, Lippi
et al. [34], 50.0, Khalil et al. [33] 51.2). Overall, large-study results are more sensitive to single
influential studies, largely through specificity.

Deeks’ funnel asymmetry tests did not suggest small-study effects within either stratum (p=0.585
for <100; p=0.460 for 2100). Hence, although smaller studies show higher pooled DOR and AUC, these
features are not explained by publication bias in the Deeks sense.

Smaller studies yielded higher sensitivity, specificity, DOR, and AUC, but sample size per se
was not a statistically significant modifier of accuracy in the bivariate framework. The wider HSROC
prediction region for specificity among larger studies—and the pronounced LOO shifts when
omitting certain large studies —suggest that between-study threshold differences and assay mix (e.g.,
inclusion of low-specificity automated platforms) likely contribute to the observed patterns.
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Figure 7. Subgroup analysis of NGAL diagnostic performance by NGAL study sample size: (a) Forest plot of
sensitivity by NGAL study sample size; (b) Forest plot of specificity by NGAL study sample size; (c) Forest plot
of diagnostic odds ratio by NGAL study sample size; (d) Summary receiver operating characteristic curves by

study sample size.

3.7. Risk of Bias

During the screening process, four independent authors (J.C.D.A.-], ].B.-R, M.L.P-M. and ].D.G.-
B) demonstrated a high degree of agreement, as supported by a Cohen’s kappa coefficient of 0.95.
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The methodological quality of the included studies was assessed using the QUADAS-2 tool, with
detailed results presented in Table 2. Overall, the risk of bias was judged to be low to moderate across
the included studies. The primary concerns identified were related to the 'Patient Selection' domain,
particularly in studies employing a case-control design, which may introduce a risk of selection bias.

Deeks’ funnel plot for all studies showed evidence of small-study effects (slope test p =0.003;
Figure 8a). In subgroup analyses by assay method, no asymmetry was detected for ELISA (k =4,
p=0.56), automated immunoassays (k=3, p=0.67), or point-of-care (POC) tests (k=3, p=0.73)
(Figure 8b). Grouping by platform indicated borderline asymmetry among laboratory-based assays
(k=7,p=0.062), whereas POC tests again showed no signal (k =3, p =0.73) (Figure 8c). Stratifying by
study size revealed no asymmetry within either stratum (<100 participants: k=4, p=0.585; >100
participants: k=6, p=0.46) (Figure 8d). Taken together, the significant overall result appears to be
driven by the set of laboratory-based studies; all subgroup findings should be interpreted cautiously
given the small number of studies per stratum (k <4) and the conventional p <0.10 threshold used
for Deeks’ test.

Deeks' funnel - ALL Desics tunnel - Autameted mmunoasssys Desk's funnsl - ELISA
P=0.667 F-0.561

Chen 20248

s Erecive samon sae)

log(DOR)

® Liu_2020 p=0.003

T T T T T T T
0.4 0.6 0.8 1.0 1.2 14 16

1/ sari(Effective sample size) 1/ 5aiiENcive samals szel

Figure 8. Figure 8. Deeks’ funnel plots for ascitic/peritoneal NGAL. (a) All studies (slope test p=0.003). (b) By
assay method: automated immunoassays (p=0.67), ELISA (p=0.56), point-of-care tests (p=0.73). (c) By
platform: laboratory-based assays (p=0.062) vs POC (p=0.73). (d) By study size: <100 (p=0.585) vs >100
participants (p =0.46). Each panel regresses In(DOR) on 1/VESS; p values correspond to Deeks’ asymmetry test
(lower p suggests small-study effects).

3.8. Certainty of the Evidence

The GRADE-DTA evaluation, conducted independently by four authors (J.A.G.-F.,, AM.L.-Y,,
J.C.D.A.-],, and ].B.-R.), of thirteen diagnostic performance studies assessing NGAL in peritoneal
effluent and ascitic fluid is summarized in Table 3. The risk of bias was generally moderate across
studies, with inconsistency, indirectness, and publication bias judged as not serious. However,
serious imprecision —due largely to wide or unreported confidence intervals —resulted in moderate
overall certainty for most studies. Only Chen et al., achieved high certainty on the basis of narrow
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estimates and rigorous design, while Lippi et al. [21] maintained moderate certainty despite the
absence of serious imprecision, likely reflecting their moderate risk of bias assessment.

Table 3. Summary of GRADE-DTA Domains and Overall Certainty for Studies on NGAL as a Diagnostic
Biomarker in Peritoneal Effluent and Ascitic Fluid.

Study
(year)
Ahmed

et al., Moderate Not serious Not serious Serious Undetected Moderate
2023
Biomy et
al., 2021
Chen et
al., 2024
Cullaro
etal, Moderate Not serious Not serious Serious Undetected Moderate
2017
Hassan
etal, Moderate Not serious Not serious Serious Undetected Moderate
2023
Khalil et
al., 2023
Lippi et
al., 2013
Liuetal.,
2020
Martino
etal, Moderate Not serious Not serious Serious Undetected Moderate
2012
Martino
et al., Moderate Not serious Not serious Serious Undetected Moderate
2015
Morisi et
al., 2024
Virzi et
al., 2022
Virzi et
al., 2024

Risk of bias  Inconsistency  Indirectness Imprecision Publication bias Overall certainty

Moderate Not serious Not serious Serious Undetected Moderate

Not serious Not serious Not serious Not serious Undetected High

Moderate Not serious Not serious Serious Undetected Moderate
Moderate Not serious Not serious Not serious Undetected Moderate

Moderate Not serious Not serious Serious Undetected Moderate

Moderate Not serious Not serious Serious Undetected Moderate
Moderate Not serious Not serious Serious Undetected Moderate

Moderate Not serious Not serious Serious Undetected Moderate

4. Discussion

In this systematic review and meta-analysis, peritoneal/ascitic neutrophil gelatinase—associated
lipocalin (NGAL) showed excellent overall diagnostic accuracy for peritonitis. In the bivariate
random-effects model, pooled sensitivity and specificity were 0.948 and 0.864, respectively; the
HSROC AUC was =0.95 (partial AUC within the observed FPRs 0.932), and the pooled DOR was 90.6,
with likelihood ratios LR* = 6.96 and LR~ = 0.06. At a pre-test probability of 20%, a positive NGAL
raises the post-test probability to ~63-64%, whereas a negative result lowers it to ~1.5%, supporting
strong rule-out capability alongside meaningful confirmatory value. Heterogeneity concentrated in
specificity rather than sensitivity; between-study SDs on the logit scale were larger for the
false-positive rate, and 95% prediction intervals suggested that future studies might see sensitivity
around 0.75-0.98 and specificity 0.23-0.99, underscoring threshold dispersion across settings.

Diagnostic performance was comparable between peritonitis types. For PDAP, pooled
sensitivity was 0.964 and specificity 0.882 (AUC 0.936); for SBP, sensitivity 0.932 and specificity 0.849
(AUC 0.949). Formal subgroup tests detected no significant differences (logit-scale meta-regressions:
sensitivity p=0.333; specificity p=0.819; DOR ratio PDAP/SBP 1.90, p=0.666; global LRT in the
bivariate model p=1.00). Taken together with the narrow prediction band for sensitivity, these
findings support broad applicability of NGAL as an early adjunct across PDAP and SBP.

Assay methodology modified observed accuracy. ELISA studies showed sensitivity ~0.95 and
specificity ~0.91 (HSROC AUC ~0.97; DOR ~159), point-of-care/rapid tests had the highest pooled
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sensitivity (~0.98) with broadly comparable but more uncertain specificity (AUC ~0.97; DOR ~243
with very wide Cls), while automated immunoassays performed lower overall (AUC ~0.87; DOR
~18). Collapsing platforms into laboratory-based (ELISA +automated) versus POC, a bivariate
meta-regression confirmed platform-level differences (LRT x?~9.26, p=0.0098), largely driven by
specificity dispersion among POC studies and the lower/heterogeneous specificity of automated
assays. These data support a two-threshold strategy tailored to the local platform (low cut-off for
rule-out, high cut-off for rule-in).

Risk of bias was generally low-to-moderate by QUADAS-2, with anticipated concerns in
case-control designs. At the meta-level, Deeks’ funnel plot suggested small-study effects overall
(p=0.003), though this attenuated in a prespecified sensitivity analysis using an alternative
continuity/weighting scheme (p =0.27), indicating that the asymmetry signal is sensitive to analytic
choices in a small corpus. A sample-size meta-regression found no significant effect of study size on
joint accuracy (LRT p=0.415), despite higher point estimates in smaller studies, and leave-one-out
analyses showed the main conclusions were robust to single-study influence. Overall certainty by
GRADE-DTA was moderate (imprecision and design limitations), with one high-certainty
multicenter POC study.

Current guidelines for peritoneal dialysis—associated peritonitis and spontaneous bacterial
peritonitis rely on clinical features, peritoneal/ascitic polymorphonuclear cell thresholds (=250/mm3
for SBP; effluent WBC >100/uL with 250% PMN after >2 h dwell for PDAP), and cultures —tests that
can be delayed or confounded by prior antibiotics and variable dwell times [26-28]. The present
results support NGAL as a rapid adjunct to guideline criteria—particularly attractive for rule-out
given the consistently high sensitivity and very low LR-—and as a potential tool for early triage and
time-to-antibiotics reduction while confirmatory testing is pending. Given the platform-dependent
behavior of specificity and the wide prediction intervals, implementation should pre-specify
assay-specific cut-offs, harmonize pre-analytics (e.g., 22-h dwell time for PD effluent; standardized
handling), and favor impact evaluations (diagnostic- and management-change studies,
decision-curve analyses) to document real-world benefit. Moreover, NGAL may rise early and
decline during effective therapy, warranting evaluation as a monitoring biomarker; however,
potential elevations in non-infectious inflammatory states should be anticipated and managed via a
two-threshold or composite-algorithm approach [15,18,22,24,32]. In head-to-head comparisons,
peritoneal NGAL outperformed CRP and procalcitonin for early discrimination of PDAP and
performed comparably to WBC count, supporting its role as a front-line adjunct rather than a
replacement biomarker [23,34].

Despite robust performance, several limitations warrant acknowledgment. Substantial
heterogeneity was observed, particularly for specificity. Small-study effects were evident, with
studies enrolling fewer than 100 participants demonstrating significantly higher diagnostic odds
ratios and remarkable homogeneity compared with larger studies. Limited peer review in some data
sources and potential spectrum bias in case-control designs further temper the strength of the
conclusions [35,37]. Another inherent limitation in the measurement of NGAL in peritoneal fluid is
that NGAL levels can be elevated in non-infectious inflammatory conditions, which may reduce
specificity in certain clinical contexts [18].

Future research should target both methodological optimization and broader clinical validation
of NGAL testing. Priorities are: (i) multicenter, prospective validations that pre-specify
platform-specific two-threshold (rule-out/rule-in) cut-offs and calibrate them to local
prevalence/spectrum, with blinded adjudication; (ii) pre-analytical standardization —uniform dwell
time for PD effluent (22h), harmonized sampling/transport/storage SOPs, handling of
bloody/viscous samples, and external quality assurance (including lot-to-lot and inter-operator
checks for POC); (iii) comprehensive analytical reporting (LoD/LoQ, imprecision across the decision
range, linearity, unit harmonization/traceability, and matrix effects) to enable inter-laboratory
comparability; (iv) head-to-head comparisons versus PMN counts, CRP, procalcitonin, and
composite algorithms, quantifying incremental value with decision-curve and reclassification
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metrics; (v) focused evaluations in challenging phenotypes —culture-negative neutrocytic ascites,
partially treated PD-associated peritonitis, and short dwell times —where adjunctive tests are most
needed; and (vi) explicit documentation of false-positive contexts (e.g., non-infectious peritoneal
inflammation) and conditions that preclude or distort testing (e.g., grossly bloody effluent), coupled
with reflex pathways for indeterminate/gray-zone results. These priorities will directly respond to
the meta-analytic pattern of stable sensitivity, heterogeneous specificity, and platform-level
differences observed in our synthesis.

Integration with guideline-based diagnostic criteria (PMN thresholds and cultures) will be
essential. If validated, early diagnosis using NGAL dipsticks at the bedside could shorten delays
compared with conventional methods, enabling prompt antibiotic initiation while confirmatory tests
are processed [23,36]. Finally, exploring NGAL in combination with other biomarkers represents
another promising avenue [21]. Given its reported association with adverse outcomes in cirrhosis
cohorts, prognostic modeling —such as adding NGAL to MELD-Na or infection-related risk scores—
also warrants investigation.

5. Conclusions

Peritoneal/ascitic NGAL demonstrates high diagnostic accuracy for peritonitis across PDAP and
SBP (pooled Se 0.95, Sp 0.86, HSROC AUC ~0.95, LR~ ~0.06), with no material differences between
etiologies. Clinical use should emphasize rapid rule-out and platform-specific two-threshold
decision-making, embedded within guideline-concordant algorithms alongside PMN counts and
cultures. Standardization of pre-analytics and assay-specific cut-offs, coupled with prospective,
multicenter impact studies, will determine how best to integrate NGAL — particularly POC formats—
to accelerate diagnosis and improve care pathways.
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analyses: items and manuscript locations.; Figure S1. (a) Study level sensitivity vs specificity with linear fit and
Pearson correlation. (b) Deeks” funnel plots under an alternative coding scheme (Haldane-Anscombe +0.5 per
cell; ESS defined as 4/(1/TP+1/FN+1/FP+1/TN); weighted least squares regression of In(DOR) on 1/NESS; Figure
§2. Subgroup analysis of NGAL diagnostic performance by NGAL test type: (a) Forest plot of sensitivity by
NGAL test type; (b) Forest plot of specificity by NGAL test type: (c) Forest plot of diagnostic odds ratio (DOR)
by NGAL test type; (d) Summary receiver operating characteristic (SROC) curves by NGAL test type.; Figure
S3. Leave-one-out influence analysis of the diagnostic odds ratio across NGAL assay platforms and testing
contexts: (a) ELISA — leave-one-out DOR; (b) Point-of-care/rapid tests — leave-one-out DOR; (c) Automated
immunoassays — leave-one-out DOR; (d) Laboratory-based assays (ELISA + automated), collapsed vs POC —
leave-one-out DOR; (e) POC/rapid tests, collapsed vs laboratory — leave-one-out DOR. Figure S4.
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Studies with less than 100 patients— leave-one-out DOR; (b) Studies with more than 100 patients—
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Abbreviations

The following abbreviations are used in this manuscript:

AASLD American Association for the Study of Liver Diseases
ANC Absolute Neutrophil Count

APD Automated Peritoneal Dialysis

AUC Area Under the Curve

CAPD Continuous Ambulatory Peritoneal Dialysis
CBC Complete Blood Count

CI Confidence Interval

CNNA Culture-Negative Neutrocytic Ascites

CRP C-Reactive Protein

CvD Cardiovascular Disease

EASL European Association for the Study of the Liver
ELISA Enzyme-Linked Immunosorbent Assay

DOR Diagnostic odds ratio

GI Gastrointestinal

HCC Hepatocellular Carcinoma

HSROC Hierarchical summary receiver operating characteristic
INR International Normalized Ratio

IRB Institutional Review Board

ISPD International Society for Peritoneal Dialysis
LDH Lactate Dehydrogenase

NGALds NGAL Dipstick Test

NGALIlab Laboratory-based NGAL Test

NPV Negative Predictive Value

PCT Procalcitonin

PD Peritoneal Dialysis

PDAP Peritoneal Dialysis-Associated Peritonitis

PMN Polymorphonuclear Neutrophils

PMNL Polymorphonuclear Leukocytes

POC Point-of-care
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PPV Positive Predictive Value
QUADAS-2 Quality Assessment of Diagnostic Accuracy Studies-2
ROC Receiver Operating Characteristic
SBP Spontaneous Bacterial Peritonitis
SROC Summary receiver operating characteristic
UTI Urinary Tract Infection
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