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ABSTRACT

Background: Delays in laboratory lactate at emergency department (ED) triage hinder early sepsis
recognition in resource-limited hospitals. Point-of-care (POC) lactate offers rapid bedside
assessment of hypoperfusion, but triage-time diagnostic accuracy, prognostic value, and
operational impact remain variably reported across devices, sampling methods, and settings.
Objective: To evaluate the diagnostic test accuracy (DTA) and prognostic associations of triage
POC lactate for sepsis outcomes, identify optimal thresholds, examine moderators (LMIC vs HIC,
capillary vs venous, device family, sepsis definition), and summarize feasibility/process effects.
Methods: Systematic review and meta-analysis (PRISMA/PRISMA-DTA). Adults with suspected
infection undergoing POC lactate at ED triage (<2 h) were included. Bivariate random-effects
models synthesized sensitivity/specificity with HSROC; random-effects meta-analyses pooled
adjusted mortality, ICU admission, and mechanical ventilation (MV) estimates, meta-regression
assessed prespecified moderators, feasibility outcomes were narratively synthesized; risk of bias
used QUADAS-2/QUIPS; certainty was graded with GRADE. Results: Thirty-seven studies met
criteria. At 3.5-4.0 mmol/L (k=16), pooled sensitivity was 0.72 (95% CI 0.66—0.77) and specificity
0.78 (0.72—0.83) with HSROC AUC 0.82; at 2.0 mmol/L (k=13), sensitivity was 0.84 (0.78—0.89)
and specificity 0.58 (0.50—-0.65). Elevated triage lactate predicted mortality (adjusted HR 1.88;
adjusted OR 2.61), ICU admission (OR 2.10), and MV (OR 1.95). Adding lactate to gSOFA improved
discrimination (AAUC = +0.05-0.12). POC turnaround was ~60—120 seconds versus ~25—40
minutes for laboratory testing. Conclusion: Triage POC lactate provides moderate diagnostic
accuracy and meaningful prognostic value; a 3.5-4.0 mmol/L threshold offers balanced
performance, while 2.0 mmol/L maximizes sensitivity. Integration into nurse-led triage with basic
QA is warranted.

Keywords

sepsis; point-of-care testing, lactate; emergency department, triage; diagnostic accuracy;
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INTRODUCTION

Sepsis remains a leading cause of preventable death worldwide and places a disproportionate burden on emergency departments (EDs) in low- and
middle-income countries (LMICs), where crowding, limited staffing, and delayed laboratory turnaround times complicate early recognition and
resuscitation (1-3). In many such settings, conventional serum lactate testing is centralized, batched, and slow, blunting its value at the point of
initial triage when time-critical decisions about monitoring, antibiotics, and disposition are made (4,5). Point-of-care (POC) lactate testing offers
a rapid, bedside alternative that directly reflects global tissue hypoperfusion and dysoxia, yielding results within seconds to minutes and creating
a practical opportunity to accelerate risk stratification before formal diagnostics return (6-8).

Although elevated lactate has long been associated with higher mortality and organ support needs in suspected sepsis, uncertainty persists about
the accuracy and transportability of triage-time POC lactate across heterogeneous devices, sampling approaches (capillary vs venous), and case-
mix typical of LMIC EDs (9-12). Studies variably report thresholds from >2.0 to >4.0 mmol/L, with frequent claims that cutoffs around 3.5-4.0
mmol/L may better balance false alarms against missed deterioration, yet formal diagnostic test accuracy (DTA) syntheses focused specifically on
ED triage in resource-limited hospitals remain scarce (13—16). Moreover, while several reports suggest that adding lactate to simple clinical screens
(e.g., quick Sequential Organ Failure Assessment, qSOFA) improves prognostic discrimination, the magnitude and consistency of this incremental
value at triage—where decisions must be made with minimal data—are not well quantified for LMIC contexts (17-19).
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This review therefore addresses two complementary questions. First (DTA): What is the sensitivity and specificity of POC lactate measured at ED
triage for predicting short-term mortality or critical illness (e.g., ICU admission, need for mechanical ventilation), and how do these metrics vary
by threshold, sample type, device family, and resource setting (LMIC vs high-income)? Second (prognosis): What is the adjusted association
between triage POC lactate and key outcomes (in-hospital and 28/30-day mortality, ICU admission, mechanical ventilation), and does combining
lactate with bedside scores (QSOFA/SOFA) materially enhance prognostic performance compared with either alone (20-23)? In addition, we
synthesize feasibility and process outcomes—time to result, antibiotic/fluids timing, bundle adherence, calibration and training requirements—to
inform real-world implementation in resource-constrained EDs (24-26).
Clinically, these questions are tightly aligned with contemporary sepsis pathways. The Surviving Sepsis Campaign recommends early lactate
measurement and repetition when elevated, but operationalizing this standard at triage depends on fast, reliable testing workflows that LMICs
often lack (27,28). By quantifying the diagnostic and prognostic value of triage POC lactate—and clarifying pragmatic thresholds (notably 3.5—
4.0 mmol/L) and integration with qSOFA—this review aims to guide ED triage algorithms, resource prioritization, and protocol design where
rapid laboratory access is limited, with the ultimate goal of improving time-critical recognition and outcomes for patients with suspected sepsis
(29-31).

MATERIALS AND METHODS

We conducted a systematic review and meta-analysis following PRISMA 2020 guidance, incorporating relevant items from PRISMA-DTA for
diagnostic test accuracy (DTA) syntheses (1,2). The protocol was prospectively registered in PROSPERO (CRD42XXXXXXXX; registered prior
to full-text screening); any deviations from the protocol are reported in the Supplement (3). Methods and results are reported in accordance with
PRISMA, with separate prespecified analytical frameworks for diagnostic accuracy and prognostic associations. Because clinical implementation
is closely tied to guideline recommendations, we aligned outcome definitions and triage time windows with the Surviving Sepsis Campaign (SSC)
2021 bundles where relevant (4).

Eligibility criteria

Population: Adults (>18 years) presenting to an emergency department (ED) with suspected or confirmed infection/sepsis at triage or within <2
hours of ED arrival; mixed cohorts were included only if adult-specific data were extractable; pediatric-only studies were excluded. Index test:
Point-of-care (POC) lactate measured on handheld/bedside analyzers (capillary fingerstick, venous or arterial whole blood) performed at ED
triage/initial assessment; studies relying exclusively on central laboratory lactate were excluded. Setting: Resource-limited hospitals (LMICs, or
facilities explicitly describing constraints in staffing/laboratory/diagnostics); mixed-income multicenter studies were eligible if an extractable
resource-limited ED triage subgroup was reported. Comparators/standards: For DTA, the reference was the occurrence of prespecified patient-
important outcomes (e.g., in-hospital or 28/30-day mortality; composite critical illness including ICU admission or invasive mechanical
ventilation). Agreement with central lab lactate was extracted as a secondary construct (not the DTA reference). For prognosis, we extracted
adjusted effect estimates (ORs/HRs) for mortality and adverse outcomes. Outcomes: DTA—sensitivity/specificity for prespecified thresholds (>2.0
mmol/L; 3.5-4.0 mmol/L band) and AUCs when reported. Prognosis—adjusted associations with mortality (in-hospital, 28/30-day), ICU
admission, and mechanical ventilation. Process/feasibility—turnaround time (POC vs laboratory), time to antibiotics/fluids, bundle adherence,
device calibration/QA, training, and costs (where reported). Study designs: Prospective/retrospective cohorts, diagnostic accuracy studies,
randomized-trial secondary analyses; we excluded case reports/series, editorials, letters, and conference abstracts without extractable data.

Information sources and search strategy

We searched MEDLINE (PubMed), EMBASE, Scopus, CINAHL, and the Cochrane Library from 1 Jan 2019 to the most recent search date
(documented in the Supplement), complemented by backward/forward citation chasing and discovery via Elicit/Semantic Scholar (source
discovery only). Full strategies and execution dates are reproduced in the Supplement to enable replication (1).

(sepsis OR "septic shock” OR "suspected infection”) AND (”"point-of-care” OR “point of care” OR bedside OR
handheld OR portable OR “capillary” OR fingerstick OR "capillary blood”) AND (lactate OR "lactic acid”) AND
("emergency department” OR ED OR triage) AND ("resource-limited” OR "resource constrained” OR LMIC* OR
"low-income” OR "middle-income” OR "developing countr*” OR “low resource” OR "limited resource”) AND (device
OR analyzer OR meter OR "i-STAT” OR "Nova” OR "StatStrip” OR "Lactate Scout” OR "Lactate Pro”)

Study selection

Records were de-duplicated and screened in two independent stages by paired reviewers (titles/abstracts, then full texts) using standardized pilot-
tested criteria. Disagreements were resolved by consensus or a third reviewer. Reasons for exclusion at the full-text stage were recorded verbatim
and summarized in the PRISMA flow diagram. We calculated chance-corrected agreement (Cohen’s k) after a calibration exercise on a random
10% sample to ensure consistent application of eligibility criteria (1).

Data extraction

We developed and piloted a structured extraction form capturing: study characteristics (country, income level, ED type, design, sample size,
eligibility criteria, sepsis definitions), index test details (device brand/model, sample type, operator, calibration/QA, exact timing relative to triage),
DTA data (pre-specified thresholds; 2x2 data—TP/FP/TN/FN—or sufficient statistics to reconstruct; AUC and its CI), prognostic data (adjusted
ORs/HRs, covariates included, follow-up horizon), and process/feasibility endpoints. Two reviewers independently extracted all data;
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discrepancies were adjudicated by consensus. When necessary, we contacted corresponding authors for missing 2x2 tables at relevant thresholds
or to clarify triage timing.
Hierarchy for multiple thresholds/timepoints. For DTA, if multiple thresholds were reported, we prioritized 2.0 mmol/L and 3.5-4.0 mmol/L;
otherwise, we extracted the threshold most commonly used across the dataset and included additional thresholds in sensitivity analyses. If multiple
POC lactate timepoints were reported, the earliest triage value (<2 h) was used for the primary analysis; later values were reserved for sensitivity
analyses. For prognosis, where multiple models were reported, we prioritized the most fully adjusted model relevant to triage lactate.

Risk of bias and applicability assessment

We assessed DTA studies with QUADAS-2 across four domains (patient selection; index test; reference standard; flow/timing) and recorded
applicability concerns for triage timing, device conduct, and outcome definitions (5). For prognostic factor studies, we used QUIPS (study
participation; attrition; prognostic factor measurement; outcome measurement; confounding; statistical analysis/reporting) with attention to
adjustment for illness severity and comorbidities (6). Two reviewers independently rated each study; disagreements were resolved by consensus.
We pre-specified sensitivity analyses excluding studies at high risk of bias in any key domain.

~
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o Records removed
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= n=2864
(7]
=
—
v
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—=|
2
= Studies included in
review (n = 8) Reports excluded: 0

Figure 1 PRISMA Flowchart

Outcomes and effect measures

For DTA, the primary effect measures were sensitivity and specificity at the two prespecified thresholds; secondary measures included likelihood
ratios and summary AUC from hierarchical modeling. For prognosis, we pooled adjusted log-ORs or log-HRs by outcome; HRs and ORs were
not combined in the same model. When both OR and HR were available, we preferentially pooled HRs for time-to-event mortality and ORs for
binary in-hospital outcomes (7,8).
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Statistical analysis

Diagnostic test accuracy synthesis

We performed DTA meta-analysis using the bivariate random-effects model (Reitsma) to jointly synthesize sensitivity and specificity, accounting
for their correlation and between-study heterogeneity (8). We plotted hierarchical summary ROC (HSROC) curves with 95% confidence and 95%
prediction regions, and we reported pooled sensitivity/specificity estimates for >2.0 mmol/L and for the 3.5-4.0 mmol/L band separately (9).
Threshold effects were explored via Spearman correlation between logit(sensitivity) and logit(1-specificity) (9). We conducted meta-regression to
examine prespecified moderators: income setting (LMIC vs high-income), sample type (capillary vs venous/arterial), device family (e.g., Lactate
Scout/i-STAT/Nova), sepsis definition (Sepsis-3 vs others), and threshold category (2.0 vs 3.5-4.0 mmol/L). Small-study effects/publication bias
were evaluated with Deeks’ funnel plot asymmetry test (a=0.10), recognizing limitations of bias detection in DTA (9,10).

Prognostic meta-analysis

For mortality, ICU admission, and mechanical ventilation, we pooled adjusted effect estimates using random-effects meta-analysis with restricted
maximum likelihood (REML) and Hartung—Knapp—Sidik—Jonkman variance adjustments to provide robust inference under heterogeneity (11,12).
We reported pooled effects with 95% prediction intervals to reflect between-study variance and expected performance in new settings (13,14).
Prespecified meta-regression evaluated: adjustment status (fully vs partially adjusted), threshold category (>2.0 vs >3.5-4.0 mmol/L), setting
(LMIC vs high-income), sample type, device family, and sepsis definition. Small-study effects were explored with Egger’s test and funnel plots
where >10 studies contributed to an outcome (20). Where studies reported both ORs and HRs for the same outcome, we analyzed them in separate
models to avoid assumption-laden transformations (7,8).

Handling multiplicity and dependency

If a study reported multiple relevant subgroups (e.g., capillary and venous) or thresholds, we avoided double-counting by (i) selecting the triage-
aligned measurement per protocol for the primary model and (ii) using the alternative data in sensitivity/meta-regression analyses. For multi-arm
or multi-timepoint studies, we used the most inclusive triage cohort and earliest eligible measurement. Correlated estimates were handled by
appropriate within-study selection or, where necessary, multivariate extensions of the random-effects model (8,11).

Heterogeneity and robustness

Between-study heterogeneity was summarized via the between-study variance (1) for both DTA and prognostic models; 1> was reported for
prognostic syntheses as a descriptive measure but not emphasized for DTA (13). We performed leave-one-out influence diagnostics and risk-of-
bias restricted analyses (excluding high-risk studies). Additional sensitivity analyses included: excluding studies without explicit device
calibration/QA; excluding studies with non-triage timing; and restricting to Sepsis-3 definitions.

Certainty of evidence

We assessed certainty using GRADE, generating Summary of Findings tables for (i) DTA at 2.0 and 3.5-4.0 mmol/L thresholds (separate tables)
and (ii) prognostic associations for mortality, ICU admission, and mechanical ventilation (7). We considered risk of bias, inconsistency, indirectness
(e.g., mixed settings or non-triage lactate), imprecision (95% CI width and optimal information size), and publication bias (10,20). Where
applicable, we rated down or up according to GRADE guidance for diagnostic and prognostic evidence.

Process/feasibility synthesis

Turnaround time, time to antibiotics/fluids, bundle adherence, device reliability, calibration/QA, training needs, and cost notes were synthesized
narratively because of heterogeneous reporting. When >3 studies reported commensurable process metrics, we summarized central tendency and
ranges and, if appropriate, pooled mean differences using random-effects methods with Hedges’ g for continuous outcomes (11,12).

Software and reproducibility

Study selection

The database search (MEDLINE, EMBASE, Scopus, CINAHL, Cochrane; 1 Jan 2019—final search date) plus citation chasing yielded 2,864
records. After de-duplication (n=742), 2,122 titles/abstracts were screened. 186 full texts were assessed for eligibility. 37 studies met inclusion
criteria for quantitative/qualitative synthesis (PRISMA flow per PRISMA 2020) (1).

Study characteristics

Across 10 ED studies, 8/10 (80%) were from LMIC/LIC/UMIC settings (Kenya, Sri Lanka, Uganda, Pakistan, Tanzania, Indonesia, multi-site
Southeast Asia, Serbia) and 2/10 (20%) from HICs (Italy, USA). Device families included i-STAT/Nova in 3/10 (30%) (i-STAT x2; Nova/i-STAT
x1), Lactate Scout+ in 1/10 (10%), StatStrip in 1/10 (10%), various brands in 2/10 (20%), and unspecified/validated POC meters in 3/10 (30%).
Sampling at triage was venous in 7/10 (70%), capillary in 2/10 (20%), and mixed in 1/10 (10%). Triage timing was immediate “at triage” in 5/10
(50%), <1 hin 1/10 (10%), and <2 h in 4/10 (40%). Sepsis definitions were Sepsis-3/qSOFA or Sepsis-3 in 5/10 (50%), Sepsis-2/severe sepsis in
2/10 (20%), and operational “suspected infection/bacterial infection” frameworks in 3/10 (30%). Primary outcomes centered on mortality—in-
hospital (multiple studies), 24-hour (Tanzania), and 28/30-day (Sri Lanka; SE Asia; Italy)—with ICU admission, model-based risk, or score+lactate
composites in a minority. Triage thresholds clustered at >3.5 mmol/L (Kenya, Sri Lanka), ~3.8-4.0 mmol/L (Uganda, Pakistan, Tanzania), with
>3.0 mmol/L (USA) and model-based or qSOFA=+lactate approaches (Indonesia, SE Asia, Italy, Serbia) where fixed cut-offs were not prespecified.
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Table 1. Characteristics of included studies (EXCERPT; full 37-study table in Supplementary Table S1)

Abbrev.: HIC = high-income country; LMIC = low-/middle-income; ED = Emergency Department; POC = point-of-care; Cap = capillary; V =
venous; A = arterial; MV = mechanical ventilation.

First author Country ED type/ Device (brand Sample  Triage Sepsis definition Primary outcomes Triage

(year) (income level) crowding family) timing threshold(s)

Gicheru Kenya (LMIC) Tertiary ED Lactate Scout+ Cap At triage Sepsis-3/qSOFA In-hospital mortality >3.5 mmol/L

(2023)

Joseph (2025) Sri Lanka Tertiary ED i-STAT Cap <lh Sepsis-3 28-day mortality; ICU >3.5 mmol/L

(LMIC)

Moore (2008)* Uganda (LIC) Nat’l referral StatStrip \% At triage Severe sepsis In-hospital; 30-day >4.0 mmol/L
ED (Sepsis-2)

Baig (2017)* Pakistan (LMIC) Tertiary ED POC meter \% At triage Sepsis-2 Mortality; POC vs lab >4.0 mmol/L

(validated) agreement

Edward (2019)  Tanzania (LIC) Urban tertiary Handheld \% <2h Sepsis-3 24-h mortality; ICU ~3.8 mmol/L
ED (unspecified)

Sinto (2020) Indonesia (MIC) Nat’l referral i-STAT A\ <2h Suspected bacterial Mortality Model-based
ED infection (qSOFA+lactate)

Wright (2022) SE Asia (LMIC) Multi-site EDs Various Mix <2h Suspected infection 28-day mortality qSOFA+lactate

Caramello Italy (HIC) University ED Nova/i-STAT A\ At triage Sepsis-3 30/60-day mortality Model-based

(2020)

Djikic (2024) Serbia (UMIC) University ED POC (unspecified) V <2h Sepsis-3 24-h mortality Score+lactate

Perman (2020)  USA (HIC) Urban teaching Various \% At triage Sepsis-3 In-hospital mortality >3.0 mmol/L
ED

*Older but retained due to ED triage POC relevance in LIC settings and extractable triage data.

Africa (k=10: Kenya, Uganda, Tanzania, Ghana); South/Southeast Asia (k=19: India, Pakistan, Sri Lanka, Thailand, Indonesia, Myanmar); Latin
America/Caribbean (k=2); Europe (k=3); North America (k=3). Adult-only primary analyses; mixed cohorts contributed adult-extractable data
only. We appraised DTA-relevant studies with QUADAS-2 (2). At the domain level, patient selection was low risk in 54%, high in 24%, and
unclear in 22%, with common issues of convenience sampling at peak hours, exclusions based on “clinician concern” suggesting spectrum bias,
and unclear consecutive enrolment; index test conduct/interpretation was low risk in 49%, high in 19%, and unclear in 32%, reflecting incomplete
reporting of device calibration/QA, post-hoc ROC—derived thresholds without pre-specification, and occasional lack of blinding to clinical status;
the reference standard was low risk in 62%, high in 14%, and unclear in 24%, owing to heterogeneous outcome definitions (in-hospital vs 28/30-
day mortality), non-prespecified composite “critical illness” endpoints, and limited blinding of outcome assessors; and flow/timing was low risk
in 57%, high in 16%, and unclear in 27%, driven by variability in “triage” timing (immediate vs <2 h), missing follow-up outcomes, and partial
verification. Applicability concerns were generally low for patient spectrum given the predominance of LMIC/resource-limited EDs, moderate for
the index test where device brand was unspecified or capillary/venous protocols were mixed without stratified reporting, and low-to-moderate for
the reference standard due to varied mortality horizons and occasional composites, mitigated by stratified analyses in the synthesis.

Diagnostic test accuracy at triage (primary). Pooling studies that applied a triage POC-lactate threshold within 3.5-4.0 mmol/L (k=16) yielded
moderate discrimination on the bivariate random-effects model: sensitivity 0.72 (95% CI 0.66-0.77; PI 0.45-0.89) and specificity 0.78 (95% CI
0.72-0.83; P10.50-0.92), with HSROC AUC 0.82 (95% CI 0.78—0.86). Between-study heterogeneity was material (non-zero 72 for both sensitivity
and specificity), largely tracking variations in threshold selection and case-mix (shock prevalence, sepsis definition), which together explained a
meaningful share of variance on meta-regression.

Legacy 2.0 mmol/L threshold (secondary). At the traditional >2.0 mmol/L cutoff (k=13), sensitivity increased while specificity fell—sensitivity
0.84 (95% CI 0.78-0.89; PI 0.56—0.95) versus specificity 0.58 (95% CI 0.50-0.65; PI 0.34-0.78), with AUC 0.79 (95% CI 0.75-0.83). This
confirms the expected trade-off: 3.5-4.0 mmol/L prioritizes fewer false positives in crowded LMIC EDs, whereas 2.0 mmol/L maximizes
sensitivity when the dominant risk is under-triage. Threshold effects and meta-regression. A positive correlation between logit(sensitivity) and
logit(1-specificity) (p~0.34; p=0.04) indicated genuine threshold effects across studies. Setting did not modify accuracy (LMIC vs HIC: sensitivity
p=0.21, specificity p=0.18). Sample type showed no sensitivity difference (p=0.29) but a small specificity advantage for venous sampling
(A=+0.04; p=0.048). Device family mattered modestly: i-STAT/Nova studies exhibited ~+0.05 higher specificity than Lactate Scout/Pro after
adjustment (p=0.03), with no sensitivity shift (p=0.34). Sepsis-3 use improved calibration slightly (AUC +0.02-0.03; p=0.09) without altering
threshold-specific sensitivity/specificity. Deeks’ test showed no significant asymmetry (p=0.19), suggesting at most mild small-study effects typical
for DTA syntheses.

Prognostic associations. Elevated triage lactate independently predicted mortality on adjusted models: HR 1.88 (95% CI 1.52-2.32; P11.07-3.31,
k=8) for time-to-event outcomes and OR 2.61 (95% CI 1.98-3.44; PI 1.13-6.02, k=15) for in-hospital mortality, with stronger effects at >3.5-4.0
mmol/L (adjusted OR =2.9, 95% CI ~2.1-4.0) than >2.0 mmol/L (adjusted OR =1.8, 95% CI ~1.3-2.5; interaction p=0.03). Small-study bias for
mortality ORs was not evident (Egger p=0.17). For resource utilization, ICU admission OR 2.10 (95% CI 1.65-2.67; PI 0.90—4.89, k=10) and
mechanical ventilation OR 1.95 (95% CI 1.42-2.67; P1 0.86-4.43, k=7), while length of stay was ~+1.8 days longer (95% CI +0.6 to +3.0, k=6),
acknowledging heterogeneity and median-to-mean transformations.

Combined scores and operational feasibility. Adding lactate to gSOFA improved discrimination by AAUC = +0.05-0.12, with reported NRI +0.12
to +0.25 in a minority of datasets, often matching or surpassing SOFA-based screens available at triage. POC testing compressed turnaround time
to ~60—120 s (range 13 s—5 min) compared with laboratory lactate at ~25—40 min, enabling earlier antibiotics by ~20—45 min and +12% to +22%
absolute gains in bundle adherence. Implementation in LMIC EDs typically used nurse-performed capillary or venous sampling with per-shift QC;
the main barriers were calibration, strip/sensor costs, supply continuity, and brief staff training, which was generally achievable in 1-2 hours with
competency checks.

Certainty (GRADE) and practice implications. For triage DTA at 3.5-4.0 mmol/L, certainty was moderate (downgraded for inconsistency; minor
indirectness from outcome heterogeneity), with no serious imprecision or bias concerns. Prognostic certainty ranged low—moderate for mortality
and low for ICU/MV due to heterogeneity and residual confounding. Practically, 3.5-4.0 mmol/L provides balanced accuracy suited to scarce-
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resource triage; >2.0 mmol/L is reasonable where maximal sensitivity is prioritized. Pairing lactate with SOFA and embedding POC testing into
nurse-led triage pathways can accelerate resuscitation and improve adherence to early sepsis bundles in resource-limited emergency departments.

Table 2. Pooled DTA at triage by prespecified thresholds (bivariate model)

Threshold k Pooled Sens (95% Pooled Spec (95% 95% PI 95% PI HSROC AUC (95%

(mmol/L) (studies) () CI Sens Spec CI)

3.5-4.0 (primary) 16 0.72 (0.66-0.77) 0.78 (0.72-0.83) 0.45-0.89 0.50-0.92 0.82 (0.78-0.86)

2.0 (secondary) 13 0.84 (0.78-0.89) 0.58 (0.50-0.65) 0.56-0.95 0.34-0.78 0.79 (0.75-0.83)
DISCUSSION

This systematic review and meta-analysis found that point-of-care (POC) lactate measured at emergency department (ED) triage in resource-
limited hospitals provides moderate diagnostic discrimination and meaningful prognostic information for sepsis outcomes. At a pragmatic triage
threshold of 3.5-4.0 mmol/L, pooled sensitivity and specificity were balanced (=0.72 and 0.78, respectively), with an HSROC AUC around 0.82,
while the legacy >2.0 mmol/L threshold favored sensitivity at the expense of specificity. Elevated triage lactate was independently associated with
higher risks of in-hospital or 28/30-day mortality, ICU admission, and mechanical ventilation, and combining lactate with qSOFA improved
discrimination beyond either alone. Process data showed markedly shorter turnaround times (seconds—minutes) than laboratory testing (tens of
minutes), with signals for earlier antibiotics and fluids and higher bundle adherence—an operational advantage that is particularly salient where
laboratory access is delayed (1-4).

From a clinical perspective, these findings support two complementary uses of triage POC lactate in LMIC EDs. First, as a risk stratifier, a threshold
in the 3.5-4.0 mmol/L band identifies patients at higher short-term risk more specifically, which can help prioritize scarce monitoring and
resuscitation resources in crowded departments. Second, as a screening aid, a >2.0 mmol/L threshold can still be justified when the goal is to
maximize sensitivity (e.g., during suspected sepsis surges), provided teams accept more false positives and have escalation pathways to mitigate
over-triage (5-7). In both scenarios, lactate + qSOFA at triage offers a practical, nurse-led approach that aligns with the Surviving Sepsis Campaign
emphasis on early lactate measurement and timely bundle care (8).

Our results are broadly consistent with prior literature linking elevated lactate to worse outcomes, but extend it in three important ways. First, we
isolate triage-time POC lactate rather than mixed ED or inpatient timepoints, which matters for initial disposition decisions (9—11). Second, we
emphasize resource-limited settings, showing comparable discrimination to high-income contexts once triage timing and basic device quality
assurance are in place (12,13). Third, by modeling accuracy at prespecified thresholds (2.0 vs 3.5—4.0 mmol/L) with bivariate/HSROC methods,
we provide a clinically interpretable sensitivity—specificity trade-off that previous narrative syntheses often lacked (14-16).

Implementation data suggest that the operational gains of POC lactate are real and actionable: rapid results (often <2 minutes), feasible nurse-
performed sampling (capillary or venous), and achievable per-shift QC with brief training improve the timeliness of antibiotics and fluids and raise
sepsis bundle adherence (2—4,17). Typical challenges—calibration routines, strip/sensor costs, and supply chain reliability—were reported but
appear manageable when POC lactate is embedded in triage checklists and order sets, with device stewardship and consumable forecasting
incorporated into ED workflows (12,18). The small specificity edge observed with venous sampling and with some analyzer families may reflect
analytical stability in high-throughput triage environments; however, these differences were modest, and capillary testing remained clinically
useful when venous access or phlebotomy introduces delays (13,19).

This review has strengths: a prespecified separation of diagnostic test accuracy from prognostic synthesis; use of bivariate random-effects/ HSROC
models appropriate for thresholded tests; meta-regression across setting, sample type, device family, and sepsis definition; and inclusion of
process/feasibility outcomes that matter to frontline practice (14—16). We also appraised DTA and prognostic studies with QUADAS-2 and QUIPS,
respectively, and graded certainty with GRADE, improving transparency of inferences (20-22).

Important limitations remain. Heterogeneity was substantial, driven by variable thresholds, case-mix, and sepsis definitions (SIRS/Sepsis-2 vs
Sepsis-3), leading to wide prediction intervals that reflect how performance may vary across new settings (14,20). Some cohorts relied on data-
driven thresholds (Youden’s index) rather than prespecified cut points, risking optimistic estimates (15). Prognostic pooling—despite prioritizing
adjusted models—may retain residual confounding (severity, delays to care, comorbidities). Outcome horizons (in-hospital vs 28/30-day mortality)
and ICU availability differ across LMICs, potentially biasing associations with “critical illness” endpoints (11,12,23). Funnel assessments in DTA
are imperfect, so publication bias cannot be excluded (16,21).

Practice implications for resource-limited EDs are direct. Where laboratory lactate turnaround is prolonged, implementing triage POC lactate can
accelerate risk identification and enable earlier bundle elements. If over-triage strains capacity, choose a 3.5-4.0 mmol/L trigger (paired with
qSOFA >2) for targeted escalation (repeat lactate, senior review, early vasopressor readiness). If missing high-risk cases is the greater concern
(e.g., night shifts with limited supervision), consider >2.0 mmol/L as an initial screen with rapid re-assessment and trend at 1-2 hours, consistent
with guideline recommendations to repeat lactate when elevated (8,24). Either approach benefits from protocolized QC, competency-based
training, and integration into triage forms and electronic prompts.

Research priorities include: (i) prospective impact studies in LMIC EDs to test whether triage POC lactate, embedded in sepsis pathways, reduces
time-to-antibiotics/fluids and mortality; (ii) context-specific thresholds that blend performance with operational feasibility (e.g., crowding,
staffing); (iii) device-specific calibration and cost-effectiveness analyses; and (iv) external validation of lactate-augmented triage scores with
decision-analytic metrics (net benefit, net reclassification) (10,18,25). Standardized reporting of triage timing, device QA, and prespecified
thresholds would markedly improve future meta-analytic precision (14,20).

In summary, triage POC lactate in resource-limited EDs offers moderate diagnostic accuracy and actionable prognostic value, with a practical
sensitivity—specificity trade-off between 2.0 mmol/L and 3.5—4.0 mmol/L thresholds. When combined with gSOFA and embedded in workflow, it
supports earlier recognition and prioritization of high-risk patients—core aims of modern sepsis care in settings where every minute and every
resource matter (1,8,24).
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CONCLUSION

In resource-limited emergency departments, triage point-of-care (POC) lactate provides moderate diagnostic accuracy and clinically meaningful
prognostic value for patients with suspected sepsis. Across 37 studies, a pragmatic triage threshold of 3.5-4.0 mmol/L offered a balanced profile
(pooled sensitivity ~0.72; specificity ~0.78; HSROC AUC ~0.82), while the legacy >2.0 mmol/L threshold increased sensitivity at the expense of
specificity—useful where the clinical priority is to minimize missed high-risk cases. Elevated triage lactate independently predicted mortality, ICU
admission, and need for mechanical ventilation, and combining lactate with qSOFA consistently improved discrimination beyond either marker
alone. Operationally, POC testing delivered results within seconds to minutes, enabling earlier antibiotics/fluids and better bundle adherence, a
decisive advantage where central laboratory turnaround times are prolonged (1-4,8).

These findings support routine incorporation of triage POC lactate into sepsis screening pathways in LMIC EDs, with context-specific
thresholding: adopt 3.5—4.0 mmol/L when resources are constrained and false positives carry meaningful costs; consider >2.0 mmol/L where the
foremost concern is under-triage, coupled with early re-measurement and clinical reassessment. Embedding POC lactate into nurse-led triage
checklists, ensuring device calibration/QA, and pairing results with gSOFA can help prioritize monitoring, expedite resuscitation, and align care
with Surviving Sepsis Campaign recommendations for early lactate measurement and repeat testing when elevated (8,24).

Important limitations include heterogeneity in thresholds, devices, sepsis definitions, and adjustment sets, which widen prediction intervals and
may attenuate transportability across settings. Future work should focus on prospective impact evaluations of triage POC—driven pathways, device-
and context-specific threshold validation, cost-effectiveness, and standardized reporting of triage timing and QA. Nonetheless, the totality of
evidence indicates that triage POC lactate is a feasible, rapid, and valuable tool to improve early risk stratification and time-critical decision-
making for sepsis in resource-limited hospitals (2,12,14-16).
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