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 Burhan Sami Kalın, 
 İhsan Solmaz

Yoğun Bakım Ünitesinde Septik Hastaların Sonuçları 
Üzerine Kırmızı Kan Hücresi Dağılım Genişliğinin 

Değerlendirilmesi: Retrospektif Bir Çalışma

ABSTRACT Objective: This study aimed to determine the prognostic value of red cell distribution 
width (RDW) in patients with sepsis in intensive care unit (ICU).
Materials and Methods: This single centre study includes a retrospective analysis of critically ill 
patients with sepsis. Patients’ demographic data; comorbidities; RDW values upon ICU admission, 
day 3 (RDW3) and day 7 (RDW7); Acute Physiology and Chronic Health Evaluation-II (APACHE-II) 
score; need for haemodialysis and invasive mechanical ventilation (IMV) were compared between 
survivors and non-survivors. In addition, patients were divided into the following two groups: 
high RDW (>14.5%) and normal RDW (≤14.5%). Logistic regression analysis was performed to 
determine independent risk factors for ICU mortality.
Results: A total of 102 patients with sepsis were included. Survivors had lower RDW than non-
survivors (p<0.05 for RDW values upon ICU admission, RDW3 and RDW7). The APACHE-II score, 
presence of septic shock on ICU admission, need for IMV and mortality rate were higher in patients 
in the high RDW group than those in patients in the normal RDW group (for all p<0.05). In this 
study, the presence of septic shock on ICU admission, RDW3 value and need for IMV were found 
to be independent risk factors for mortality.
Conclusion: In this study, RDW3 value was significantly associated with mortality in critically ill 
patients with sepsis and has an important value in predicting the prognosis of patients with sepsis 
in ICU.
Keywords: Sepsis, septic shock, intensive care unit, red blood cell distribution width

ÖZ Amaç: Bu çalışmanın amacı yoğun bakım ünitesinde (YBÜ) bulunan septik hastalarda eritrosit 
dağılım genişliğinin (RDW) prognostik değerini belirlemektir.
Gereç ve Yöntem: Bu tek merkezli çalışmada, kritik olan sepsis hastalarının retrospektif bir analizi 
yer almaktadır. Hastaların demografik verileri, komorbiditeleri, YBÜ’ye kabuldeki RDW, 3. gün 
(RDW3) ve 7. gün RDW (RDW7) değerleri, Akut Fizyoloji ve Kronik Sağlık Değerlendirmesi-II 
(APACHE-II) skoru, hemodiyaliz ve invaziv mekanik ventilasyon (IMV) ihtiyacı sağ kalanlar ve vefat 
edenler arasında karşılaştırıldı. Ayrıca hastalar yüksek (>%14,5) ve normal (≤%14,5) RDW olarak 
iki gruba ayrıldı. YBÜ mortalitesi için bağımsız risk faktörlerini belirlemek üzere lojistik regresyon 
analizi yapıldı.
Bulgular: Yüz iki septik hasta çalışmaya dahil edildi. Sağ kalanlar, vefat edenlere kıyasla daha düşük 
RDW’ye sahipti (YBÜ’ye kabuldeki RDW, RDW3 ve RDW7 değerleri, tümü için p<0,05). Yüksek 
RDW grubundaki hastalar normal RDW grubundaki hastalara göre daha yüksek APACHE-II skoruna, 
YBÜ’ye kabulde daha yüksek oranda septik şok varlığına, daha yüksek IMV ihtiyacına ve mortalite 
oranına sahipti (tümü için p<0,05). Bu çalışmada YBÜ’ye kabulde septik şok varlığı, RDW3 değeri 
ve IMV ihtiyacı mortalite için bağımsız risk faktörleri olarak bulundu.
Sonuç: Bu çalışmada RDW3 değeri, kritik septik hastalarda mortalite ile anlamlı olarak ilişkili 
bulunmuştur ve YBÜ septik hastalarının prognozunu öngörmede önemli bir değere sahiptir.
Anahtar Kelimeler: Sepsis, septik şok, yoğun bakım ünitesi, kırmızı kan hücresi dağılım genişliği
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Introduction

Sepsis is a life-threatening organ dysfunction caused by 

dysregulated host response to infection and septic shock is 

defined as a circulatory and metabolic disorder associated 

with a higher risk of mortality (1,2). Sepsis and septic shock 

are important healthcare problems which are affecting 

quite a lot of people in the world (3). The progression of 

severity is associated with rised mortality with insufficiency 

in multiple organ systems and most oftenly quantified by 

the Acute Physiology and Chronic Health Evaluation-II 

(APACHE-II) score which can predict the severity and 

outcome depending on different organ functional status 

(4). It would be advantageous to identify a rapid, cheap and 

easily applicable biomarker associated with the severity 

of sepsis. Red cell distribution width (RDW) is an index of 

complete blood count (CBC) analysis which is commonly 

measured among patients. RDW is specified as a numeric 

percentage which is calculated as red blood cell (RBC) 

volume divided by the mean corpuscular volume (MCV) and 

multiplied by 100 (5). RDW is an indicator of anisocytosis 

as a part of CBC analysis to determine the heterogeneity of 

erythrocytes. Throughout the years, RDW has been typically 

utilized in combination with the MCV and mean corpuscular 

hemoglobin (MCH) to differentiate the etiology of anemia 

(6). RDW is a component of CBC which is calculated 

by flow cytometry machine. Normal limits of RDW is 

oftenly accepted between 11.5% and 14.5%. Except the 

assessment of anemia etiology, studies have notified that 

RDW may be associated with outcome in patients with heart 

failure, acute myocardial infarction, thrombolysis used during 

ischemic stroke, pulmonary thromboembolism, pneumonia 

and cardiopulmonary arrest (7-12). Elevation in RDW is also 

known to be associated with elevated inflammatory marker 

tests such as IL-6 and TNF-α. It is a known mechanism 

that proinflammatory cytokines could lead suppression 

on RBC maturation, which may result as an elevation in 

RDW. Even though there are some hypothesis, the precise 

pathophysiological situation underlying changes in RDW and 

clinical conclusions are not elucidated clearly yet (13,14). 

There are only few studies investigating the correlation 

between sepsis and RDW. The main purpose of this study 

was to appreciate the relation among RDW and outcome and 

to determine it’s prognostic significance in critically septic 

patients.

Materials and Methods 

This single center retrospective analysis was conducted 
in a tertiary medical intensive care unit (ICU) at hospital, 
Department of Internal Medicine, Division of Critical Care 
between January 2015 and January 2020. The study 
protocol was approved by the University of Health Sciences 
Turkey, Gazi Yaşargil Training and Research Hospital Ethics 
Committee (decision no: 487, date: 12.06.2020). One hundred 
two patients older than 18 years followed up with sepsis 
were included in the study. The identifiaction of sepsis and/
or septic shock was described according to the International 
Sepsis Definitions Conference criteria (1). Patients with blood 
product transfusion in last two weeks, active major bleeding, 
history of diseases which may affect RDW such as leukemia, 
bone marrow infiltration, transplantation, agranulocytosis, 
recently received chemotherapy, radiotherapy and drugs 
that significantly effect RDW measurements were excepted. 
Demographic and laboratory data were collected from 
hospital electronic records and patient file archives. Patient 
age, gender, APACHE-II score, need for invasive mechanical 
ventilation (IMV), lenght of stay (LOS) in ICU, comorbid 
conditions (cardiovascular, renal, endocrinological, respiratory 
and neurological diseases), need for hemodialysis, presence 
of septic shock on ICU admission and mortality status 
were recorded. APACHE-II score was calculated within 
the parameters of first 24 hours after admission to ICU. 
C-reactive protein (CRP), procalcitonin, RDW, white blood 
cell (WBC), hemoglobin (Hb), MCH, MCV and platelet (PLT) 
values were measured on ICU admission. Also, RDW3 and 
RDW7 values were noted. Haematological parameters 
were determined using analyser. The analyser calculates 
MCV, MCH and MCHC based on measurements of Hb. The 
reference range for RDW in our laboratory was 11.5-14.5%.

Statistical Analysis

Preliminarily, patients were divided in two separate 
groups as survivors and non-survivors, normal and high 
RDW values and also septic shock and non-septic shock. 
Continuous variables were tested using Kolmogorov-Smirnov 
test for normality and datas are expressed as median and 
interquartile range or mean ± standard deviation. Mann-
Whitney U test was performed to compare distinctions 
for non-normally distributed variables. Student t-test was 
performed to compare distinctions for normally distributed 
variables. Categorical variables were analyzed with a 
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chi-square test or Fisher’s Exact test and expressed as 

numbers (percentages). Binary logistic regression analysis 

was performed to determine the independent risk factors 

for mortality. The outcomes of the regression analyses were 

expressed as odds ratio (OR) and 95% confidence interval 

(CI). The receiver operator characteristics (ROC) curve was 

formed and the area under the curve (AUC) was computed to 

understand the strength of RDW on mortality. A p-value less 

than 0.05 were presumed statistically significant. Statistical 

analyses were carried out using the Statistical Package for 

the Social Sciences (SPSS), version 22.0 software (SPSS 

Inc.,Chicago, IL, USA).

Results

Fifty-two (51%) were female of 102 septic patients 

participated in this study. The median age was 72 (62-80) 

years. Median RDW value on admission to the ICU was 16.8 

(15.3-18.8). Mortality rate was 59.8%. LOS in ICU was 6 (4-

12) days. In this study, 46 (45.1%) patients had cardiovascular 

disease, 39 (38.2%) patients had renal disease and 25 

(24.5%) patients had endocrinological disease. The frequency 

of comorbidities was not different between survivors and 

non-survivors. The need for IMV was 62 (60.8%). APACHE-II 

score was 20 (17-28). The number of patients undergoing 

hemodialysis was 49 (48%). Sixty-six (64.7%) of the patients 

was diagnosed as septic shock on ICU admission. Survivors 

had lower RDW value on admission to the ICU [15.8 (14.1-

18) versus 17.4 (16.2-19.3), p=0.001], RDW3 value [15.8 

(14.6-17.5) versus 17.4 (16.2-19.3), p=0.002] and RDW7 

value [15.8 (14.8-17.5) versus 17.5 (16.1-19.8), p=0.003] as 

compared to non-survivors. The patients with RDW value 

>14.5% on admission to the ICU was more higher in non-

survivors than in survivors and was statistically significant 

[56 (91.8) versus 30 (73.2), p=0.011]. Non-survivors had 

higher CRP [127 (82-178) versus 87 (33-188), p=0.05], 

procalcitonin [3.3 (1.2-8.7) versus 0.9 (0.3-2.8), p=0.001) and 

APACHE-II score [24 (19-32) versus 17 (15-20), p=0.001] 

as compared in survivors. The need for hemodialysis were 

higher in non-survivors than in survivors [35 (57.4) versus 14 

(34.1), p=0.02]. There were no significant difference WBC, 

MCV, MCH, Hb and PLT values between these two groups. 

Detailed demographic characteristics were described in 

Table 1. Patients were divided in two groups as a high RDW 

(>14.5%) and a normal RDW (≤14.5%). The high RDW 

group had higher APACHE-II score [22 (17-28) versus 18 

(13-23), p=0.05], septic shock rate on ICU admission  [62 

(72.1) versus 4 (25), p=0.001], need for hemodialysis [46 

(53.5) versus 3 (18.8), p=0.011] and mortality rate [56 (65.1) 

versus 5 (31.3), p=0.011] as compared to normal RDW 

group. There were no significant difference in LOS in ICU 

and need for IMV between normal and high RDW groups. 

Detailed demographic characteristics were described in 

Table 2. Patients with septic shock had higher RDW value 

on admission to the ICU [17.3 (16-19.5) versus 15.4 (13.8-

17.1), p=0.001], RDW3 value [17.3 (16.1-19.1) versus 15 

(14.1-17.2), p=0.001] and RDW7 value  [17.5 (16-18.8) 

versus 15.4 (14.2-17.2), p=0.004] as compared in patients 

without septic shock. Detailed demographic characteristics 

were described in Table 3. In the binary logistic regression 

analysis, presence of septic shock on ICU admission, need 

for IMV and RDW3 value were found to be independent risk 

factors for mortality [OR: 9.469 (1.964-45.646), p=0.005, 

OR: 9.231 (2.118-40.234), p=0.003, OR: 2.227 (1.083-4.580), 

p=0.029], respectively (Table 4). As shown in Figure 1, AUC 

of the receiver operating characteristic for prediction of 

mortality was 0.701 (95% CI: 0.586-0.815) for RDW3 value. 

Based on ROC curve for RDW3 shows a cut-off value of 16 

with a sensitivity of 78.9% and a specificity of 56.1% (95% 

CI: 0.586-0.815, p=0.002).

Figure 1. Receiving operator curve analysis of RDW3 value in predicting 
mortality
ROC: Receiver operator characteristics, RDW: red cell distribution width
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Discussion

Sepsis is a major problem with high morbidity and 

mortality rates, especially for ICU patients. Most biochemical 

markers indicating sepsis related inflammation are expensive 

and not easily available, which is the point, RDW seems to 

have an advantage. Although RDW is not a definite indicator 

for sepsis, in recent years, it has been emphasized that 

the high RDW value is in relation with mortality in septic 

patients (15,16). Elevated RDW presumably reflects the 

presence of elevated proinflammatory cytokines in sepsis 

and septic shock. In a retrospective analysis of patients with 

sepsis and septic shock, RDW was remarkably higher in non-

survivors as compared in survivors (17). In this present study, 

RDW was also found significantly higher in non-survivor 

septic patients when compared to survivors, which is 

compatible with literature data. In previous studies, positive 

association was detected between RDW and mortality rates 

in neonatal, pediatric and adult patient groups according to 

cox proportional hazards model. Ellahony et al. (18) indicated 

an evident association of RDW with mortality in neonatal 

patients (OR, 1.31; 95% CI, 1.241-1.399). Mahmood et al. 

Table 1. Baseline characteristics of the patients

Variables
Total 
n=102

Survivors
n=41

Non-survivors
n=61

p 

Age, (y) 72 (62-80) 69 (57-83) 72 (62-79) 0.785

Male, n (%) 50 (49) 20 (48.8) 30 (49.2) 0.968

APACHE-II score 20 (17-28) 17 (15-20) 24 (19-32) 0.001

Septic shock in ICU, n (%) 66 (64.7) 15 (36.6) 51 (83.6) 0.001

Comorbidity, n (%)

Cardiovascular disease 46 (45.1) 19 (46.3) 27 (44.3) 0.836

Renal insufficiency 39 (38.2) 17 (41.5) 22 (36.1) 0.582

Endocrinological disease 25 (24.5) 12 (29.2) 13 (21.3) 0.379

Respiratory disease 29 (28.4) 11 (26.8) 18 (29.5) 0.769

Neurological disease 16 (15.6) 6 (14.6) 10 (16.4) 0.799

Laboratory parameters on admission

CRP (mg/L) 109 (68-179) 87 (33-188) 127 (82-178) 0.05

Procalcitonin (ng/mL) 1.93 (0.5-5.5) 0.9 (0.3-2.8) 3.3 (1.2-8.7) 0.001

Hb (g/dL) 10.1±2.18 10.5±2.03 9.9±2.3 0.266

WBC (10³/µL) 10.9 (7.1-16.3) 10 (7.1-15) 12 (6.8-17.3) 0.609

MCV (fL) 85.9±7.5 86.9±7.4 85.2±7.5 0.254

MCH (pg) 28 (27-30) 29 (27-30) 28 (26-29) 0.112

PLT (10³/µL) 174±105 191±100 164±108 0.192

RDW value on admission to the ICU, % 16.8 (15.3-18.8) 15.8 (14.1-18) 17.4 (16.2-19.3) 0.001

High RDW value on admission to the ICU, n (%) 86 (84.3) 30 (73.2) 56 (91.8) 0.011

RDW3 value, % 16.8 (15-18.1) 15.8 (14.6-17.5) 17.4 (16.2-19.3) 0.002

High RDW3 value, n (%) 69 (67.6) 33 (80.5) 36 (59) 0.09

RDW7 value, % 16.4 (15.1-18.2) 15.8 (14.8-17.5) 17.5 (16.1-19.8) 0.003

High RDW7 value, n (%) 60 (58.8) 29 (70.7) 31 (50.8) 0.137

Need for hemodialysis, n (%) 49 (48) 14 (34.1) 35 (57.4) 0.02

Need for IMV, n (%) 62 (60.8) 13 (31.7) 49 (80.3) 0.001

LOS in ICU days 6 (4-12) 6 (4-10) 7 (3-15) 0.673

n: Number, y: year, p: probability, APACHE-II: Acute Physiologic and Chronic Health Evaluation-II, ICU: intensive care unit, Hb: hemoglobin, RDW: red cell distribution width, 
WBC: white blood cell, CRP: C-reactive protein, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, PLT: platelet, IMV: invasive mechanical ventilation, LOS: 
length of stay
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(19), demonstrated that RDW value ≥16 was an independent 

risk factor for mortality in the septic patients. Sadaka et al. 

(20) performed, RDW was assigned to be an independent 

risk factor for mortality occurring both in the critical care 

unit and hospital in patients with sepsis and septic shock. In 

another studies demonstrated that RDW value on admission 

to the ICU were valuable for predicting 28-day mortality (21). 

Ramby et al. (22) could not be established between mortality 

and RDW in pediatric septic patients. Zhang et al. (23) RDW 

were found to be independent risk factor for mortality in 

patients with severe acute pancreatitis. Similarly, in this 

study, RDW value on admission to the ICU and RDW7 values 

were not found to be independent risk factors for mortality 

but RDW3 value was a risk factor. Ku et al. (24) performed 

that 72 hours of RDW could be an indicator for all reasons 

mortality in patients with Gram-negative bacterial sepsis 

as similar to the results of this study. Severe sepsis and/

or septic shock patients received massive or goal directed 

fluid resuscitation and appropriate empiric antibiotic therapy 

in the first hours of treatment and because of this reasons, 

the number of reported deaths in the first 24 hours was 

lower among our septic patients. Although the value of RDW 

was higher on admission to ICU, it could not be associated 

with mortality. Also the lack of an association between 

RDW value on admission to the ICU and mortality may be 

attributable to the relatively small number of patients, high 

incidence of comorbidities, life-threatening conditions of the 

patients on admission to ICU (such as need for hemodialysis 

and acute renal failure etc.), high APACHE-II score, high rate 

of septic shock and the increased use of IMV. Increased 

Table 2. Baseline characteristics of the patients according to RDW value

Variables
Total
n=102

High RDW
n=86

Normal RDW
n=16

p 

Age, (y) 72 (62-80) 72 (63-79) 57 (52-79) 0.665

Male, n (%) 50 (49) 39 (45.3) 11 (68.8) 0.086

APACHE-II score 20 (17-28) 22 (17-28) 18 (13-23) 0.05

Septic shock in ICU, n (%) 66 (64.7) 62 (72.1) 4 (25) 0.001

Need for hemodialysis, n (%) 49 (48) 46 (53.5) 3 (18.8) 0.011

Need for IMV, n (%) 62 (60.8) 53 (61.6) 9 (56.3) 0.686

LOS in ICU days 6 (4-12) 6 (4-12) 7 (3-12) 0.879

Mortality, n (%) 61 (59.8) 56 (65.1) 5 (31.3) 0.011

n: Number, y: year, p: probability, APACHE-II: Acute Physiologic And Chronic Health Evaluation-II, ICU: intensive care unit, RDW: red cell distribution width, IMV: invasive 
mechanical ventilation, LOS: length of stay

Table 3. RDW values of the patients according to situation of septic shock

Variables Total n=102
Patients with septic 
shock n=66

Patients without septic 
shock n=36

p 

RDW value on admission to the ICU, % 16.8 (15.3-18.8) 17.3 (16-19.5) 15.4 (13.8-17.1) 0.001

RDW3 value, % 16.8 (15-18.1) 17.3 (16.1-19.1) 15 (14.1-17.2) 0.001

RDW7 value, % 16.4 (15.1-18.2) 17.5 (16-18.8) 15.4 (14.2 -17.2) 0.004

n: Number, p: probability, ICU: intensive care unit, RDW: red cell distribution width

Table 4. Multivariable binary logistic regression modeling of 
parameters for mortality

Variables OR (95% CI) p

Septic shock in ICU 9.469 (1.964-45.646) 0.005

Need for IMV 9.231 (2.118-40.234) 0.003

RDW3 value, % 2.227 (1.083-4.580) 0.029

Need for hemodialysis 1.656 (0.418-9.368) 0.549

High RDW on admission 
to the ICU

1.287 (0.088-18.782) 0.854

APACHE-II score 0.993 (0.834-1.652) 0.798

RDW7 value, % 1.355 (0.482-1.687) 0.299

RDW value
on admission to the 
ICU, %

0.586 (0.132-1.289) 0.134

Procalcitonin 1.095 (0.852-1.406) 0.479

OR: Odds ratio, CI: confidence interval, p: probability, ICU: intensive care unit, IMV: 
invasive mechanical ventilation, RDW: red cell distribution width, APACHE-II: Acute 
Physiologic and Chronic Health Evaluation-II
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mortality rate after three days with high RDW3 values were 
easily associated. Another study showed that RDW values 
on 1, 4, and 8 days were associated with prognosis in septic 
patients. Non-survivors septic patients had higher RDW than 
survivors in the first week of ICU stay and RDW during the 
first week was associated with mortality (25). Chan and 
his colleagues reported that rise in RDW values during the 
first 72 h after admission to hospital was associated with 
a higher mortality ratio in septic patients (26). In our study, 
non-survivor group had higher RDW values (on admission 
to the ICU, RDW3 and RDW7) than survivors. This result 
intended that dynamic observation of RDW values appeared 
to be more valuable than one single result in clinical 
practice. Also patients with septic shock had higher RDW 
value on admission to the ICU, RDW3 value and RDW7 
value as compared in patients without septic shock (for all 
p<0.05). Lakshmi and Palanisamy (27) showed in a sepsis 
study as similar results to our study that the subjects with 
sepsis had a mean RDW of 15.92, with severe sepsis had 
a mean RDW of 16.73 and with septic shock had a mean 
RDW of 18.06. There are studies have notified that RDW 
may be associated a worse prognosis in patients with life-
threatening illnesses such as congestive heart failure, acute 
myocardial infarction, thrombolysis used during ischemic 
stroke, pulmonary embolism, pneumonia, critical illness 
and cardiac arrest (7-12). The association between RDW 
and mortality or severity in sepsis and septic shock is 
uncertain. It is thought that proinflammatory cytokines may 
cause depression in the maturation of RBC and decrease 
the half-life of RBCs. Therefore, inflammatory situations 
could cause elevation in RDW (28). There were several 
limitations in our study. This was a single-center study with 
a small sample size. In addition, RDW may be affected by 
nutritional status, iron, folate, total cholesterol values, hepatic 
or renal dysfunction, cancer, thyroid disease, acute or chronic 
inflammatory response, use of some medications, albumin 
and vitamin B12 values. This is a retrospective analysis and 
we did not involve the nutritional status or any of the vitamin 

and hormonal values of the patients. Also, in a much wider 

patient population or different disease subgroups, the results 

related to RDW may differ.

Conclusion

Although RDW value on admission to the ICU was 

not a risk factor for mortality, RDW3 value was found as 

an independent risk factors for mortality. Accordingly the 

follow-up of patient’s RDW value in the days after admission 

to the ICU can be valuable. RDW which has the low cost 

and universal availability can be used as an adjunct factor 

for predicting mortality in septic patients along with other 

prognostic values. Also, the RDW values (on admission to 

the ICU, RDW3 and RDW7) were higher especially in septic 

shock patients compared to sepsis patients without septic 

shock. Further studies are necessary to verify the act of 

RDW in sepsis and septic shock patients as a predictive 

marker in the ICU.
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