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Objective To investigate the association of red cell distribution width (RDW) with 30-day mor-
tality in elderly patients with severe sepsis and septic shock.

Methods Patients were recruited from a single tertiary emergency department. Patients with
age over 65 years were selected. The main outcome was 30-day mortality. Potential confounders
as Acute Physiologic and Chronic Health Evaluation (APACHE) Il score and Sequential Organ
Failure Assessment (SOFA) score along with initial vital signs were collected. Multivariate Cox
proportional hazards analysis was performed to identify independent predictors of 30-day mor-
tality. The discriminative ability of RDW for 30-day mortality was evaluated using receiver oper-
ating characteristic curve analysis.

Results Overall, 458 patients were included. Univariate analysis showed that patients' survival
was significantly associated with sites of infection, comorbidities, and severity scores. In the
multivariate Cox proportional hazard model, the RDW was an independent predictor of 30-day
mortality (hazards ratio, 1.10; 95% confidence interval, 1.04 to 1.17; P<0.001).

Conclusion In this study, initial RDW values were significantly associated with 30-day mortality
in older patients hospitalized with severe sepsis and septic shock.
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What is already known

The association of red cell distribution width with mortality has been well eval-
uated in general cardiovascular diseases such as heart failure, acute myocardial
infarction, coronary artery disease, pulmonary embolism, cardiac arrest, and
stroke.

Capsule
Summary

What is new in the current study
Red cell distribution width could be an outcome predictor in elderly patients
with severe sepsis.
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INTRODUCTION

Severe sepsis is defined as sepsis together with sepsis-induced
organ dysfunction or tissue hypoperfusion.” Significant advances
were accomplished during the last decade in understanding and
managing this life-threatening condition. Although mortality from
severe sepsis has decreased, the prevalence of severe sepsis and
septic shock is increasing. Sepsis is associated with a significantly
higher morbidity and mortality in the elderly.>* Even with current
severity scores and biomarkers, predicting outcomes still poses
difficulties for clinicians. ldentifying patients who will benefit from
aggressive treatment and balancing between care and cure for
the elderly is very challenging for physicians.>®

Red cell distribution width (RDW) is routinely assessed in emer-
gency settings as part of the complete blood cell count to deter-
mine the heterogeneity in the size of circulating erythrocytes. RDW
has been reported as a powerful predictor of mortality in various
pathological conditions including heart failure, acute myocardial
infarction, critical illnesses, and bacterial infections.””"® Recent
studies have demonstrated a strong correlation between RDW
and mortality in the older population.”" "

Although the mechanism of elevated RDW in these patients is
yet to be elucidated, an association of inflammation and oxida-
tive stress with elevated RDW has been suggested." The inflam-
matory response is important in the pathophysiology of sepsis.
Besides, aging is also a powerful prognostic factor of severe sep-
sis and septic shock. A study of severe sepsis and septic shock in-
dicated a correlation between elevated RDW and early mortali-
ty."® Previous studies involving critically ill patients have not fo-
cused on older patients with severe sepsis and septic shock. In
this study, we aimed to determine whether higher RDW correlates
with higher mortality in older adults with severe sepsis and septic
shock.

METHODS

Study population

We conducted a retrospective study involving elderly patients
(=65 years old) with severe sepsis and/or septic shock who visit-
ed the emergency department (ED) at an urban, tertiary-care tea-
ching hospital that had an annual ED census of over 50,000 be-
tween January 2012 and December 2013. Approximately 16% of
the patients visiting the ED were aged > 65 years. Patients were
identified using Korean Standard Classification of Diseases 6
codes, as well as by an electronic chart review by different pro-
gram codes (A021, A090, A400-A419, and R572). Severe sepsis
was defined as sepsis complicated by organ dysfunction, and sep-
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tic shock was defined as acute circulatory failure characterized
by persistent arterial hypotension that is not explained by other
causes. Sepsis-induced hypotension was defined as systolic arte-
rial pressure <90 mmHg or mean arterial pressure <60 mmHg,
or a reduction in systolic arterial pressure of >40 mmHg from
baseline, despite adequate volume resuscitation, and in the ab-
sence of other causes of hypotension." Organ dysfunction was
defined using the definition developed by Marshall et al.'® Pa-
tients were managed in accordance with the “Surviving Sepsis
Campaign: international guidelines for management of severe
sepsis and septic shock 2008"" Exclusion criteria were as follows:
death in the ED, loss to follow-up, and refusal of aggressive treat-
ment.

Laboratory measurements

Blood samples for the complete blood cell count (including RDW)
were collected at the time of admission at the ED. RDW was re-
ported as the coefficient of variation (percentage) of red blood
cell volume as measured with an automated analyzer (Beckman
Coulter LH780 hematology analyzer; Beckman Coulter, Brea, CA,
USA). The normal reference range for RDW in our laboratory is
11.0% to 15.0%. Other blood tests such as arterial blood gas anal-
yses and serum biochemical analysis were also conducted. Blood
culture was performed before initiation of antibiotic therapy, and
was defined as positive if aerobic, anaerobic, or fungal organisms
were identified.

Data collection

Clinical data were retrieved from electronic medical records and
included information on demographics, comorbidity, foci of infec-
tion, blood culture results, length of stay in the ICU, and need for
mechanical ventilation. Body temperature, heart rate, respiratory
rate, blood pressure, and Glasgow coma scale scores were record-
ed at the time of triage in the ED. Severity scores, including Acute
Physiologic and Chronic Health Evaluation (APACHE) Il score and
Sequential Organ Failure Assessment (SOFA) score, were also as-
sessed at the time of admission at the ED. The major outcome for
this study was 30-day mortality after admission to the ED. A struc-
tured telephonic follow-up was performed for patients who were
discharged within 30 days of admission.

Statistical analyses

Patients were grouped into 30-day survivors and non-survivors.
Continuous variables were analyzed using Kolmogorov-Smirnov
test and Mann-Whitney U-test, and values are expressed as me-
dians and interquartile range. Categorical variables were analyzed
using chi square test or Fisher's exact test, and expressed as num-
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Severe sepsis and septic shock patients
> 65 years old
Met KCD 6 criteria in the ED
n=516

9 Deaths in ED

19 lost to Follow-up

41 Admitted to general wards

30 Wanted only palliative treatment

\ 4

Final selection for analysis
n=417

Fig. 1. Flow chart of patients enrolled in the study. KCD, Korean Stan-
dard Classification of Diseases; ED, emergency department.

Table 1. Baseline characteristics of the patients
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bers and percentages. A univariate Cox proportional hazards anal-
ysis was performed to determine the predictors of mortality in
the 30-day follow-up period. Variables with P<0.1 were included
in a multivariate full model with the forward conditional method.
The results are expressed as hazards ratio and 95% confidence
interval (Cl). The discriminative ability of RDW for 30-day mortal-
ity was evaluated by receiver operating characteristic (ROC) curve
analysis. Inter-group differences with associated P-values of
<0.05 were considered significant. All statistical analyses were
performed using SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA) and
Microsoft Excel 2013 (Microsoft, Redmond, WA, USA).

Total (n=458) Survivors (n=351) Nonsurvivors (n=107) P-value
Age (yr) 78.0 (73.8-83.0) 77.0 (73.0-82.0) 81.0 (77.0-86.0) 0.063
Male (%) 242 (52.8) 183 (52.1) 59 (55.1) 0.658
Primary site of infections
Respiratory 232 (50.7) 153 (43.6) 79 (73.8) <0.001
Urinary 104 (22.7) 94 (26.8) 10 (9.3) <0.001
Hepatobiliary 79(17.2) 68 (19.4) 11 (10.3) 0.029
Gastrointestinal 29 (6.3) 24 (6.8) 5(4.7) 0.503
Miscellaneous 14 (3.1) 12 (3.4) 2(1.9) 0.536
Comorbidities
Diabetes mellitus 134 (29.3) 109 (31.1) 25 (23.4) 0.145
Hypertension 282 (61.6) 226 (64.4) 56 (52.3) 0.031
Liver disease 26 (5.7) 20 (5.7) 6 (5.6) 1.000
COPD 36(7.9) 30(8.5) 6 (5.6) 0.414
Congestive heart failure 17 (3.7) 9(2.6) 8 (7.5) 0.035
Chronic renal failure 28 (6.1) 20 (5.7) 8 (7.5) 0.493
CAD 47 (10.3) 36 (10.3) 11 (10.3) 1.000
Neoplastic disease 76 (16.6) 54 (15.4) 22 (20.6) 0.128
Vital signs
Mean arterial pressure 83.2 (66.7-98.0) 85.0 (71.0-100.0) 70.3 (55.0-89.0) 0.409
Heart rate 102.5 (84.0-119.0) 100.0 (84.0-119.0) 105.0 (90.0-119.0) 0.028
Body temperature 37.0 (36.0-38.0) 37.0 (36.9-38.0) 37.0 (36.0-38.0) <0.001
Laboratory parameters
RDW (%) 14.6 (13.7-15.9) 14.4 (13.6-15.5) 15.4 (14.4-17.2) <0.001
pH 7.41(7.34-7.47) 7.42 (7.36-7.47) 7.38 (7.25-7.44) <0.001
Pa0, (mmHg) 66.5 (51.0-74.7) 69.0 (54.0-80.0) 58.0 (43.0-73.0) <0.001
PaCO, (mmHg) 32.0 (26.8-40.0) 32.0 (27.0-40.0) 33.0 (25.0-39.0) <0.001
Bicarbonate (mmol/L) 20.6 (16.8-24.0) 21.0(17.7-24.3) 18.0 (14.1-21.6) 0.871
WBC (10° cells/uL) 12.6 (8.4-18.0) 12.9 (8.8-17.8) 12.0 (5.6-19.0) 0.001
Hematocrit (%) 35.0 (30.0-39.0) 35.0 (31.0-39.0) 33.0 (28.0-38.0) 0.053
Mean corpuscular volume (fL) 95.1 (91.1-99.0) 94.4 (90.7-98.0) 96.8 (92.7-101.4) 0.004
Mean corpuscular hemoglobin (pg) 31.6 (30.3-33.0) 31.5(30.3-32.9) 32.2 (30.5-33.8) 0.002
Sodium (mmol/L) 136.5 (132.0-140.0) 1360 (132.0-139.0) 138.0 (133.0-141.0) <0.001
Potassium (mmol/L) 40 (3.6-4.5) 0 (3.6-4.4) 4.2 (3.8-4.8) <0.001
Blood urea nitrate (mg/dL) 26.0(17.2-39.2) 24 7 (16.8-35.3) 33.4(20.9-51.2) <0.001
Creatinine (mg/dL) 1.3(1.0-1.9) 2(09-1.9) 1.5 (1.0-2.3) <0.001
Cholesterol (mg/dL) 124.0 (97.8-157.0) 1300 (108.0-162.0) 101.0 (78.0-132.0) 0.024
Albumin (g/dL) 3.2 (2.8-3.7) 4(29-37) 2.9 (2.5-3.3) <0.001
C-reactive protein (mg/dL) 11.5 (5.4-19.6) " 3 (5.4-19.3) 12.7 (5.5-22.7) 0.001
Total bilirubin (mg/dL) 0.8 (0.5-1.3) 8(0.5-1.2) 0.8 (0.5-1.4) <0.001
Data are presented as median (interquartile range) or number of patients (column %).
COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; RDW, red cell distribution width; WBC, white blood cell.
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RESULTS

Baseline demographics and clinical characteristics

The patient selection flow chart is shown in Fig. 1. A total of 516
patients were included in the study. Of them, 458 patients were
included in the final analysis. The median age was 78 years and
242 (52.8%) patients were male. RDW ranged from 12.0 to 32.9%
with a median value of 14.6% (IQR 13.7% to 15.9%). The demo-
graphic characteristics are shown in Table 1. The overall 30-day
mortality of 458 patients was 230%. Patients who died were older
and had a higher rate of congestive heart failure. Patients who
had pulmonary infections also had a higher mortality rate, while
patients with urinary tract infections survived relatively longer.
Non-survivors tended to have a lower heart rate. The severity
scores of non-survivors at the time of admission to the ED were
higher, while the Glasgow coma scale was lower as compared to
that of survivors. Among hematologic and laboratory variables,
pH and Pa0., bicarbonate, hematocrit, cholesterol, and albumin
levels were significantly higher in survivors than in non-survivors.
The mean corpuscular volume (MCV), mean corpuscular hemo-

Table 2. The outcomes of patients

Total Survivors  Nonsurvivors P_value
(n=458) (n=351) (n=107)

Vasopressor 286 (62.4) 192 (54.7) 94 (879) <0.001
Renal replacement therapy 30 (6.6) 14 (4.0) 16 (150 <0.001
Mechanical ventilation 139 (30.3) 79 (22.5) 60 (56.1)  <0.001
SOFA 6 (4-9) 6(3-8) 9 (7-1) 0.003
APACHE Il 16(12-20) 15(12-19) 20 (16-26) <0.001
ICU LOS (day) 4(2-10)  4(2-9) 5(2-12)  <0.001

Data are presented as number of patients (column %) or median (interquartile
range).

SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiologic and Chron-
ic Health Evaluation; ICU, intensive care unit; LOS, length of stay.
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Fig. 2. The 30-day mortality rate according to red cell distribution width
(RDW).
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globin, blood urea nitrogen and potassium levels tended to be
higher in non-survivors as compared to the levels in survivors. The
median RDW in non-survivors and survivors was 15.4% and 14.4%,
respectively (P<0.001).

RDW and 30-day mortality

Non-survivors were treated more aggressively with renal replace-
ment therapy and mechanical ventilator, and had a longer stay in
the ICU than survivors (Table 2). Severity scores such as SOFA and
APACHE were higher in non-survivors. When dividing RDW into
numbers, 30-day mortality increased with increasing RDW values
(Fig. 2). Table 3 shows the sensitivity, specificity, and predictive
values for 30-day mortality according to RDW values. The higher
the RDW value, the lower was its sensitivity and negative predic-
tive value. However, specificity and positive predictive value in-
creased with the increase in percentage of RDW. For each 1% in-
crease in RDW level as a continuous variable, the 30-day mortal-
ity risk increased by 15% on univariate Cox proportional hazard
analysis. In the multivariate Cox proportional hazard model, the
RDW was an independent predictor of 30-day mortality after ad-
justment for other variables (hazards ratio, 1.10; 95% Cl, 1.04 to

Table 3. Test characteristics of RDW for 30-day mortality

RDW Sensitivity ~ Specificity F.’os.itive Negative
predictive value predictive value
213 (n=431) 99.1 7.1 26.7 95.7
>14 (n=307) 82.2 37.6 28.7 87.4
>15(n=182) 58.9 66.1 34.6 84.1
216 (n=113) 41.1 80.3 389 81.7
>17 (n=66) 28.0 89.7 455 80.4
218 (n=40) 18.7 943 50.0 79.2

Data are presented as %.
RDW, red cell distribution width.

Table 4. Cox proportional hazard regression analysis for 30-day mortality

Hazard ratio 95% Cl P-value

RDW (per 1%) 1.10 1.04-1.17 0.001
Age (per 1 year) 1.07 1.04-1.10  <0.001
SOFA (per 1 point) 1.1 1.02-1.20 0.012
APACHE 11 (per 1 point) 1.03 1.00-1.07 0.042
Primary site of infection

Respiratory 1.91 1.11-3.28 0.020

Urinary 0.40 0.18-0.87 0.022
Bicarbonate (per 1T mmol/L) 093 0.89-097  <0.001
MCV (per 1 unit/fL) 1.03 1.01-1.06 0.014
C-reactive protein (per 1 mg/dL) 1.03 1.01-1.04 0.001
Mean arterial pressure (per 1 mmHg) 0.98 097-099  <0.001

Cl, confidence interval; RDW, red cell distribution width; SOFA, Sequential Organ
Failure Assessment; APACHE, Acute Physiologic and Chronic Health Evaluation;
MCV, mean corpuscular volume.

www.ceemjournal.org
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Fig. 3. The receiver operating characteristic curves comparing red cell
distribution width (RDW), Sequential Organ Failure Assessment (SOFA)
score, Acute Physiologic and Chronic Health Evaluation (APACHE I1) score,
and albumin and C-reactive protein (CRP) levels to predict 30-day mor-
tality. AUC, area under the ROC curve; Cl, confidence interval.

1.17; P<0.001). Other independent predictors of mortality were
age, mean arterial pressure, SOFA score, APACHE Il score, pulmo-
nary infection, urinary tract infection, MCV, and C-reactive pro-
tein (CRP) level (Table 4).

The utility of RDW along with other variables for predicting 30-
day mortality was assessed with an ROC curve (Fig. 3). The area
under the curve of SOFA score, albumin, APACHE Il score, and RDW
were 0.679 (P<0.001; 95% Cl, 0.619 to 0.736), 0.717 (P<0.001;
959 Cl, 0.662 to 0.772), 0.762 (P<0.001; 95% Cl, 0.710 to 0.814),
and 0.733 (P<0.001; 95% Cl, 0.679 to 0.786), respectively.

DISCUSSION

In this study focusing on older patients hospitalized with severe
sepsis, RDW strongly and independently predicted 30-day mor-
tality. When adjustments were made for age, mean arterial pres-
sure, MCV, CRP, SOFA score, APACHE Il score, and primary site of
infections in the multivariate Cox proportional hazards model, for
each 1% increase in RDW level as a continuous variable, 30-day
mortality rate increased by 10%. Despite the recent advances in
the management of severe sepsis, the effect of the improvement
in the context of older population is still obscure. Older adults are
more likely to have co-morbidities and are often functionally de-
pendent before admission. It is important to predict the outcomes

Clin Exp Emerg Med 2015;2(3):155-161
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of severe sepsis in older patients at the time of presentation to
the ED. Along with other severity scoring systems, RDW appears
to be a good practical tool to evaluate elderly septic patients who
require hospitalization.

The association of RDW with mortality has been well document-
ed in patients with common cardiovascular diseases such as heart
failure, acute myocardial infarction, coronary artery disease, pul-
monary embolism, cardiac arrest, and stroke.®*'®?* In addition to
mortality, RDW has been associated with morbidity in several dis-
eases, €.9., RDW has been associated with the incidence of heart
failure and risk of coronary disease.”*® Although the mechanisms
linking RDW to adverse patient outcomes are not completely un-
derstood, potential pathways include chronic inflammation, mal-
nutrition, and anemia of different etiologies.'*'*'3?"?® The prog-
nostic potential of RDW is of particular interest because it is rou-
tinely included in the automated complete blood cell count anal-
ysis at the ED, and is thus available at no additional cost.

Several studies have found RDW to be of value as a prognostic
marker for short-term and long-term mortality in critically ill pa-
tients.”** In a large 10-year retrospective study, RDW was associ-
ated with the risk of disseminated infection and was validated as
a strong predictor of 30-day mortality in critically ill patients.”
Cohort studies based on the US population have also demonstrat-
ed an association of RDW with mortality in community-dwelling
patients.'>"3?” Other studies have investigated the correlation be-
tween RDW and mortality from blood stream infection and gram-
negative bacteremia.'®® In these studies, RDW was an indepen-
dent predictor of 30-day mortality. A recent retrospective study
of 566 patients with severe sepsis and septic shock showed a strong
correlation of RDW with short-term mortality.”® However, none of
these studies specifically focused on older patients with sepsis who
required ICU admission. Our study involving critically ill older pa-
tients demonstrated the value of RDW as an outcome predictor,
and that RDW levels may help inform early intervention in elderly
patients with severe sepsis.

The underlying mechanism for the association of RDW with
mortality in septic patients is still unclear; its elucidation could
augment our understanding of the pathophysiology of sepsis, and
thereby aid the development of advanced therapeutic modalities
for septic patients. Several studies have found RDW to be associ-
ated with blood markers of inflammation, such as interlukin-6,
CRP, as well as with impaired iron metabolism."®* Furthermore,
oxidative stress has been shown to increase anisocytosis by dis-
rupting erythropoiesis, and to alter red blood cell membrane de-
formability and red blood cell circulation half-life, ultimately lead-
ing to increased RDW."*¥"% |n previous studies, adjusting for in-
flammatory markers such as CRP did not substantially reduce the
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prognostic value of RDW.""*%#% Consistent with these findings,
we found that the risk associated with RDW was significant even
after adjustment for CRP levels. Moreover, RDW alone showed
interesting results in the ROC curve analysis, while CRP alone was
not a significant predictor of 30-day mortality.

According to Bion,*' RDW may also reflect the patients' degree
of physiologic reserve, which is one of the three main determinants
of clinical outcomes. The physiologic reserve represents the cellu-
lar response to acute stress and the resultant tissue hypoxia. Isch-
emia activates cellular systems that serve to reduce oxygen de-
mand and physiologic processes in order to improve tissue oxygen
delivery. As a result, reactive erythropoiesis is stimulated under
oxidative stress. Release of large immature red cells, with poor
oxygen-binding capacity into the circulation, leads to an increase
in the RDW. This whole process could explain the association be-
tween RDW and clinical outcomes in acute illness. With advancing
age, pro-inflammatory cytokines are thought to inhibit prolifera-
tion of erythroid progenitor cells; and to down-regulate erythro-
poietin receptor expression.”® Perturbations in erythropoiesis can
lead to more variation in cell sizes and therefore, might increase
RDW." Our study is important in that it explains the mechanism
behind RDW representing a prognostic factor in older patients
with severe sepsis.

There are several limitations in this study. Firstly, it is a retro-
spective single-center study based on diagnostic codes and chart
review, which is a potential source of bias and errors at the time
of data recording at the source. Secondly, since we included only
patients who needed ICU care, the findings may not be general-
ized to all older patients with severe sepsis. Lastly, RDW could be
influenced by nutritional status; however, we did not examine vari-
ables such as iron, folate, and vitamin B12 levels. Further prospec-
tive multi-center studies with larger sample sizes are necessary to
further assess the role of RDW as a predictor of mortality.

In this study, initial RDW values were associated with 30-day
mortality in older patients hospitalized with severe sepsis and sep-
tic shock.
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