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ABSTRACT

Introduction: Red cell distribution width (RDW) is a frequently
overlooked parameter in routine haematological reports. It is a
simple and inexpensive test which has been found by many adult
studies to be a prognostic indicator of mortality in intensive care
units. The objective of this study was to see if high RDW could be
used as a marker to predict mortality in critically ill children.

Methods: This was a prospective observational study conducted
in the paediatric intensive care unit (PICU) of a tertiary hospital of
Western Nepal over a period of one year. Study subjects were
selected by purposive sampling method. RDW at admission and
relative change in RDW (ARDW) was compared to see if they had
any role in predicting mortality in this group of children. Receiver
operating curve analysis was plotted to find an optimal cut-off
point to define high and low RDW and various outcome
parameters were analysed.

Results: Out of 131 children, there were 12 (9.1%) mortalities.
Admission RDW was higher in the death group as compared to the
survivor group (17 vs 14.6; p = 0.012). Similar finding was seen
with ARDW (0.45 vs 0.00; p = 0.006). ARDW above the cut-off
value of 0.15 was found to be associated with a generally more
complicated course during hospitalisation as well as had more risk
of mortality.

Conclusions: Both RDW and ARDW above the cut-off value were
found to be associated with mortality. In addition, high ARDW
was also found to predict a more complicated course during
hospitalisation.
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INTRODUCTION

Paediatric intensive care units (PICUs) deal with
critically - ill children requiring urgent medical
care. Various factors can influence whether or not a
child can survive beyond the critical phase.
Assessment of adverse risk factors and urgency of
management can help in changing the final
outcome. Several scoring systems like the
paediatric risk of mortality (PRISM) and paediatric
index of mortality (PIM) have been used to predict
the risk of a patient dying in the PICU. But these
scoring systems are time-consuming and
cumbersome; hence there is a need to find a simple
test that can help in identifying the patients having
a high risk of mortality.

Red cell distribution width (RDW) is one such test
which is routinely done in all laboratories; it is
inexpensive and the results can be collected within
minutes. RDW is an index which reflects the
variability in size of red blood cells. It is calculated
by all automated haematologic analysers and is
quantified as either a co-efficient of variation (CV)
or standard of deviation (SD)."2? It has traditionally
been used along with the mean corpuscular volume
to differentiate the types of anaemias.'* But in
recent years, there has been considerable interest in
its use as a predictive marker of adverse outcomes
in several adult diseases like autoimmune diseases,
sepsis, cardiac and pulmonary diseases, operative
diseases and critical illnesses.?-!! Many such studies
have shown promising use of RDW as a predictive
marker of mortality in adults.

In resource-limited countries like Nepal,
calculating prognostic indicators like PRISM, PIM,
pSOFA may be costly as well as time-consuming.
RDW is a cost-effective and easy tool to predict the
prognosis of critically-ill paediatric patients. Only a
few studies of this type have been conducted in
developing countries.'?!> As developing countries
have a different health set-up as compared to
developed countries, this prospective analytical
observational study has been designed to find
whether RDW can predict prognosis of paediatric
patients in one of the tertiary centres of Nepal. The
aggressiveness of management of patients can then
be decided based on the predicted prognosis.
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METHODS

This was a prospective, observational study
conducted in the PICU of a tertiary-level hospital in
Western Nepal. There were a total of 512 patients
admitted to PICU during a one-year period of
which we included 131 cases; this sample size was
calculated taking the proportion of death in children
with high RDW from a similar study conducted in
India.'* All children who had low haemoglobin
with iron profile studies suggestive of iron
deficiency anaemia or diagnosed cases of chronic
haematological disorders were excluded from the
study. Similarly those cases with history of blood
transfusion in last three months were excluded as
these conditions might have an elevated RDW
which might have an impact on our results. Those
children who died or were discharged within 24
hours of admission were also excluded from the
study. After taking informed consent from the
guardians, patients were enrolled into the study.
Ethical approval was taken from the institutional
review committee prior to collecting patient’s data.

Baseline demographics of the patients were noted.
Course during hospitalisation was recorded.
Complicated hospitalisation was defined as those
cases where there were > 2 complications during
hospitalisation which included status epilepticus,
shock, need for mechanical ventilation, acute
kidney injury, deranged liver function tests, oxygen
requirement for more than 96 hours, etc. RDW was
measured as a part of routine haematological test
using Sysmex XN-450. For our study, we used
RDW as a coefficient of variation; the reference
range in our hospital was 11.5% - 14.5%. RDW
was recorded in all the patients at the time of
admission (RDWy) and repeated at 48 hours
(RDWoa4s). ARDW was defined as the difference in
RDW between the time of admission (0 hour) to
repeat measurement at 48 hours of admission. It
was calculated as ARDW = RDWg - RDW. Other
investigations were done as required.

Data were analysed by SPSS version 20. Normality
was tested by Shapiro Wilk test. Quantitative data
were presented as median [interquartile range] as
data were non-normally distributed. Univariate
analysis was done using Mann Whitney U test to
compare the medians of continuous non-normally
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Table 1. Patient showing characteristics at time of
admission to hospital and differences between the
death group and the survival group

Characteristics Death Survival p-
(n=12) (n=119) value
Age in months; 6 12 0.172
median (IQR) (2-48) (1-180)
Female gender; n 3 43 0.441
(%) (25%) (36%)
Diagnosis n (%): 0.631
« Infections 10 92
(83.3%) (77.3%)
« Seizure disorder 1 11
(8.3%) (9.2%)
« Poisoning 0 7
(5.9%)
« Acute blood 1 3
disorder (8.3%) (2.5%)
« Others 0 6
(5%)
Hemoglobin in 10.2 9.7 0.722
gm/dl; median 2-11.2) (3.1-16.9)
(IQR)
WBC per cuumm; 17655 14980 0.395
median (IQR) (6960 - (1940 -
45930) 50000)
Platelets per 211500 338000 0.016
cu.mm; median (23000 - (2000 -
(IQR) 510000) 746000)
RDWy; median 17 14.6 0.012
(IQR) (12 -28) (11.7-22.8)
RDW_s; median 19.2 14.7 0.001
(IQR) (15-29) (10.8 - 32.8)
ARDW 0.45 0.000 0.006
(0.1-8) (-3.7-12.7)
C-reactive protein 9 12 0.511
in mg/L; median (6 - 48) (6 - 96)
(IQR)
Serum ferritinin 278 65 0.010
ng/ml; median (39 -1000) (11.7-1128)
(IQR)
Serum iron in pg/ 48 37 0.350
dl; median (IQR) (12-325) (2-368)
Total iron binding 264 253 0.604
capacity in pg/dl; (101 - 341) (40 - 800)

median (IQR)
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Figure 1. Receiver operating curve for RDWy and
ARDW to predict mortality

distributed data while comparing death and survival
group. Receiver operating curve (ROC) analysis
was done keeping death as the static variable and
was used to calculate sensitivity and specificity.
Based on the ROC analysis, a cut-off value for
RDW, and ARDW was selected with the best
sensitivity and specificity. Chi-square test was used
to compare the various parameters to see if higher
value had a role in predicting an adverse outcome.
Level of significance was taken at p < 0.05.

RESULTS

There were total 131 patients who fulfilled the
inclusion criteria of which 64.9% were males. The
median age at admission to the PICU was 12
months (IQR 1 - 180). The most common
indication for admission was infectious disease
(102; 77.9%) of which most common was lower
respiratory tract infection (69; 52.6%). The median
length of stay in PICU was 72 (IQR 24 - 288)
hours. The in-hospital mortality was 12 (9.1%). The
median RDWy at the time of admission was 14.8
(IQR 11.7 - 28) while the median ARDW was 0.1
(IQR - 3.7 to 12.7). Seventy-three (55.74%)
children had RDWy above the reference range (>
14.5) at the time of hospital admission.

Table 1 shows the demographic features of the
group that died and the group that survived. The
median age in the death group was lower than that
in the survival group, but it was statistically
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Table 2. Showing the area under the ROC curve
(AUC) with 95% confidence interval for RDWy and
ARDW

Measure AUC SE p-value 95% CI

RDW, 0.721  0.085
ARDW  0.742  0.050

0.012  0.554 - 0.888
0.006 0.644 - 0.839

insignificant (p = 0.172). The body temperature
was higher in the death group than in the survival
group (p = 0.043). The death group also had a
lower systolic blood pressure as compared to the
survival group (p = 0.026). The platelet count was
lower in the death group as compared to the
survival group and this finding was statistically
significant (p = 0.016). The median RDWy (p =
0.012), RDW4s (p = 0.001) and ARDW (p = 0.006)
were found to be statistically significant different
between the two groups. There was also a
significant difference in blood urea (p = < 0.001),
serum creatinine (p = 0.023), serum sodium (p =
0.003), serum potassium (p = 0.018) and serum
ferritin (p = 0.010) level between the two groups.

ROC analysis was done to generate a cut-off value
to predict death for both RDWo and ARDW which
showed a statistically significant result (Figure. 1).
The AUC for RDWo was 0.721 (95% CI, 0.554 -
0.888) and AUC for ARDW was 0.742 (95% CI
0.644 - 0.839). Both these findings were
statistically significant (Table 2).

Based on the ROC curve, a cut-off value of 14.9 for
RDW, was found to have sensitivity of 83.3% and
a specificity of 55.5% for predicting death while a
cut-off of 0.15 for ARDW had a sensitivity of
83.3% and a specificity of 59.7%. Various outcome
parameters were then examined based on the cut-
off values in which there was a significant
difference in death in those whose RDW, was
above the cut-off limit (p = 0.012) while other
parameters were not statistically significant. In the
case of ARDW, a higher value was found to have a
significantly higher chances of death (p = 0.004),
greater need of multiple inotropes (p = 0.023), need
for mechanical ventilation (p = 0.004) and a more
complicated hospitalisation (p = 0.009). There was
however no difference in the length of PICU stay or
duration of oxygen requirement (Table 3).

DISCUSSION

The objective of our study was to see if RDW
could be used as a marker of mortality. Our study
included 131 patients of which 73 (55.7%) had
RDWy above the normal reference range. There
were 12 (9.1%) mortalities. Our results show that
RDW was higher in the group that died as
compared to the survivor group. Two large
community based studies in adults have found high
RDW correlated with mortality.'®!7 In separate
studies, Zhang et al. and Luo et al. also found an
association of high RDW with mortality in
critically ill adult patients.®!® Similarly several
studies have been conducted on children in
paediatric intensive care units which have also

Table 3. Showing relation of RDWo and ARDW to various outcome parameters

Parameters RDW, ARDW

<14.9 >149  P-value g5 >0.15 p- value
No 67 (51.1%) 64 (48.9%) 73 (55.7%) 58 (44.2%)
Need for multiple inotropes; n (%) 3 (4.5%) 1 (1.6%) 0.332 0 (0%) 4 (6.9%) 0.023
Multiple seizures; n (%) 13 (19.4%) 12 (18.8%) 0.924 12(16.4%) 13 (22.4%) 0.387
Mechanical ventilation; n (%) 6 (9%) 6 (9.4%) 0.934 2(2.7%) 10 (17.2%) 0.004
Complicated hospitalization; n (%) 21 (31.3%) 22 (34.4%) 0.712 17 (23.3%) 26 (44.8%) 0.009
O2 duration > 96 hrs 7 (10.4%) 9 (14.1%) 0.528 6(8.2%) 10(17.2%) 0.117
PICU stay > 96 hrs 18 (26.9%) 17 (26.6%) 0.969 18 (24.7%) 17 (29.3%) 0.550
Death; n (%) 2 (3%) 10 (15.6%) 0.012 2(2.7%)  10(17.2%) 0.004
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found an association of high RDW with
mortality.>13-131920 However some other studies
have found that there is no relation between high
RDW and mortality in children.'>2! Said et al. also
found a significant relation between admission
RDW as well as relative RDW (calculated as the
difference between the first day RDW and highest
of the first seven days RDW divided by admission
RDW) with mortality.!” Similar to our study,
Khanbabaee et al. found a positive correlation
between admission RDW and mortality but they
could not find any association between ARDW and
mortality.!3 Some studies suggest that the clearance
of RBC from the circulation is well-balanced in
healthy individuals but reduced in diseased states;
as a result there is an increase in the number of
smaller RBCs in the circulation which increases the
RDW in diseased conditions.?>> Y¢as et al.
showed that hypoxia increases the secretion of
erythropoietin which increases the production of
large immature RBCs into the circulation which in
turn increases the RDW.2* Red blood cells being
extremely sensitive to oxidative stress can be
hemolysed with release of immature cells into the
circulation in any condition where there is
production of reactive oxygen species. This leads to
increased variability in RBC size.?> Dugdale et al.
showed that significant disease leads to loss of
control of biological processes which increases the
variability of RBC sizes. They also re-affirmed the
effect of hypoxia on RDW as postulated by Ycas et
al.?>2% Aside from that there could be multiple other
disease-specific factors like bone marrow
suppression, proinflammatory cytokines and poor
nutritional status which could lead to increase in
anisocytosis.* Like hypoxia, inflammation and
oxidative stress have been linked as causes for the
high RDW in patients who die in the intensive care
units. More severe the disease condition, the higher
would be the expected hypoxia and oxidative stress
and hence increase in RDW. However research is
going on to find out why RDW is higher in adverse
conditions than in health.

High RDW as an inflammatory marker is also
corroborated by a high serum ferritin which was
seen in the death group. Ferritin is an acute phase
reactant and high levels can be seen in any
inflammatory conditions. The ferritin levels were
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significantly higher in the death group than in the
survival group (278 vs 65; p-value = 0.010) as seen
in Table 1.

In ROC analysis a cut-off value of 14.9 for RDWy
had a sensitivity of 83.3% and specificity of 55.5%
for detecting mortality while a cut-off of 0.15 for
ARDW yielded sensitivity and specificity of 83.3%
and 59.7% respectively. A higher cut-off value
would have increased the sensitivity of the test but
compromised the specificity so we had to trade-off
a lower sensitivity for a slightly higher specificity.
Hence we chose a cut-off value of 14.9 and 0.15
respectively for RDW and ARDW. Outcome
parameters based on the cut-off value for RDWy
showed that there was a statistically significant
difference in mortality between the two groups (p-
value = .012). Similarly when we used 0.15 as a
cut-off for ARDW, several outcome measures like
need for multiple inotropes (p-value = 0.023), need
for mechanical ventilation (p-value = 0.004),
complicated hospitalisation (p-value = 0.009) and
death (p-value = 0.004) were significantly different
between the high and low groups. This shows that
the rate of change in RDW is more predictive of
outcome than an absolute value. Several other
studies have found high RDW is associated with
prolonged duration of stay in PICU.!4!518 However
in our study we did not find any such association.
Similar finding was seen in a study by Yanni et al.?’
This most likely shows that higher values of RDW
were associated with earlier mortalities so there
was no relation to the duration of hospital stay.
Rather it shows the relation to mortality. Same
interpretation can be made for duration of oxygen
requirement. With regard to need for mechanical
ventilation there are conflicting findings. Schepens
et al. found high RDW is associated with greater
need for mechanical ventilation.?® Yanni et al. did
not find any association between RDW and need
for mechanical ventilation.”” In our study high
RDW, was not associated with need for mechanical
ventilation but higher value of ARDW over time
was associated with need for mechanical
ventilation. This shows that it is not the admission
value but the rate of change in RDW that is
associated with need for ventilatory support. This
could mean that rate of clinical deterioration was
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more in the death group hence the need for
mechanical ventilation.

There are some limitations of our study. Firstly, the
sample size was relatively small and data were
collected from a single centre. Secondly, the RDW
is a calculated red cell parameter which expresses
the heterogeneity of red cell volume in a blood
sample. Given that different laboratories use
different anticoagulants to inhibit blood coagulation
and the difference in time taken to analyse the
sample from the time of collection, the RDW value
may vary between laboratories. Thirdly, different
analyser machines may calculate the RDW values
using different algorithms. So it would be difficult
for us to generalise our results on a larger
population. It would also help us better understand
the predictive capability of RDW if we could have
compared RDW to the known PICU mortality
scoring systems.

The strong points of this study are: we excluded
some confounding factors in the beginning which
would have misinterpreted the results. For example
we excluded those conditions in which there can be
high RDW like iron deficiency anaemia, recent
blood transfusion, chronic diseases etc. This helped
us to be assured that the finding of high RDW was
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