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ARTICLE INFO ABSTRACT

Article history: Purpose: We have previously reported an association between high red blood cell distribution width

Available online 7 November 2020 (RDW) and mortality in septic and brain infarction patients. However, no association between RDW and
mortality in coronavirus disease 2019 (COVID-19) patients has been reported so far; thus, the objective

Keywords: of this study was to determine if that association exists.

Red blood cell distribution width Methods: Prospective and observational study carried out in 8 Intensive Care Units from 6 hospitals of

g;‘ggt'slg Canary Islands (Spain) including COVID-19 patients. We recorded RDW at ICU admission and 30-day

Mortality survival. . . . .. .

Outcome Results: We found that patients who did not survive (n=25) compared to surviving patients (n=118)

were older (p =0.004), showed higher RDW (p = 0.001), urea (p < 0.001), APACHE-II (p < 0.001) and
SOFA (p < 0.001), and lower platelet count (p = 0.007) and pH (p = 0.008). Multiple binomial logistic
regression analysis showed that RDW was associated with 30-day mortality after controlling for: SOFA
and age (OR=1.659; 95% Cl=1.130-2.434; p=0.01); APACHE-II and platelet count (OR = 2.062; 95%
Cl=1.359-3.129; p=0.001); and pH and urea (OR = 1.797; 95% Cl = 1.250-2.582; p = 0.002). The area
under the curve (AUC) of RDW for mortality prediction was of 71% (95% CI = 63-78%; p < 0.001). We did
not find significant differences in the predictive capacity between RDW and SOFA (p = 0.66) or between

RDW and APACHE-II (p = 0.12).
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Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; aPTT, activated Partial Thromboplastin Time; ARDS, Acute Respiratory Distress Syndrome; COPD,
Chronic Obstructive Pulmonary Disease; FIO,, Fraction Inspired Oxygen; GCS, Glasgow Coma Scale; INR, International Normalized Ratio; NTproBNP, N-Terminal prohormone

of Brain Natriuretic Peptide; PaO,, Pressure of arterial Oxygen; RDW, Red blood cell Distribution Width; SOFA, Sepsis-related Organ Failure Assessment.
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Conclusions: Our study provides new information regarding the ability to predict mortality in patients
with COVID-19. There is an association between high RDW and mortality. RDW has a good performance
to predict 30-day mortality, similar to other severity scores (such as APACHE Il and SOFA) but easier and

faster to obtain.

© 2020 Société francaise d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All

rights reserved.

1. Introduction

The novel coronavirus detected for the first time in December
2019 in Wuhan (China) is named as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the disease it causes
is called as coronavirus disease 2019 (COVID-19). COVID-19is an
emerging health threat in the world. On the 23" of May 2020,
there were 5,346,876 confirmed cases and 340,869 deaths (6.4%)
from COVID-19 [1,2]. However, the mortality in critically ill
patients with COVID-19 was 15-62% [3-7]. Different factors
have been associated with the risk of death, as age, some
comorbidities (diabetes mellitus, arterial hypertension, chronic
obstructive pulmonary disease, smoking, cardiovascular or
cerebrovascular diseases), blood biomarkers (of inflammation,
cardiac injury, muscle injury, liver dysfunction, kidney dysfunc-
tion and coagulation alterations), and clinical data of severity
as the presence of acute respiratory distress syndrome (ARDS)
[8-16].

Red blood cell distribution width (RDW) is a parameter of
the haemogram used in the differential diagnosis of anaemia
and involves the variability in form and size of red blood cells in
the subject [17]. An association between high RDW and
mortality has been found in patients with coronary disease
[18], liver disease [19], pancreatitis [20] and ischaemic stroke
[21,22]. This association has also been found in septic patients
[23-25]. In one study was found that severe patients showed
higher RDW than non-severe COVID-19 patients; however, the
criteria of severity were not clearly established and the mortality
rate was < 1% in the whole series and < 4% in the severe patients
group [26].

We had previously found that RDW at ICU admission was
associated with mortality in brain infarction [22] and in septic
patients [23], but this association in COVID-19 patients has not
been reported so far. Thus, the objective of this study was to
determine whether or not there is an association between RDW at
ICU admission and mortality.

2. Methods
2.1. Design and subjects

In this prospective and observational study participated
8 Intensive Care Units from 6 hospitals of Canary Islands (Spain).
The study was conducted with the approval in all hospitals of the
Ethics Committee (Protocol code CHUC-2020-26). The require-
ment for written informed consent of each patient was waived
given that data were prospectively collected, the context of the
rapid emergence of this infectious disease and the public health
outbreak policy consisting in forbidding patient visits by the
Government of Spain.

We included patients with COVID-19 admitted to the ICU.
We ncluded only patients with laboratory-confirmed COVID-19 by
means of a positive result for COVID-19 nucleic acids by a real-time
fluorescence reverse transcription-polymerase chain reaction (RT-
PCR) assay of a nasopharyngeal swab sample.

2.2. Variables recorded

We recorded the following variables regarding to demogra-
phic and clinical data: sex, age, body max index, and history of
diabetes mellitus, chronic renal failure, chronic obstructive
pulmonary disease (COPD), ischaemic heart disease, chronic
liver disease, smoking cessation, active smoking, arterial
hypertension, steroid agents, haematological tumour, solid
tumour, and human immunodeficiency virus (HIV). We also
recorded temperature, chest radiography findings, Acute Phy-
siology and Chronic Health Evaluation (APACHE)-II score [27],
Sepsis-related Organ Failure Assessment [SOFA] score [28] and
the development of ARDS [29].

Besides, regarding to laboratory data at ICU admission, we also
recorded lactic acid, glucose, sodium, creatinine, urea, protein,
albumin, creatine kinase, bilirubin, aspartate transaminase,
alanine transaminase, gamma-glutamyl transpeptidase, lactate
dehydrogenase, alkaline phosphatase, C-reactive protein, procal-
citonin, ferritin, N-terminal prohormone of brain natriuretic
peptide (NTproBNP), interleukin-6, haemoglobin, haematocrit,
white blood cell, neutrophils, lymphocytes, monocytes, eosino-
phils, basophils, platelets, international normalized ratio (INR),
activated partial thromboplastin time (aPTT), fibrinogen, d-dimer,
pressure of arterial oxygen (PaO,), fraction inspired of oxygen
(FIO,), arterial pH and RDW at ICU admission.

In regards to ICU treatment, we recorded respiratory support,
neuromuscular blockers, prone position, lopinavir/ritonavir,
hydroxycloroquine, interferon, tocilizumab, steroid agents, inter-
mittent and continuous renal replacement therapy, and vaso-
pressors. Finally, survival at 30 days was the endpoint study.

2.3. Statistical methods

We used frequencies (percentages) and medians (percentile
25-75) to describe categorical and continuous variables. We used
chi-square test and Mann-Whitney U-test to compare categorical
and continuous variables between patient groups (surviving and
non-surviving). We tested the ability of RDW for mortality
prediction by a receiver operating characteristic analysis, and
we reported area under curve (AUC), and sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio, positive
predicted value and negative predicted value for the cut-off of
RDW 13.0% (which was Youden ] index). We constructed Kaplan-
Meier 30-day survival curves using RDW lower and higher to
13.0%. We tested the possible association between RDW and 30-
day mortality using multiple logistic regression analysis. As 25 was
the number of non-surviving patients at 30 days in our study, we
constructed several multiple binomial logistic regression models
with only three predictor variables in each model to avoid
overfitting effect. We included in the regression analyses those
variables with p-value < 0.01 in the comparison between non-
surviving and surviving patients. We included RDW, SOFA and age
in the first model, RDW, APACHE-II and platelet count in the second
model, and RDW, arterial pH and urea in the third model. Odds
Ratio and 95% confidence intervals were calculated as measure-
ment of the clinical impact of the predictor variables. Spearman’s
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Table 1
Demographic and clinical data at ICU admission of non-surviving and surviving patients.
Survivors (n=118) Non-survivors (n=25) p Value

Gender female - n (%) 65 (55.1) 18 (72.0) 0.18
Age (years) - median (p 25-75) 64 (55-72) 71 (68-75) 0.004
Body max index (kg/m?) 27.7 (25.4-30.1) 29.4 (24.7-32.7) 0.91
Diabetes mellitus — n (%) 35 (29.7) 7 (28.0) 0.99
Chronic renal failure - n (%) 1(0.8) 0 0.99
COPD - n (%) 8 (6.8) 5 (20.0) 0.052
Ischaemic heart disease — n (%) 9(7.6) 3(12.0) 0.44
Chronic liver disease — n (%) 1(0.8) 1(4.0) 0.32
Smoking cessation — n (%) 29 (24.6) 6 (24.0) 0.99
Smoking - n (%) 5(4.2) 2 (8.0) 0.35
Arterial hypertension — n (%) 51 (43.2) 12 (48.0) 0.67
Steroid agents - n (%) 3(2.5) 2 (8.0) 0.21
Haematological tumour - n (%) 5(4.2) 1 (4.0) 0.99
Solid tumour - n (%) 1(0.8) 0 0.99
Human Immunodeficiency Virus - n (%) 1(0.8) 0 0.99
Temperature (°C) - median (p 25-75) 36.9 (36.0-37.6) 36.4 (34.6-38.0) 0.33
Chest radiography findings - n (%) 0.98

- Consolidation only 20(16.9) 4 (16.0)

- Ground glass opacity plus consolidation 44 (37.3) 9 (36.0)

- Ground glass opacity only 54 (45.8) 12 (48.0)
ARDS - n (%) 92 (78.0) 19 (76.0) 0.80
APACHE-II score — median (p 25-75) 11 (7-15) 18 (15-22) < 0.001
SOFA score — median (p 25-75) 8 (7-9) < 0.001

COPD = Chronic Obstructive Pulmonary Disease; APACHE = Acute Physiology and Chronic Health Evaluation; SOFA = Sepsis-related Organ Failure Assessment; ARDS = Acute

Respiratory Distress Syndrome.

rank correlation coefficient was used to determine the association

between continuous variables. We used the point p < 0.05 for the

establishment of significant differences, and the programmes NCSS
2000 (Kaysville, Utah) and SPSS 17.0 (SPSS Inc., Chicago, IL, USA) for

the analyses.

3. Results

We found that non-surviving (n =25) compared to surviving
patients (n=118) were older (p=0.004) and showed higher

APACHE-II (p < 0.001) and SOFA (p < 0.001) scores (Table 1). In

Table 2
Laboratory data at ICU admission of non-surviving and surviving patients.
Survivors (n=118) Non-survivors (n=25) p Value

Lactic acid (mmol/L) - median (p 25-75) 1.33 (1.06-1.80) 1.60 (1.20-2.05) 0.20
Glucose (g/dL) - median (p 25-75) 140 (108-189) 158 (127-249) 0.14
Sodium (mEq/L)- median (p 25-75) 138 (135-141) 139 (135-143) 0.60
Creatinine (mg/dl) - median (p 25-75) 0.86 (0.66-1.09) 1.07 (0.77-1.21) 0.02
Urea (mg/dl) - median (p 25-75) 39 (27-54) 65 (52-85) < 0.001
Protein (g/L) - median (p 25-75) 6.4 (5.9-7.0) 6.2 (5.9-6.7) 0.49
Albumin (g/L) - median (p 25-75) 3.2 (2.8-3.5) 3.4 (3.1-3.9) 0.25
Creatine kinase (U/L) - median (p 25-75) 121 (44-258) 209 (39-316) 0.63
Total bilirubin (mg/dl) - median (p 25-75) 0.60 (0.40-1.00) 0.72 (0.50-1.20) 0.16
Aspartate transaminase (U/L) - median (p 25-75) 40 (30-71) 45 (23-123) 0.74
Alanine transaminase (U/L) - median (p 25-75) 38 (27-66) 31 (19-68) 0.22
Gamma-glutamyl transpeptidase (U/L) - median (p 25-75) 55 (35-108) 102 (39-176) 0.11
Lactate dehydrogenase (U/L) - median (p 25-75) 397 (309-475) 461 (287-561) 0.19
Alkaline phosphatase (U/L) - median (p 25-75) 57 (49-79) 88 (52-117) 0.04
C-reactive protein (mg/gl) - median (p 25-75) 26 (13-102) 24 (14-59) 0.75
Procalcitonin (ng/ml) — median (p 25-75) 0.21 (0.09-0.59) 0.58 (0.16-0.84) 0.18
Ferritin (ng/ml) - median (p 25-75) 906 (593-1593) 1391 (977-1843) 0.18
NTproBNP (pg/ml) - median (p 25-75) 288 (130-1195) 3480 (468-6162) 0.07
Interleukin-6 (pg/ml) - median (p 25-75) 55 (6-237) 65 (35-249) 0.62
Haemoglobin (g/dL) - median (p 25-75) 13.0 (11.7-14.4) 12.7 (10.9-14.3) 0.50
Haematocrit (%) - median (p 25-75) 39 (35-43) 38 (34-43) 0.59
RDW (%) - median (p 25-75) 13.3 (12.5-14.5) 14.1 (13.3-16.1) 0.001
White blood cell - median*10* mm™3 (p 25-75) 8.3 (6.0-11.8) 9.4 (5.6-12.8) 0.64
Neutrophils - median*10°> mm™ (p 25-75) 7.2 (4.9-10.2) 7.6 (4.0-10.2) 0.99
Lymphocytes - median*10> mm (p 25-75) 0.72 (0.52-1.04) 0.70 (0.50-1.21) 0.78
Monocytes - median*10> mm™3 (p 25-75) 0.42 (0.30-0.63) 0.40 (0.23-0.52) 0.24
Eosinophils - median*10> mm~3 (p 25-75) 0.00 (0.00-0.03) 0.01 (0.00-0.03) 037
Basophils - median*10°> mm™ (p 25-75) 0.01 (0.00-0.03) 0.01 (0.00-0.03) 0.91
Platelets - median*10> mm™ (p 25-75) 243 (173-312) 198 (121-266) 0.007
INR - median (p 25-75) 1.18 (1.08-1.32) 1.25 (1.16-1.41) 0.13
aPTT (seconds) - median (p 25-75) 28 (24-32) 32 (29-36) 0.009
Fibrinogen (mg/dl) - median (p 25-75) 698 (524-810) 726 (548-894) 0.47
D-dimer (ng/mL) - median (p 25-75) 1154 (664-2663) 1758 (595-11365) 0.17
Pa02/FI0, ratio - median (p 25-75) 176 (104-234) 112 (100-174) 0.07
Arterial pH - median (p 25-75) 7.41 (7.34-7.46) 7.36 (7.29-7.42) 0.008

NTproBNP =N-terminal prohormone of Brain Natriuretic Peptide; RDW =Red blood cell Distribution Width (RDW); INR =International Normalized Ratio; aPTT = Activated
Partial Thromboplastin Time; PaO,=Pressure of arterial Oxygen; FIO, = Fraction Inspired Oxygen
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Table 3
Treatment data in ICU of non-surviving and surviving patients.
Survivors (n=118) Non-survivors (n=25) p Value
Respiratory support — n (%) 0.01
- Conventional oxygen therapy 10 (8.5) 0
- High-flow nasal cannula 22 (18.6) 0
- Non-invasive mechanical ventilation 8 (6.8) 0
- Invasive mechanical ventilation 78 (66.1) 25 (100)
Neuromuscular blockers - n (%) 79 (66.9) 20 (80.0) 0.24
Prone position - n (%) 46 (39.0) 14 (56.0) 0.13
Lopinavir/Ritonavir — n (%) 111 (94.1) 23 (92.0) 0.66
Hydroxychloroquine - n (%) 113 (95.8) 25 (100) 0.59
Interferon Beta 1-B - n (%) 68 (57.6) 15 (60.0) 0.99
Tocilizumab - n (%) 47 (39.8) 10 (40.0) 0.99
Steroid agents - n (%) 77 (65.3) 16 (64.0) 0.99
Intermittent renal replacement therapy - n (%) 2(1.7) 0 0.99
Continuous renal replacement therapy - n (%) 11 (9.3) 9 (36.0) 0.002
Vasopressors — n (%) 77 (65.3) 24 (96.0) 0.001
Table 4
Multiple logistic regression analyses to predict mortality at 30 days.
0Odds Ratio 95% Confidence interval p-Value
Model 1
RDW (%) 1.659 1.130-2.434 0.01
SOFA score (point) 1.251 1.056-1.483 0.01
Age (year) 1.072 1.010-1.139 0.02
Model 2
RDW (%) 2.062 1.359-3.129 0.001
APACHE-II (point) 1.184 1.092-1.282 <0.001
Platelet count (each 10.000 mm™3) 0.945 0.895-0.998 0.04
Model 3
RDW (%) 1.797 1.250-2.582 0.002
Arterial pH (point) 1.188 0.446-3.166 0.73
Urea (mg/dl) 1.007 0.996-1.017 0.20

RDW =Red blood cell Distribution Width; SOFA = Sepsis-related Organ Failure Assessment; APACHE = Acute Physiology and Chronic Health Evaluation.

addition, non-surviving showed at ICU admission lower platelet
count (p = 0.007) and arterial pH (p = 0.008), and higher creatinine
(p=0.02), urea (p < 0.001), alkaline phosphatase (p = 0.04), aPTT
(p=0.009) and RDW (p = 0.001) (Table 2). Besides, during their ICU
stay, non-surviving patients received CRRT (p=0.002) and
vasopressors (p = 0.001) more frequently (Table 3).

Multiple binomial logistic regression analysis showed that
RDW was associated with 30-day mortality after controlling for:
SOFA and age (OR=1.659; 95% Cl=1.130-2.434; p=0.01),
APACHE-II and platelet count (OR =2.062; 95% Cl = 1.359-3.129;
p=0.001), and arterial pH and urea (OR =1.797; 95% CI = 1.250-
2.582; p=0.002) (Table 4).

The AUC of RDW for mortality prediction was 71% (95% CI = 63—
78%; p<0.001) (Fig. 1). The RDW cut-off of 13.0% showed
sensitivity 88% (69-98%), specificity 45% (36-54%), positive
likelihood ratio 1.6 (1.3-2.0), negative likelihood ratio 0.3 (0.1-
0.8), positive predicted value 25% (21-30%) and negative predicted
value 95% (86-98%). On the other hand, the AUC for mortality
prediction by SOFA score and APACHE II score were of 74% (95%
Cl=65-81%; p <0.001) and 83% (95% Cl=75-89%; p < 0.001)
respectively. We did not find significant differences in the AUC
between RDW and SOFA (p = 0.66), RDW and APACHE-II (p = 0.12)
or APACHE-II and SOFA (p = 0.13).

Survival analysis showed that patients with RDW > 13.0% had
higher 30-day mortality than patients with lower RDW (Hazard
ratio=>5.1; 95% Cl=2.3-11.4; p=0.03) (Fig. 2). We found a trend
towards a positive association between RDW and IL-6 (n=31;
rho = 0.28; p = 0.12). We found a positive association between age
and RDW (n =143; rho=0.22; p=0.01).

4. Discussion

The main findings of our study were as follows: First, non-
surviving COVID-19 patients show higher RDW at ICU admission.
Second, there is an association between high RDW and mortality.
Third, RDW values greater than 13% have good performance to

100 |
80|
» 60
= B
fé |
= I
@ 40
- 4 Cut-off RDW> 13%
20 ' AUC= 71%; P< 0.001
I (95% Cl: 63%-78%)
0 1 1 1 1 1
0 20 40 60 80 100

100-Speilicily

Fig. 1. Receiver operating characteristic analysis using RDW for prediction of
mortality at 30 days.
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Fig. 2. Survival curves at 30 days using red blood cell distribution width (RDW)
higher or lower than 13.0%.

predict 30-day mortality. Fourth, RDW has an ability to predict
mortality similar to other severity scores (such as APACHE II and
SOFA) but easier and faster to obtain.

In a previous study it was found that severe COVID-19 patients
showed higher RDW; however, the criteria of severity were not
clearly established, no patient died in the non-severe patients
group and only one died in the severe patients group (mortality
group < 4%) [26]. Thus, our study report interesting novelties
about the potential role of RDW at ICU admission as prognostic
biomarker in COVID-19 patients.

The mortality in our series of critically ill patients (17.5%) was in
the lower limit of those reported in other series (15-62%) [3-7]. In
a study carried out in Spain, critically ill patients admitted to ICU
(APACHE-II 15 4 5; SOFA 7 + 3) had a 28-day mortality rate of 15%
[3], similar to that in our series.

In addition to RDW, we also found differences between
surviving and non-surviving patients in age, urea, creatinine,
SOFA, APACHE-II, platelet count, aPTT; and these findings are in
line with the results of previous studies [8-16]. A new and
interesting finding of our study was that we did not find significant
differences in the predictive capacity of mortality provided by
RDW, SOFA and APACHE-II; however, RDW is an easier and faster
predictor to obtain. Previously, there was found that RDW
increased with age [30]; and we found a positive association
between age and RDW in our series of COVID-19 patients.

Some studies have showed an association between RDW and
inflammatory cytokines as tumour necrosis factor (TNF)-alpha,
interleukin (IL)-1 and IL-6 [31,32], and between RDW and
oxidative stress [32,33]. Previously, we have reported in patients
with sepsis [23] or brain infarction [22] an association between
RDW and blood levels of TNF-alpha and malondialdehyde (which
appears by lipid peroxidation of cellular membrane phospholi-
pids). We speculated that the association between RDW and
mortality of COVID-19 patients found in our study could be due to a
higher degree of inflammation and oxidation in those patients who
end up dying. In our study of COVID-19 patients a trend towards a
positive association between RDW and IL-6 was found, although
possibly the limited number of patients in whom IL-6 was
determined (n=31) could have contributed to the absence of a
significant association. Another limitation of our study is that we
do not have data on other inflammatory cytokines or markers of
oxidative damage. The limited number of deaths prevented the
inclusion of more variables in the same regression model and was

Anaesth Crit Care Pain Med 40 (2021) 100777

another limitation of our study. Data about the symptoms onset is
lacking and this was another limitation in our study.

There are two methods of RDW assessment, RDW-coefficient
variation (RDW-CV) and RDW-standard deviation (RDW-SD).
RDW-CV is calculated by dividing the standard deviation of the
mean erythrocyte volume by the mean erythrocyte volume and
multiplying it by 100 to obtain a percentage. RDW-SD is an actual
measurement of RDW. However, RDW-SD was not reported in our
study and this is another limitation. In addition, RDW may vary
depending on the analyser used [34]. Different analysers (Sysmex
XN-1000, Beckman Coulter DxH-800, CELL-DYN Sapphire) were
used in each hospital and in the same hospital in our study; thus,
we cannot determine whether there were differences on RDW
according to the analyser used.

In addition, haemoglobin disorders [35], myelodysplastic
syndromes [36] and red blood cell (RBC) transfusion increased
RDW values [37]; however, we are aware no patients in our series
suffered of those disorders or received RBC transfusion before RDW
determination.

One of the strengths of the study is that the association between
RDW at ICU admission and mortality was found in all regression
models, and that this association is in line with the results we
found in previous studies in septic or cerebral ischaemic patients
[22,23], as well as the results found by other researchers in patients
with coronary heart disease [18], liver disease [19] or pancreatitis
[20].

The results of our study suggest that RDW, a laboratory
parameter that is automatically provided in a conventional
haemogram could be very useful in estimating the probability of
death in the population of patients with COVID-19. Further studies
that include a large number of patients and explore the association
of RDW with oxidative stress and inflammatory markers are
needed to confirm these results.

5. Conclusions

Our study provides new information regarding the ability to
predict mortality in patients with COVID-19. Compared with
surviving, non-surviving COVID-19 patients show higher RDW at
ICU admission. There is an association between high RDW and
mortality. RDW has a good performance to predict 30-day
mortality, similar to other severity scores (such as APACHE II
and SOFA) but easier and faster to obtain.
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