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Abstract

Objectives: To aggregate literature on the diagnostic performance of mono-
cyte distribution width (MDW) for sepsis detection among adults in the
emergency department and inpatient settings.

Methods: We searched the MEDLINE, EMBASE, SCOPUS, and Cochrane
databases for studies evaluating MDW for sepsis diagnosis in adults in the
hospital setting through October 19, 2024. Two authors (G.E. and Q.H.)
independently performed eligibility assessment, data extraction, and risk of
bias assessment. We evaluated performance for sepsis-2 and sepsis-3 sepa-
rately and applied separate diagnostic thresholds depending on the antico-
agulant used in blood collection. Data were pooled using a random-effects
model. We performed multiple sensitivity analyses to evaluate the stability of
our findings.

Results: Twenty-five observational studies comprising 39,041 patients were
included. The area under the summary receiver operating curve (AUC) was
0.82 (95% Cl, 0.78-0.85) for both sepsis-2 and sepsis-3. Sensitivity and
specificity were 0.79 (95% Cl, 0.74-0.83) and 0.7 (95% CI, 0.61-0.78) for
sepsis-2 and 0.83 (95% CI, 0.78-0.88) and 0.64 (95% Cl, 0.55-0.71) for
sepsis-3. The threshold-independent weighted-average AUC was 0.76 (SD,
0.1) for sepsis-2 and 0.77 (SD, 0.07) for sepsis-3. The aggregate negative
predictive value was 94% for sepsis-2 and 96% for sepsis-3. We observed
similar performance across all sensitivity analyses. We assessed the overall
quality of evidence to be low.
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Abstract (continued)

Conclusions: MDW performs similarly to other biomarkers such as procalci-
tonin for the diagnosis of sepsis, with the unique advantage of rapid availability
as part of routine testing.

Keywords: sepsis, monocytes, biomarkers, diagnostic tests, blood cell count

1 INTRODUCTION
1.1 Background

The complete blood count (CBC) is one of the oldest and
most widely used blood tests in the evaluation of sepsis. Vol-
ume, conductivity, and scatter (VCS) technology performed
by some hematology analyzers adds unique cell morphology
data to the routine CBC without additional time or cost. In
2005, Chaves et al' reported the first evaluation of VCS for
sepsis detection. Subsequent studies identified monocyte dis-
tribution width (MDW), a measure of variation in monocyte
volume, as the best-performing VCS parameter, with negative
predictive value (NPV) as high as 97%.” Other devices

generate similar data using flow cytometry.”

1.2 Importance

Sepsis is a life-threatening syndrome characterized by dysre-
gulated host response to infection. It is the leading cause of
death in hospitals® and causes 20% of deaths worldwide.’
Eatly recognition is challenging, and delayed treatment leads
to measurably increased mortality.”” Better biomarkers could
save lives by enhancing clinicians’ ability to detect the deadly
syndrome before the onset of organ dysfunction.

1.3 Goals of This Investigation

Amid a growing body of literature on the use of MDW for
sepsis detection, we conducted a systematic review and meta-
analysis to summarize its diagnostic performance in the hos-
pital setting with the hypothesis that it would be similar to that
of procalcitonin (PCT).

2 METHODS

We designed this study using the Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy.” The pro-
tocol was prespecified and registered in the PROSPERO
database (CRD42021253088). The report follows the Meta-
analysis Of Observational Studies in Epidemiology checklist.”

2.1 Search Strategy and Study Selection

In consultation with a research librarian, we performed a
comprehensive search of the MEDLINE, EMBASE, SCO-
PUS, and Cochrane databases on October 19, 2024. The full
search strategy is shown in Supplementary Appendix 1. We
reviewed the bibliographies of the screened studies to identify
additional references.

Two authors (G.E. and Q.H.) independently performed
eligibility assessment using the COVIDENCE bibliographic
database. The senior author (D.H.) resolved any disagreements.
We included studies evaluating MDW for sepsis detection
among adults in a hospital setting (emergency department [ED],
wards, or intensive care unit [ICU]). We excluded studies if the
data were previously published in another included manuscript,
accepted sepsis definitions were not used, data to construct 2 X
2 contingency tables were not available, or if non-VCS tech-
nology was used. We did not apply any language filters. Un-
published conference abstracts were excluded. When needed,
we contacted study authors to solicit further information.

2.2 Measures of Diagnostic Accuracy

The primary measure of interest was the area under the
summary receiver operator characteristic (ROC) curve (sAUC)
of MDW for sepsis-2'” and sepsis-3,'" which we analyzed as
separate reference standards. Other measures assessed included
sensitivity, specificity, and positive/negative predictive value
(PPV/NPV). To pool diagnostic accuracy data, contingency
tables of true/false positive/negative rates were constructed
using prevalence and sensitivity/specificity at a given diagnostic
threshold. The thresholds reported in studies vary dramatically
and depend on the anticoagulant used in blood collection.'* "
To avoid bias, when multiple cutpoints were reported, we used
the one closest to a common threshold, rather than the best-
performing cutpoint. The common threshold for dipotas-
sium (K2) EDTA was defined by the manufacturer-
recommended cutpoint of 20 and for tripotassium (K3)
EDTA by the median best cutpoint of 22. If the anticoagulant
could not be determined, it was inferred from the range of
MDW values obtained and deemed ambiguous.

Because the AUC for each individual study applies across
the full range of cutpoints, we also calculated a weighted-
average AUC (wAUC), which provides an additional
threshold-independent method of pooling data for the AUC.

2.3 Data Extraction, Risk of Bias Assessment,
and Quality of Evidence Assessment

Two trained investigators (G.E. and Q.H.) who were not
blinded to the study purpose independently performed data
extraction and risk of bias (ROB) assessment using a stan-
dardized process. Any disputes were settled by the senior
author. We evaluated ROB using an adapted version of the
Quality Assessment of Diagnostic Accuracy Studies-2 (QUA-
DAS-2) instrument.'” We assessed the overall quality of
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evidence using the Grading of Recommendations, Assessment,
Development, and Evaluate (GRADE) system.'® The GRADE
method rates the level of confidence in the findings of the
analysis as high, moderate, low, or very low based on ROB,
inconsistency, imprecision, indirectness, and publication bias.
Application of GRADE to studies of diagnostic test accuracy has
been previously described.'”

2.4 Statistical Analysis

The authors performed data analysis in consultation with a
biostatistics team using the MIDAS (Meta-analytical Integra-
tion of Diagnostic test Accuracy Studies) program in STATA
(v.17, Stata(:orp).]8 Data were pooled using a random-effects
model. We performed prespecified sensitivity analyses for
studies conducted in the ED setting, those enrolling undif-
ferentiated patients (ie, without required clinical suspicion of
sepsis), and those at low ROB. Additional post-hoc sensitivity
analyses are described in the Results section.

We assessed heterogeneity using the I statistic. We evaluated
sources of heterogeneity using meta-regression and publication
bias using the Decks™ funnel plot and rank-correlation test.'”

3 RESULTS
3.1 Results of the Search

Figure 1 shows the study selection diagram. The initial search
yielded 8061 articles. After removing duplicates, 2494 studies

underwent title and abstract screening, of which 2066 were
irrelevant and 402 did not meet inclusion criteria. Bibliog-
raphy review of the 29 articles selected for full-text review
identified 3 additional studies. Two of these were unpublished
conference abstracts with insufficient data for inclusion.?”*’
The third was an unpublished derivation cohort for the
2019 study by Crouser et al”* and was included. Ultimately,

. . . . . p —4
we included 25 studies comprising 39,041 patients.”'>'****!

3.2 Features of Included Studies

Supplementary Appendix 2 summarizes salient features of the
included studies. All were observational and published be-
tween 2017 and 2024. Most (n = 19) were conducted in the
ED setting, whereas 3 were performed in the ICU,”***** 2 in
an inpatient ward,'>*" and 1 in multiple settings.”® Fourteen
studies included undifferentiated patients, 10 only enrolled
patients with suspected infection,'”*®**?*% and 1 included
only patients with suspected complications of cirrhosis.”’
Eight studies used sepsis-2 criteria, 11 used sepsis-3, and 6
reported both sepsis-2 and sepsis-3, though 1 of these 6 did
not include sufficient data to be included in our sepsis-2
analysis.”

Thirteen studies were analyzed with the common
threshold for K2EDTA and 12 for K3. For 2 studies”” that
did not report the anticoagulant, the authors did not respond
to our request for clarification. K2ZEDTA was inferred from the
range of MDW values and they were deemed ambiguous. For

Records from database
searches
(n=8061)

»| Duplicate records removed

(n=5567)

Title and abstract
screening
(n=2494)

Did not meet inclusion criteria

Irrelevant records

(n=402)
#Sepsis not evaluated (n=266)
*Non-VCS technology (n=37)

(n =2066)

A4

ePediatrics (n=23)

eReview, editorial, or reanalysis (n=33)
*MDW not reported (n=21)

*SN/SP not reported (n=19)

Records from bibliography
review of included studies
(n=3)

Full-text review
(n=29)

eInvalid sepsis definition (n=3)

Records excluded
(n=4)

» eConference abstracts only (n=2)
eReanalysis of published data (n=1)
eData not usable for analysis (n=1)

[ INCLUSION ][ ELIGIBILITY }[ SCREENING ][ IDENTIFICATION }

Included in the analysis
(n=25)

FIGURE 1. Study selection diagram. MDW, monocyte distribution width; SN, sensitivity; SP, specificity; VCS, volume, conduc-

tivity, scatter.
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2 others,”**® the authors confirmed the anticoagulant but
their response was discordant with the reported MDW values,
so they were also treated as ambiguous. Excluding ambiguous
studies, the median (IQR) best cutpoint was 20 (0.3) for
K2EDTA and 22 (1.5) for K3EDTA.

Many studies compared the performance of MDW with
other biomarkers or combinations of biomarkers. For this
analysis, we only considered the performance of MDW in
isolation.

3.3 ROB of Included Studies
2 depicts the QUADAS-2 assessment. Five

213:26.31.35 were deemed at low ROB, 5 were of unclear
and the remaining 15 were at high risk. The
most common sources of bias were (1) poorly described sepsis

Figure

studies
. 1 22,2527,30
risk, 2222273

adjudication methods; (2) no blinding of adjudicators to the
MDW result; and (3) lack of a prespecified diagnostic cut-
point. Concern regarding applicability to our research question
was high for 12 studies, 2272529329841 41 due to enrollment
of limited patient populations such as those with suspected
infection.

3.4 Summary of Diagnostic Performance
3.4.1 Overall analysis

Figure 3 depicts the sample-size weighted-average MDW for
each patient group stratified by the anticoagulant used. Me-
dian MDW was higher for K3 EDTA vs K2, though less so in
control patients. Median MDW increased linearly with pro-
gression from control patients, to localized infection (ie,
infection without sepsis), to sepsis, and to septic shock. Me-
dian MDWs for systemic  inflammatory
response syndrome (SIRS) were below sepsis thresholds.

Figure 4 shows the summary ROCs and forest plots for
sepsis-2 and sepsis-3. The sAUC was 0.82 (95% ClI, 0.78-
0.85) both for the 13 studies evaluating sepsis-2 and the 17
studies of sepsis-3. The threshold-independent wAUC was
0.76 (SD, 0.1) for sepsis-2 and 0.77 (SD, 0.07) for sepsis-3.
Summary sensitivity and specificity were 0.79 (95% CI,
0.74-0.83) and 0.7 (95% CI 0.61-0.78) for sepsis-2 and 0.83
(0.78-0.88) and 0.64 (0.55-0.71) for sepsis-3. Using the
sample-size-weighted aggregate disease prevalence (17.2% for
sepsis-2 and 13.9% for sepsis-3) and the summary sensitivity
and specificity yields a NPV of 0.94 and PPV of 0.35 for
sepsis-2 and NPV of 0.96 and PPV of 0.27 for sepsis-3.
Supplementary Appendix 3 shows conditional probability
plots for estimating the likelihood of sepsis based on pretest
probability.

noninfectious

3.4.2 Sensitivity analyses

Table summarizes the results of the sensitivity analyses. Too
few sepsis-3 studies were at low ROB to permit a full meta-
analysis so we used the meta-regression function to calculate
sensitivity and specificity for that subgroup. All studies

evaluating sepsis-2 were performed in the ED so no sensitivity
analysis was required. We conducted additional post-hoc
sensitivity analyses with exclusion of studies with ambiguous
anticoagulant, outlier studies'>”* (see  Supplementary
Appendix 4 for outlier impact analysis), studies with <500
patients, and separated by anticoagulant used.

With the exception of some minor variation in specificity
(<10% in all cases), the results of all sensitivity analyses were
very similar to the main analysis.

Given the likely greatest utilicy of MDW as a rule-out test
for sepsis in the ED, we conducted an additional analysis of
the NPV in studies conducted in the ED. The sample-size-
weighted NPV among ED studies was lower than in the
overall analysis at 0.89 for sepsis-2 (n = 13) and 0.95 for sepsis-
3 (n = 11).Because this appeared to be driven by several studies
with very high sepsis prevalence due to enrollment of only
patients with suspected infection, we conducted a further
analysis of only ED studies of undifferentiated patients and
found a NPV of 0.96 for sepsis-2 (n = 8) and 0.99 for sepsis-3
(n = 6).

3.5 Heterogeneity and Publication Bias

Heterogeneity was severe for both sepsis-2 (I* = 99; 95% CI,
98-99) and sepsis-3 (I* = 100; 95% CI, 100-100) with 6%
and 18% respectively attributed to the threshold effect. Other
significant sources of heterogeneity (P < .1) identified in the
meta-regression model (Supplementary Appendix 5) included
study setting (ED vs other), enrollment of undifferentiated
patients, outlier status, anticoagulant and cutpoint used, sepsis
prevalence, and study design (prospective vs retrospective).
Severe heterogeneity persisted in all sensitivity analyses was
conducted.

Supplementary Appendix 6 shows Deeks’ funnel plots.
There was evidence of significant publication bias (P < .1) for
both sepsis-2 and sepsis-3.

3.6 Quality of Evidence

We rated the overall quality of evidence as Jow both for sepsis-
2 and sepsis-3. This assessment was based on all studies being
observational, severe heterogeneity, and evidence of significant
publication bias. Although many studies were assessed to be at
high or unclear ROB, the presence of 5 large well-conducted
studies at low ROB was felt sufficient to assess the impact of
bias as “not serious.” Additionally, although no studies assessed
the impact of MDW on patient outcomes, we did not
downgrade the quality rating for indirectness because the scope
of this review was to assess diagnostic accuracy rather than

clinical utility.

4 DISCUSSION
4.1 Summary of Results

Despite severe heterogeneity and high ROB in many studies,
our analysis suggests moderate performance of MDW for
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Concern for applicability
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FIGURE 2. Risk of bias assessment. A, The risk of bias and concerns for applicability to the research question according to the
Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool for each included study. B, The distribution of domains of
bias across the included studies. C, The distribution across the included patients.
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Weighted Average MDW Values by Group and Anticoagulant

34-
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FIGURE 3. Points indicate the weighted average and error bars indicate the weighted SD monocyte distribution width (MDW)
across the included studies. The n below each patient group indicates the number of studies that reported a median MDW for that
group. Note that for the severe sepsis group, only a single study using K3EDTA and no studies using K2EDTA reported a value. K2,
dipotassium; K3, tripotassium; SIRS, systemic inflammatory response syndrome.

sepsis detection, which was robust to multple sensitivity an-
alyses. The greatest utility of MDW lies in its high NPV for
both sepsis 2 and 3, though given the more modest sensitivity,
this is highly dependent on disease prevalence. Additionally,
low PPV creates potential for many false positives if interpreted
in isolation.

4.2 Comparison With Other Meta-Analyses

Several previous meta-analyses have examined MDW for sepsis
diagnosis.”*® The study by Motawea et al*® reviewed only 5
studies, focused on correlation between MDW and PCT, and
is difficult to compare with our own. The other analyses all
have important differences in scope/objective, methodology,
and included studies compared to our own (see Supplementary
Appendix 7), but have generally similar findings. Pooled esti-
mates for AUC ranged from 0.75 to 0.93 and for sensitivity
and specificity ranged from 0.73 to 0.81 and 0.65 to 0.85
respectively for sepsis-2 and from 0.81 to 0.93 and 0.56 to
0.73 for sepsis-3. Despite slight differences driven primarily by
methodology, these studies all conclude that MDW sensitivity
is greater than its specificity and that sensitivity is higher and
specificity lower for sepsis-3 than sepsis-2. In our own study
and the others that compared performance in K3 vs
K2EDTA,"** performance was slightly better in K3, largely
driven by greater specificity, likely due to higher cutpoints
used in K3 studies. Notably only 2 of the other meta-

analyses"* systematically evaluated the ROB in the included
studies and neither commented on the overall ROB for each
study. In Huang et al*® no studies were assessed to be at high
ROB in any domain and in Malinovska et al** much fewer
high-risk assessments were made than in our study. These
differences are likely due to the more stringent criteria we
applied related to prespecified cutpoints, descriptions of sepsis
adjudication methods, and blinding to the results of the index
test by adjudicators.

Although each of these other meta-analyses has its own
advantages and limitations, our study adds valuable new data
to the existing literature. First, it is the largest meta-analysis to
date. Compared with the next largest,”” we included 8 addi-
tional studies and >16,000 additional patients (22,459 vs
39,041). Secondly, our approach to handling the complexity
of studies reporting multiple different cutpoints and using
different anticoagulants and sepsis definitions was unique. As
there is no perfect way to handle these issues, additional
studies using different approaches help to bolster confidence in
the findings. This is also the first study to employ the GRADE
system for assessing quality of evidence. Additional strengths of
our study include use of rigorous methodology, best practices
for systematic review and meta-analysis, a preregistered pro-
tocol, a validated reporting checklist, execution of multiple
sensitivity analyses and investigations into sources of hetero-
geneity, a conservative approach to evaluating ROB and
quality of evidence, and reporting of aggregate median MDW
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FIGURE 4. Primary analysis. A, The forest plots for sensitivity and specificity and the summary receiver operating characteristic
curve for sepsis-2. B The same outputs for the sepsis-3 outcome. AUC, area under the curve; SENS, sensitivity; SPEC, specificity;

SROC, summary receiver operating characteristic.

values by group and PPV/NPV, which, to our knowledge, was
not done in prior studies.

4.3 Comparison With Other Biomarkers

A 2013 meta-analysis’” evaluated PCT for sepsis-2 detection
in 30 studies and found a sSAUC of 0.85 with sensitivity and
specificity of 0.77 and 0.79, respectively. Fewer studies have
evaluated PCT using the sepsis-3 criteria. A 2019 retrospective
study™® found a sensitivity of 0.748 and specificity of 0.638 for
sepsis-3 among 866 patients, mirroring the lower specificity of
MDW for sepsis-3 in our study. The meta-analysis by
Motawea et al*® found a high degree of correlation between
MDW and PCT, with slightly higher AUC for MDW. The
meta-analysis by Huang et al*” found that MDW had a similar
AUC to PCT but with higher sensitivity and lower specificity,

and very similar performance to C-reactive protein (CRP). A
2018 meta-analysis found poorer performance for CRP vs
PCT for sepsis-2 driven by lower specificity with CRP.*’
Compared with PCT and CRP, MDW has the
advantage of inclusion within the routine CBC without
additional cost, processing time, or need for suspicion of
sepsis to prompt ordering. Other traditional CBC param-
eters have also been studied for sepsis. Evaluation of white
blood cell (WBC) and band neutrophil count for sepsis-2
is confounded by incorporation bias because the index test
is contained within the reference standard SIRS criteria.
Several of our included studies’”***""" compared WBC
with MDW for sepsis-3 diagnosis and found lower AUC
for WBC. The neutrophil-to-lymphocyte ratio (NLR) has
more support as a prognostic than diagnostic biomarker.’”
A recent meta-analysis including 14 studies of NLR found
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TABLE. Sensitivity analyses.

Main analysis
Sepsis-2 (n = 13)
Sepsis-3 (n = 17)

Weighted average
Sepsis-2 (n = 13)
Sepsis-3 (n = 17)

Prespecified sensitivity analyses

Low risk of bias
Sepsis-2 (n = 4)
Sepsis-3 (n = 3)°
ED setting
Sepsis-2 (n = 13)
Sepsis-3 (n = 11)
Undifferentiated patients
Sepsis-2 (n = 8)
Sepsis-3 (n = 9)
Post-hoc sensitivity analyses
K2-EDTA
Sepsis-2 (n = 7)
Sepsis-3 (n = 10)
K3-EDTA
Sepsis-2 (n = 6)
Sepsis-3 (n = 7)
Excluding outlier studies
Sepsis-2 (n = 12)
Sepsis-3 (n = 16)

Excluding studies with ambiguous anticoagulant used

Sepsis-2 (n = 12)
Sepsis-3 (n = 14)

Excluding studies with sample size <500

Sepsis-2 (n = 11)
Sepsis-3 (n = 10)

AUROC (95% Cl)

0.82 (0.78-0.85)
0.82 (0.78-0.85)

0.76 (SD 0.1)

0.77 (SD 0.07)

0.83 (0.79-0.8¢)

n/a

n/a
0.80 (0.77-0.84)

0.85 (0.81-0.88)

0.82 (0.78-0.85)

0.79 (0.75-0.82)

0.8 (0.77-0.84)

0.85 (0.81-0.87)
0.83 (0.8-0.8¢)

0.79 (0.76-0.83)
0.82 (0.79-0.85)

0.83 (0.79-0.8¢)
0.82 (0.78-0.85)

0.82 (0.78-0.85)
0.79 (0.76-0.83)

Sensitivity (95% Cl)

0.79 (0.74-0.83)
0.83 (0.78-0.88)

n/a

n/a

0.8 (0.74-0.85)

0.79 (0.67-0.91)

n/a
0.8 (0.75-0.84)

0.78 (0.73-0.83)

0.82 (0.74-0.88)

0.8 (0.73-0.85)

0.84 (0.77-0.9)

0.78 (0.7-0.84)
0.82 (0.76-0.87)

0.77 (0.73-0.81)
0.82 (0.77-0.86)

0.80 (0.75-0.83)
0.82 (0.77-0.87)

0.77 (0.73-0.81)
0.82 (0.75-0.88)

Specificity (95% Cl)

0.7 (0.61-0.78)
0.64 (0.55-0.71)

n/a

n/a

0.75 (0.52-0.89)

0.58 (0.38- 0.77)

n/a
0.63 (0.53-0.71)

0.79 (0.71-0.85)

0.66 (0.54-0.76)

0.62 (0.52-0.71)

0.59 (0.46-0.7)

0.78 (0.67-0.87)
0.7 (0.63-0.77)

0.67 (0.59-0.74)
0.66 (0.59-0.72)

0.71 (0.61-0.79)
0.65 (0.57-0.72)

0.73 (0.65-0.81)
0.6 (0.49-0.7)

AUROC, area under the receiver operating curve; ED, emergency department; K2, dipotassium; K3, tripotassium. The “main analysis” group contains
all included studies. The “weighted average” group depicts the threshold-independent weighted-average AUROC for comparison. “Low risk of bias,”
‘ED setting,” and “undifferentiated patients” are the prespecified sensitivity analyses with the latter referring to studies of all-comer patients without
a required suspicion for infection. No sensitivity analysis is reported for sepsis-2 studies in the ED setting because all included studies of sepsis-2
were conducted in the ED. Additional analyses with studies separated by anticoagulant used (K2 vs K3EDTA), excluding outlier studies, excluding
studies with ambiguous anticoagulant, and excluding small studies were conducted post-hoc based on the findings of our initial analysis.

@ Because too few studies of sepsis-3 were assessed to be at low risk of bias to permit a full meta-analysis, this sensitivity and specificity data were
generated using the meta-regression function with low risk of bias as a subgroup analysis.

an AUC of 0.87, sensitivity of 0.77, and specificity of 0.88
for neonatal sepsis.”’ A large retrospective study of NLR
for sepsis-2 diagnosis in adults found a more modest AUC
of 0.68, though this was identical PCT in that study.””
Several other monocyte and neutrophil VCS parameters
have also been evaluated for sepsis detection with MDW
showing the best performance.” Numerous other biomarkers

have been studied, though few have gained widespread adop-

tion into clinical practice.’ 3

4.4 Role of MDW in Sepsis Detection

Sepsis diagnosis is challenging due to variable clinical pre-
sentations and delayed availability of gold standard testing.
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Sepsis criteria are intended to render complex, diverse, and
inaccessible cellular physiology recognizable as a syndrome at
the bedside, but do so imperfectly.”® The sepsis-3 definition
prioritizes specificity, with focus on organ dysfunction while
potentially missing patients with earlier manifestations who
may benefit from intervention.

Increased MDW appears to signify activation of cellular
inflammatory machinery. In an in vitro sepsis model, our
group showed that increased MDW reflects cellular swelling
associated with pyroptosis.”” Another study demonstrated that
monocyte subset switching also plays a role.”® As a reflection of
these early events in the translation of an infectious stimulus to
a systemic response, MDW may identify septic patients before
they experience severe clinical manifestations.””

However, given its modest sensitivity, MDW cannot be
relied on to rule-out sepsis in a population with high pretest
probability. For example, in one study with a sepsis-2 preva-
lence of 67%, NPV was found to be as low as 45%.”” Addi-
tionally, due to poor PPV indiscriminate use in a low
prevalence population may lead to overtreatment. Interpreta-
tion in the context of other biomarkers and vital signs may
improve performance. Adding MDW to WBC” or SIRS/quick
sequential organ failure assessment (QSOFA) criteria has been
shown to improve performance.”” More complex composite
variables have also been studied. The “sepsis index” improved
specificity with minimal impact on sensitivity.”” The “simple
scoring system” for sepsis incorporating MDW and other
clinical variables® and the “FANS score”* also improved
performance. Given the complexity of applying such scoring
systems at the bedside, artificial intelligence programs may be
useful.”® Future studies incorporating MDW into machine
learning algorithms are of great interest (ClinicalTrials.gov
identifier: NCT05304728).

As with all diagnostic tests, dichotomization into positive
vs negative results relative to a given cutpoint is necessary in
the evaluation of diagnostic performance, and common in
implementation in clinical laboratories. Although selection of
the cutpoint with the best balance of sensitivity and specificity
(ie, highest AUC) is required in the research setting, in clinical
practice it may be advantageous to treat the biomarker as a
continuous variable and adjust one’s own threshold based on
pretest probability and whether sensitivity vs specificity is of
greater value for an individual patient. As is often done with
PCT, laboratories may consider providing multiple MDW
cutpoints to help clinicians to interpret the results (ie, sepsis
unlikely, sepsis possible, sepsis likely).

4.5 Limitations of This Review

The high degree of heterogeneity and ROB in the
included studies limits the certainty of our performance
estimates. Also, the transition to sepsis-3 resulted in 2
distinct reference standards, making it impossible to pool
data across all studies. Additionally, the impact of anti-
coagulant on MDW reference range precludes use of a
single threshold value to derive performance measures.

Our strategy of using the common threshold was felt to
be the fairest approach, though all approaches have lim-
itations. Ambiguity regarding the anticoagulant used in
several studies further complicates interpretation of the
data. Lastly, statistical measures of interrater agreement in
study selection and ROB assessment were not initially
calculated and were unable to be reconstructed retro-
spectively due to having completed the search in several
waves as new studies were published.

4.6 Future Directions

Randomized trials are needed to assess whether use of MDW
vs usual practice influences clinician behavior, such as dispo-
sition to home vs admission or wards vs ICU level of care,
antibiotic prescribing, and fluid resuscitation. More impor-
tantly, studies evaluating the impact of MDW use on patient-
oriented outcomes such as mortality, length of stay, and
development of organ failures will provide the ultimate test of
udility. Use of machine learning algorithms integrating MDW
with other clinical, laboratory, imaging, and microbiologic
data to create more robust diagnostic models requires further
investigation. The significance of changes in an individual
patient’s baseline MDW or in response to treatment should
also be investigated. Further study of MDW as a predictor of
developing sepsis in patients presenting with localized infec-
tion or being admitted for noninfectious reasons is also
warranted.

In conclusion, this large meta-analysis demonstrated high
NPV of MDW for sepsis in the hospital setting. Performance
was comparable to other biomarkers such as PCT, though with
higher sensitivity and lower specificity. Low cost, short pro-
cessing time, and inclusion in routine testing are unique ad-
vantages to MDW as a sepsis screening tool.
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