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Abstract

Background: Neutropenia (absolute neutrophil count [ANC] <1,500 cells/pL) greatly increases the risk of
bacteremia. Documented mortality in neutropenic bacteremia (NB) exceeds 58%. The Mortality in
Emergency Department Sepsis (MEDS) and Modified Early Warning Score (MEWS) predict outcomes in
general sepsis but are not well validated in neutropenic cohorts.

Aim: This study aimed to use the MEDS and MEWS, along with added biomarkers, to predict outcomes in
adult patients with NB.

Methodology: This study used a retrospective observational design. Researchers extracted serial
comprehensive variables. They evaluated the original and biomarker-augmented MEDS and MEWS
algorithms. The revised scores used red blood cell distribution width (RDW) (>16.5% gets 1 point, >17.5%
gets 2), lactate (>45.2 mg/dL gets 1 point, >92.0 mg/dL gets 2), and ANC (<250/pL gets 1 point, <122/uL
gets 2). Statistical analyses included the Chi—Square test, Fisher's exact test, the Mann-Whitney U,
univariate and multivariate logistic regression. Researchers measured performance using an AUC-ROC,
sensitivity, specificity, and predictive values.

Results: Among 606 enrolled patients, mortality was 58.9% (357/606). Non-survivors had higher rates of
DNR orders (90.19% vs. 31.32%, p < 0.001), ICU admission (29.69% vs. 19.67%, p = 0.007), and septic
shock (17.92% vs. 7.22%, p < 0.001). Non-survivors also showed pronounced laboratory abnormalities.
These included lower hemoglobin (9.14 + 2.47 g/dL vs. 9.80 + 2.75, p = 0.001), platelets (77.73 + 82.56
vs. 94.41 + 75.75 x103/pL, p < 0.001), ANC (494.49 + 457.64 vs. 656.39 + 496.75 cells/pL, p < 0.001), and
acidosis (pH 7.37 £ 0.11 vs. 7.41 £ 0.08, p < 0.001). They had higher RDW (16.73 + 3.10% vs. 15.71 +
3.21,p <0.001) and lactate (38.43 + 30.94 vs. 26.20 + 18.81 mg/dL, p < 0.001). Gram-negative pathogens
were most common (75.41%). Pseudomonasspp. independently predicted mortality (p= 0.045). The
original MEDS score showed the best mortality discrimination (an AUC-ROC of 0.755). The MEWS had a
lower AUC-ROC of 0.588. Adding RDW, lactate, and ANC improved these scores. The MEDS-NB reached
an AUC-ROC of 0.784. The MEWS-NB increased to an AUC-ROC of 0.652.

Conclusion: A 10-year analysis validated MEDS and MEWS as optimal prognostic tools for NB in the
emergency department. By adding biomarkers, RDW, lactate, and ANC, significantly improved risk
stratification. This provides a framework for optimizing evidence-based triage protocols for this high-
mortality population with NB.

Introduction

Neutropenia is a blood disorder marked by an abnormally low absolute neutrophil count (ANC; a type of
white blood cell important for fighting infections) [1, 2]. The generally accepted threshold for neutropenia
is an ANC below 1,500 cells per microliter (uL) of blood [2, 3]. This deficiency makes affected individuals
more prone to bacterial and fungal infections, especially bacteremia (presence of bacteria in the blood).
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Neutropenia is classified by severity using ANC [2, 3]. Mild neutropenia has ANC between 1,000 and
1,500 cells/pL and carries a low infection risk. Moderate neutropenia has an ANC between 500 and
1,000 cells/pL. These patients have a moderate risk and may require outpatient care for fever, with
hospitalization considered on an individual basis. Severe neutropenia is defined as an ANC below 500
cells/pL. These patients have a high risk and usually need hospitalization and antibiotics if febrile.

Neutropenia has many causes. Congenital neutropenia includes severe congenital neutropenia, a
primary immunodeficiency from genetic mutations [3-5]. Acquired neutropenia includes forms caused
by drugs, infections, autoimmune diseases, nutritional problems, or bone marrow disorders [4-8].

Febrile neutropenia (FN) is a serious complication, especially in chemotherapy for acute myeloid
leukemia and other cancers. FN means an ANC below 1,000 cells/pL and fever (= 38.3°C) [9]. Patients
with FN are at high risk for bacteremia and septic shock. They need urgent medical care.

Bacteremia is a major concern for neutropenic patients, especially those with central venous catheters
(CVC) [10]. They are highly susceptible to both Gram-negative and Gram-positive pathogens. Common
Gram-negative rods include Escherichia coli and Pseudomonas aeruginosa. Common Gram-positive
organisms include viridians group Streptococci and coagulase-negative Staphylococci [10]. Early
antibiotics such as teicoplanin and ciprofloxacin help reduce deaths and bacteremia episodes in FN [10].

Given the critical role of neutrophils (a type of white blood cell essential for immune defense) in immune
defense, patients with FN (those with abnormally low neutrophil counts) who develop bacteremia are at
risk of rapid clinical deterioration. Therefore, early diagnosis, timely administration of empiric antibiotic
therapy, and appropriate supportive care are essential to improving clinical outcomes in patients with
FN.

Several scoring systems use clinical data to help physicians quickly identify and categorize critically ill
patients in the emergency department (ED) and intensive care units (ICU) [11-21]. We retrospectively
analyzed clinical and laboratory data from 606 adult ED patients with neutropenic bacteremia (NB) over
10 years. Our main goal was to use the Mortality in Emergency Department Sepsis (MEDS) and Modified
Early Warning Score (MEWS) to find risk factors and predict mortality in NB. We also sought to identify
additional risk factors to improve the clinical utility and accuracy of these scoring systems in NB.

Methods
Data Collection and Definition

This study was approved by the Institutional Review Board of Taichung Veterans General Hospital
(TCVGH) (No. CE23126B). We conducted a retrospective review of ED patients with neutropenic
bacteremia confirmed by blood cultures. Data came from electronic medical records at TCVGH from
January 2012 to December 2021.
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This study included patients aged 18 and older. Neutropenia was defined as an ANC below 1,500 within
the first 48 hours in the ED. We defined NB as a monomicrobial or polymicrobial bacteremia confirmed
by blood cultures collected during this ED visit.

We gathered data on demographics, preexisting comorbid conditions, vital signs, laboratory findings, and
microorganisms isolated from blood cultures. Throughout the patients' ED course, initial and serial vital
signs were recorded from nursing notes. The primary outcome was defined as the overall mortality rate.
Several studies have attributed higher mortality rates of NB to insufficient warnings by clinicians,
potentially due to delayed or absent responses to antimicrobial therapy within the first 24 hours of
admission [22-28]. To evaluate the mortality risk, we performed univariate and multivariate analyses. We
also used the scoring systems to predict clinical outcomes and identified valuable laboratory predictors
of mortality risk. Subsequently, we refined these scoring systems by incorporating additional scores to
ameliorate their risk-predicting accuracy.

Scoring Systems

In this study, we used the following clinical scoring systems: the MEDS and MEWS scores. The MEDS
comprised nine clinical parameters: age, residence in a nursing home, presence of terminal illness,
respiratory distress, lower respiratory tract infection, septic shock, platelet count, band neutrophil
proportion, and altered mental status. The MEWS included six parameters: body temperature (BT), heart
rate (HR), systolic blood pressure (SBP), respiratory rate (RR), saturation of peripheral oxygen (Sp0O,), and
the level of consciousness (alert, verbal, painful, and unresponsive [AVPU]). We used both scoring
systems to analyze clinical outcomes and the mortality risk. Indicators for the scoring systems are
provided in Table S1 (Supplementary Materials).

Statistical Analysis

We described and compared the characteristics of survivors and non-survivors. Continuous data were
presented as mean * standard deviation (SD), while categorical variables were presented as counts and
percentages. For univariate analysis, we used Chi—squared tests or Fisher’s exact test to compare
categorical variables, and Mann—Whitney tests to compare continuous data on mortality risk between
survivors and non-survivors. We conducted univariate and multivariate logistic regression analyses to
assess potential predictors of mortality, reporting results as odds ratios (ORs) and confidence intervals
(Cls). We performed Kaplan—Meier survival analysis to examine the differences between survivors and
non-survivors. Additionally, we used the area under the curve (AUC) of a receiver operating characteristic
(ROC) curve to compare different scoring systems in predicting the mortality of adult patients with NB.
We used score cut-offs to stratify mortality risk by sensitivity, specificity, negative predictive value (NPV),
and positive predictive value (PPV). A p-value of < 0.05 was considered statistically significant. All
analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS version 22.0;
International Business Machines Corp., New York, NY, USA).
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Ethical considerations

The study was conducted in accordance with the Declaration of Helsinki and was approved by the
Institutional Review Board of Taichung Veterans General Hospital (IRB file code: CE23126B), with
additional administrative clearance from participating hospitals. Informed consent was waived because
the study involved retrospective review of routinely collected clinical records. All datasets were de-
identified prior to analysis to protect patient confidentiality.

Results

Demographics and Clinical Characteristics of Adult
Patients with Neutropenic Bacteremia

We reviewed cases of neutropenia (ANC below 1,500/pL) from the TCVGH ED and confirmed bacteremia
through blood cultures between January 2012 and December 2021, spanning 10 years. A total of 606
cases were included in the study (Table 1), comprising 249 males (58.74%) and 250 females (41.25%). In
total, 357 patients died, including 220 males (61.62%) and 137 females (38.37%). The average age of the
patients was 62.85 + 14.03 years. The majority of 281 patients fell within the 41-64 years age range,
with other age distributions of 18—-40 years (6.93%), 41-64 years (46.36%), 65—74 years (26.07%), and =
75 years (20.62%). In total, 400 patients (66%) had a "Do Not Resuscitate” (DNR) order, and non-survivors
(90.19%) had a significantly higher rate of DNR orders than survivors (31.32%), p < 0.001. 518 patients
(85.40%) with malignancy under active treatment (chemotherapy and or radiotherapy) had the most
common comorbidity. Regarding the vital signs of the overall cases, including SBP, diastolic blood
pressure (DBP), mean arterial pressure (MAP), HR, respiratory RR, BT, Glasgow coma scale (GCS), and
SpO,, the only significant differences were the HR and SpO, between the survivors and non-survivors.
The average HR across all cases was 106.47 + 21.4/min, in survivors (102.43 + 20.71/min) and non-
survivors (109.28 £ 21.52/min), p < 0.001. The average Sp02 was 96.66% * 4.06%, in the survivors
(96.44% + 4.02%) and non-survivors (96.81% + 4.08%), p = 0.018.
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Table 1

Demographics and clinical characteristics of 606 adult patients with neutropenic bacteremia.

Characteristics

ICU admission
DNR

Sex

Male
Female
Age
18-40
41-64
65-74
275

Vital signs
SBP

DBP

MAP

HR

RR

BT

GCS

Sp02
BMI

Total (n = 606)

155(25.57%)
400(66%)

356(58.74%)
250(41.25%)
62.85+ 14.03
42(6.93%)
281(46.36%)
158(26.07%)
125(20.62%)

110.56 +25.30

65.34+16.31
80.41 +18.02

106.47 +£21.44

19.35+3.26
37.82+1.13
1473 +1.27
96.66 +4.06
23.36 +4.57

Survivors (n =
249)

49(19.67%)
78(31.32%)

136(54.61%)
113(45.38%)
62.61+14.76
21(8.43%)
114(45.78%)
59(23.69%)
55(22.08%)

110.33 +£23.51
64.45+14.61
79.74 £16.22
102.43 +£20.71
18.95+2.82
37.92+1.09
14.80+1.11
96.44+4.02
23.79+5.05

Non-survivors (n =

357)
106(29.69%)
322(90.19%)

220(61.62%)
137(38.37%)
63.02 +13.51
21(5.88%)
167(46.77%)
99(27.73%)
70(19.6%)

110.72 +£26.52

65.96 +17.39
80.88 £19.19

109.28 +21.52

19.63 £ 3.50
37.74+1.16
14.68 +1.37
96.81 +4.08
23.04+4.16

p-Value

0.007**
<0.001**
0.101

0.763
0.292
0.874
0.308
0.522

0.969
0.329
0.625
<0.007**
0.087
0.114
0.147
0.018*
0.039*

Chi—Square test, Fisher’s exact test, and Mann—Whitney U test. *p < 0.05, **p < 0.01, Statistically
significant. Continuous data are expressed as mean + SD. Categorical data are expressed as
numbers and percentages. Abbreviations: BMI, Body mass index; BT, Body temperature; DBP,
Diastolic blood pressure; DNR, Do not resuscitate; GCS, Glasgow coma scale; HR, Heart rate; ICU,
intensive care unit; MAP, Mean arterial pressure; Oxygen saturation, SpO2; RR, Respiratory rate; and
SBP, Systolic blood pressure.

Laboratory Data of Adult Patients with Neutropenic Bacteremia
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We summarized the laboratory results in Table 2. The blood cell analysis of non-survivors showed
statistically significantly lower values, including hemoglobin (p = 0.001), hematocrit (p =0.001), platelet
counts (p <0.001), ANC (p <0.001), and neutrophils (p < 0.001). Conversely, the lymphocyte count
analysis of non-survivors revealed statistically significantly higher values (p = 0.002). Further analysis of
neutrophil-lymphocyte count ratio (NLCR), platelet-to-lymphocyte ratio (PLR), and red blood cell
distribution width (RDW) showed lower NLCR (p < 0.001) and PLR (p < 0.001) values in the non-survivors,
while RDW was relatively higher in non-survivors (p < 0.001).
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Table 2
Laboratory data of 606 adult patients with neutropenic bacteremia.

Laboratory data Total (n = 606) Survivors (n = Non-survivors (n =

p-Value
249) 357)

Blood cell counts

WBC 2368.33 1498.76 £+3679.50 2974.85+17310.96  0.169
13506.01
Hct 25.64+6.08 26.796.26 24.82+5.83 0.0071**
Hgb 9.41+2.61 9.80+2.75 0.14+2.47 0.007**
PLT 84.58 +80.19 94.41+75.75 77.73+82.56 < 0.007**
Band 4.37 £6.90 3.60+4.61 492+8.14 0.802
Neutrophil 57.47 £26.94 60.66 + 25.88 54.68 £+ 27.61 0.049*
Lymphocyte 38.49 + 27.41 34.24 +25.57 41.45+28.28 0.002**
NLCR 3.04+522 3.7316.02 2.57+4.54 < 0.007**
PLR 5.61+11.47 6.80£11.54 4.79+11.36 < 0.007**
RDW 16.31+3.18 15.71 £3.21 16.73+3.10 <0.007**
ANC 561.01 +480.36 656.39 £ 496.75 494.49 + 457.64 <0.007**
ANC < 500 321(52.97%) 112(44.97%) 209(58.54%) 0.007**
ANC 500-999 142(23.43%) 61(24.49%) 81(22.68%) 0.675
ANC 1000-5000 143(23.59%) 76(30.52%) 67(18.76%) 0.007**
Biochemistry
Albumin 2.87+0.62 3.01+0.63 2.78 £0.59 < 0.007**
Total bilirubin 1.33+2.25 1.09+1.05 1.49+2.76 0.093
Direct bilirubin 0.87+1.65 0.57+0.60 1.06+2.02 0.002**
ALK-P 156.15+160.18 125.82 +82.26 177.39 £194.58 0.015*
GPT 52.58 +78.02 54.57 £91.27 51.19+67.39 0.664
LDH 388.05+477.30 300.04 £221.15 446.84 + 582.57 0.007**

Chi—Square test, Fisher’s exact test, Mann—Whitney U test. *p < 0.05, **p < 0.01, Statistically
significant. Continuous data are expressed as mean * SD. Categorical data are expressed as
numbers and percentages. Abbreviations: ALK-P, Alkaline phosphatase; ANC, Absolute neutrophil
count; APTT, Activated partial prothrombin time; BUN, Blood urea nitrogen; CRP, C-reactive protein; Cr,
Creatinine; GPT, Alanine Aminotransferase; Hct, hematocrit; Hgb, Hemoglobin; K, Potassium; LDH,
Lactate dehydrogenase; NLCR, Neutrophil-lymphocyte count ratio; Na, Sodium; PLR, Platelet-to-

lymphocyte ratio; PLT, Platelet; PT, Prothrombin time; RDW, red cell distribution width.

Page 9/26




Laboratory data Total (n = 606) Survivors (n = Non-survivors (n = p-Value
249) 357)
BUN 33.17+24.23 30.72+22.49 34.90+25.28 0.022*
Cr 1.79+1.67 1.85+1.92 1.76+1.48 0.463
BUN/Cr 21.53+10.32 20.31+9.18 22.39+10.98 0.028*
Na 133.31+5.89 133.74 1 5.61 133.01£6.07 0.090
K 3.80+0.74 3.71+0.62 3.85+0.80 0.036*
CRP 14.32+11.40 12.30+10.49 15.72+11.81 <0.007**
Lactate 33.75+27.58 26.20+18.81 38.43+30.94 <0.007**
Glucose 154.20 £ 87.98 152.41 +£78.65 155.42 +93.91 0.797
Coagulation
PT 12.87 +4.34 11.93+1.94 13.44+5.22 <0.007**
APTT 34.22+11.01 33.00+12.85 34.98+9.65 0.007**
Arterial blood gas
pH 7.39+0.10 7.41+0.08 7.37+0.11 <0.007**
PaCoO, 35.93+10.27 36.05+8.94 35.87+10.99 0.868
Pa0, 72.45+60.98 68.27 + 48.03 74.90 £ 67.40 0.749
HCO4 21.18 £5.99 22.45+5.43 20.43+£6.19 0.003**
Chi—Square test, Fisher’s exact test, Mann—Whitney U test. *p < 0.05, **p < 0.01, Statistically
significant. Continuous data are expressed as mean * SD. Categorical data are expressed as
numbers and percentages. Abbreviations: ALK-P, Alkaline phosphatase; ANC, Absolute neutrophil
count; APTT, Activated partial prothrombin time; BUN, Blood urea nitrogen; CRP, C-reactive protein; Cr,
Creatinine; GPT, Alanine Aminotransferase; Hct, hematocrit; Hgb, Hemoglobin; K, Potassium; LDH,
Lactate dehydrogenase; NLCR, Neutrophil-lymphocyte count ratio; Na, Sodium; PLR, Platelet-to-
lymphocyte ratio; PLT, Platelet; PT, Prothrombin time; RDW, red cell distribution width.

In the biochemistry of non-survivors, lower levels of albumin (p < 0.001) and bicarbonate (HCO3") (p <
0.001) were observed, along with more pronounced acidosis and lower pH (p < 0.001). There were
significantly higher levels of several biomarkers in non-survivors, including direct bilirubin (p = 0.002),

alkaline phosphatase (ALK-P) (p = 0.015), lactate dehydrogenase (LDH) (p = 0.015), blood urea nitrogen
(BUN) (p = 0.022), potassium (p = 0.036), BUN/creatinine (Cr) ratio (p = 0.028), C-reactive protein (CRP)
(p<0.001), and lactate (p < 0.001). Additionally, prothrombin time (PT) (p < 0.001) and activated partial
thromboplastin time (APTT) (p < 0.001) showed significant differences between survivors and non-
survivors.
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Microbiology and Comorbidities of Adult Patients with Neutropenic
Bacteremia

There is no significant difference in the causative microbial pathogens between the survivors and non-
survivors, including both Gram-positive and Gram-negative pathogens (Table 3). The majority of
bacteremia cases were caused by a single pathogen (87.29%), while a small proportion involved multiple
pathogens (12.71%). Among these, Gram-negative bacteria accounted for the majority (75.41%), while
Gram-positive bacteria constituted 29.37%. The top three Gram-negative bacteria were Escherichia spp.
(33.99%), Klebsiella spp. (18.31%), and Pseudomonas spp. (14.02%), followed by Pseudomonas spp.
(14.02%). The most common Gram-positive bacteria were Staphylococcus spp. (14.52%). The clinical
prognosis of neutropenia affected by comorbidity does not show significant differences between the
survivors and non-survivors (Table 4).

Microorganisms of 606 adult [;r;[ti)(l,it?; with neutropenic bacteremia.
Microbiology Total (n = 606) Survivors (n = Non-survivors (n = p-Value
249) 357)

Gram positive 178(29.37%) 76(30.52%) 102(28.57%) 0.669
Staphylococcus spp. 88(14.52%) 44(17.67%) 44(12.32%) 0.085
Streptococcus spp. 49(8.08%) 16(6.42%) 33(9.24%) 0.271
Enterococcus spp. 13(2.14%) 4(1.6%) 9(2.52%) 0.632
Gram negative 457(75.41%) 182(73.09%) 275(77.03%) 0.312
Escherichia spp. 206(33.99%) 82(32.93%) 124(34.73%) 0.709
Klebsiella spp. 111(18.31%) 43(17.26%) 68(19.04%) 0.653
Pseudomonas spp. 85(14.02%) 26(10.44%) 59(16.52%) 0.045*
Salmonella spp. 13(2.14%) 8(3.21%) 5(1.4%) 0.219
Enterobacter spp. 14(2.31%) 7(2.81%) 7(1.96%) 0.681
Proteus spp. 9(1.48%) 3(1.2%) 6(1.68%) 0.892

Chi—Square test, Fisher’s exact test, Mann—Whitney U test. *p < 0.05, Statistically significant.
Continuous data are expressed as mean + SD. Abbreviations: spp., species.
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Table 4

Comorbidities of 606 adult patients with neutropenic bacteremia.

Comorbidities Total (n = 606) Survivors (n = Non-Survivors (n = p-Value
249) 357)
Cardiovascular 59(9.73%) 30(12.04%) 29(8.12%) 0.143
disease
CVA 24(3.96%) 12(4.81%) 12(3.36%) 0.488
DM 130(21.45%) 53(21.28%) 77(21.56%) 1.000
Hypertension 294(48.51%) 127(51%) 167(46.77%) 0.347
Hyperlipidemia 115(18.97%) 55(22.08%) 60(16.8%) 0.127
Gout 53(8.74%) 24(9.63%) 29(8.12%) 0.615
COPD 72(11.88%) 33(13.25%) 39(10.92%) 0.457
Asthma 40(6.6%) 14(5.62%) 26(7.28%) 0.520
Gl disease 231(38.11%) 92(36.94%) 139(38.93%) 0.681
CKD/Uremia 137(22.6%) 65(26.1%) 72(20.16%) 0.105
BPH 100(16.5%) 38(15.26%) 62(17.36%) 0.565
Transplant 10(1.65%) 6(2.4%) 4(1.12%) 0.331
Immune disorder 38(6.27%) 19(7.63%) 19(5.32%) 0.326
Malignancy 518(85.47%) 204(81.92%) 314(87.95%) 0.051
Chi—Square test, Fisher’s exact test, Mann—Whitney U test. *p < 0.05, **p < 0.01, Statistically
significant. Continuous data are expressed as mean + SD. Abbreviations: BPH, Benign prostate
hyperplasia; CKD, Chronic kidney disease; COPD, Chronic obstructive pulmonary disease; CVA,
Cerebrovascular accident; DM, Diabetes mellitus; Gl: Gastrointestinal.

Clinical Course of Adult Patients with Neutropenic
Bacteremia

The overall in-hospital mortality rate of patients with NB was 58.9% (357/606). The non-survivor group
had a statistically significantly higher rate of ICU admission (p = 0.007) (Table 5). Compared to the non-
survivor group, the survivor group had a longer hospital stay (days), including ICU stay (p < 0.001) and
total stay (p < 0.001). Septic shock occurred in 82 (13.52%) cases of NB, and in the survivors (7.22%) and
non-survivors (17.92%) (p < 0.001). Vasopressor was used in 266 cases (43.89%), and in the survivors
(31.32%) and non-survivors (52.66%) (p < 0.001). CVC was implanted in 124 cases (20.46%), including
survivors (13.65%) and non-survivors (25.21%) (p < 0.001). Respiratory failure occurred in 75 (12.37%)
cases of NB, and in the survivors (8.33%) and non-survivors (14.84%) (p = 0.037).
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Table 5
Clinical course of 606 adult patients with neutropenic bacteremia.

Clinical course Total (n = 606) Survivors (n = Non-survivors (n = p-Value
249) 357)
Total stay (days) 15.76 +15.88 18.36+16.12 13.93+15.48 < 0.007**
ICU admission 155(25.57%) 49(19.67%) 106(29.69%) 0.007**
ICU stay 10.93+14.16 16.37+16.80 8.42+12.04 < 0.007**
Septic shock 82(13.53%) 18(7.22%) 64(17.92%) < 0.007**
Vasopressor use 266(43.89%) 78(31.32%) 188(52.66%) < 0.007**
CVC implant 124(20.46%) 34(13.65%) 90(25.21%) <0.001**
Respiratory failure ~ 75(12.37%) 22(8.83%) 53(14.84%) 0.037*
Chi—Square test, Fisher's exact test, Mann—Whitney test. *p < 0.05, **p < 0.01, Continuous data were
expressed mean + SD, Categorical data were expressed number and percentage. CVC, Central venous
catheter; ICU, Intensive care unit.

Scoring Systems of Patients with Adult Neutropenic
Bacteremia

This study applied two scoring systems to compare the survivors and non-survivors (Table 6). The
scores on the original MEDS were significantly higher in non-survivors (12.64 + 3.88) than in survivors
(8.41£4.67), p<0.001. The original MEWS scores were significantly higher in non-survivors (2.74 +2.17)
than in survivors (2.06 + 1.79), p < 0.001.

Table 6
Scoring systems of MEDS and MEWS for 606 adult patients with neutropenic bacteremia.
Scoring systems  Total (n=606) Survivors (n = 249) Non)-survivors (n= p-Value
357
MEDS 10.90+4.71 8.41 t4.67 12.64 +3.88 <0.007**
MEWS 2.46 +2.05 2.06+1.79 2741217 <0.007**

Chi—Square test, Fisher's exact test, Mann—Whitney test. *p < 0.05, **p < 0.01, Statistically significant.
Abbreviations: MEDS, Mortality in Emergency Department Sepsis; MEWS, Modified Early Warning
Score.

Univariate and Multivariate Analyses to Evaluate Mortality
Risks

We performed univariate and multivariate logistic regression analyses to identify risk factors
predisposing patients with adult neutropenic bacteremia to adverse clinical outcomes, with odds ratios
(ORs) presented in Table 7. In univariate logistic regression analysis, absolute neutrophil count (ANC)
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(ORs 0.999, p<0.001), lactate (ORs 1.020, p < 0.001), red cell distribution width (RDW) (ORs 1.122, p <
0.001), albumin (ORs 0.537, p < 0.001), BUN/Cr (ORs 1.021, p = 0.016), and CRP (ORs 0.537, p < 0.001)
were associated with increased mortality. In the multivariate logistic regression analysis, RDW (ORs
1.179, p < 0.001), lactate (ORs 1.020, p < 0.001), and ANC count levels (ORs 0.999, p <0.001) were
significantly associated with a heightened risk of death.

Table 7

Univariate and multivariate logistic regression analyses of mortality risk in 606 adult patients with
neutropenic bacteremia.

Analyses Univariate Multivariate®
Variables ORs 95%ClI p-Value ORs 95%ClI p-Value
RDW 1.122 1.058-1.191 < 0.007** 1.178 1.083-1.280 < 0.001**
ANC 0.999 0.999-1.000 <0.007** 0.999 0.999-0.999 <0.001**
Lactate 1.020 1.012-1.028  <0.0071** 1.016 1.005-1.026  <0.0071**
ALB 0.537 0.390-0.739  <0.0071** 0.819 0.562-1.192  0.296
BUN/Cr 1.021 1.004 - 0.016* 1.022 0.999-1.045 0.056
1.038
CRP 1.028 1.012-1.044  <0.007** 1.010 0.990-1.026  0.335
*Univariate and Multivariate? logistic regression analysis. *p < 0.05, **p < 0.01, Statistically
significant. ALB, Albumin; ANC, Absolute neutrophil count; BUN, Blood urea nitrogen; CRP, C-reactive
protein; Cr, Creatinine; ORs, Odds ratios; RDW, red cell distribution width.

Receiver Operation Characteristic (ROC) of Scoring
Systems

We performed ROC curve analysis on the original MEDS and MEWS to evaluate their accuracy in
predicting mortality risk in adult patients with NB (Fig. 1). The cutoff point for the original MEDS was 10,
with an AUC of 0.755, indicating a sensitivity of 73.9% and a specificity of 67.5% (p < 0.001). For the
original MEWS, the cutoff points were 2. Its AUC was 0.588 with a sensitivity of 68.2% and a specificity
of 44.5% (p < 0.001).

We utilized the Youden index to identify optimal cutoff points for RDW, ANC, and lactate. Each predictive
factor was assigned a score of 1, based on the ORs of the dichotomized variables. Added point score
into the original MEDS and MEWS scoring systems with a score of 1 if RDW >16.0%, a score of 2 if RDW
>17.5%, a score of 1if ANC <250, a score of 2 if ANC <122, a score of 1 if lactate >45.2 mg/dL, and a
score of 2 if lactate >92.0 mg/dL. These adjustments aimed to enhance the predictive performance of
the original MEDS and MEWS systems for mortality risk.
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The modified MEDS (MEDS-NB) and MEWS (MEWS-NB) were evaluated, and their results were
presented. The cutoff point for the MEDS-NB was 12, with an AUC of 0.784, a sensitivity of 78.2%, and a
specificity of 66.3% (p < 0.001). For the MEWS-NB, the cutoff points were 4. Its AUC was 0.652 with a
sensitivity of 63.4% and a specificity of 58.3% (p < 0.001). Compared to the original scoring systems, the
modified systems demonstrated better predictive performance for mortality risk.

Kaplan—Meier Survival Curve of the Original and Modified
Scoring Systems

We performed Kaplan—Meier survival analyses to estimate the 30-day to 5-year cumulative survival rates
of adult patients with NB. The MEDS and MEDS-NB scores had cutoff points of 10 and 12, respectively
(Fig. 2). The MEWS and MEWS-NB scores had cutoff points of 2 and 4, respectively (Fig. 3). These
findings indicated that the modified scoring systems outperformed the original versions in predictive
accuracy.

Discussion

Shapiro et al. initially developed the MEDS score, comprising nine clinical parameters: age, residence in a
nursing home, presence of terminal illness, respiratory distress, lower respiratory tract infection, septic
shock, platelet count, band neutrophil proportion, and altered mental status [11]. This scoring system
has demonstrated significant accuracy in predicting mortality among ED patients presenting with
suspected infectious conditions [12, 13].

Recent studies have validated the use of the MEDS score to predict prognosis in patients with
community-acquired bacteremia in the ED. These findings support that the MEDS score can serve as a
reliable diagnostic and prognostic indicator in the ED [13, 14].

In 2001, Subbe and colleagues introduced a modified Early Warning Score (MEWS), incorporating
additional physiological parameters, including heart rate, respiratory rate, blood pressure, body
temperature, and level of consciousness, along with optimized weighting of these parameters. The
modified MEWS demonstrated an enhanced sensitivity and specificity for predicting the necessity of ICU
admission and assessing the risk of in-hospital mortality [15-19].

A review of the literature revealed a paucity of studies evaluating prognostic scoring systems for
bacteremia in adults with neutropenia. This study aims to validate the predictive performance of two
clinically available scoring systems, the MEDS score and the MEWS, in assessing disease severity and
clinical outcomes in this patient population. Additionally, we have refined these scoring systems based
on multiple clinical characteristics. Compared to their original versions, the revised scoring systems
were applied to predict mortality risk in adult patients with NB.

In this single-center retrospective analysis, non-surviving patients exhibited significantly elevated
baseline scores on both the original MEDS and MEWS. Univariate logistic regression confirmed these

Page 15/26



scores as robust predictors of mortality risk. Among the evaluated tools, the MEDS framework
demonstrated superior performance in predicting mortality risk among adult patients with NB, achieving
a highest AUC-ROC of 0.755. At the established cutoff threshold of 10 points, it yielded a sensitivity of
73.9% and specificity of 67.5%. Concurrently, the MEWS also demonstrated discriminatory ability, with an
AUC-ROC of 0.588 for mortality risk stratification (Fig. 1). The existing literature indicates that adult
patients with neutropenia are often immunosuppressed, making them highly susceptible to infections,
particularly bacterial infections that can result in bacteremia [20].

The findings of this study revealed that the majority of blood cultures in adult patients with NB showed a
single bacterial strain (monoclonal bacteremia, 87.29%; polyclonal bacteremia, 12.7%). The
bacteriological profiles were largely similar between the survival and non-survival groups. Gram-negative
bacteria accounted for the majority of isolates (75.41%). The three most common pathogens were
Escherichia spp. (33.99%), Klebsiella spp. (18.31%), and Pseudomonas spp. (14.02%). Among these, only
Pseudomonas spp. had a higher incidence of non-survivors (16.52%) than survivors (10.44%), p = 0.045,
while other bacterial species showed no significant differences.

Several laboratory risk factors associated with mortality include various blood cell count parameters
(such as hemoglobin, hematocrit, RDW, platelet count, NLCR, and PLR), as well as serum albumin, CRP,
lactate levels, delta lactate (the difference between lactate at two time points), and gas analysis results
(including pH and HCO3 levels). Among these factors, an increased RDW, low ANC, and high serum
lactate levels showed the strongest association with mortality. Therefore, we have selected these
parameters for the modified scoring systems.

Adult patients with NB who present to the ED with unstable vital signs, particularly HR and SpO2, may
exhibit signs of respiratory failure and septic shock. The use of vasopressors is also a relevant factor in
determining clinical prognosis and mortality [21]. Additionally, groups with a higher mortality rate tend to
have shorter lengths of hospital stay and ICU duration. This may suggest that neutropenic bacteremia is
associated with the manifestation of acute and severe complications.

Based on univariate and multivariate analyses of laboratory variables, we found that elevated RDW, high
serum lactate, and low ANC were strongly associated with mortality (Table 7). RDW is an easily
accessible laboratory parameter that has shown prognostic value across various conditions in
emergency and critical care settings [29, 30]. Elevated RDW upon admission correlates with increased
mortality in several diseases, particularly sepsis. Studies indicate that RDW is an independent predictor
of mortality in septic patients, outperforming traditional scoring systems like Systemic Inflammatory
Response Syndrome (SIRS), MEDS, and CURB-65. Integrating RDW into these clinical prediction models
can enhance their accuracy, enabling clinicians to stratify patients effectively and tailor treatment
strategies accordingly. Previous research has identified additional predictive factors for bloodstream
infections and sepsis outcomes, including temperature, white blood cell counts, Sequential Organ Failure
Assessment (SOFA) scores, heart rate, respiratory rate, and renal replacement therapy. Although RDW
alone has limited diagnostic capability for sepsis, its combination with these clinical indicators may
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significantly improve prediction accuracy [21, 29—-32]. However, RDW's prognostic value may be limited in
patients with hematologic malignancies or those undergoing chemotherapy. Its predictive accuracy
appears more robust in patients without malignancies. Despite these limitations, RDW remains a simple,
cost-effective tool for risk stratification in emergency departments and critical care units. Clinicians
should use RDW alongside other clinical parameters to optimize patient assessment and management.

Lactate has become a crucial biomarker in septic shock management, acting as a "dashboard" for tissue
perfusion assessment, and elevated lactate levels directly correlate with the shock severity. A pivotal
study by Mikkelsen et al. identified lactate as an independent mortality risk factor in severe sepsis, where
higher levels indicate worse prognoses [32]. Jansen et al. demonstrated that lactate-guided therapy
significantly improves outcomes in critically ill patients by actively monitoring and reducing lactate
through fluid resuscitation, inotropic support, or blood transfusions, effectively lowering mortality rates
[33]. Further research by Jones et al. compared lactate clearance with maintaining central venous
oxygen saturation as treatment goals. The study found no significant difference in mortality rates
between the two groups, establishing lactate clearance (a 10-20% reduction within two hours) as a
primary resuscitation target [34]. The Surviving Sepsis Campaign Guidelines emphasize the importance
of promptly addressing elevated initial lactate levels (lactate > 4 mmol/L or > 36.04 mg/dL) to reduce
mortality. Lactate clearance is highlighted as a more critical indicator than a single lactate
measurement. If lactate levels do not decrease or worsen after aggressive resuscitation within six hours,
this "lactate non-clearance" suggests a poor prognosis, with mortality rates exceeding 50-60%. So
lactate is a vital indicator in septic shock management, guiding therapeutic interventions and prognostic
evaluations [35].

Therefore, we applied modifications of the original MEDS and MEWS by adding scores of RDW (RDW >
16.5%, score = 1; RDW > 17.5%, score = 2), lactate (lactate > 45.2 mg/dL, score = 1; lactate > 92 mg/dL,
score =2), and ANC (ANC < 250, score = 1; ANC < 122, score = 2), to get a better performance than the
original scores. The MEDS-NB (a cutoff of 12) remained the best-performance predictor of mortality, with
an AUC-ROC of 0.784, a sensitivity of 78.2%, and a specificity of 66.3%. The MEWS-NB (a cutoff point of
4) simultaneously showed superior performance to the original systems, with an AUC-ROC of 0.652, a
sensitivity of 63.4%, and a specificity of 58.3%. Our findings suggested that the original MEDS, MEWS,
MEDS-NB, and MEWS-NB were valuable tools for predicting the mortality risk in adult patients with NB in
the ED.

Limitations

This study is a single-center, retrospective investigation with a relatively small sample size and
incomplete data, which may introduce unavoidable bias. Detailed records for key therapeutic
determinants in bacteremia—specifically antibiotic management and fluid resuscitation—were limited in
this dataset, constraining the scope and depth of our analyses. Owing to insufficient documentation of
antibiotic therapy, we did not conduct a dedicated analysis of antibiotic-related effects in this study.
Future work should further evaluate how antibiotic regimens influence clinical prognosis in this disease.
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In the management of severe bacteremia and septic shock, the adequacy and timeliness of fluid
resuscitation play a critical role in clinical outcomes. Numerous studies have examined serum lactate
levels in the context of bacteremia and resuscitation from septic shock. In our investigation, we included
the initial serum lactate level in the analysis; however, due to incomplete data after resuscitation, we
were unable to assess lactate kinetics (e.g., post-resuscitation levels or lactate clearance), which is a
notable limitation.
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Fig. 1 The AUC of ROC of MEDS (0.755), MEWS (0.588), MEDS-NB (0.784), and MEDS-NB (0.652) showed the predictive performance of 30-day to 5-year
mortality risk for adult patients with neutropenic bacteremia. AUC, Area under curve; MEDS, Mortality in Emergency Department Sepsis; MEDS-NB,
Mortality in Emergency Department Sepsis-Neutropenic Bacteremia; MEWS, Modified Early Warning Score; MEWS-NB, Modified Early Warning Score-

Neutropenic Bacteremia; NPV, Negative predictive value; PPV, Positive predictive value.
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Fig. 2 The cumulative survival rates were calculated to predict the 30-day to 5-year mortality rate of patients with neutropenic bacteremia by Kaplan—
Meier. The cut-off points of MEDS and MEDS-NB were 10 and 12, respectively, all p < 0.001. MEDS, Mortality in Emergency Department Sepsis; MEDS-
NB, Mortality in Emergency Department Sepsis-Neutropenic Bacteremia.
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Figure 2

See image above for figure legend.
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Fig. 3 The cumulative survival rates were calculated to predict the 30-day to 5-year mortality rate of patients with neutropenic bacteremia by Kaplan—
Meier. The cut-off points of MEWS and MEWS-NB were 2 and 4, respectively, all p < 0.001 except p = 0.003 for 5-year mortality rate of MEWS. MEWS,
Modified Early Warning Score; MEWS-NB, Modified Early Warning Score-Neutropenic Bacteremia.
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