Medicine

I Diagnostic Accuracy Study

STARD-compliant article

The utility of red cell distribution width to predict mortality for
septic patients visiting the emergency department
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Abstract N\
Sepsis is a common condition in the emergency department that is associated with high mortality. Red blood cell distribution |
width (RDW) has been used as a simple prognosis predictor for patients with community-acquired pneumonia, gram-negative
bacteremia, and severe sepsis or septic shock. To evaluate the performance of RDW to predict in-hospital mortality among septic
patients, we conducted a hospital-based retrospective cohort study in an emergency department of a tertiary teaching hospital.
RDW was compared with other commonly used clinical prediction scores (Systemic Inflammatory Response Syndrome (SIRS),
Mortality in Emergency Department Sepsis (MEDS) and the Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years
of age and older (CURBG5)). Of 6973 consecutive adult patients with a clinical diagnosis of sepsis and 2 sets of blood culture
ordered by physicians, 477 (6.8%) died. The mortality group had higher RDW levels than the survival group (15.7% vs 13.8%).
After dividing RDW into quartiles, the patients in the highest RDW quartile (RDW >15.6%; mortality, 16.7%) had more than twice
the risk of in-hospital mortality compared with patients in the second highest quartile (RDW >14% and <15.6%; mortality, 7.3%),
whereas the mortality rate in the lowest RDW quartile (<13.1%) was only 1.6%. The area under the receiver operating
characteristic curve of RDW to predict mortality was 0.75 (95% confidence interval, 0.72-0.77), which is significantly higher than
the areas under the curve of clinical prediction rules (SIRS, MEDS, and CURBB5). After integrating RDW into these scores, all
scores performed better in predicting mortality (0.73, 0.72, and 0.77, for SIRS, MEDS, and CURBG5, respectively). RDW could be
an independent predictor of mortality among septic patients. Clinicians could classify the septic patients into different risk groups
according to RDW quartiles. For more accurate mortality prediction, RDW could be a potential parameter to be incorporated into
clinical prediction rules.

Abbreviations: AUC = area under the ROC curve, CRP = C-reactive protein, CURB-65 = Confusion, Urea nitrogen, Respiratory

rate, Blood pressure, 65 years of age and older, ED = emergency department, ICU = intensive care units, MEDS = Mortality in
Emergency Department Sepsis, PCT = Procalcitonin, RDW = red blood cell distribution width, ROC = receiver operating

characteristic, SIRS = Systemic Inflammatory Response Syndrome.
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1. Introduction

Sepsis is a common condition in the emergency department (ED)
that is associated with high mortality. It is important to stratify
patients at high risk of morbidity or mortality. Hence, several
clinical prediction rules were developed for mortality prediction,
which calculated multiple factors to formulate the risk scores.
The well-known clinical prediction scores for sepsis include the
Systemic Inflammatory Response Syndrome (SIRS) criteria,!'! the
Mortality in Emergency Department Sepsis (MEDS) score,?! and
the Confusion, Urea nitrogen, Respiratory rate, Blood pressure,
65 years of age and older (CURB-65) score (supplementary
Table 1-3, http:/links.lww.com/MD/B25).>*! However, utiliz-
ing these scores to predict mortality for septic patients in clinical
settings requires complicated calculations and results in subopti-
mal performance.

Red blood cell distribution width (RDW) is routinely obtained
from ED patients as part of the complete blood count report. It is
calculated as the percentage of the standard deviation of red
blood cell volume to the mean corpuscular volume, which reflects
the variation of the red blood cell volume. A higher RDW level
indicates higher variation of red blood cell size, which is also
associated with anisocytosis in anemic patients. Recently, RDW
was reported as an independent predictor of mortality among
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critically ill patients and patients with community-acquired
pneumonia, gram-negative bacteremia, and severe sepsis or septic
shock.>=8! However, there is no direct performance comparison
between common scoring systems or biomarkers among septic
patients. In this retrospective cohort study, we attempted to
evaluate the performance of this biomarker in comparison with
other clinical prediction rules such as SIRS, MEDS, CURB-65 for
predicting mortality among ED patients with sepsis.

2. Methods

2.1. Study design

The study was approved by the Chang Gung Memorial Hospital
Institutional Research Board (102-2385C), and a requirement for
informed consent was waived. This retrospective cohort study
was conducted in the ED of a 3700-bed tertiary teaching hospital
with approximately 180,000 ED visits annually. All consecutive
adult (aged older than 18 years) septic patients who visited the
ED during 2010 with 2 sets of blood cultures ordered by
physicians and with a clinical diagnosis of sepsis as indicated by
diagnosis codes were included in this study. Patients transferred
from other wards, intensive care units (ICUs), or the EDs of local
hospitals were excluded because the management (such as blood
transfusions) in local hospitals could interfere with the RDW
results.

2.2. Data collection

All the data were retrieved from electronic medical records.
Variables were defined before data collection and entered in a
standardized format during the data collection. Structured Query
Language was utilized by trained research coordinators with
predefined data collection forms to retrieve individual electronic
medical records, which were stored in Microsoft Access
(Microsoft, Redmond, WA) for subsequent chart review and
data management. We double-checked the results of the
electronic chart review by different program codes as well as
by manual chart review. The basic demographic data, vital signs
on ED arrival, symptoms and signs, underlying diseases,
laboratory findings, microbiological results, and the final
discharge status were collected. The data abstractors were
blinded to the study objectives and hypothesis.

2.3. Laboratory measurements

RDW was an integral part of the automated complete blood
count analysis and available on our Sysmex XE-2100 Automated
Hematology System analyzer (Sysmex Corporation, Kobe,
Japan). The normal laboratory range of RDW in our institution
is 11.5% to 14.5%. C-reactive protein (CRP) levels were
measured using a highly sensitive turbidimetric immunoassay
with a monoclonal antibody to CRP coated on polystyrene beads
with a lower limit of detection of 0.2 mg/L (Synchron CX
Systems; Beckman Coulter, Brea, CA). The normal range of CRP
is less than Smg/dL. Lactate was measured by an enzymatic
method (lactate reagent; Beckman Coulter). The normal range of
lactate is 4.5 to 19.8 mg/dL. Procalcitonin (PCT) was measured
by the enzyme-linked immunosorbent assay (VIDAS B.R.A.H.M.
S. PCT; BioMerieux, Durham, UK). A PCT value less than 0.5,
between 0.5 and 2, between 2 and 10, and more 10ng/mL
indicates low, uncertain, and high risk of sepsis and probable
sepsis/septic shock, respectively.
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2.4. Outcome measurements

Our primary outcome was the performance of RDW in predicting
in-hospital mortality among septic patients. We then compared
performances between RDW, CRP, PCT, lactate, and clinical
prediction scores such as SIRS, MEDS, and CURB-65 alone and
incorporated with RDW.

2.5. Statistical analysis

Descriptive statistics of demographic and laboratory variables
are reported as medians, interquartile ranges, numbers, and
percentages. The x> test and 2-sample # test were used to test
differences in mortality and survival between groups. The
patients were further stratified a priori according to normal
laboratory ranges and the quartile distribution of RDW results:
low, <13.1%; moderate, >13.1% and <14 %; high, >14% and
<15.6%; and very high, >15.6%. The Cochran—Armitage test
was used to test the significance of trend across RDW quartiles.
Bivariate Logistic regression was utilized to evaluate the potential
confounding between RDW, risk factors, and mortality. Receiver
operating characteristic (ROC) curve analysis was conducted to
evaluate performance in predicting in-hospital mortality. Multi-
variate ROC curve regression analysis was performed to identify
and adjust potential confounding between the performance of
RDW, area under the ROC curve (AUC), and other risk factors of
in-hospital mortality.””) The correlated AUC was compared
among RDW, biomarkers, and clinical prediction scores using
partial paired ROC analysis. Statistical analyses were performed
using the Stata (StataCorp, College Station, TX) package and
ROCKIT (University of Chicago Medical Center, Chicago, IL).
All P values <0.05 from 2-sided tests were considered statistically
significant.

2.6. Subgroup analysis

Subgroup analysis was conducted a priori for patients with severe
sepsis to evaluate the performance of RDW. We considered
severe sepsis, according to its definition in the Surviving Sepsis
Campaign as “sepsis-induced tissue hypoperfusion or organ
dysfunction,” to include any of the following: sepsis-induced
hypotension, lactate levels above normal laboratory upper limits,
urine output <0.5ml/kg/h for more than 2hours despite
adequate fluid resuscitation, acute lung injury with a ratio of
arterial oxygen partial pressure to fractional inspired oxygen
(PaO,/FiO,) <250 in the absence of pneumonia as infection
source, acute lung injury with a PaO,/FiO, <200 in the presence
of pneumonia as infection source, creatinine level >2.0 mg/dL
(176.8 pmol/L), bilirubin level >2 mg/dL (34.2 pmol/L), platelet
count <100,000/pL, and coagulopathy (international normal-
ized ratio >1.5)."% We also evaluate the performance of RDW in
the subgroup of patients with malignancy.

3. Results

In total, 11,899 patients visited our ED with suspected sepsis as
indicated by 2 sets of blood cultures ordered by emergency
physicians during the study period. After excluding 2342 patients
without probable or documented infection focus and 2546
patients transferred from other hospitals or with duplicated visits,
7011 patients were included. Because 38 patients lacked an initial
RDW value (0.5%), we finally included 6973 patients in the
analysis (Fig. 1).
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Figure 1. Flow chart of subject inclusion.

Among those included patients, 477 (6.8%) died during
hospitalization (Table 1). Almost half of the patients were over 65
years of age (49%) and male (54%). The common underlying
diseases were diabetes mellitus (36%), malignancy (20%),
congestive heart failure (17%), cerebral vascular accident
(13%), chronic liver disease (10%), and chronic kidney disease
(7%). The patients who died were more likely to be elderly (age
>635 years); to have diabetes mellitus, liver disease, malignancy,
or immunosuppressive status; or to be under regular hemodialy-
sis or chemotherapy (all P<0.05). Regarding the laboratory
data, a higher RDW percentage (15.7% vs 13.8%), higher white
blood cell count, bandemia, increased prothrombin time and
activated partial thromboplastin time, and higher levels of blood
urea nitrogen (BUN), creatinine, aspartate aminotransferase,
ammonia, total bilirubin, but lower hemoglobin levels and
platelet counts, were associated with higher mortality (all P <
0.05). Furthermore, patients who died also had higher CRP (112
vs 66 mg/dL) and procalcitonin (3.3 vs 0.6 ng/dL) levels. The most
common site of infection which caused the episode of sepsis was
respiratory tract infection, which was also associated with in-
hospital mortality (OR 2.45, 95% CI 1.96-3.06). Not
surprisingly, positive blood culture results were also associated
with mortality (29.6% vs 19.0%, all P<0.05).

To illustrate the capacity to discriminate the risk of mortality
stratified by RDW quartile, we plotted mortality rates by RDW
quartile (Fig. 2). For patients in the very high RDW quartile, the
mortality rate was 16.7%, twice that of patients in the high
quartile (7.3%, supplementary Table 4, http:/links.lww.com/
MD/B25). On the contrary, the mortality rate of patients in the
lowest RDW quartile was only 1.6 % (diagnostic odds ratio: 5.69,
95% CI: 3.81-8.84, sensitivity =93.7%, 95% CI: 91.2-95.6%).
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Using 12% as a cutoff of RDW, the sensitivity in predicting
mortality would be 99.4% (negative likelihood ratio: 0.30). On
the other hand, the specificity in predicting mortality would be
89.9% if 17% used as the cutoff of RDW (positive likelihood
ratio: 3.16). Patients with liver disease, malignancy, or
immunocompromised status were more likely to have a wider
RDW distribution (all P values for trend <0.05). Patients with a
wider RDW tended to have lower hemoglobin, platelet, and
albumin and higher BUN, creatinine, total bilirubin, and
ammonia levels (all P values for trend <0.05). Patients with
wider RDW tended to have higher mortality as well as higher ICU
admission rates (all P values for trend <0.05). Interestingly, we
also observed more severely septic patients in the wider RDW
groups (all P values for trend <0.05).

Fig. 3 illustrates the ROC curves obtained from RDW,
different clinical prediction rules, and biomarkers in predicting
in-hospital mortality for septic patients. The AUC of RDW to
predict mortality was 0.75 (95% confidence interval, 0.72-0.77),
which is significantly higher than the AUCs of clinical prediction
rules such as SIRS, MEDS, and CURB-65 and common
biomarkers utilized clinically such as CRP, PCT, and lactate
(Fig. 3A, all P<0.001). After adjusting for possible confounders
including age, diabetes, cerebral vascular accident, chronic
kidney disease, status of hemodialysis and chemotherapy,
hemoglobin level, mean corpuscular volume, white blood cell
count, liver disease, immunocompromise, and ICU admission the
AUC of RDW was still superior to other scores such as SIRS,
MEDS, and CURB-65 (0.74 [95% confidence interval,
0.72-0.76] vs 0.45 [0.43-0.48], 0.60 [0.57-0.63], and 0.55
[0.53-0.59], respectively; all P<0.001; Table 2), and the adjusted
Diagnostic Odds Ratio of mortality between the highest and
lowest RDW quartiles was 4.94 (95% CI: 3.24-7.54). When we
integrated the RDW quartile into these prediction scores as a
parameter, all prediction scores performed better, as shown in
Fig. 3C (0.73, 0.72, and 0.77 for SIRS, MEDS, and CURB-63,
respectively).

We further divided our patients into 2 subgroups of severe
sepsis and nonsevere sepsis. Among the severely septic patients
(n=2110), 13.8% died (n=290), which is significantly higher
compared with the nonsevere septic group (3.8%, n=187, P<
0.001). We simplified the utilization of RDW as a binary
biomarker using 14% as a cutoff value. For patients in the severe
and nonsevere septic groups, the mortality rates of the higher
RDW group (18.5% and 7.6%, respectively) were significantly
higher than the rates for patients in the lower RDW groups (5.6 %
and 1.5%, respectively; P <0.001). All clinical prediction scores
performed better in mortality prediction among nonsevere septic
patients (supplementary Table 1, http:/links.lww.com/MD/B25).
Furthermore, CURB65 plus RDW also performed better than the
others in the nonsevere septic patients (0.69, 0.70, and 0.71,
respectively; Table 2). Interestingly, RDW and all the clinical
prediction rules performed better among patients without
malignancy (Table 2).

4. Discussion

In this retrospective cohort study, we illustrated the significant
differences in RDW levels between mortality and survival groups
of septic patients. The performance of RDW to predict mortality
for patients with sepsis was found to be better than other
currently utilized prediction rules such as SIRS, MEDS, and
CURB-65. Furthermore, the RDW quartile was positively
associated with in-hospital mortality of patients with sepsis.
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Demographic, laboratory finding, clinical prediction scores, outcome and site of infection.

Overall median Death median (IRQ) Survival median (IRQ) Odds ratio

(IRQ) or number (%) or number (%) or number (%) 95% Cl P
Numbers 6973 477 (7) 6496 (93)
Demographic
Age 65 (49-78) 72 (56-81) 64 (49-78) 1.022 (1.016,1.028) <0.05
Aged >65y 3409 (49) 291 (61) 3118 (48) 1.69 (1.40,2.05) <0.05
Male 3775 (54) 276 (58) 3499 (54) 1.18 (0.97,1.42) 0.09
Nursing home resident 206 (3) 21 (4 185 (3) 1.57 (0.99,2.49) 0.05
Comorbidities
Diabetes 2477 (36) 226 (47) 2251 (35) 1.71 (1.42,2.06) <0.05
Asthma 307 (4) 12 (3) 295 (5) 0.54 (0.30,0.97) <0.05
COPD 351 (5) 21 (4) 330 (5) 0.86 (0.55,1.35) 0.51
CHF 1188 (17) 93 (19) 1095 (17) 1.19 (0.94,1.51) 0.14
Hemodialysis 477 (7) 44 (9) 433 (7) 1.42 (1.03,1.97) <0.05
CVA 907 (13) 71 (15) 836 (13) 1.18 (0.91,1.54) 0.21
Liver disease 686 (10) 73 (15) 613 (9 1.73 (1.33,2.26) <0.05
Chemotherapy 593 (9) 89 (19) 504 (8) 2.73 (2.13,3.49) <0.05
Terminal stage 27 (0.4) 5(1) 22 (0.3 3.12 (1.18,8.27) <0.05
Immunosuppression 345 (5) 40 (8) 305 (5) 1.86 (1.32,2.62) <0.05
Malignancy 1377 (20) 192 (40) 1185 (18) 3.02 (2.49,3.66) <0.05
Lymphoma 137 (2) 19 (4) 118 (2) 2021 (1.37,3.67) <0.05
Leukemia 80 (1) 19 (4) 61 (0.9) 4.38 (2.59,7.39) <0.05
Metastatic solid tumor 524 (8) 102 (21) 422 (7) 3.91 (3.08,4.98) <0.05
Laboratory Finding
Hemoglobin, mg/dL 2 (10.3-13.7) 10.1 8.6-11.8) 12.1 (10.5-13.7) 0.74 (0.71,0.77) <0.05
MGV, fL 88 9 (85-92.7) 89.5 (84.7-94.3) 88.8 (85-92.6) 1.02 (1.011,1.036) <0.05
RDW, % 13.9 (13-15.3) 15.7 (14.3-17.6) 13.8 (13-15.1) 1.28 (1.24,1.32) <0.05
Platelet (10°/uL) 204 (149-270) 172 (97-268) 205 (152-271) 0.998 (0.997,0.999) <0.05
WBC (10%/uL) 11.2 (7.8-15.1) 12.1 (7.7-16.5) 11.1 (7.8-15) 1.013 (1.006,1.020) <0.05
PMN, % 81.1 (712.7-87.2) 80.6 (68.5-88) 81.1 (73-87.1) 0.985 (0.98,0.99) <0.05
Band form, % 2 (1-5.5) 3(1.5-9 2 (1~5) 1.05 (1.03,1.07) <0.05
Lymphocyte, % 10.3 (6-16.5) 9 (5-14.5) 10 4 (6-16.7) 0.99 (0.98,1.00) 0.01
CRP, mg/dL 67 8 (22.8-157.0) 112 (45.2-194.3) 66 (21.4-154.7) 1.003 (1.002,1.004) <0.05
PCT, ng/mL 6 (0.1-4.2) 3(0.5-27.9) 6 (0.1-2.8) 1.011 (1.003,1.019) <0.05
BUN, mg/dL 8 (11.3-32.5) 33 7 (18.6-65.2) 17 2 (11.1-30.1) 1.018 (1.014,1.021) <0.05
Creatinne, mg/dL 0. 95 0.7-1.4) 2 (0.8-2.7) 9 (0.7-1.4) 1.12 (1.08,1.16) <0.05
AST, UL 35 (24-67) 62 (37-134) 34 (23-63) 1.0008 (1.0003,1.0013) <0.05
BNP, pg/mL 451.5 (113-947.5) 468 (149-992) 445 (98.15-968) 1.0001 (0.9998,1.0005) 0.49
Ammonia, pg/dL 72 (49-119) 83 5 (53-144.5) 71 (49-116) 1.002 (1.000,1.005) <0.05
Total bilrubin, mg/dL 1(0.6-2) 7 (0.8-4.1) 1(0.6-1.8) 1.08 (1.05,1.11) <0.05
APTT, s 33 (28-39.6) 39.6 (31.7-55.8) 32.4 (27.8-38.1) 1.03 (1.024,1.042) <0.05
Bicarbonate, mmol/L 3.2 (18.9-27) 21.55 (21.6-17.1) 23.5 (19.7-27.1) 0.964 (0.946,0.982) 0.23
PT, s 13 (11.8-15.2) 15.7 (13.4-22.4) 12.8 (11.7-14.6) 1.04 (1.03,1.06) <0.05
Bactermia 1377 (19.8) 141 (29.6) 1236 (19.0) 1.79 (1.45,2.19) <0.05
Clinical Prediction Score
MEDS 6 (3-9) 9 (6-11) 6 (3-9) 1.19 (1.16,1.22) <0.05
CURB65 1(0-2) 2 (1-2) 1(0-1) 1.95 (1.79,2.12) <0.05
SIRS score 2 (1-3) 2 (2-3) 2 (1-3) 1.53 (1.23,1.90) <0.05
Outcome
ICU 457 (7) 124 (26) 333 (5) 6.50 (5.15,8.20) <0.05
Severe sepsis 3443 (50) 371 (78) 3072 (47) 3.90 (3.12,4.87) <0.05
Site of infection
Respiratory 4234 (61) 373 (78) 3861 (59) 2.45 (1.96,3.06) <0.05
Genitourinary 2790 (40) 133 (28) 2657 (41) 0.56 (0.45,0.67) <0.05
Skin 1459 (21) 70 (15) 1389 (21) 0.63 (0.49,0.82) <0.05
Abdominal 972 (14) 62 (13) 910 (14) 0.92 (0.70,1.21) 0.538
Unknown 240 (3.4) 13 (2.7) 227 (3.5) 0.77 (0.44,1.36) 0.374

APTT =activated partial thromboplastin time, AST=aspartate aminotransferase, BNP =B-type natriuretic peptide, BUN=blood urea nitrogen, CHF =congestive heart failure, COPD =chronic obstructive
pulmonary disease, CRP = C-reactive protein, CURB65 = Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older score, CVA = cerebrovascular accident, IR =interquartile range,
MGV =mean corpuscular volume, MEDS = Mortality of Emergency Department Sepsis score, PCT =procalcitonin, PMN = polymorphonuclear neutrophil, PT = prothrombin time, RDW =red blood cell distribution
width, SIRS=Systemic Inflammatory Response Syndrome, WBC =white blood cell.
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Mortality distribution in RDW quartiles
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Figure 2. Mortality distribution in RDW quartiles. Cl, confidence interval; RDW,
red blood cell distribution width.

Patients who had the lowest quartile of RDW (<13.1%) had only
a 1.6% chance to develop in-hospital mortality. Utilizing this
simple and readily available biomarker, RDW, we could predict
mortality more accurately than we could with other complicated
or more expensive indicators.
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RDW has been utilized in diverse diseases other than
traditionally for interpretation of anemia. In chronic diseases,
elevated RDW was associated with increased mortality among
healthy middle-aged and older adults from the general popula-
tion and patients with cardiovascular disease, stroke, heart
failure, and chronic dialysis."""™'®! In acute conditions, RDW can
also be used as a mortality predictor among patients with acute
pancreatitis, acute dyspnea during an ED visit, out-of-hospital
cardiac arrest, and critical illnesses in ICU setting.!>!'*-2!! For
septic patients, RDW was also found to be an independent
indicator of mortality in patients with gram-negative bacteremia,
community-acquired pneumonia, severe sepsis, and septic
shock.[6-7-22]

Although the mechanism of the association between RDW and
mortality in septic patients is not well understood, some studies
suggested a possible causal pathway. When patients are infected,
the microbes and the released lipopolysaccharides could
subsequently lead to a catastrophic inflammatory cascade.
Inflammatory cytokines such as tumor necrosis factor a,
interleukin-1, interleukin-6, interleukin-10, and interferon-y
could subsequently induce direct red blood cell damage by
erythrophagocytosis or apoptosis, interfere with iron homeosta-
sis by cytokines or by hepcidin (an acute-phase protein), inhibit
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Figure 3. Receiver operating characteristic (ROC) curves. Comparison of the performance of RDW as a continuous variable in predicting mortality with clinical
prediction rules (A) and common biomarkers utilized clinically (B). ROC curves of RDW as a quartile indicator with and without clinical prediction rules (C) and in the
severely septic group (D). CRP, C-reactive protein; CURB65, Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older score; MEDS,
Mortality of Emergency Department Sepsis score; PCT, procalcitonin; RDW, red blood cell distribution width; RDWQ, RDW in quartile form; SIRS, Systemic

Inflammatory Response Syndrome.
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Table 2
Performance comparison between RDW alone, clinical prediction rules alone, and RDW plus clinical prediction rules.

Adjusted

Crude

Adjusted

Crude

Crude

Adjusted

Crude

Adjusted

Crude

Adjusted

AUC AuC” 95% Cl AUC AuC” 95% Cl AUC AUC” 95% Cl

95% Cl

s

AUC
Nonsevere sepsis

Auc” 95% Cl AUC

AUC

Malignancy

0.69
0.43
0.52
0.45
0.69
0.68
0.70
0.52
0.58
0.61

0.60

Nonmalignancy

0.73
0.

Severe sepsis

0.67
0.

Overall

(0.65—0.73)

0.66—0.73)

0.63—0.71)

0.66—0.74)
0.49—0.56)
0.54—0.63)

0.56—0.64)

(0.70—0.76

0.74
0.

(0.64—0.70)
(0.41—0.48)

(0.51—0.59)
(0.47—0.55)
(0.65—0.71)

0.68
0.

0.70—0.77)
0.41—0.49)
0.51—0.60)
0.44—0.55)

(0.42—0.49

45

58

45

57

(0.60—0.67

0.64
0.63
0.73

0.70
0.74

0.

0.54
0.51
0.68
0.69
0.71
0.51

0.

0.62
0.63

(0.59—0.67,

(0.70—0.76

74

(0.74—0.79

0.77
0.79
0.62
0.65
0.72
0.

0.77
0.80
0.73

0.

(0.66—0.72)
(0.68—0.74)
(0.48—0.54)

(0.55—0.61)

(0.76—0.82

0.71
0.66

0.

0.72—0.80)
0.59—0.67)
(0.61—0.69)
(0.61—0.69)

(0.64—0.72)

0.68
0.

(0.59—0.65)
(0.61—0.68)

(0.69—0.75)
(0.71—0.77)

0.55
0.50
0.73
0.72
0.76
0.63
0.65
0.66
0.68

0.63

0.77

67

72

58

67
66

(0.72—0.76

0.74
0.45

0.

0.75
0.58
0.67
0.68
0.75

0.

RDW
SIRS

(0.43—0.48

(0.57—0.63

60

MEDS
CURB-65

(0.53—0.59

0.56
0.74
0.75
0.

(0.72—0.76

SIRS+RDW

(0.73—0.77

75

MEDS+RDW

(0.75—0.79

78

0.78
0.74
0.73
0.72
0.78

CURB-65+RDW

RDWQ

(0.60—0.65

0.62
0.65
0.69
0.71

(0.63—0.68

SIRS+RDWQ

0.65
0.

0.75
0.80

(0.59—0.65)
(0.59—0.66)

0.62
0.62

0.

0.69
0.75

(0.66—0.71)

MEDS+RDWQ
CURB-65+RDWQ

69

74

0.71

(0.686—0.73)

red blood cell distribution width,

Mortality of Emergency Department Sepsis score, RDW =

Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older score, MEDS

confidence interval, CURB65

Systemic Inflammatory Response Syndrome.
CVA, chronic kidney disease, status of hemodialysis and chemotherapy, level of hemoglobin, MCV, white blood cell count, liver disease, immunocompromise, and ICU admission.

area under the receiver operating characteristic curve, Cl=

AUC=

RDW in quartile form, SIRS=

RDWQ

Adjusted for age, diabetes

Medicine

erythropoiesis by myelosuppression, and down-regulate eryth-
ropoietin-receptor expression.'**! Emans et al,’*”! Fornal et al,!*?!
and Ferruci et al'®?! confirmed these hypotheses in studies that
found an association between inflammatory markers and
erythropoietin activity It has also been shown that elevated
inflammatory cytokines are associated with all-cause mortality
and early hemodynamic deterioration among severely septic
patients.!***31 This could possibly explain why anisocytosis and
elevated RDW in a proinflammatory status was associated with
higher mortality."’

From our study, higher white blood cell counts, bandemia,
increased prothrombin time and activated partial thromboplastin
time, and higher BUN, creatinine, aspartate aminotransferase,
ammonia, and total bilirubin levels and lower hemoglobin levels
and platelet counts were associated with mortality. Not
surprisingly, indicators of organ dysfunction that are commonly
seen in severe sepsis and septic shock were associated with
mortality. These variables could also be associated with chronic
illnesses that could contribute to the higher mortality.

From the subgroup analysis, we found that RDW is a good
biomarker not only in mortality prediction but also in detailed
risk stratification. The performance of RDW in predicting
mortality was better for patients who had not yet developed
severe sepsis. We hypothesized that RDW could be an indicator
of hematologic organ failure in the early stage of sepsis
progression, during which the bone marrow is still responsive
to the coagulation cascade and producing red blood cells and
subsequently resulting in increased RDW. We believe that early
sepsis could be a good niche for the clinical utility of RDW,;
however, clinicians need to be aware of the possible limitation of
the utility for severely septic patients. Furthermore, RDW
performed better for patients who did not have history of
malignancy. Patients with either hematopoietic malignancy or
chemotherapy that could impair the process of hematopoiesis
may not express wider RDW when encountering sepsis.

In this study, we also demonstrated that integration of this
simple biomarker, RDW, into other existing clinical prediction
rules, such as SIRS, MEDS, or CURB-65, could increase the
performance of these rules easily. For healthcare providers who
have limited resources, simply using mental status, respiratory
rate, BUN level, age, and RDW could yield potential benefits to
their daily care of septic patients. Using RDW along or with other
existing clinical prediction rules, clinicians could stratify patients
with lowest risk to develop mortality and plan an ordinary ward
or even outpatient treatment accordingly.

There are several limitations in our study. First, this is a
retrospective cohort study. All of the laboratory data were
collected retrospectively. Hence, there are some missing data and
potential bias. This could interfere with our result, especially in
the subgroup analysis in which we compare the performance of
RDW and clinical prediction rules between severe and nonsevere
septic patients. However, utilizing partial paired ROC analysis,
this bias could be minimized. Second, we could not know if the
patients received a blood transfusion before the index ED visits,
but we did exclude patients who were transferred from other
hospitals to reduce this potential bias. Third, we did not have
baseline hemoglobin levels from all patients visiting our ED, since
for some patients, the ED visit may have been their first visit at
this institution. Nevertheless, we aimed to focus on the acute
manifestation of the size of red blood cells, the RDW value, and
their associations with mortality. Therefore, chronic anemia may
not have biased our observations. Forth, all of the patients and
data were collected in a single center. The severity of disease, the
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patient characteristics, and the value of RDW could be different
at other institutions. Fifth, the operational definition of sepsis we
utilized in this study, that is, 2 sets of blood cultures ordered by
physicians and with a clinical diagnosis of sepsis, could be
different in other institutions. Further studies are merited to
validate our results in other target populations. Lastly, this single-
center study excluded patients with repeated ED visits or
transferred from other hospitals; therefore, we caution the reader
to apply the results to patients who are still in the early stage of
sepsis. Further validation from another population is merited.
In conclusion, we found patients over 65 years of age, with
comorbidities such as liver disease, malignancy, immunosuppres-
sive status, and undergoing regular dialysis or chemotherapy,
tended to have a higher risk of mortality after experiencing sepsis.
Furthermore, RDW is an independent predictor of mortality
among septic patients. It is an easy and inexpensive test to risk
stratify septic patients in the ED. Simply using RDW quatrtiles,
clinicians could stratify patients according to risk of mortality and
treat them accordingly. For more accurate mortality prediction,
RDW could be a potential parameter used along with the
prediction rules, such as CURB-65 plus RDW in our study.
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