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Abstract

Objective: To construct a nomogram based on the Sequential Organ Failure Assessment
(SOFA) that is more accurate in predicting 30-, 60-, and 90-day mortality risk in patients with
sepsis.

Methods: Data from patients with sepsis were retrospectively collected from the Medical
Information Mart for Intensive Care (MIMIC) database. Included patients were randomly divided
into training and validation cohorts. Variables were selected using a backward stepwise selection
method with Cox regression, then used to construct a prognostic nomogram. The nomogram
was compared with the SOFA model using the concordance index (C-index), area under the
time-dependent receiver operating characteristics curve (AUC), net reclassification improvement
(NRI), integrated discrimination improvement (IDI), calibration plotting, and decision-curve anal-
ysis (DCA).

Results: A total of 5240 patients were included in the study. Patient’s age, SOFA score, meta-
static cancer, SpO,, lactate, body temperature, albumin, and red blood cell distribution width
were included in the nomogram. The C-index, AUC, NRI, IDI, and DCA of the nomogram
showed that it performs better than the SOFA alone.

>Department of Public Health, University of California,

Irvine, CA, USA
'Intensive Care Unit, The First Affiliated Hospital of Jinan
University, Guangzhou, Guangdong Province, China *These authors contributed equally to this work.
2Department of Clinical Research, The First Affiliated Corresponding authors:
Hospital of Jinan University, Guangzhou, Guangdong Haiyan Yin and Jun Lyu, Intensive Care Unit, The First
Province, China Affiliated Hospital of Jinan University, 613 Huangpu Ave
3School of Public Health, Xi'an Jiaotong University Health W, Guangzhou, Guangdong 510630, China; Department
Science Centre, Xi’an, Shaanxi Province, China of Clinical Research, The First Affiliated Hospital of Jinan
“*Department of Orthopaedics, The First Affiliated University, 613 Huangpu Ave W, Guangzhou, Guangdong
Hospital of Jinan University, Guangzhou, Guangdong 510630, China.
Province, China Email: yinhaiyan 1867@ |26.com; lyujun2020@jnu.edu.cn

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-2237-8771
https://orcid.org/0000-0002-9680-4219
mailto:yinhaiyan1867@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211044892
journals.sagepub.com/home/imr

Journal of International Medical Research

Conclusion: A nomogram was established that performed better than the SOFA in predicting
30-, 60-, and 90-day mortality risk in patients with sepsis.

Keywords

MIMIC-lII, sepsis, SOFA, nomogram, mortality, survival

Date received: 20 April 2021; accepted: 19 August 2021

Introduction

According to the third international con-
sensus definitions for sepsis and septic
shock (Sepsis-3),' sepsis is defined as life-
threatening organ dysfunction caused by a
dysregulated host response to infection. In
the clinic, organ dysfunction can be indicat-
ed by an increase in the Sequential Organ
Failure Assessment (SOFA) score of
2 points or more. Sepsis has a very high
morbidity and mortality rate, and more
than 30 million people worldwide are esti-
mated to be affected by sepsis each year,
which may relate to 6 million deaths
annually.”

Early sepsis prognostic assessment is as
critical as early sepsis diagnosis, as it may
lead to greater vigilance among medical
workers and the provision of timely and
appropriate treatment for the patient.
Several scores are widely used for such
clinical situations, including the SOFA
score, Logistic Organ Dysfunction Score
(LODS),*> Acute Physiology and Chronic
Health Evaluation (APACHE) II score,
and Simplified Acute Physiology Score
(SAPS).* The SOFA score, in particular, is
demonstrated to be a valuable tool for pre-
dicting short-term mortality in patients with
sepsis,> but is not without limitations and
cannot replace conventional evaluation
indicators (such as procalcitonin and lactate
clearance rate) to evaluate the prognosis of
patients with sepsis.® Lactate displays

similar ability to SOFA in discriminating
the mortality of patients with sepsis.’
Furthermore, research by Zhang et al®
into the mortality of sepsis has included
the development and verification of a new
scoring system based on machine learning,
that may replace the SOFA score to more
effectively predict 30-day mortality of
intensive care unit (ICU) patients with
sepsis.”

A nomogram is a graphical tool based
on a statistical prediction model that is
used to determine the probability that a
single clinical event may occur in a
patient.'" Nomograms combine several
risk factors to make an accurate prediction,
and are widely used in the clinic.'" There
are numerous predictive models for sepsis,
including a nomogram to predict 30-day
mortality in patients with septic encepha-
lopathy,'? and a nomogram to predict the
risk of sepsis in patients with cholangitis."?
The purpose of the present study was to
construct a new nomogram based on the
SOFA score, that is more suitable for
patients with sepsis, and to discuss its
value in predicting the risk of mortality in
such patients.

Patients and methods

Data source

The Medical Information Mart for
Intensive Care (MIMIC)-III database was
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established in 2003 at Beth Israel Deaconess
Medical Centre and Massachusetts General
Hospital and the Massachusetts Institute of
Technology (MIT), with funding from the
National Institutes of Health (NIH).'*
Version 1.4 of the MIMIC-III database
was used in the current study, which
covers data obtained between 2001 and
2012 from more than 58 000 patient hospi-
talizations at Beth Israel Deaconess
Medical Centre, including 38645 adult
patients and 7875 neonatal patients.'> The
database provides a large amount of real
data that can be utilized in clinical research
and comprises information related to
patients admitted to critical care units at a
large tertiary care hospital. Data include
vital signs, medications, laboratory meas-
urements, observations and notes charted
by care providers, fluid balance, procedure
codes, diagnostic codes, imaging reports,
hospital length of stay, survival data, and
more. All data can be extracted in the SQL
language for further analysis. Personnel
involved in the current research participat-
ed in a series of courses provided by the
NIH and obtained authorization to access
the MIMIC-III database after passing the
required assessment (certificate  No.
38601114).

The present retrospective study analysed
data from a third-party anonymized, pub-
licly available database (MIMIC-III), with
pre-existing institutional review board
approval. Patient information in the data-
base is anonymous, thus, informed consent
for the study was not required. The report-
ing of this study conforms to STROBE
guidelines.'®

Study population

International Classification of Diseases
(ICD)-9 codes 99591, 99592, and 78552
were used to extract data from the
MIMIC-III database for patients diagnosed
with sepsis, severe sepsis, and septic shock,

for subsequent retrospective analyses.
Exclusion criteria were as follows: (1)
patients aged <18 years; (2) patients with
a <24-h stay in the ICU to ensure sufficient
data for evaluation; and (3) patients with
SOFA scores <2 (as the database comprises
data collected between 2001 and 2012, and
Sepsis-3 was not updated and used for diag-
nosis at that time). In patients with >2
admissions to the ICU, data from first
ICU admission only were extracted.

Data extraction

All data were translated into SQL for fur-
ther analysis. The hadm_id (hospital admis-
sion id) variable for each included patient
was used to extract the following informa-
tion from the MIMIC-III database: sex;
age; SOFA score; continuous renal replace-
ment therapy use; first care unit (surgical
ICU, trauma surgical ICU, medical ICU
[MICU], coronary care unit, or cardiac sur-
gery recovery unit); comorbidities, namely,
congestive heart failure, cardiac arrhyth-
mia, renal failure, liver disease, metastatic
cancer (MC), diabetes, coagulopathy, fluid
electrolytes, and blood loss anaemia; labo-
ratory tests, namely, white blood cell count
(WBC), neutrophil percentage (NET), red
blood cell distribution width (RDW), hae-
matocrit, sodium, potassium, albumin, and
lactate levels, and blood pH; and vital signs,
comprising heart rate, respiratory rate,
body temperature, and SpO,. All of the
above information and data were extracted
for the first 24 h of ICU stay.

Statistical analyses and nomogram
construction

Categorical variables are presented as fre-
quency and percentage values, and y>-test
or Fisher’s exact test was used to determine
differences between cohorts. Continuous
variables were assessed for normality of dis-
tribution with Shapiro-Wilk test, and are
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presented as mean &=SD or median (inter-
quartile range) depending on normality of
distribution. Multivariate Cox regression
was used to select variables for plotting
the 30-, 60-, and 90-day survival curves of
the patients. The survival-probability
nomogram was constructed using Cox
regression. Data were analysed using
SPSS, version 24.0 (IBM, Armonk, NY,
USA) and R software, version 4.0.2
(https://www.r-project.org/), and a P value
<0.05 in a two-sided test was considered
statistically significant.

Nomogram validation and performance
evaluation

Effectiveness of the nomogram was evalu-
ated by comparing two models using the
concordance index (C-index) and the area
under the receiver operating characteristic
curve (AUC)."” The predictive accuracy of
the model was determined by calculating
the integrated discrimination improvement

The Medical Information Mart
for Intensive Care-III

V

Patients diagnosed as sepsis,
severe sepsis, and septic shock
based on ICD-9(n= 7770)

(IDI) and the net reclassification improve-
ment (NRI).'®! Calibration plots were
used to evaluate consistency between the
nomogram prognosis prediction and the
actual situation. Finally, the net clinical
benefit of the predictive model developed
in the present study was assessed using
decision-curve analysis (DCA).?°

Results

Study population characteristics

Data from a total of 7770 patients diag-
nosed with sepsis, severe sepsis and septic
shock between 2001 and 2012 were
extracted from the MIMIC-IIT database.
After exclusion of patients who did not
meet the study criteria, a total of 5240
patients were included in the study
(Figure 1). For laboratory examination
results, the indexes with >20% missing
values were omitted, and the remaining

Excluded:
* Age <18 years

v

Patients for further
analysis(n=5240)

> + ICUstay <24 h
* SOFA score <2
* Duplicate patients

Figure I. Flowchart of study population selection. ICD, International Classification of Diseases; ICU,
intensive care unit; SOFA, Sequential Organ Failure Assessment.
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data were filled using the multiple differ-
ence complement method. Patients were
randomly assigned to the training cohort
(70%, n=3667) and validation cohort
(30%, n=1573) for constructing and vali-
dating the nomogram, respectively
(Table 1). The median SOFA score of the
entire patient cohort was 6; median ages in
the training and validation cohorts were 68
and 67 years, respectively; most patients
were male (55.7% and 54.9%); the MICU
was the most common first care unit
(69.2% and 69.9%); and fluid electrolyte
was the most common complication
(54.8% and 53.6%). Moreover, most
patients in both groups had a WBC count
between 10 and 40 k/pl (61.5% and 61.7%);
the NET was mainly >70% (78.6% and
78.2%); median SpO, values were 97.14
and 97.19%, respectively; and median albu-
min levels were 2.90 and 2.80 mg/dl, respec-
tively. In both cohorts, the median lactate
level was 2.20 mmol/l, median RDW was
15.40%, the most common sodium level
was between 130 and 149 k/ul, the most
common potassium level was between 3.5
and 5.6k/ul, the most common PaCO,
value was between 36 and 45mmHg, the
most common heart rate was between 60
and 100 beats/min, the most common respi-
ratory rate was between 20 and 30 breaths/
min, and the most common body tempera-
ture was between 36 and 37.2°C (all sum-
marised in Table 1).

Multivariate Cox regression analysis and
nomogram establishment

Multifactorial Cox regression analysis was
performed with data from the training
cohort to control for confounding factors
(Table 2). After performing a comprehen-
sive evaluation of the variables and then
applying Occam’s razor (the simplest expla-
nation is preferable to one that is more
complex), the variables included in the
nomogram for predicting 30-, 60-, and

90-day survival rates in patients with
sepsis were: age (hazard ratio [HR] 1.02,
95% confidence interval [CI] 1.02, 1.03),
SOFA score (HR 1.07; 95% CI 1.05,
1.08), MC (HR 3.03, 95% CI 2.63, 3.50),
SpO, (HR 0.97, 95% CI 0.96, 0.98), lactate
(HR 1.05, 95% CI 1.03, 1.08), body temper-
ature, albumin (HR 0.81, 95% CI 0.76,
0.87), and RDW (HR 1.12, 95% CI 1.10,
1.14). A graphical illustration of the nomo-
gram is presented in Figure 2, in which age,
SOFA score, SpO, and RDW are shown to
have larger weighting than other included
factors.

Nomogram comparison and evaluation

Nomogram performance was evaluated
using a variety of metrics, including
C-index, AUC, NRI and IDI. The
C-index was higher for the nomogram
than the single SOFA score, whether in
the training cohort (0.717 versus 0.629) or
validation cohort (0.713 versus 0.631). The
AUCs for 30-, 60-, and 90-day survival
probabilities in the nomogram were all
higher than for the SOFA score in the train-
ing cohort (0.766, 0.771, and 0.772, respec-
tively, versus 0.681, 0.674, and 0.665), and
in the validation cohort (0.759, 0.770, and
0.760, respectively, versus 0.700, 0.678, and
0.662; Figure 3). The corresponding median
NRI values in the validation cohort were
0.434 (95% CI 0.283, 0.590), 0.520 (95%
CI 0.381, 0.653), and 0.530 (95% CI
0.414, 0.681), 30-, 60-, and 90-day survival,
respectively. The IDI values for 30-, 60-,
and 90-days of follow-up examinations
were 0.129, 0.143, and 0.150 in the training
cohort and 0.102, 0.131, and 0.140 in the
validation cohort, respectively.

As described above, a nomogram for
predicting the outcome of patients with
sepsis was established by including age,
SOFA score, MC, SpO,, lactate level,
body temperature, albumin level, and
RDW. Correlations between calibration
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Table |I. Demographic and clinical characteristics of the 5240 patients included in the study.

Validation cohort

Training cohort

Variable (n=1573) (n=3667) Statistical significance
Sex NS
Male 863 (54.9) 2044 (55.7)
Female 710 (45.1) 1623 (44.3)
Age, years 67.00 (55.00, 79.00) 68.00 (55.00, 79.00) NS
SOFA score 6.00 (4.00, 9.00) 6.00 (4.00, 9.00) NS
CRRT 115 (7.3) 313 (8.5) NS
First care unit NS
SICU/TSICU 299 (19.0) 691 (18.8)
MICU 1099 (69.9) 2536 (69.2)
Cccu 131 (8.3) 313 (8.5)
CSRU 44 (2.8) 127 (3.5)
Comorbidity
Congestive heart failure 586 (37.3) 1353 (36.9) NS
Cardiac arrhythmias 635 (40.4) 1537 (41.9) NS
Renal failure 401 (25.5) 883 (24.1) NS
Liver disease 319 (20.3) 710 (19.4) NS
Metastatic cancer 113 (7.2) 257 (7.0) NS
Diabetes 529 (33.6) 1201 (32.8) NS
Coagulopathy 402 (25.6) 999 (27.2) NS
Fluid electrolyte 843 (53.6) 2008 (54.8) NS
Blood loss anaemia 44 (2.8) 84 (2.3) NS
Laboratory test
WBC, k/ul NS
<4 135 (8.6) 301 (8.2)
4-10 442 (28.1) 1051 (28.7)
1040 971 (61.7) 2255 (61.5)
>40 25 (1.6) 60 (1.6)
NET, % NS
<50 118 (7.5) 256 (7.0)
50-70 225 (14.3) 530 (14.5)
>70 1230 (78.2) 2881 (78.6)
RDW, % 15.40 (14.20, 17.20) 15.40 (14.10, 17.10) NS
HCT, % NS
<30 421 (26.8) 1068 (29.1)
3045.9 1102 (70.1) 2477 (67.5)
>45.9 50 (3.2) 122 (3.3)
Sodium, k/pl P=0.002
<130 150 (9.5) 302 (8.2)
130-149 1392 (88.5) 3229 (88.1)
>149 31 (2.0 136 (3.7)
Potassium, k/pl NS
<35 268 (17.0) 558 (15.2)
3.5-5.5 1150 (73.1) 2723 (74.3)
>55 155 (9.9) 386 (10.5)
Albumin, mg/dI 2.90 (2.50, 3.30) 2.80 (2.40, 3.30) NS

(continued)
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Table I. Continued.

Validation cohort

Training cohort

Variable (n=1573) (n=3667) Statistical significance
pH NS
<7.35 667 (42.4) 1552 (42.3)
7.35-7.45 657 (41.8) 1572 (42.9)
>7.45 249 (15.8) 543 (14.8)
Lactate, mmol/l 2.20 (1.50, 3.60) 2.20 (1.50, 3.50) NS
PaCO,, mmHg NS
<20 22 (1.4) 38 (1.0)
21-35 531 (33.8) 1259 (34.3)
3645 574 (36.5) 1367 (37.3)
46-70 379 (24.1) 866 (23.6)
>70 67 (4.3) 137 (3.7)
Vital signs
HR, min™' NS
<60 35 (2.2) 74 (2.0)
60-100 1030 (65.5) 2458 (67.0)
100120 427 (27.1) 935 (25.5)
>120 81 (5.1) 200 (5.5)
RR, min™' NS
<12 11 (0.7) 23 (0.6)
12-20 730 (46.4) 1620 (44.2)
20-30 767 (48.8) 1885 (51.4)
3040 65 (4.1) 139 (3.8)
Temperature, °C NS
32-35.9 174 (11.1) 425 (11.6)
36-37.2 927 (58.9) 2095 (57.1)
37.3-385 433 (27.5) 1071 (29.2)
>38.5 39 (2.5) 76 (2.1)
SpO,, % 97.14 (95.77, 98.43) 97.19 (95.76, 98.50) NS

Data presented as n (%) prevalence or median (interquartile range).

SOFA, Sequential Organ Failure Assessment; CRRT, continuous renal replacement therapy; SICU, surgical intensive care
unit; TSICU, trauma surgical intensive care unit; MICU, medical intensive care unit; CCU, coronary care unit; CSRU,
cardiac surgery recovery unit; WBC, white blood cell; NET, neutrophil percentage; RDW, red cell distribution width;
HCT, haematocrit; PaCO2, partial pressure of carbon dioxide in artery; HR, heart rate; RR, respiratory rate; SpO,,

oxyhaemoglobin saturation.

NS, no statistically significant between-group difference (P> 0.05).

and standard curves in the nomogram cali-
bration plots for the training and validation
cohorts indicated that predicted values for
30-, 60-, and 90-day survival were in good
agreement with observed values (Figure 4).

The clinical value of the model and its
impact on actual decision-making was ver-
ified with DCA. The net benefit of the
nomogram was shown to be greater than
the SOFA score for any predicted

probability, both in the training and valida-
tion cohorts (Figure 5), indicating that the
nomogram has a substantial net benefit in
predicting 30-, 60-, and 90-day survival
rates.

Discussion

In this retrospective study of data from the
MIMIC-III database, Cox regression
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Table 2. Selected variables analysed by multivariable Cox regression in the training cohort.

Variable HR 95% ClI Statistical significance
Age, years 1.02 1.02 1.03 P <0.001
SOFA score 1.07 1.05 1.08 P <0.001
Renal failure

No reference

Yes I.15 1.04 1.28 P=0.007
Liver disease

No reference

Yes 1.28 .14 1.43 P <0.001
Metastatic cancer

No reference

Yes 3.03 2.63 3.50 P <0.001
Fluid electrolyte

No

Yes 1.21 .11 1.32 P <0.001
First care unit

SICU/TSICU reference

MICU 1.00 0.89 1.12 NS

CCuU 1.25 1.05 1.48 P=0.011

CSRU 1.08 0.85 1.36 NS
SpO,, % 0.97 0.96 0.98 P <0.001
pH

<7.35 reference

7.35-7.45 I.15 1.05 1.27 P=10.005

>7.45 1.39 1.21 1.59 P <0.001
Lactate, mmol/l 1.05 1.03 1.08 P <0.001
Temperature, °C

32-35.9 reference

36-37.2 0.74 0.65 0.83 P <0.001

37.3-385 0.58 0.50 0.67 P <0.001

>38.5 0.55 0.39 0.79 P=0.001
Potassium, k/pl

<3.5 reference

3.5-5.5 I.13 1.00 1.28 P=0.050

>5.5 1.29 1.09 1.53 P=0.003
Sodium, k/pl

<130 reference

130-149 0.79 0.68 0.92 P=0.002

>149 0.95 0.74 1.24 NS
Albumin, mg/dl 0.8l 0.76 0.87 P <0.001
RDVY, % .12 1.10 I.14 P <0.001
NET, %

<50 reference

50-70 0.79 0.66 0.95 P=0.013

>70 0.84 0.71 0.99 P=0.039

SOFA, Sequential Organ Failure Assessment; SICU, surgical intensive care unit; TSICU, trauma surgical intensive care unit;
MICU, medical intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; SpO,, oxyhaemoglobin
saturation; RDWY, red cell distribution width; NET, neutrophil percentage.

NS, no statistically significant association with survival (P >0.05).
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Figure 3. Receiver operating characteristic (ROC) curves for the nomogram and SOFA model, showing
AUC:s for: 30-day survival (A, training cohort and B, validation cohort); 60-day survival (C, training cohort
and D, validation cohort); and 90-day survival (E, training cohort and F, validation cohort). SOFA, Sequential
Organ Failure Assessment; AUC, area under the curve.

analysis was used to select variables com-
prising age, SOFA score, MC, SpO2, lac-
tate, body temperature, albumin, and
RDW that were integrated to generate a
prediction model for mortality in patients
with sepsis, visualized as a nomogram.
The C-index and AUC were used to evalu-
ate nomogram performance, and showed

that the model has excellent distinguishabil-
ity. In addition, the nomogram had a pos-
itive improvement effect, shown by NRI
and IDI. In the training and validation
cohorts, the calibration curve of the new
nomogram matched the standard curve
very well. In addition, the 30-, 60-, and
90-day DCA curves of the training and
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Figure 4. Calibration curves for 30-, 60- and 90-day survival. The abscissa (x-axis) is the predicted survival
rate and the ordinate (y-axis) is the actual survival rate. The red dotted line is the reference line (predicted
value equals the actual value), the solid black line is the curve fitting line, and the error bars represent 95%
confidence intervals. The calibration curves depict the agreement between predicted probabilities and

observed outcomes, shown here separately for the training cohort (A, C, and E) and validation cohort (B, D,

and F).

validation cohorts revealed that the nomo-
gram generated net benefits. Overall, the
results suggest that use of the nomogram
may benefit patients with sepsis, as it

shows improved performance compared
with the SOFA score alone, in predicting
30-, 60- and 90-day mortality in patients
with sepsis.
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Age had a relatively strong influence
(higher weighting) in the present nomo-
gram. Age has been shown to be an inde-
pendent risk factor for death in patients
with sepsis, and fatality rate is shown to
increase linearly with age.?! The present
research revealed the same trend; the
nomogram score increased with age,
which might be due to elderly patients

being more susceptible to infection with
gram-negative bacteria, having more
comorbidities such as cancer, and having
weaker immune function.’** The predic-
tions made using the nomogram regarding
whether a patient has MC are also related
to the immune system, and the inclusion of
albumin in the nomogram reflects the ten-
dency of older patients to have a worse
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status than

24,25

nutritional
counterparts.

The haemodynamic performance of
patients with septic shock is exceptionally
complicated.?®?” In sepsis, endothelial cell
dysfunction, the interaction of leukocytes/
platelets and endothelial cells, coagulation
activation, inflammation, abnormal hemor-
heology, and functional shunting, together
lead to microcirculatory disorders, insuffi-
cient tissue perfusion, and hypoxia, ulti-
mately leading to multiple-organ
dysfunction or even septic shock.”® SpO,
can reflect the body’s real-time oxygen
supply state and degree of hypoxia, and
may therefore serve as a factor associated
with sepsis.”” Additionally, SpO, can be
measured more conveniently and rapidly
than arterial blood gas level, making it an
attractive parameter for use in prediction
models, and justifying its recruitment and
inclusion into the present nomogram.

Patients with sepsis or septic shock will
experience anaerobic metabolism due to
microcirculatory disturbances and lactate
accumulation. Serum lactate level is con-
ventionally regarded as a marker of tissue
hypoxia, and used as a clinical indicator of
sepsis/septic shock severity and patient
prognosis.®’ Lactate also has a high predic-
tive value in the present nomogram, with
the score increasing with rising lactate
levels.*!

The indicator with the highest weight in
the present nomogram was RDW, a prog-
nostic biomarker for cardiovascular dis-
ease, stroke, and metabolic syndrome
mortality.’> A previous retrospective
study, based on the MIMIC-III database,
found that RDW was useful in predicting
long-term all-cause mortality in patients
with severe sepsis,”> and a multicentre
observational study showed that RDW is
a powerful predictor of risk of all-cause
death and blood infection in critically ill
patients.>* Moreover, an increase in the dis-
tribution of red blood cells when patients

their younger

are discharged from the ICU is a powerful
predictor of subsequent all-cause mortali-
ty.** These observations show the predictive
value of RDW, however, while this index is
commonly measured in clinical workups, it
is often ignored and, given its importance in
the above studies and the present results,
deserves greater attention.

Sepsis is a complex disease, and while
guidelines on sepsis are continually
updated, the mechanism underlying the
pathophysiological changes induced by
sepsis remains difficult to characterize.
Our understanding of sepsis may be
enhanced by summarizing patient data,
identifying the degree of risk by patient
indicators in the early stages of disease,
and adopting reasonable intervention meth-
ods, such as improving patient prognosis by
improving SpO2 level. The nomogram con-
structed here may have considerable advan-
tages in predicting the risk of death in
patients with sepsis, and is easy to use,
making it very suitable for clinical
applications.

The results of the present study may be
limited by several factors. First, it was a
retrospective design based on the MIMIC-
IIT database. Secondly, the nomogram was
internally validated using data from only
one database. This limitation should be
addressed in future studies by using a sep-
arate database or data from a separate
group or study. Thirdly, further research
on the actiology and antibiotic treatment
of sepsis was not conducted. In addition,
as the database collected patient data
between 2001 and 2012, and Sepsis-3 crite-
ria were not updated at that time, the diag-
nosis of sepsis was based on Sepsis-1
criteria. Patients with SOFA scores <2
were excluded on this basis, but sepsis diag-
noses were still not completely consistent
with Sepsis-3. Lastly, sepsis is a heteroge-
neous disease.®® In future research, sepsis
subclasses should be identified, and reliable
predictions should be generated for each
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subclass, in order to promote and optimize
the clinical management of sepsis.

Conclusions

In the information era, data reusability and
data sharing strategies are receiving increas-
ing attention worldwide. Nomograms are a
significant component of modern medical
decision-making. The present study estab-
lished a nomogram that performed better
than the SOFA alone in predicting 30-,
60-, and 90-day mortality risk in patients
with sepsis.
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