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PN 530 7:X@3 N Introduction: Sepsis is a systemic condition recognized as dysregulated host response to infection. Red

cell distribution width (RDW) has emerged as a promising prognostic marker in sepsis, especially when
elevated early in hospitalization. This study aims to investigate the correlation between RDW and mortality in patients,
assessing its utility as a prognostic indicator & potential for sequential monitoring to guide treatment decisions & improve
patient outcomes. Methods: This prospective observational study was conducted in patients aged over 18 diagnosed with
sepsis & admitted to the (MEDICAL INTENSIVE CARE UNIT) MICU at a tertiary care hospital. The study involved 100 subjects,
with data collection through a structured proforma & analysis performed using MS Excel & IBM SPSS Statistics 26.0, employing
descriptive statistics & statistical tests such as t-test & chi-square test, with significance set at p < 0.05. Results: The result
indicates no significant difference in Hb, PCV, MCV, TLC, DLC, Platelets, & RBC count between survivors and non-survivors (p >
0.05), but a significant difference in the mean RDW-CV values was observed (t = -23.865, p < .001), indicating its potential as a
prognostic marker. Additionally, renal, liver function test parameters showed no significant differences between survivors and
non-survivors (p > 0.05). Conclusion: The study concludes RDW's potential as a cost-effective prognostic biomarker in sepsis,
effectively predicting mortality, aiding in treatment decisions. RDW shows high accuracy in mortality prediction, with notable
associations with age groups among non-survivors, suggesting its relevance across demographics, maintaining independent
prognostic value, unaffected by renal or liver function test results.
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INTRODUCTION:

Sepsis, a historically recognized yet still common and mortal
condition, has evolved in its understanding over millennia.
Initially described by Hippocrates and later conceptualized
by Galen, sepsis was traditionally viewed as a manifestation
of local infection spreading through the bloodstream. (1,2)
However, the advent of germ theory in the nineteenth century
provided a new perspective, linking sepsis to systemic
infection and pathogen invasion. Despite this advancement,
many patients continued to succumb to sepsis even after
successful pathogen eradication, indicating a deeper
complexity. Recent research, spanning the past two decades,
has revealed that sepsis involves a dysregulated host
response to infection, often leading to acute organ
dysfunction. The 2016 Third International Consensus
Definitions redefined sepsis as such, distinguishing it from
uncomplicated infection and emphasizing the role of organ
dysfunction in its diagnosis.(3,4) Within this evolving
understanding of sepsis, red cell distribution width (RDW) has
emerged as a potential prognostic marker. RDW, a measure of
the variation in size of red blood cells, has shown promise in
predicting adverse clinical outcomes in septic patients,
particularly when elevated within the first 72 hours of
hospitalization. This simple and readily available
investigation offers a valuable tool for assessing severity and
guiding treatment strategies early in the course of severe
sepsis or septic shock. By incorporating baseline RDW values
and monitoring changes over time, healthcare providers can
better anticipate patient outcomes and tailor management
protocols accordingly, thus potentially improving patient care
and survival rates.(5-8).

The aim of this study is to investigate the correlation between
red cell distribution width (RDW CV) and mortality among
patients diagnosed with sepsis. Through this research, we aim
to discern the usefulness of elevated RDW as a prognostic
indicator for the severity of sepsis. Furthermore, our objectives
include evaluating the potential of sequential elevation in
RDW levels throughout the entire duration of hospitalization
as a predictive marker for the severity of sepsis. By achieving
these objectives, we seek to contribute valuable insights into
the clinical utility of RDW in prognosticating outcomes and

guiding therapeutic decisions for patients with sepsis.

REVIEW OF LITERATURE:

Sepsis is a severe medical condition characterized by a
dysregulated immune response to infection, often resulting in
multiple organ failure and high mortality rates. The global
incidence of sepsis has been increasing, with approximately
31 million cases and 5 million deaths annually. Despite
advancements in medical care, mortality rates among sepsis
patients remain high. Various biomarkers and scoring
systems have been studied to aid in the early identification
and prognosis of sepsis. Red cell distribution width (RDW), a
component of the complete blood count (CBC), has emerged
as a potential prognostic marker for sepsis. RDW reflects the
variability in the size of red blood cells and is associated with
inflammation and oxidative stress. Elevated RDW levels have
been linked to increased mortality and morbidity in sepsis
patients (Stojkovic et al., 2020; Wang et al.,
2019).(9,10)Traditional prognostic indicators such as
Sequential Organ Failure Assessment (SOFA) and Acute
Physiology and Chronic Health Evaluation II (APACHE 1I)
scores can be complex to calculate and may not be readily
available, especially in resource-limited settings. RDW, being
a part of routine CBC testing, offers a simple, cost-effective,
and easily accessible alternative for predicting outcomes in
sepsis patients (Piva et al., 2020; Zhang et al., 2020).(11,12)
RDW has shown promise in predicting mortality and morbidity
in various other diseases, including cardiovascular disorders,
pulmonary embolism, and critical illnesses. Its association
with adverse outcomes in sepsis underscores its potential
utility as a prognostic tool in identifying patients at higher risk
of poor outcomes (Furuncuoglu et al.,, 2016; Huang et al.,
2017).(13,14).

In case of severe sepsis, the prognostic factors like co-
morbidities, biomarkers, severity of disease, age of subject,
sex of subject etc., have been seen to be associated with the
outcome of severe sepsis. These prognostic factors may allow
aggressive management of among particular group of
patients.(15,16) Deteriorating sepsis is related to the high
mortality as multiple organ systems fail. APACHE II score
quantifies the degree of severity and can predict the severity
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and outcome of multiple organ failure.(17) However,
calculating APACHE I scores is not a simple task.(18) Instead,
it is better to identify a biomarker which may be is associated
with the degree of severity in patients with sepsis. (19,20)

In summary, RDW has emerged as a valuable prognostic
marker for sepsis, offering a simple and cost-effective means
of assessing severity and guiding treatment decisions,
particularly in settings with limited resources. Further
research and validation studies are warranted to establish its
utility across different patient populations and clinical
settings.

MATERIAL AND METHODS:

This prospective observational study was carried out at the
Department of Medicine, MGM Institute of Health Sciences,
Navi Mumbai, spanning from June 2021 to November 2022.
The study includes patients over 18 years old who were
diagnosed with sepsis and admitted to the Medical Intensive
Care Unit (MICU) at MGM Hospital Kamothe. Criteria for
inclusion were patients diagnosed with sepsis for more than
24 hours, aged over 18, and sepsis defined by SOFA scoring.
Exclusion criteria encompassed patients admitted in SICU
with sepsis, those with a recent history of packed cell
transfusion, known hematological disorders, recent
chemotherapy, immunosuppression, solid organ
transplantation, post-splenectomy, or those using drugs that
alter the morphology and rheology of RBCs. Patients who had
received primary treatment elsewhere or whose relatives
denied consent were also excluded. The study consisted a
sample size of 100 subjects, calculated with a 95% confidence
interval, 90% power, and accounting for the prevalence of

as a predictive marker for the severity of sepsis. For this
purpose, a sample of 100 study subjects, diagnosed with
sepsis, and admitted in ICU were included in the study, out of
which 63 (63%) were male and 37 (37%) were female. The
majority of the study subjects belong to age group 40-80 years
with a mean age of 56.98 (SD=15.74). At the end of day 7, out
of 100 study subjects, 46 (46%) survived and 54 (54%) did not
survive. The mortality was significantly higher among females
(p<.05) and in the age group 60 and above (p<.05). (Table 1)
No significant difference in the average age of survived
(55.217 (SD=15,329)) and non-survived (55.352 (SD=16.804))
subjects was observed (p=0.967) (Table 2).

Table 2. Mean age according to outcome

Outcome N [Mean |SD Sem |t-stat |p-value
Age|Survived |46 (55.217 [15.793 |2.329 |-0.041 |0.967
Not 54|55.352 [16.804 |2.287
survived

Table 3 indicates the comparison of various study parameters
according to the outcome. No significant difference was
observed in the study variables Hb, PCV, MCV, TLC, DLC,
Platelets, and RBC count among survivors and non-survivors
(p > 0.05). The mean RDW CV was 14.537 (+0.491) for
survivors and 18.896 (+1.153) for non-survivors. Significant
difference in mean RDW-CV values was evident between
survivors and non-survivors (t = -23.865, p < .001). No
significant differences were observed in the RFT parameters
like Ureaq, Creatinine, BUN, Uric acid, Na, K, and Cl between
survivors and non-survivors (p > 0.05). No significant
differences in the LFT parameters were observed in the study
variables BILI(T), BILI(D), SGOT, SGPT, ALPO4, TPR, and
ALBUMIN between survivors and non-survivors (p > 0.05).

sepsis at 14%, to achieve a desired precision of 12%. Data Table 3. Comparison Of Study Parameters At Day 0
collection was done using a pre-tested and structured According To Outcome
proforma, including detailed patient histories, clinical Parameter Survived Not survived  |t-stat |p-
examinations, and laboratory investigations, without follow- Mean |SD Mean | SD value
upbeyond']days, CBC|Hb 12.478(9.77 9.7 2.679 2.005 |0.048
PCV 32.926 [14.013|30.235 [10.8 1.078 |0.284
The collected data was entered into MS-Excel for organization MCV 81.85410.62882.309 [13.896 |1.104 [0.272
and subsequently analyzed with IBM SPSS Statistics 26.0 TLC 17031.[10449.|17471.{13583.49|-0.179|0.858
(Statistical Package for the Social Sciences) version 26.0. For 3 84 22
continuous variables, the mean and standard deviation were DLC-N |84.609(9.248 [83.093]9.521 0.804 |0.423
u““zedt ft‘_” disﬁriptcii"s purposes. W};“? gr_dphticetll DLC-L |10.457[7.133 |12.907[13.529 |-1.104/0.272
representations followe statistical analysis using tests
1ik1:;t—test, chi—squctretestan(li,ROC curve.Ap—\?ctlue belogw0.05 Platelet 124.183 :1349'64 20.7321138.138 10.12 10905
was deemed to indicate statistical significance.
RBC 11.038 {47.681|3.542 [1.075 1.156 |0.251
RESULTS: count
Table 1. Distribution of study subjects according to RDW-CV|14.537)0.481 |18.896|1.153 -23.86/0
gender, age and outcome 5
Variable Outcome Total P RFT |Urea 80.514 (52.621|104.46 [95.474 |-1.516|0.133
(n=100) |value 6
Survived | Not Creatini (4.743 |9.191 |3.866 [6.033 0.571 {0.569
(n=46) |[survived ne
(n=54) BUN 37.196 (24.609 |51.674 (43.022 (-2.018|0.046
n |% n |% n |% Uric acid|11.263 |16.666 [ 13.366 [24.951 |-0.486|0.628
Gend |Male |32 (50.8%(31 |49.2% (63 [63.0% |>0.05, NS Na 132.10{20.863|129.73 {26.143 [0.496 |0.621
er  |Female|14 [37.8%|23 [62.2% |37 [37.0% [<.05* 9 5
Age [18-30 |4 [40.0%|6 [60.0%[10 |10.0% |>.05, NS K 4.687 |1.409 |4.593 [1.048 1.089 [0.279
(year [31-40 |4 [50.0%|4 [50.0%|8 [8.0% [1.000 Cl 95.565 (20.92 |96.139(15.08  [-0.159(0.874
s) 41-50 |6 |33.3%|12 |66.7%[18 [18.0% [<.05* LFT |BILI(T) (2.4 3.028 |2.883 |5.839 |-0.506|0.614
51-60 |18 |60.0%|12 |40.0% |30 |30.0% |>.05, NS BILI(D) |1.463 [2.815 |[1.585 [2.699 1.089 |0.279
61-70 |6 [40.0%|9 [60.0% (15 [15.0% [<.05* SGOT |541.52|313.27|522.44 |320.782 [1.616 |0.109
71-80 |6 |40.0%|9 |60.0% |15 |15.0% |<.05* 2 6 4
>80 |2 |50.0%|2 [50.0%|4 |4.0% |>0.05, NS SGPT  |345.47|838.46|389.14 |892.338 [1.088|0.279
NS: Not significant, *: Significant at 5% level of significance 8 8 8
This prospective observational study was conducted with an ALPO4 |112.52|84.197(107.19|80.248 |(0.323 |0.747
aim to discern the usefulness of elevated RDW as a prognostic 6 8
indicator for the severity of sepsis. Furthermore, our objectives TPR 5.817 [1.545 |5.97 |1.471 ]-0.507|0.614
include evaluating the potential of sequential elevation in ALBUMI |2.673 [0.869 [2.766 |0.778 -0.562(0.575
RDW levels throughout the entire duration of hospitalization N
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Table 4 shows an association between RDW-CV and outcome.
The Chi-square analysis indicates a significant association
between RDW-CV and outcome. Subjects with RDW-CV below
15% exhibited higher survival rates compared to those with
RDW-CV values equal to or greater than 15%.

Table 4. Association between RDW-CV and Outcome

RDW Outcome Total

Survived Not survived

n % n % n %
<15 40 100.00%|0 0.00% |40 40.00%
>=15 6 10.00% |54 90.00% |60 60.00%
Total 46 46.00% |54 54.00% |100 100.00%

Chi-square = 78.261, df=1, p<.001, highly significant

Table 5. Comparison of study parameters at day 0 and
Day 3 according to outcome

Varia|Dayl Day 3
ble |Survived |Not p |Survived |Not P
survived survived
Mea |SD |Meq|SD Mea|SD |Mea|SD
n n n n
Hb |[10.40(3.83 |9.12|2.27 |0.07(10.3 |4.03 (9.26 |2.39 |0.30
9
PCV |(31.89(13.1 |28.8(14.05|0.31 [32.6 |15.8 [27.36.70 [0.21
0 6 6 7 3
MCV |205.9(816. |332.|1544.|0.63 86.0|12.0 (89.2(10.8 [0.35
8 03 |01 |61 1 7 9 3
TLC |[1594 (8955|167 [9459.|0.68 | 1540|7906|1664/9070(0.61
7.7 |.7 [60.7|2 0.2 |.92 [1.33|.84
DLC |87.00|5.45 (82.1|12.83|0.02|84.8 [13.4 |84.6|8.16 [0.94
1 0 5 5 0
DLC |8.82 |4.58 |13.0|12.57|0.03 [9.06 |4.04 |10.6|6.40 (0.27
2 8 0
Plate (893.0/4238|146 |6540.{0.63{1.99 |1.32|1.51|1.21 |0.22
let |9 .21 |3.37|33
RBC |[4.12 |2.68 |3.32/0.90 |0.08[3.71 |2.223.08 |0.91 [0.28
RDW-|14.46|0.50 |19.1|1.23 |0.01 {14.3|0.5318.8|1.35[<0.0
Cv 1 61 |1 87 |2 1
Table 6. Descriptive statistics for study variables at day 7
(Survived)
Variable N Mean SD
Hb (gm %) 46 10.165 |3.732
PCV (%) 46 37.092 |40.236
MCV (um”°) 46 288.107 |1367.44
TLC (cells/uL) 46 15251.8 |8165.67
DLC1(%) 46 84.343 |13.646
DLC2 (%) 46 9.539 4.187
Platelets (per mcL) 46 1937.14 (13122
RBC (million/mm°) 46 3.733 1.983
RDW-CV (%) 46 14.278 |0.551

The table above shows comparison of study parameters
among survived and non-survived subjects on day 1. There
were no significant differences found in parameters such as
Hb, PCV, MCV, TLC, Platelets, RBC count, and DLC between
survived and non-survived subjects (p > .05). However, a
significant difference was observed in the study parameters
DLC and RDW-CV among survived and non-survived subjects
(p < .05). On day 7, no significant differences were found in
parameters such as Hb, PCV, MCV, TLC, Platelets, RBC count,
and DLC between survived and non-survived subjects (p >
.05). However, on day 7, a significant difference was observed
in RDW-CV among survived and non-survived subjects (p <
.001).

Table 5. Diagnostic test result

Statistic Value 95% CI
Sensitivity 86.96% [73.74% to 95.06%
Specificity 100.00% [94.04% to 100.00%

100.00% |---
82.58% to 95.47%
88.09% to 97.89%

Positive Predictive Value (*)
Negative Predictive Value (*) [90.91%
Accuracy (*) 94.34%

Table 6 presents descriptive statistics for study variables at
day 7 among subjects who survived. The mean hemoglobin
(Hb) level was 10.165 (SD= 3.732) gm%. Packed Cell Volume
(PCV) had a mean of 37.092% (SD= 40.236), while MCV had a
mean of 288.107 (SD= 1367.44) um?3. Total Leukocyte Count
(TLC) showed a mean of 15251.8 (SD= 8165.67) cells/uL.
Differential Leukocyte Count 1 (DLC1) showed a mean of
84.343% (SD= 13.646), and Differential Leukocyte Count 2
(DLC2) had a mean of 9.539% (SD=4.187). Platelet count
averaged at 1937.14 (SD=13122) per mcL, and Red Blood Cell
(RBC) count had a mean of 3.733 (SD of 1.983) million/mm3.
Red Cell Distribution Width (RDW-CV) exhibited a mean of
14.278% with (SD= 0.551).
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The RDW-CV showed a sensitivity of 86.96% (95% CI: 73.74%
to 95.06%) in predicting mortality, with a specificity of 100.0%.
The positive predictive value was also 100.0%, while the
negative predictive value stood at 90.91 (35% CI: 82.58% to
95.47%). The overall accuracy of RDW-CV as a predictor of
mortality was determined to be 94.34% (95% CI: 88.09% to
97.89%). (Table 5)

The figure lindicates ROC Curve. The area under ROC curve
was 0.935 which indicates the ability of RDW-CV as a predictor
of mortality. RDW-CV has high sensitivity, specificity, negative
predictive value and positive predictivity value (Figure 1).

DISCUSSION:

The study aimed to evaluate the efficacy of Red Cell
Distribution Width (RDW) as a diagnostic and prognostic tool
for sepsis in a tertiary care hospital in Navi Mumbai.
Recruiting 100 MICU patients aged above 18, the research
analyzed various parameters alongside RDW to gauge its
potential in early sepsis diagnosis and outcome prediction.
Among the subjects, 63% were male and 37% female,
exhibiting a male preponderance consistent with previous
studies, contrasting with studies showing female
preponderance.(21,22)The average age of subjects was
55.337 + 16.42 years, with non-survivors notably prevalent in
age groups 41-50, 61-70, and 71-80 years. This contrasts with
other studies where subjects were slightly younger. The study
compared RDW with other parameters across several days,
revealing significant differences in RDW between survivors
and non-survivors. The RDW diagnostic test demonstrated a
significant area under the ROC curve, aligning with similar
findings from other studies.(21,22)
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The results of the current study indicated that there was a
significant difference in the mean RDW at day 0, day 1 day 3
and day 7 between survivors and non survivors. The results
are in line with several other studies which showed the
significant difference in the average RDW values over the
period. The diagnostic test results of the RDW concluded that,
the area under the ROC curve was 0.762 (95% CI: 0.717 to
0.807). Kavita Jain et al. conducted a study at Ujjain, India,
found that the RDW value was significantly higher in patients
with severe sepsis and in non-survivor patients than in
survivors (P<0.0001). Large multicenter prospective studies
can confirm the utility of this routinely available marker for
patients with sepsis.(23) According to this study, clinical
symptoms such as fever, laboratory parameters such as mean
haemoglobin concentration and serum sodium were
significantly lower in non survivors as compared to survivors.
They found that haemoglobin, Na+, and bilirubin were highly
significant indicating their role in severe sepsis, however no
such association was found in our study. While no significant
changes were shown with the MCV, MCH, MCHC, RBS, serum
K+, SGOT, SGPT, ALP and albumin/globulin ratio which is
consistent with our study.

Nader A Mahmood et al conducted a study from January 2007
to December 2008 in New Jersey involving a cohort of 349
patients with sepsis concluded that a prognostic biomarker for
sepsis in the form of a routine blood test may be of
considerable clinical utility. The results of the study suggest
that RDW may have value in differentiating between more
severe and less severe cases of sepsis. Future studies with
larger samples are needed to confirm these findings.(24)

The diagnostic power of RDW for early diagnosis of sepsis is
comparable to that of conventional scores viz. SIRS, gSOFA
and MEWS. It was found that for early clinical deterioration
RDW outperforms all these bedside scores. The study results
are similar to the previous studies, which concluded the
independent prognostic value of RDW in sepsis and
comparable Area Under the Receiver Operative Curve
(AUROC). The previous studies included more homogeneous
and defined patient groups like diagnosed sepsis or septic
shock, and critically ill patients. Among patients with already
established diagnosis of severe sepsis or septic shock, non-
survivors showed the significantly higher levels of RDW.(16,25)
The results of our study indicated that the higher sepsis scores
are correlated with higher levels of RDW which suggests that
critically ill study subjects have increased level of RDW. This
indicates the significant association between RDW and high
scores, but RDW act as an independent predictor for mortality
after correction for disease severity. This study was conducted
among the heterogeneous population including the subjects
from all age groups and gender. The study population
consisted of patients above age 18 years and who were
suspected for infection and were admitted to the MICU.

In a study performed by Huabin Wang et al. where patients
with sepsis, admitted to intensive care unit between 2008-
2012, with 24 hrs of admission were included. An
approximately increasing linear relationship was found
between RDW and mortality. When the RDW was in the range
of 19.0%-19.5%, the 90-day mortality rate was as high as 67%,
and the 30-day Mortality rate was 60% here they compared the
interaction between RDW and degree of ARDS, use of
vasopressors and anaemia and there was no obvious
difference between the RDW and mortality among patients
with different degree of ARDS, whether vasopressin was used
and whether anaemia was present. Since our study did not
follow up patients after 7 days, the further outcomes of those
who did not survive after 7 days weren't compared.

Currently the association between raised RDW and mortality
in septic subjects is not yet fully understood, numerous
probable clarifications have been suggested in previous

studies. Systemic inflammation in RDW has proved to predict
the cardiovascular mortality +, progressive illness, and death
in ICU patients. The bone marrow function and iron
metabolism are impacted due to the Systemic inflammation
response (26), and proinflammatory cytokines have been
found to inhibit erythropoietin-induced erythrocyte maturation
and proliferation, and to downregulate erythropoietin
receptor expression, which are associated with RDW
increases.(28) Many studies have stated that the by reducing
the RBC survival, the oxidative stress induces an increase in
RDW and increases the release of large premature RBCs into
the peripheral circulation.(29)

CONCLUSION:

The study highlights the potential of Red Cell Distribution
Width (RDW) as a prognostic biomarker in sepsis, suggesting
its utility in differentiating between severe and less severe
cases and predicting mortality. Unlike other prognostic
markers which may be costly and not readily available, RDW
derived from routine blood tests is easily accessible and cost-
effective, aiding in early prediction of outcomes and guiding
treatment decisions. The study underscores the significance
of RDW in predicting mortality and inflammation markers in
sepsis patients, particularly noting its high accuracy in
mortality prediction and its potential for further research in
this area. Additionally, while RDW showed no significant
relationship with sex, it exhibited notable associations with
age groups among non-survivors, emphasizing its relevance
in prognosis across different patient demographics.
Moreover, no significant correlation was observed between
RDW and other parameters such as renal or liver function tests
in both survivors and non-survivors, highlighting its
independent prognostic value.
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