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Background: Sepsis continues to carry a high rate of mortality, which makes effective and simple
evaluation methods for predicting the prognosis of septic patients especially important. In this study, we
retrospectively analyzed the relationships between three scoring systems including Sequential Organ Failure
Assessment (SOFA) score, Quick SOFA (qSOFA) score, and Logistic Organ Dysfunction System (LODS)
score and the prognoses of septic patients.

Methods: The baseline data, SOFA score, gSOFA score, LODS score, 28-day prognosis, and 90-day
prognosis of patients who met the diagnostic criteria of sepsis were retrieved from the Medical Information
Mart for Intensive Care III (MIMIC-III) database. Receiver operating characteristic (ROC) curves were
drawn for various indicators, and comparisons were drawn between the areas under the ROC curves (AUC)
of the different scoring systems.

Results: The 28-day AUC was 0.661 (0.652, 0.670) for SOFA, 0.558 (0.548, 0.568) for qSOFA, and 0.668
(0.658, 0.677) for LODS; AUC-qSOFA vs. AUC-LODS was 0.103 (0.087, 0.120) (P<0.001), and AUC-
qSOFA vs. AUC-LODS was 0.110 (0.094, 0.125) (P<0.001). The 90-day AUC was 0.630 (0.621, 0.640) for
SOFA, 0.551 (0.541, 0.560) for qSOFA, and 0.644 (0.635, 0.653) for LODS; AUC-SOFA vs. AUC-qSOFA
was 0.079 (0.065, 0.094) (P<0.001), and AUC-qSOFA vs. AUC-LODS was 0.093 (0.079, 0.107) (P<0.001).
Conclusions: SOFA score, qSOFA score, and LODS score can all be used to predict the prognosis of
septic patients. LODS score and SOFA score have higher accuracy than qSOFA score; however, gSOFA is

simpler to use, making it a more suitable tool in an emergency setting.
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Introduction

Sepsis, which is defined as organ dysfunction caused by
the body’s response to infection, manifests as a series of
clinical symptoms. Because of the complex pathogenic
mechanisms and frequent involvement of multiple organs in
sepsis (1), many different factors can influence its prognosis.
There were many different factors can influence septic
prognosis. Such as, host-related: Anomalies in the host's
inflammatory response may indicate increased susceptibility
to severe disease and mortality. As examples, the failure to
develop a fever (or hypothermia) and the development of
leukopenia, thrombocytopenia, hyperchloremia, a patient’s
comorbidities, age, hyperglycemia, hypocoagulability, and
failure of procalcitonin to fall have all been associated with
poor outcomes (2-7). Site of infection: The site of infection
in patients with sepsis may be an important determinant of
outcome, with sepsis from a urinary tract infection generally
being associated with the lowest mortality rates (8). A
number of scoring systems have been devised to assist with
predicting the prognosis of patients with sepsis (9). The
Sequential Organ Failure Assessment (SOFA), a scoring tool
to assess organ function, was introduced for the diagnosis of
sepsis (10). In 2016, new guidelines on sepsis and septic shock
recommended the Quick SOFA (qSOFA), a simplified version
of SOFA, as an auxiliary tool for the swift identification of
sepsis in high-risk patients (11). Since 1996, the Logistic
Organ Dysfunction System (LODS), an organ dysfunction
scoring system proposed by Le Gall et 4/. has also been used
to assess organ function in critically ill patients (12). SOFA
score and qSOFA score are the scoring indexes proposed by
sepsis-3 to assist in the diagnosis of sepsis, which have a good
correlation with the prognosis of sepsis. LODS scores vary
according to organ failure. Raith found that Among adults
with suspected infection admitted to an ICU, an increase in
SOFA score of 2 or more had greater prognostic accuracy
for in-hospital mortality than SIRS criteria or the gSOFA
score (13). We use the LODS scoring system, the LODS
scoring system is less, and the studies related to the 28- and
90-day prognosis of sepsis are even less in our study. And the
study of 28- and 90-day mortality is also the main evaluation
index for many sepsis choices. In our study, data from the
Medical Information Mart for Intensive Care IIT (MIMIC-IIT)
database was analyzed, and the values of SOFA, SOFA, and
LODS for predicting the prognosis of septic patients were
compared.
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Methods
Data source

All data used in the current analysis were retrieved from the
Medical Information Mart for Intensive Care IIT (MIMIC-
IIT) database (14). MIMIC-III is a publicly available database
developed by the MIT Lab for Computational Physiology,
which contains the information of inpatients in the Beth
Israel Deaconess Medical Center. To date, the database has
provided the foundation of many studies (15-17).

Data extraction and processing

The files were downloaded from the MIMIC-III database after
permission had been obtained from Physionet. They were
then installed and imported into the PostGres 12.0 software.
For data retrieval and extraction, a connection was established
with the Structured Query Language (SQL) using the Navicat
Premium 15.08 software, and the results were imported into
a data sheet for analysis. We present the following article in
accordance with the STROBE reporting checklist (available at
http://dx.doi.org/10.21037/apm-20-984).

Inclusion and exclusion criteria

The cases included in this analysis were from a retrospective
cohort of MIMIC-III patients. All the included cases were
patients who met the diagnostic criteria of sepsis and had
not been admitted to intensive care unit (ICU) before.
The eligible patients met the SEPSIS-3 definition of septic
shock and had clinical infections and organ failure, with
a SOFA score of >2 points. Patients who met any of the
following criteria were excluded from the analysis: (I) aged <
18 years or >90 years; (II) pregnant or breastfeeding women;
(III) patients with hematological diseases such as tumors
or lymphomas; and (IV) patients with acute myocardial
infarction.

Grouping

According to the deaths on days 28 and 90, the patients
were divided into the 28-day survival group, 28-day death
group, 90-day survival group, and 90-day death group.
Data including the demographic information, SOFA score,
qSOFA score, and LODS score were extracted.
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Table 1 Baseline data in the four groups
Variables Age {years, M Gender Length of hospital stay ~ SOFA score gSOFA score LODS score
[Q.Qu} Females Males {days, M [Q,,Q_]} {points, M [Q,,Q,]} {points, M [Q,,Q ]} {points, M [Q_Qu]}
28-day
Death group 72 [61,81] 725 917 9[5,15] 7 [4,10] 21[2,2] 6 [4,8]
Survival group  66[53,77) 4,115 4,755 11 [6,20] 5[3,7] 2[2,2] 413,6]
Statistics -12.98 2.80 -11.81 -20.94 -8.49 -21.73
P value <0.001 0.095 <0.001 <0.001 <0.001 <0.001
90-day
Death group 72 [61,81] 1,085 1,369 11 [6,19] 6 [4,9] 2[2,2] 6 [4,8]
Survival group 65 [53,77] 3,755 4,303 11 [6,19] 5(3,7] 22,2] 4[3,6]
Statistics -16.00 4.31 -0.55 -19.72 -8.64 -21.76
P value <0.001 0.04 0.581 <0.001 <0.001 <0.001

SOFA, Sequential Organ Failure Assessment; gSOFA, Quick SOFA; LODS, Logistic Organ Dysfunction System.

Statistical analysis

The normality of measurement was tested by Levene’s test.
The normally distributed data are expressed as mean =
standard deviation (x+SD), while non-normally distributed
data are presented as median and quantiles [M (QL, QU)].
Student’s ¢-test was used to analyze normally distributed
data with equal variances (¢=0.10), and the Wilcoxon-Mann-
Whitney test was used to analyze non-normally distributed
and heterogeneous data. The count data were analyzed by
using Pearson’s i’ test with Yates’s continuity correction or
by using Fisher’s exact test. EM Algorithm (expectation-
maximization) was applied to estimate the missing data. The
relationship between the relevant indicators and mortality
was evaluated by binary logistic regression analysis.
Receiver operating characteristic (ROC) curves were drawn
for different indicators, and the areas under the ROC
curves (AUC) of these scoring systems were compared. An
indicator was regarded to have diagnostic value if its AUC
was >0.5 and the difference was statistically significant when
compared with 0.5. Comparisons between the AUCs were
performed by employing the method described by DeLong
et al. [1988] and completed in the MedClac 19.1.3 software
package. The other statistical analyses were carried out in
the SPSS 17.0 software package, and a P value <0.05 was
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considered to be statistically significant.

Results
Baseline data

A total of 10,512 cases were included in our study. According
to the deaths on days 28 and 90, the patients were divided
into the 28-day survival group, 28-day death group, 90-
day survival group, and 90-day death group. The baseline
data in these groups are summarized in Table 1. Age, length
of hospital stay, and the SOFA, qSOFA, and LODS scores
differed significantly between the 28-day survival group and
28-day death group (all P<0.001). Moreover, age, gender,
length of hospital stay, and the SOFA, qSOFA, and LODS
scores were significantly different between the 90-day
survival group and 90-day death group (all P<0.05).

Evaluation of the 28- and 90-day mortality rates
through the ROC curves of different scoring systems and
comparison of AUCs

Based on the prognoses on days 28 and 90, the ROC curves
were created for the SOFA score, gSOFA score, and LODS
score, and the AUCs were compared. As shown in Figures 1,2,
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Figure 1 ROC curves of the different scoring systems in predicting
28-day mortality rate in septic patients. ROC, receiver operating

characteristic.
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Figure 2 ROC curves of the different scoring systems in predicting
90-day mortality rate in septic patients. ROC, receiver operating

characteristic.

and Table 2, each of the three scoring systems held clinical
value for predicting the 28- and 90-day mortality rates of
patients with sepsis. When used to predict the 28-day mortality
rate in septic patients, the AUC value of the gSOFA score
was statistically different compared with those of the SOFA
and LODS scores (P<0.001) (Tible 3). Meanwhile, the AUC
was not significantly different between the SOFA score and
LODS score (P=0.306). The AUC:s of the SOFA, qSOFA, and
LODS scores were compared, revealing significant difference
when these scoring systems were used to predict the 90-day

© Annals of Palliative Medicine. All rights reserved.

Table 2 AUC: of the different scoring systems in predicting the 28-
and 90-day mortality rates in septic patients

Variable AUC 95% ClI
Day 28
SOFA score 0.661 (0.652, 0.670)
qSOFA score 0.558 (0.548, 0.568)
LODS score 0.668 (0.658, 0.677)
Day 90
SOFA score 0.630 (0.621, 0.640)
qSOFA score 0.551 (0.541, 0.560)
LODS score 0.644 (0.635, 0.653)

AUC, area under the ROC curve; SOFA, Sequential Organ
Failure Assessment; gSOFA, Quick SOFA; LODS, Logistic Organ
Dysfunction System.

mortality rate in septic patients (P<0.001).

Discussion

Correlations of SOFA, gSOFA, and LODS scores with the
prognosis of septic patients

In patients with sepsis, the SOFA score, SOFA score,
and LODS score were found to be significantly different
between the survival group and the death group. The
quartiles of both the SOFA score and LODS score on days
28 and 90 were significantly lower in the survival group
than in the death group (P<0.001).

Initially, the SOFA score (Table 4) was designed to
sequentially assess the severity of organ dysfunction in
critically ill sepsis patients and was validated in 1,449
patients from 40 ICUs across 16 countries (18). Since
critically ill patients commonly suffer dysfunction in
multiple organs, SOFA has also been used to predict the
mortality rate of patients who experience organ failure
attributed to other causes including acetaminophen-
induced acute liver failure, chronic liver failure, and
cancer, as well as to predict the mortality rate of patients
who have undergone heart surgery or hematopoietic stem
cell transplantation (19,20). The use of SOFA score as a
facilitative tool in identifying the risk of death in septic
patients has been recommended by both the Society of
Ciritical Care Medicine (SCCM) and the European Society
of Intensive Care Medicine (ESICM) (10,11,21). In our

current study, SOFA score was also observed to be a

Ann Palliat Med 2020;9(3):1037-1044 | http://dx.doi.org/10.21037/apm-20-984



Annals of Palliative Medicine, Vol 9, No 3 May 2020

1041

Table 3 AUC:s of the different scoring systems in predicting the 28- and 90-day mortality rates in septic patients

Variable 95% Cl z-statistic P
Day 28
SOFA vs. gSOFA 0.103 (0.0867, 0.120) 12.248 <0.001
SOFA vs. LODS 0.0063 (-0.0057,0.018) 1.023 0.306
qSOFA vs. LODS 0.110 (0.094, 0.125) 13.497 <0.001
Day 90
SOFA vs. gSOFA 0.079 (0.065, 0.094) 10.791 <0.001
SOFA vs. LODS 0.014 (0.003, 0.024) 2.561 0.01
qSOFA vs. LODS 0.093 (0.079, 0.107) 13.091 <0.001

AUC, area under the ROC curve; SOFA, Sequential Organ Failure Assessment; gSOFA, Quick SOFA; LODS, Logistic Organ Dysfunction

System.

Table 4 The sequential organ failure assessment score (SOFA score)

System
Variable
0 1 2 3 4
Respiration, PaO2/FiO2, =400 [53.3] <400 [53.3] <300 [40] <200 [26.7] with <100 [13.3] with
mmHg (kpa) respiratory support  respiratory support
Coagulation >150 <150 <100 <50 <20
Liver, bilirubin, mg/dL <1.2[20] 1.2-1.9 [20-32] 2.0-5.9 [33-101] 6.0-11.9[102-204] >12.0[204]

(umol/L)

Cardiovascular

MAP =70 mmHg

MAP <70 mmHg

Dopamine <5 or
dobutamine (any
dose)

Dopamine 5.1-15 or
epinephrine <0.1 or
norepinephrine <0.1

Dopamine >15 or
epinephrine >0.1 or
norepinephrine >0.1

Nervous system, GCS 15 13-14
score

Renal, creatinine, mg/dL  <1.2 [110]
(mol/L), urine output,
mL/d

1.2-1.9 [110-170]

10-12 6-9 <6

2.0-3.4[171-299]  3.5-4.9 [300-440] or >5.0 [440] or

<500 mL/d <200 mL/d

Catecholamine doses = pg/kg/min for at least 1 hr.

valuable tool for predicting the prognosis of septic patients.

The qSOFA score (Table 5) was initially recommended
by a 2016 SCCM/ESICM task force as a bedside tool for
identifying high-risk patients outside of the ICU and helps
identify patients who may die of sepsis. As a simplified
version of SOFA score, SOFA score and can be used to
quickly identify patients with sepsis, with a gSOFA score of
>2 indicating a poor prognosis for sepsis (11). In accordance
with this, a high gSOFA score was observed to be associated
with poor prognosis in the septic patients in the current
study.

The LODS score (Table 6) is used to assess the severity of
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organ dysfunction, weighing mostly on nervous, cardiovascular,
and renal dysfunction, followed by pulmonary and vascular
dysfunction, with liver dysfunction being the least weighed (12).
SOFA score corresponds to the same worst score for each
organ, while LODS distinguishes this condition. For
example, the highest score of nervous system, heart and
kidney is 5, while the worst score of lung function is 3,
and that of liver insufficiency is only 1. This can better
distinguish the correlation between the severity of the disease
and different organ failure. In the current study, LODS could
be applied to predict the prognosis of septic patients, with a
higher LODS score indicative of worse prognosis.

Ann Palliat Med 2020;9(3):1037-1044 | http://dx.doi.org/10.21037/apm-20-984



1042 Li et al. Prognostic values of SOFA score, gSOFA score, and LODS score for patients with sepsis

Prognostic values of SOFA score, ¢SOFA score, and LODS
score for patients with sepsis

In our current study, the SOFA, qSOFA, and LODS scores
were used to analyze the 28- and 90-day mortality rates
of patients with sepsis. In the 28-day groups, the AUCs of
the SOFA score and LODS score were significantly larger
than that of the qSOFA score, and the AUCs of the SOFA
and LODS scores were similar in value. Therefore, the
sensitivity and specificity of SOFA score and LODS score
in predicting the 28-day prognosis of septic patients are
higher than those of gSOFA score. In the 90-day groups,
AUC-LODS was larger than AUC-SOFA, and AUC-
SOFA was larger than AUC-qSOFA. With only three

Table 5 Sequential Organ Failure Assessment (Quick) qSOFA

Assessment qSOFA score
Low blood pressure (SBP <100 mmHg) 1
High respiratory rate (=22 breaths/min) 1
Altered mentation (GCS <14) 1

Table 6 Logistic Organ Dysfunction Score (LODS)

components—mental status, respiratory rate, and blood
pressure—the qSOFA is relatively simple (11). However,
for ICU patients with sepsis, the usefulness of qSOFA is
limited, and it was shown to be inferior to the LODS score
and SOFA score in predicting prognosis at 28 and 90 days.
Nevertheless, the simplicity of qSOFA as a tool for the
swift identification of sepsis makes it more suitable for an
emergency setting. Although the AUC value of the LODS
score was higher than that of the SOFA score in predicting
90-day prognosis for septic patients in our current study,
LODS score is a more complicated tool, and its AUC value
was only marginally higher than that of the SOFA score.
Therefore, the SOFA score is currently the preferred tool
in the SEPSIS-3 criteria.

Study limitations

Our study was limited by its retrospective design. For
instance, data were missing in some cases and had to be
filled by the EM algorithm. But, the missing rate of each
item of data did not exceed 25% in our study. Moreover, the
retrospective nature of this study may have created selection

Variable System
Neurological 0 1 2 3 4
GCS 14-15[0] 9-13 [1] 6-8 [3] 3-5 [5]
Cardiovascular
HR >140 [1] 30-140 [0] <30 [5]
SBP >270 [3] 240-269 [1] 70-89 [1] 40-69 [3] <40 [5]
Hematological
Leukocytes (1,000/cc) <1 [3] 1-2.4 [1] 2.4-50 [0] >50 [1]
Platelet (1,000/cc) <50 [1] >50 [0]
Respiratory
PO2 <150 [3] >150 [1] No respiratory support [0]
Hepatic
Bilirubin (mg/dL) <2 [0] >2 [1]
PT 0-2.9s[0] >3s[1]
Renal
Urea (md/dL) >120 [5] 60-119 [3] 35-59 [1] <35 [0]
Creatinine (mg/dL) >1.16 [3] 1.2-1.59 [1] <1.2 0]
Urine output (L/24 hr) >10 [3] 0.75-10 [0] 0.5-0.75 [3] <0.5[5]

© Annals of Palliative Medicine. All rights reserved.
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bias, which needs to be verified and corrected by future
prospective studies.

Conclusions

SOFA score, qSOFA score, and LODS score can all be used
to predict the prognosis of patients with sepsis. LODS score
and SOFA score have higher accuracy than qSOFA score
in predicting prognosis; however, qSOFA is a simpler tool,
making it more suitable for use in emergency settings.
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