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Abstract 

Background Timely recognition of sepsis in emergency department (ED) is challenging. We evaluated the impact 
of implementing the biomarker monocyte distribution width (MDW) at bedside, on the time to anti-infective 
administration.

Methods We conducted a before-and-after cohort study in the ED of an academic hospital in Paris, to compare 
sepsis patients care and outcomes, before and after the implementation of point of care (POC) MDW measurement 
in the ED. During post-implementation period (period-2), MDW was measured with complete blood count by ED 
nurses with results given in 2 min: if above 21.5 units, ED physicians were asked to consider sepsis and to start an anti-
infectious as soon as possible. Primary endpoint was time to anti-infectious administration (TTA) from ED arrival, 
and secondary endpoints were TTA from sepsis onset (TTAS), length of stay, mortality, and hospitalization rates.

Results In total, 255 patients (period-1) and 180 patients (period-2) with sepsis were included. The TTA was 5.4 h (3.5–
7.7) period-1 and 4.9 h (IQR 2.5–7.1) in period-2 (p = 0.06). MDW implementation significantly reduced the median 
TTAS from to 3.7 h (IQR 1.5–5.8) in period-1, to 2.2 h (IQR 0.5–4.5) in period-2 (p < 0.001). Mortality rates remained 
similar between the two periods (18% vs. 16% respectively, p = 0.4), as did hospitalization rates (93% vs. 91%, p = 0.4) 
and ED length of stay (7.2 h (5.3–9.8) vs 7.0 (5.4–9.4), p = 0.7).

Conclusion Implementing POC MDW measurement in the ED protocols enhances the timeliness of anti-infective 
administration from sepsis onset, meeting current sepsis management guidelines.
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Introduction
In 2021, the Sepsis Surviving Campaign (SSC) updated 
[1] the guidelines for sepsis management, recommend-
ing time-limited course of rapid investigation and the 
administration of antimicrobials within 3-h from sep-
sis recognition. However, timely recognition of sepsis in 
emergency department (ED) is challenging, due to a large 
number of patients presenting with unspecific symptoms, 
often leading to delays in initiating appropriate therapy 
[2–4]. Furthermore, the performance of screening scores 
recommended so far are unsatisfactory, urging for more 
effective tools and notably biomarkers to identify sepsis 
[5, 6].

Monocyte Distribution Width (MDW), a parameter 
derived from routine complete blood cell count (CBC), 
describes the size distribution of circulating monocytes 
[7, 8], which represents the first line defense against 
infection. Several authors have reported high MDW val-
ues as accurate for early sepsis detection [7–10]. How-
ever, to our knowledge, no study has explored the impact 
of implementing MDW on sepsis management in the ED.

The purpose of this study was to assess if the routine 
implementation and measurement of MDW in a point-
of-care (POC) setting in the ED could improve the time 
to anti-infectious administration (TTA) in patients with 
sepsis.

Materials and methods
Study design
We conducted a before-after cohort study in the adult ED 
of Pitié-Salpêtrière Hospital, in Paris, France, a 1700-beds 
University hospital with 65,000 ED admissions per year. 
Study endpoints were compared between January 1st and 
April 15th (pre-implementation period—“period-1”) and 
May 15th and October 21th 2023 (post-implementation 
period—“period-2”).

During period 1, blood samples for CBC were sent as 
routine practice, to the central laboratory and tested on 
Sysmex XN-10™ (Sysmex®, Villepinte, France). Standard 
care was provided to all patients.

Between both periods, the DxH-900 hematology ana-
lyzer (Beckman Coulter Inc., Brea, CA with version 
1.0.0.329 software) was implemented in the ED’s POC 
room (ED-POC) for CBC analysis and ED teams were 
trained.

During period 2, ED nurses were asked to test a 
K3EDTA tube on the DxH-900 analyzer immediately 
after sample collection, 24-h a day. The turnaround time 
was 2  min. In case of MDW measurement above 21.5 
units’ threshold, they were asked to alert the treating 
physician and sepsis should be considered. No protocol 
was imposed for diagnostic and treatment workup. The 

same tube was sent in parallel to the central laboratory 
for CBC analysis, as standard of care.

The Infectious Ethic Committee approved the study; 
according to the French law, it was exempted from 
informed consent.

Selection of participants
During the study duration, all patients having a CBC test 
performed in the ED were retrospectively screened by 
three emergency physicians (blinded to MDW result), 
selecting those with any suspicion of infection. Patients 
fulfilling sepsis-3 definition were finally selected for study 
endpoints. Patients were excluded if pregnancy, if re-vis-
iting the ED for the same reason and if included in other 
interventional studies on sepsis.

Data collection and outcomes
Data were collected retrospectively by clinical research 
assistants (CRA) from electronic medical chart into 
spreadsheet. Sepsis was diagnosed if SOFA score was ≥ 2 
and if there was a confirmed infection defined by a posi-
tive microbiological result or a documented radiological 
or clinical source. The “sepsis onset” was defined as the 
moment at which SOFA score was positive.

The primary endpoint was TTA, defined by the time 
between ED registration and the first anti-infectious 
administration.

Secondary outcomes were: time to TTA from “sepsis 
onset” (TTAS), proportion of sepsis receiving an anti-
infectious in the first hour from ED arrival, proportion of 
sepsis having completed the sepsis bundle [11] in the first 
and third hour from ED arrival, ED length of stay, in-hos-
pital mortality at 30 days from ED arrival, hospital length 
of stay and performances of MDW, C-reactive protein 
(CRP) or procalcitonin (PCT) for sepsis diagnosis.

Statistical analysis
We reviewed our center data from a previous multicenter 
observational study [7], reporting a TTA of 5.4 h (± 5.9). 
With the implementation of MDW, we hoped to shorten 
TTA by 2  h. 300 patients with sepsis (150 per period) 
were required with a power of 80%.

Continuous variables were described by their median 
and interquartile range (IQR) and categorical variables, 
using frequencies and percentages. We then performed 
a univariate analysis and a multivariable logistic regres-
sion using backward elimination, including variables 
significantly different between periods at a threshold p 
value ≤ 0.2. All tests were two-sided and a p value less 
than 0.05 indicated statistical significance.

Lastly, diagnostic performances of MDW, for sepsis 
diagnosis in patients with a suspicion of infection, were 
evaluated in terms of the area under the curve (AUC), 
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sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), along with their 95% 
confidence intervals (CIs).

The analyses were performed using R (version 
2024.04.2).

Results
A total of 15,930 patients having a CBC performed were 
screened (6765 in period-1 and 9,164 in period-2), out of 
1397 and 1795 had a suspicion of infection (Fig. 1), and 
255 and 406, had sepsis respectively. From period-2 we 
included only the 180 septic patients with MDW tested.

The median age was 75 years-old and 64% were male. 
Table 1 reports patient’s characteristics, complementary 
exams, infection management and outcomes. Median 
MDW value of septic patients was 24.9 (interquartile 
rang (IQR) 20.9–27.9). The most common site of the 
suspected infection was the respiratory tract on both 
periods.

The median TTA administration from ED arrival was 
5.4 h (IQR 3.5–7.7) in period-1 and 4.9 h (IQR 2.5–7.1) 
in period-2 (p = 0.06). The TTA from sepsis onset (TTAS) 

was significatively reduced, from 3.7  h (IQR 1.5–5.8) in 
period-1 to 2.2 h (IQR 0.5–4.5), in period-2 (p < 0.001).

Regarding secondary endpoints, there were no signifi-
cant differences founded (Table 1 and S1). Though, mor-
tality was higher in patients receiving antibiotics in the 
first hour compared to those receiving antibiotics later 
(Table S2 supplementary files).

In multivariate analysis (Table  2), TTAS was signifi-
catively lower in period-2: OR 0.83 (95% CI 0.71–0.95), 
as was ICU transfer. In a sub-group analysis in patients 
without septic shock. (Table S3 and S4 in supplementary 
files), TTAS was still significatively lower in period-2; 
however, the proportion of patients being transferred to 
ICU was not different between periods.

Finally, we investigated which variables were associ-
ated with TTAS with a multivariate regression model 
(Table  S5 supplementary file): period-2 was associated 
with a lower TTAS (OR 0.32 (95% CI 0.11–0.93).

Diagnostic performances of MDW, CRP and PCT are 
reported in Tables  S6 and S7 and Figs.  S1 and S2 (sup-
plementary files): MDW ≥ 21.5 had a sensitivity of 70% 
(95%CI, 63–77%) and specificity of 55% (50–60%); 

Fig. 1 Flowchart for sepsis-patient’s selection procedure. CBC cell blood count. ED emergency department
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Table 1 Characteristics of patients with sepsis, biological results, infection management and outcomes

Data are presented with no. (%) or median (interquartile). ED emergency department, SBP systolic blood pressure, MBP mean blood pressure, NEWS national 
early warning score, qSOFA quick sequential organ failure assessment. ICU intensive care unit. TTA  time to anti-infectious administration. NA not available. Bundle 
completed consisted of lactate and blood culture measurement + anti-infectious and fluid resuscitation

Characteristics Overall (n = 435) Period 1, (n = 255) Period 2 (n = 180) p-value

Age, years 75 (63–85) 74 (63–85) 76 (63, 86) 0.5

Sex woman 158 (36%) 105 (41%) 53 (29%) 0.012

No past history 41 (9.4%) 26 (10%) 15 (8.3%) 0.5

Significant past history 394 (91%) 229 (90%) 165 (92%)

Immunosuppression/cancer 106 (24%) 52 (20%) 54 (30%) 0.022

SBP at ED arrival (mmHg) (NA = 1) 120 (99–142) 121 (99–143) 116 (98–139) 0.3

MBP (mmHg) 86 (71–100) 88 (73–101) 85 (70–97) 0.05

MBP < 65 mmHg 59 (14%) 32 (13%) 27 (15%) 0.5

Heart rate (/min) 96 (80–110) 98 (82, 113) 92 (79, 108) 0.008

Respiratory rate (NA = 88) 20 (16–26) 20 (16–27) 18 (16–25) 0.042

Pulse oxymetry (%) 95 (93–97) 95 (93—98) 95 (93.0—97) 0.10

Temperature (°C) 37.2 (36,5- 38,1) 37.2 (36,5–38,2) 37.2 (36,7–38,0)  > 0.9

Glasgow coma score 15 (15–15) 15 (15 -15) 15 (15–15) 0.2

NEWS 5.0 (3.0, 7.0) 5.0 (3.0, 8.0) 4.0 (2.0, 7.0) 0.020

qSOFA score 0 177 (41%) 96 (38%) 81 (45%) 0.2

 1 188 (43%) 112 (44%) 76 (42%)

 2 56 (13%) 39 (15%) 17 (9.4%)

 3 14 (3.2%) 8 (3.1%) 6 (3.3%)

Site of the suspected infection at arrival: None 18 (4.1%) 12 (4.7%) 6 (3.3%) 0.046

 Pulmonary 223 (51%) 144 (56%) 79 (44%)

 Urinary 76 (17%) 40 (16%) 36 (20%)

 Digestive 59 (14%) 34 (13%) 25 (14%)

 Cutaneous 28 (6.4%) 12 (4.7%) 16 (8.9%)

 Neurological 9 (2.1%) 4 (1.6%) 5 (2.8%)

 Face and neck 2 (0.5%) 1 (0.4%) 1 (0.6%)

Leukocytes (*10^9/l) 11 (7–16) 12 (8–16) 11 (7–16)  > 0.9

MDW (U) 24.9 (20.9–27.9)

CRP (mg/l) (NA = 111) 105 (48–198) 108 (46–202) 105 (51–195) 0.6

PCT μg/l (NA = 151) 1 (0–2) 1 (0–2) 1 (0–3) 0.7

Lactate (mmol/l) (NA = 41) 1.4 (1.0–2.1) 1.4 (1–2.2) 1.4 (1.0–2.1) 0.6

SOFA score 2 (2–3) 2 (2–3) 2 (2–3.25) 0.75

Infection documentation: 0.036

 Virus 95 (22%) 64 (25%) 31 (17%)

 Bacteria 163 (37%) 101 (40%) 62 (34%)

 Parasite 16 (3.7%) 7 (2.7%) 9 (5.0%)

 CT-scan or clinical 161 (37%) 83 (33%) 78 (43%)

Septic shock 20 (4.6%) 16 (6.3%) 4 (2.2%) 0.047

Anti-infectious administered in ED 347 (80%) 208 (82%) 139 (77%) 0.3

TTA from ED arrival (hours) (N = 347) 5.2 (3.1- 7.5) 5.4 (3.5- 7.7) 4.9 (2.5- 7.1) 0.060

TTA from “sepsis onset” (hours) (N = 347) 3.1 (0.9- 5.5) 3.7 (1.5- 5.8) 2.2 (0.5–4.5)  < 0.001

Fluid resuscitation 151 (35%) 81 (32%) 70 (39%) 0.12

Bundle completed 79 (18%) 42 (16%) 37 (21%) 0.3

ICU admission 56 (13%) 40 (16%) 16 (8.9%) 0.037

ED length of stay (hours) 7.1 (5.4–9.6) 7.2 (5.3–9.8) 7.0 (5.4–9.4) 0.7

Hospitalization 400 (92%) 237 (93%) 163 (91%) 0.4

Hospital length of stay (days) (NA = 23) 7 (1–16) 5 (1–14) 9 (3–18)  < 0.001

In Hospital mortality at day-30 75 (17%) 47 (18%) 28 (16%) 0.4
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PCT > 0.5 μg/l had a sensitivity of 56% (95%CI, 51–61%) 
and a specificity of 74% (95%CI, 71–77%). The AUC for 
a receiver operator characteristic (ROC) for MDW, CRP 
and PCT was, respectively, of 0.682 (0.63–0.73), 0.675 
(0.595–0.701) and 0.708 (0.599–0.739).

Discussion
In this cohort study, the POC implementation of MDW 
measurement for early sepsis detection in the ED was 
associated with a reduction in the TTAS without signifi-
cantly reducing TTA from ED registration. The before-
and-after cohort design of our study allowed us to assess 
the clinical utility of MDW in a real-life setting.

To our knowledge, this is the first study showing an 
improvement in TTAS through the measurement POC of 
a sepsis biomarker in the ED, with a reduction of 90 min: 
from 3.7  h (1.5–5.8) to 2.2  h (0.5–4.5). Even though we 
did not demonstrate an improvement in TTA from ED 
arrival, we were able to improve adherence with recent 
sepsis guidelines [11], considering the higher number of 
emergency department visits per day during period-2.

This reduction agrees with findings from Paoli et  al. 
[12], obtaining a mean reduction from 4-h to 2.1-h with 
MDW in a simulated model based on results from a mul-
ticenter cohort.

Despite the improvement in treatment timeliness, 
our data did not show significant differences in mortal-
ity rates or hospital admissions. The benefits of early 

antibiotic on mortality remain debatable, especially in 
patients without shock [13–16]. In this regard, we iden-
tified a higher mortality rate in patients receiving anti-
biotics during the first hour, agreeing with findings of 
Bisarya et al. [14].

The performance of MDW for sepsis diagnosis in 
our study was modest (AUC of 0.682). Our main selec-
tion criterion (patients with a suspicion of infection) 
resulted in a more selected population than previous 
studies [7, 8, 10, 17, 18]. Still, MDW’s AUC is consist-
ent with some other studies [9, 19, 20] and is equivalent 
to other sepsis biomarkers measured routinely (such 
as CRP and PCT). The main advantages of MDW over 
other biomarkers are its availability with a CBC (the 
main blood test performed in ED patients), and the fast 
time to result, when tested POC.

Our results should be interpreted in the context 
of certain limitations. First, the before-after cohort 
design of the study introduces potential biases related 
to evolving clinical practices and protocols over time. 
Second, the retrospective collection of data lead to 
missing data and a possible underdiagnoses of sepsis as 
some items of the SOFA score were not available. Third, 
not all patients having a CBC test during period-2 had 
MDW measured, due to overcrowding and nurse time 
availability. Fourth, our study did not assess the impact 
of MDW testing on the appropriateness of antibiotic 
prescription. Finally, as it was a monocentric study, the 
results may not be extrapolated to other ED organiza-
tions as usual practices may differ.

In conclusion, implementing MDW testing bedside at 
ED, did not reduced time to antibiotics from ED arrival 
in sepsis, but improved the time to anti-infectious 
treatment from sepsis onset to less than three hours, in 
line with international sepsis guideline.
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