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based on the MIMIC-1V database
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ABSTRACT

Objective To explore the association between dynamic
changes in red blood cell distribution width to platelet
count ratio (RPR) during hospitalisation and short-term
mortality in patients with sepsis.

Design A retrospective cohort study using propensity
score matching.

Setting Intensive care units (ICUs) of Beth Israel
Deaconess Medical Center.

Participants A total of 8731 adult patients with sepsis
were included in the study. The patients were identified
from the ICU of the Medical Information Mart for Intensive
Care database. The observed group included patients who
experienced an increase in RPR of more than 30% during
the first week of ICU admission, whereas the control group
included the rest.

Main outcome and measure Using propensity score
matching, a matched control group was created. The
primary outcome was 28-day mortality, and the length of
hospital stay and in-hospital mortality were the secondary
outcomes.

Results The difference was evident in 28-day mortality
between the two groups (85.8% vs 74.5%, p<0.001,
Kaplan-Meier analysis, and HR=1.896, 95% Cl=1.659

t0 2.168, p<0.001, Cox regression). In the secondary
outcomes, there was a significant difference in in-hospital
mortality (p<0.001). In addition, the study discovered that
the observed groups had a significantly longer hospital
stay (p<0.001). Meanwhile, the results of subgroup
analyses were consistent with those of the primary
analyses.

Conclusions In patients with sepsis, a significantly
increased RPR is positively associated with the short-term
death rate. Continuous RPR monitoring could be a valuable
measure for predicting short-term mortality in patients
with sepsis.

INTRODUCTION

Sepsis has been a paramount global public
health concern in the past and continues to
be so now, draining health resources. Sepsis
is a severe systemic inflammatory condition
with organ dysfunction caused by the body’s
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The analysed data originated from the high-volume
and high-quality public Medical Information Mart for
Intensive Care-TV database.

= The propensity score matching was used to gen-
erate a matched group from the control group for
the observed group, and the confounding variables
were effectively controlled.

= Exclusion of patients with missing data caused a
limitation of selection bias in the study design.

= The study was unable to determine the differenc-
es in long-term outcomes between groups as the
long-term follow-up data were not available in the
database.

uncontrolled responses to infection." This
severe condition is the leading cause of death
in intensive care units (ICUs) and emergency
departments. Despite a long-term downward
trend in sepsis-related mortality worldwide, it
remains persistently high.*™*

For decades, novel biomarkers of poor prog-
nosis for patients with sepsis have been a hot
topic.”” The inflammatory factors, including
complete blood count, C reactive protein and
procalcitonin, have been found to play a vital
role in the pathogenesis and prognosis of
sepsis.” " Apart from those above, both red
blood cell distribution'" and platelet count'?
are acute and chronic systemic inflammation
biomarkers. An increase in red blood cell
distribution width (RDW) and thrombocy-
topenia are relatively common in patients
with severe infectious diseases.”” '* RDW is a
crucial index, reflecting the heterogeneity
of circulating erythrocyte size."” An elevated
RDW during sepsis increases sepsis-related
mortality.'® Thrombocytopenia is induced
by the response of the human body to bacte-
rial infection and is associated with high
mortality.”
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Figure 1 ROC for the change in RPR. Change in RPR:
AUC=0.680, p<0.001, 95% CI 0.663 to 0.696, sensitivity
value 49% and specificity value 78%; baseline RPR:
AUC=0.588, p<0.001, 95% CI 0.570 to 0.606, sensitivity
value 44% and specificity value 70%. AUC, area under the
curve; ROC, receiver operating characteristics; RPR, red cell
distribution width to platelet ratio.

100

A new compound indicator, red blood cell distribution
width to platelet count ratio (RPR), has drawn the atten-
tion of researchers. The RPR is calculated by dividing
the RDW-CV (the variation coefficient of red blood cell
volumes) by the number of platelet counts. The severity of
the inflammatory response is considered to be reflected
by a single RPR at baseline, which can be used to predict
the sepsis-related adverse outcomes." According to the
two previous studies, RPR has a significant diagnostic and
prognostic potential in paediatric and neonatal sepsis.'?*’
Furthermore, baseline RPR has been recommended as a
potentially valuable prognostic index for breast cancer,”'

liver fibrosis,”® severe burn injuries® and deep-seated

intracerebral bleeding.**

However, previous results were based only on the base-
line RPR data and did not take the dynamic character-
istics of RPR into account. Whether an increase in RPR
during hospitalisation could predict outcomes of patients
with sepsis remains unclear. The hypothesis that the
significantly increased RPR has a relationship with clin-
ical outcomes was tested in the current study. The study
also aimed to preliminarily explore the feasibility of using
changes of RPR to monitor inflammation during the
treatment of sepsis.

MATERIALS AND METHODS

The results were reported according to the Strengthening
the Reporting of Observational studies in Epidemiology
guidelines.25

Data sources

All patient data were collected from the free, publicly
available Medical Information Mart for Intensive Care-IV
(MIMIC-IV) database (version 0.4).2° The MIMIC-IV was
established by the researchers at the Massachusetts Insti-
tute of Technology Laboratory for Computational Physi-
ology and collaborating research groups. This relational
critical care database contains unidentifiable high-quality
and clinical-related data for tens of thousands of patients
admitted to the ICUs of Beth Israel Deaconess Medical
Center from 2008 to 2019. Dr Yuanjun Zhou, the prin-
cipal investigator, received the permission to use this
database to conduct the related research project after the
completion of the required course Collaborative Institu-
tional Training Initiative and course Data or Specimens
Only Research (Certification no. 39149215).

between 2008-2019
(n=10375)

All adults aged 18 and older with sepsis diagnosis

762(7.3%) patients were excluded:

A J

the length of hospital stay <3 days

(n=9613)

Patients with the length of stay >3 days

879 patients were excluded:

644(6.2%) without available RPR

y

238(2.3%) patients without available

(n=8731)

Patients with all data for propensity score matching

vital signs or lab results

v

Control groupRPR <30%

Observed group

Figure 2 Flow chart for the process of inclusion steps and exclusion steps. RPR, red cell distribution width to platelet ratio.

(n=6269) RPR >30%

(n=2462)
[ |

v

A cohort of 2344 in the control group and 2344 in the observed group was generated
after matching
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Table 2 Outcomes comparison for the patients with sepsis from the two groups

Control group N=2344 Observed group N=2344 P value
Mortality in hospital 15.4% 27.0% <0.001
Length of hospital stay 18.2 (7.7-23.0) 15.9 (9.7-26.4) <0.001

The relative risk of mortality in hospital for patients with sepsis in the observed group was 1.756 (95% CI 1.563 to 1.972).

Study population
We enrolled all adult patients with sepsis older than 18
years who had available RPR within 24 hours of admis-
sion in one hospitalisation and the RPR value between
third and seventh days after ICU admission. The sepsis-3
criteria were used to define sepsis. Sepsis is defined by
the Third International Consensus Definitions for Sepsis
and Septic Shock as infections with 2 or more points of
Sequential Organ Failure Assessment (SOFA) scores.”’
Exclusion criteria: individuals without the available
RPR and those with less than 3 days of hospital stay were
excluded. Patients with incomplete information and data
were also excluded.

Variable extraction

PostgreSQL (version 13.0) was used to collect baseline
characteristics directly, including age, sex, ethnicity,
admission type, SOFA scores, laboratory findings,
treating measures and comorbidities. Laboratory find-
ings included white cell count, RDW, platelet count,
bicarbonate and blood urea nitrogen. Treating measures
consisted of vasopressors and renal replacement therapies.
Vasopressors included dopamine, dobutamine, norepi-
nephrine, epinephrine and milrinone. Comorbid condi-
tions had cardiovascular diseases (myocardial infarction
and congestive heart failure), cerebrovascular diseases,
chronic pulmonary diseases, diabetes mellitus, kidney
diseases and hepatic diseases, and malignancy, metastatic
solid tumours and AIDS were also included. The heart
rate was one of the vital indications. All baseline variables

Kaplan-Meier curve for 28-day survival

Group Events/Total 28-day survival
——  Control group
——  Observed group

334/2344
597/2344

85.8%
74.5%

p—
S
S

(=)
S

Logrank test: p<0.001; HR=1.896; 95%CI:1.667-2.156

survival probability(%)
3
S
AR EEEEEEE RN FE R RN E NNl FE RN

0 7 14 21 28
time(day)
Control group 2344 2243 2119 2044 2010
Observed group 2344 2191 1944 1814 1747

Figure 3 Kaplan-Meier curves for 28-day survival. The
28-day mortality of the patients with an elevated levels of
RPR >30% compared with the others. RPR, red blood cell
distribution width to platelet count ratio.

were collected within 24 hours of admission to the ICU.
The RDW and platelet count were collected from day 3 to
7 of ICU admission.

SOFA score was calculated following the grading
standards.

The computational formulae are listed below:

_ red blood cell distribution width
RPR = platelet count ( 1)

Magnitude of RPR change =

RPR3_ 7 days after 1CU admission — RPRbaseline (2)
RPRpaseline

Outcomes

The primary outcome was mortality at 28 days and the
secondary outcomes were the length of hospital stay and
the mortality in hospital. The 28-day mortality rate was
determined using the ICU admission and death dates.
In-hospital mortality was found in the corresponding
table. The duration of hospital stay was calculated with
the admission and discharge times.

Statistical analysis

The optimal cut-off value of change in RPR was deter-
mined using the receiver operating characteristics (ROC)
curve and the highest Youden index. Patients with RPR
greater than the selected cut-off value were classified as
the observed group, while those who did not were desig-
nated as controls. Proportions (%) were used to describe
categorical variables. The x test examined the unordered
categorical variables. Simultaneously, the Kruskal-Wallis
H test was performed to analyse intergroup differences
for the ordered categorical data. The Kolmogorov-
Smirnov test was used to determine if the data distribu-
tion was normal. Non-normally distributed continuity
variables were expressed as median with IQR and the
Mann-Whitney test was performed to check the differ-
ences between groups. The R language ‘psmatching’
extension package (V.3.04) in SPSS V.26.0 was used to
develop a matched control group for the observed group
with a ratio of 1:1. All the matching parameters were
predefined and previously described. The propensity
matching score was calculated using logistic regression.
The matching was done through the nearest neighbour
method with calliper value limited to 0.1. The quality
of the match was determined using standardised mean
differences (SMDs). Further, collinear analysis was
performed to confirm that redundant variables were
not included in the matching procedure to avoid over-
matching. Kaplan-Meier curves were used to represent
28-day survival differences between groups, analysed with
the log-rank test. Mortality in hospitals was compared
with the ¥2 test. Subgroup analysis was used to assess the
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Hazard ratio for 28-day mortality

subgroup o-of Observed Control o patio (95%cyy P TOr
Patients group(n) group(n) interaction test .

Overall 4688 2344 2344 1.896(1.659-2.168) : —-—
Age, yr .

<75 3110 1555 1555 1.938(1.631-2.302) 0.307 —_
>75 1530 765 765 1.608(1.306-1.979) —_
Sex

Male 2404 1202 1202 1.844(1.532-2.219) 0.988 —_—
Female 2226 1113 1113 1.815(1.501-2.196) I
SOFA

<6 1848 924 924 2.168(1.613-2.913)

7-11 1736 868 868 1.747(1.417-2.139) 0.398

>12 944 472 472 1.716(1.370-2.149)

™
3

T
2

0 1

Figure 4 Subgroup analysis comparing the hazard of 28-day mortality in subgroups of patients with sepsis with an increased
RPR greater than 30% and other patients with an increased RPR lower than 30%. Independent propensity score matching was
performed for each subgroup. The flow chart of the subgroup analysis was provided in the online supplemental material 2. RPR,
red blood cell distribution width to platelet count ratio; SOFA, Sequential Organ Failure Assessment.

relationship between the dynamic change in RPR and
28-day mortality, including age, gender and three SOFA
groups. Each subgroup was subjected to independent
propensity score matching (PSM). P value of <0.05 was
regarded as significantly different. All statistical analyses
were carried out using SPSS V.26.0.

Patient and public involvement
No patients or members of the public were involved in
the design and the execution of the study.

RESULT

ROC analysis

The best cut-off value for 28-day mortality is 0.33. The
area under the curve (AUC) value was moderate at 0.697
(p<0.001, sensitivity value 49%, and specificity value 78%)
(figure 1). For clinical practicality, 0.30 was selected as
grouping criteria.

Populations

Figure 2 depicts details of the inclusion steps and exclu-
sion steps. Initially, this study included a total of 10 375
patients with sepsis. Of which, 8731 (84.2%) patients were
included and 1644 individuals were excluded as they did
not meet the inclusion criteria of the study.

PSM procedure

Table 1 lists all the matching variables. Collinear analysis
(online supplemental material 1) revealed that all vari-
ables included in the PSM procedure had no collinearity,
and the risk of overmatching was low. After propen-
sity matching, 2344 (95.2% of patients in the observed
group) pairs were matched. SMDs after PSM (table 1)
showed that baseline demographic characteristics were
well balanced after PSM.

Baseline characteristics

Table 1 summarises the demographic characteristics
of patients. Between the two groups, significant differ-
ences were noted in age distribution, admission type
and ethnic composition. The SOFA score was also signifi-
cantly different between the two groups according to the
Whitney test. In addition, clinically significant differences
were noted regarding the laboratory results and heart
rate (table 1).

Outcomes

The Kaplan-Meier analysis indicated significant differ-
ences in 28-day survival curves between the two groups
(p<0.001) (figure 3). Patients with an increased RPR of
more than 30% had 1.896 times increased risk of mortality
higher than patients in the control group (HR 1.896,
95% CI 1.659 to 2.168, p<0.001). Meanwhile, a signifi-
cant difference was observed among in-hospital mortality
(table 2). Based on another secondary outcome, the
duration of stay in the hospital was longer in the patients
from the observed group than the others from controls
with RPR change <30% (table 2).

Subgroup analysis

An exploratory subgroup analysis of 28-day mortality
was performed concerning age, gender and SOFA score
(online supplemental material 2). The results of subgroup
analyses of HR remained consistent with those from the
analyses of the overall cohort (=30% in RPR during hospi-
talisation is an independent risk factor for short-term
sepsis-related mortality). No significant differences were
noted in all subgroups by interaction test (figure 4).

DISCUSSION

This study investigated the association between the
increased RPR during hospitalisation and clinical
outcomes in patients with sepsis. The patients with sepsis

Zhou Y, et al. BMJ Open 2022;12:2062245. doi:10.1136/bmjopen-2022-062245
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with increased RPR were found to have an increased risk
of sepsis-related death and had longer hospital stays.
The findings are significant as they offer the feasibility
of using continuous variability in RPR as an independent
predictor of adverse outcomes in patients with sepsis. To
our knowledge, there are few studies on the prognosis
associated with changes in RPR during hospitalisation
due to sepsis.

Ge et al revealed that the basal RPR is associated with
an increased risk of death in individuals with sepsis,'®
consistent with our findings. The study measured RPR
only once; however, in our study, an increased amplitude
in RPR was used as exposure of interest. Continuous
RPR monitoring is more discriminating compared with
static RPR. Moreover, the intergroup difference in the
length of hospital stay was compared, which has not been
previously described. The subgroup analyses were also
conducted for 28-day mortality in terms of critical clinical
characteristics. The subgroup analysis was designed to
identify potential subgroup effects (figure 4). No signif-
icant statistical difference or interactive effects between
subgroups were revealed, which increased the robustness
of the main results. However, the findings of subgroup
analysis should still be taken into consideration.

The systemic inflammation process is the core
mechanism of sepsis. Many inflammatory biomarkers
were used to assess the diagnosis, treatment and prog-
nosis of patients with sepsis.”*?” The pathophysio-
logical processes of RPR from the RDW and platelet
variations in patients with sepsis can be identified;
however, the mechanisms of the association between
an elevated RPR during hospitalisation and adverse
outcomes are still elusive. Patients with sepsis exhibit
significant hemorheological alteration.”® Patients with
severe sepsis experience haemolytic reaction due to
the deterioration in erythrocytes membrane stabi-
lisation.” Baskurt® has shown that the decrease
in sialic membrane content makes red blood cells
more prone to be spherical in patients with sepsis.”®
Following severe infections, the deformability and
surface area of spherical erythrocytes decrease,
whereas the erythrocytes become fragile. The deform-
ability of red blood cells is critical for oxygen utili-
sation in patients with sepsis.”” Spherocytes are more
easily destroyed when they pass through the splenic
capillaries, resulting in haemolytic anaemia.”® The
release of reticulocytes into the circulation produced
by haemolytic anaemia increases the wide distribution
of red blood cells significantly. In a community-based
prospective cohort study, Perlstein et al* found that
increased RDW has a strong positive relationship with
several inflammatory factors, including erythrocyte
sedimentation rate in a community-based prospective
cohort study.” Meanwhile, sepsis-related thrombocy-
topenia has an important role in the excessive inflam-
matory reaction and activation of coagulation.®” *!
Thrombocytopenia has been associated with platelet
consumption® and enhanced platelet desialylation.*’

Furthermore, previous research suggests that platelet
TLR4 causes platelet activation and microvascular
thrombosis in dogs with sepsis, leading to organ
failure.** * Platelet count is an important target to
improve the clinical outcomes of patients with sepsis
with thrombocytopenia.*® Although the combina-
tion of RDW and platelet count has been thought to
represent the severity of the inflammatory process,?' */
additional studies are needed to determine the exact
mechanisms between RPR and the mortality of
patients with sepsis.

Furthermore, ROC analysis indicated AUC of change
in RPR was greater than the AUC of baseline RPR, indi-
cating that dynamic change of RPR has a higher diag-
nostic value than a single RPR (figure 1). This result is
consistent with the published study by Gong et al.*® Gong
et al reported that only the elevation of RDW but not
the baseline RDW has a relationship with the short-term
mortality in patients with sepsis.*®

Our research team believes that the RPR is a valu-
able and low-cost biomarker for assessing inflammation
responses and can be used to better predict the prognosis
of infected patients. RPR might be beneficial for physi-
cians to evaluate the efficacy of therapies, such as anti-
biotic treatment, and surveillance of inflammation, but
these require further investigation.

An advantage of this study is its large sample size.
The PSM was used to improve the group compara-
bility. Most of the patients from the observed group
were successfully matched with those from the control
group. However, the study has certain limitations.
This study has a selection bias due to the retrospec-
tive cohort study design. Furthermore, the results
could have been affected by the unadjusted potential
confounders. In this study, the long-term outcomes
were not assessed. RPR changes during hospitalisation
for sepsis could not be directly applied to be a predic-
tive factor of long-term prognosis.

CONCLUSION

The dramatic elevated RPR during hospitalisation
predicted adverse outcomes in patients with sepsis. Serial
monitoring of RPR can aid in the prognostic evaluation
of patients with sepsis. Future research should focus on
investigating the association between the RPR and long-
term outcomes. More research is needed to explore the
possibility of using the dynamic RPR determination to
monitor inflammatory responses during the treatment of
sepsis.
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