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Lactate-enhanced-qSOFA (LqSOFA) score is superior to the other
four rapid scoring tools in predicting in-hospital mortality rate of
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Background: The rising prevalence of early therapy for sepsis has led to the demand for rapid risk-
stratification tools that can estimate the risk of in-hospital mortality for sepsis patients and the need for
intensive care unit (ICU) admission. A robust risk-stratification tool is crucial for in-time sepsis treatment.
This study aimed to compare the abilities of five rapid scoring systems, i.e., LqSOFA score, ¢SOFA score,
SIRS, MEDS, and MEWS, in predicting the mortality in hospital and ICU admission for sepsis patients.
Methods: A retrospective observational clinical study was conducted in West China Hospital. Our cases
included all patients admitted to the hospital with a diagnosis of sepsis (sepsis-3). We calculated five rapid
prediction scores for the enrolled cases. We then compared each rapid score’s ability to predict in-hospital
mortality and ICU admission.

Results: A total of 821 of mixed sepsis patients by sepsis-3 definition were included. The all-cause hospital
mortality rate was 21.1%. The LqSOFA score presented the most significant discrimination with an area
under the receiver operating characteristic curve (AUC) of 0.751. The AUC of the LqSOFA score for
mortality in the hospital was significantly higher than gSOFA (AUC 0.717), SIRS (AUC 0.704), MEDS (AUC
0.670), and MEWS (AUC 0.685).

Conclusions: LqSOFA is a superior prognostic tool for predicting mortality in the hospital. It may provide

more exact information for hospital mortality than the other 4 rapid scores in treating sepsis patients.
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Introduction core component of all care bundles, such as resuscitation,

collection of blood and other specimen, application of

.. . - .
Sepsis is characterized as a “life-threatening organ broad-spectrum antibiotics, measurement of lactate,

dysfunction caused by a dysregulated host response to intravenous fluids if needed and source control, should be

infection” (1,2). Its fatality rate has been reported as up performed without delay to reduce mortality and improve

to 24% in some studies (3-5). Although there have been

several iterations of sepsis care bundles in recent years, the
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the prognosis of the disease (6). And the timely policy of
treatment depends on early and accurate assessment of
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sepsis. Therefore, early and accurate assessments play an
essential role in the timely treatment of sepsis. In recent
years, the evaluation methods proposed by researchers, such
as the sequential organ failure assessment (SOFA) score (1),
have high accuracy and widely used. But the SOFA includes
laboratory testing parameters, which take time to perform.
Therefore, several rapid and simple emergency departments
(ED) scoring systems, including quick sequential organ
failure assessment (QSOFA) (7), systemic inflammatory
response syndrome (SIRS) criterion (8), modified early
warning score (MEWS) (9), and mortality in emergency
department sepsis (MEDS) (10), have been used to predict
the mortality for patients admitted to EDs under various
circumstances. Additionally, some recent studies have
suggested that the lactate-enhanced-quick sequential organ
failure assessment (LqSOFA), which combines the bedside
lactate and qSOFA, is a valuable and rapid predicting tool
for mortality in sepsis patients (11,12). The study of Amith
Shetty and her colleagues (11) enrolled 12,555 cases and
showed that the addition of lactate >2 mmol/L threshold
as an additional point with derivation of the LqSOFA score
>2 improves the sensitivity in identifying adverse outcomes
to 65.5% in patients with sepsis. Some studies (13,14) have
only compared some of these rapid assessment methods,
but few research compared the rapid scoring tools with
the serum lactate. In 2019, Liu and his colleagues (15)
compared the accuracy of the serum lactate, the qSOFA
score and the SOFA score for predicting mortality in adults
with Sepsis but the author did not assess the performance
of LqSOFA, which is a combination of both the lactate
and qSOFA. However, the evidence that can directly show
the advantages and disadvantages of these rapid tools for
assessing sepsis patients is still limited.

Herein, we intend to compare the performance of five
evaluative methods of predicting the mortality in sepsis.
The hypothesis was that some rapid evaluative methods
could present important clinical outcomes more accurately
than others in sepsis diagnosis.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5410).

Methods
Study design

This study used single hospital records of sepsis patient
characteristics and the outcomes to compare the
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performance of five rapid predicting scoring tools.

On patients’ records, we calculated each scoring tool,
which was then compared with the patient’s actual recorded
outcome [mortality or intensive care unit (ICU) admission].

For each method, the ROC curve was obtained. And
areas under curve (AUC) are calculated to compare the five
rapid scoring systems.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the local Institutional Review Committee
and the accessed data were anonymized. Because of the
retrospective nature of the research, the requirement for
informed consent was waived.

Definitions

The five scores were calculated on the individual dataset
at the corresponding sites. The parameters of MEWS
are systolic blood pressure, heart rate, respiratory rate,
temperature and mental status. MEDS is consists of nine
parameters such as age, terminal illness, tachypnea or
hypoxia, septic shock, platelet count, band percents, lower
respiratory infection, nursing home resident and mental
status. SIRS includes four parameters: respiratory rate/
PaCO,, white blood cell count, heart rate, and temperature.
The qSOFA includes three parameters: respiratory rate,
Glasgow coma score and systolic blood pressure. For the
qSOFA score (a range of 0-3), one point was added for
serum lactate >2 mmol/L, so that the LqSOFA scores
ranged from 0 to 4. The details of five scores were showed

in Table 1.

Selection of participants

In this retrospective observational study, we collected
raw data from all the cases diagnosed with sepsis in the
Emergency Department of our hospital from April 1™ 2016
to December 31%, 2016.

Based on sepsis-3 criteria (1), the diagnostic criteria for
sepsis are defined as life-threatening organ dysfunction due
to a dysfunctional host response to infection. The organ
dysfunction defined as an acute change in total SOFA score
>2 points cause by the infection.

Inclusion criteria were: (I) age >18 years old; (II) diagnosis
of sepsis in the medical record. While the exclusion criteria
include missing data and pregnant patients.

The treatment strategies of sepsis in our hospital include
resuscitation, collection of blood and other samples, source
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SIRS GSOFA LgSOFA

MEDS MEWS

Respiratory rate (min) qSOFA score
>22 (1 point) (0-3 point)

Respiratory rate (min)
>20 or PaCO, <32
(1 point)

White blood cell count GCS score <15
(>12,000/pL or <4,000/uL (1 point)
or >10%) (1 point)

(1 point)

Heart rate >90/min
(1 point)

Systolic blood -
pressure <100 mmHg
(1 point)

Temperature >38 °C or
<36 °C (1 point)

Lactate =2 mmol/L

Terminal illness (6 points)  Systolic BP (mmHg): 101-199 (0 point),
81-100 (1 point), 71-80 or =200

(2 points), <70 (3 points)

Age >65 years (3 points)  Heart rate (min): 51-100 (0 point),
41-50 or 101-110 (1 point), <40 or

111-129 (2 points), =130 (3 points)

Respiratory rate (min): 9-14 (0 point),
15-20 (1 point), <9 or 21-29 (2 points),
>30 (3 points)

Tachypnea or hypoxia
(3 points)

Septic shock (3 points) Temperature (°C): 35-38.4 (0 point), <35

or =38.5 (2 points)

Platelet <150x10°%L
(3 points)

AVPU score: Alert (0 point), Reacts to
Voice (1 point), Reacts to Pain (2 points),
Unresponsive (3 points)

Band >5% (3 points)

Lower respiratory infection
(2 points)

Nursing home resident

(2 points)

Altered mental status
(2 points)

SIRS, systemic inflammatory response syndrome; qSOFA, quick Sequential Organ Failure Assessment; LQSOFA, Lactate enhanced-quick
Sequential Organ Failure Assessment; MEDS, mortality in emergency department sepsis; MEWS, modified early warning score.

control, administration of broad-spectrum antibiotics,
measurement of lactate, intravenous fluids if hypotensive or
raised lactate, and symptomatic treatment.

Data collecting

In this study, data sources include medical records and death
certificates. Before the data collection, the researchers were
trained in using the five scoring tools.

There are four components of the collected data:

(I) Baseline characteristics: age, gender, prior major
disease (one or more of the following four types of
illnesses: diabetes, cancer, cardiovascular disease,
and chronic organ dysfunction);

(II) Data of the parameters of the rapid scoring systems
(LqSOFA, qSOFA, SIRS, MEWS, and MEDS);

(III) Primary outcome: the hospital mortality for sepsis

patients;
Secondary outcome: ICU admission of sepsis
patients during hospitalization.

V)

© Annals of Translational Medicine. All rights reserved.

Statistical analysis

The statistical description of normal distribution
measurement data is expressed as mean + standard deviation.
While the non-normally distributed measurement data is
expressed in medians and quartiles. Further, the statistical
description of the enumeration data is represented by the
constituent ratio. And the Hanley and McNeil method,
which performed by MedCalc software, was used for
estimating the sample size.

The primary statistical analysis was applied to the receiver
operator curves (ROC) with associated area under curve
(AUCQ). All these analyses were performed with SPSS software
version 17 (SPSS, Inc.) and MedCalc software ver. 12.7.0.0.

Results

In this study, 821 patient records were enrolled, which were
from 865 records in total. A breakdown of how the data were
obtained from the hospital records is illustrated in Figure 1.
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Baseline characteristics

In our study, the mean age of the enrolled cases was
58.3x17.09 years. Among the cases, 528 (64.3%) were males
and 173 (21.1%) patients died in the hospital. And the
details of the baseline data are listed in Zizble 2.

Comparison of the scoring system

With hospital mortality as the standard for comparison, the
order of the AUC from high to low was LqSOFA (0.751),

All records with sepsis
(865 cases, 100%)

Uncertain outcomes
(41 records, 4.7%)

Y

Missing data for calculating
the predicting scores
(3 records, 0.3%)

Y

A

Final study data set
(821, 94.9%)

Figure 1 The processes of enrolling cases from source records to
obtain the dataset of interest in this study.

Table 2 Baseline characteristics

Liu et al. LSOFA for predicting sepsis in-hospital mortality

qSOFA (0.717), SIRS (0.704), MEWS (0.685) and MEDS
(0.670) (Figure 2 and Table 3). Among them, LqSOFA was
superior to the other four rapid scoring systems (P<0.05,
Table 4). And there was no significant difference between
any two of the other scoring systems (qSOFA, MEDS,
SIRS, and MEWS).

With the ICU admission as the standard, the descending
order of AUC was SIRS 0.701, LqSOFA 0.687, qSOFA
0.676, MEWS 0.671, and MEDS 0.662 (Figure 3 and
Table 5). However, there was no significant difference
between any two of the scoring systems (7ible 6).

Discussion

Screening tests aim at discovering latent risks from the well.
Rapid scores and classification systems for sepsis, however,
support decision-making, and management. They enable
the clinicians to stratify the risk of adverse outcomes in
sepsis patients (11). Selective screening of high-risk groups
in hospitals may be used to select patients requiring more
complex investigations and management. Flagging patients
with an elevated risk of mortality in sepsis can give rise
to a more efficient construct of therapeutic strategies,
including investigation, monitoring, and intense therapies.
Predicting tools with high sensitivity and low specificity can

Parameters Mean Standard deviation Median 25% quartile 75% quartile
Age (y) 58.3 17.09 - - -
Temperature (°C) 37.2 1.26 - - -
Heart rate (bpm) 109.2 20.33 - - -
Respiratory rate (bpm) 23.6 5.15 - - -
Systolic pressure (mmHg) 119.9 24.85 - - -
Diastolic pressure (mmHg) 73 16.83 - - -
SPO, (%) 93.7 7.43 - - -
SOFA - - 5 3 8
LgSOFA - - 1 1 2
qSOFA - - 1 0 1
MEDS - - 8 5 9
MEWS - - 4 2 5
SIRS - - 9 8 12

SIRS, systemic inflammatory response syndrome; qSOFA, quick Sequential Organ Failure Assessment; LQSOFA, Lactate enhanced-quick
Sequential Organ Failure Assessment; MEDS, mortality in emergency department sepsis; MEWS, modified early warning score.
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Figure 2 ROC curves for comparing the scoring systems with in-
hospital mortality. LqSOFA, Lactate enhanced-quick Sequential
Organ Failure Assessment; QSOFA, quick Sequential Organ Failure
Assessment; SIRS, systemic inflammatory response syndrome;
MEDS, mortality in emergency department sepsis; MEWS,

modified early warning score.

Table 3 Comparison of the scoring system with in-hospital

mortality

Scoring systems AUC SE 95% ClI
LgSOFA 0.751 0.0287 0.720 to 0.780
gSOFA 0.717 0.0312 0.685 to 0.748
SIRS 0.704 0.0298 0.672 t0 0.735
MEWS 0.685 0.0321 0.652 to 0.717
MEDS 0.670 0.0314 0.636 to 0.702

95% ClI, 95% confidence interval; SE, standard error; AUC,
area under the curve; SIRS, systemic inflammatory response
syndrome; gSOFA, quick Sequential Organ Failure Assessment;
LgSOFA, Lactate enhanced-quick Sequential Organ Failure
Assessment; MEDS, mortality in emergency department sepsis;
MEWS, modified early warning score.

lead to inappropriate allocation of resources, while tools
with low sensitivity can lead to insufficient trust. Previous
studies have suggested that early assessment has significant
implications for the timely treatment and management
of sepsis, which could reduce the risk of death for critical
sepsis patients in the emergency department (16,17).

This study compared the discriminatory ability
of LqSOFA, qSOFA, SIRS, MEWS, and MEDS for

evaluating sepsis patients. Among these five screening tools,

© Annals of Translational Medicine. All rights reserved.
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MEDS and MEWS have the most number of indicators
and are relatively complex. SIRS has fewer parameters
than the former two but its accuracy is considered to be
slightly lower than qSOFA (2). The qSOFA is simple and
recommended in the sepsis-3 criteria (1), but recently
studies still questioned its accuracy (18,19). The serum
lactate level required by the LqSOFA can be completed
by point-of-care testing, so the LqSOFA can be used as
bedside tools for screening sepsis. But the predicting value
of the LqSOFA needs further verification due to the short
application time of the LqSOFA.

The SIRS criteria have been used to assess sepsis since
over two decades ago. However, SIRS criteria were found
to be insufficiently specific to assess the mortality of sepsis
patients. Kaukonen KM’s study (20) has shown that SIRS
criteria fail to define a transition point in the risk of death
and may not be a perfect predictor of mortality. The qSOFA
score (21,22) has been proposed as a risk stratification tool.
It is more specific than the SIRS criteria and can more
efficiently urge the assessment of in-hospital mortality,
initiate appropriate sepsis therapy, refer patients to the ICU,
and help identify life-threatening sepsis.

The qSOFA recommendation was initially formed from
the retrospective analysis of a database, and the debate on its
clinical usefulness soon appeared (23-28). Recently, Churpek
and colleagues (29) found that the gSOFA performed no
more effective than the MEWS in predicting in-hospital
mortality and ICU transfer in sepsis patients. Our study
found reduced sensitivity of the qSOFA score, like the recent
prospective evaluations. In our study, there was no significant
difference in the ability to evaluate in-hospital mortality in
sepsis among the gSOFA, SIRS, MEWS, and MEDS.

Lately, some studies (11,12) have suggested that
combining the bedside lactate and qSOFA score can be a
valuable method for predicting the mortality for sepsis. In a
study of 12,555 patients from multiple EDs in Australia and
the Netherlands, post hoc addition of lactate >2 mmol/L
cut-off to the qSOFA score resulted in an improved
sensitivity for identifying patients at risk of mortality.
Amith Shetty and her colleagues named the combined
tool as LqSOFA, an effective predictor of mortality in
sepsis. They showed that in-hospital mortality was related
to LqSOFA scores in the patients who were critically ill
with an AUROC of 0.74. LqSOFA showed significantly
greater capability compared with qSOFA are suggested for
screening by the sepsis-3 criteria. Our study illustrated that
these findings are consistent with these reports.

Also, we found that these scores were less exact for
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Table 4 Pairwise comparison of ROC curves with in-hospital mortality

Scoring systems Difference between areas SE 95% Cl z statistic P value
LgSOFA-gSOFA 0.0336 0.0161 0.00201 to 0.0652 2.084 0.037*
LgSOFA-SIRS 0.0466 0.0321 0.0064 to 0.110 1.45 0.030*
LgSOFA-MEWS 0.0659 0.03 0.00708 to 0.125 2.196 0.028*
LgSOFA-MEDS 0.0812 0.035 0.0126 to 0.150 2.32 0.020*
gSOFA-SIRS 0.013 0.0331 -0.0519 t0 0.0779 0.392 0.695
MEDS-MEWS 0.0153 0.04 -0.0631 to 0.0937 0.383 0.702
MEDS-gqSOFA 0.0476 0.0369 —-0.0247 t0 0.120 1.29 0.197
MEDS-SIRS 0.0346 0.0397 —-0.0432 to 0.112 0.872 0.383
MEWS-qSOFA 0.0323 0.0282 -0.0230 to 0.0876 1.144 0.253
MEWS-SIRS 0.0193 0.0312 -0.0418 to 0.0804 0.619 0.536

*, P<0.05. 95% ClI, 95% confidence interval; SE, standard error; SIRS, systemic inflammatory response syndrome; qSOFA, quick
Sequential Organ Failure Assessment; LqSOFA, Lactate enhanced-quick Sequential Organ Failure Assessment; MEDS, mortality in
emergency department sepsis; MEWS, modified early warning score.

1.0 Table 5 Comparison of the scoring systems with ICU admission
LaSOFA Scoring systems AUC SE 95%Cl
qSOFA

0.81 LgSOFA 0.687 0.0188 0.654 t0 0.718

qSOFA 0.676 0.0191 0.643 to 0.708

0.61 Diagonal Line

:‘; ’ SIRS 0.701 0.0185 0.669 to 0.733
§ y MEWS 0.671 0.0192 0.637 to 0.703
90.44 7/
l:" MEDS 0.662 0.0195 0.629 to 0.695
7,
| ' 95% ClI, 95% confidence interval; SE, standard error; AUC,

021 7 area under curve; ICU, intensive care unit; SIRS, systemic

inflammatory response syndrome; gSOFA, quick Sequential

0.0 i i i i Organ Failure Assessment; LqSOFA, Lactate enhanced-quick

0.0 0.2 0.4 06 0.8 1.0 Sequential Organ Failure Assessment; MEDS, mortality in
1-Specificity emergency department sepsis; MEWS, modified early warning
score.

Figure 3 ROC curves obtained from the predicting tools with
ICU admission. ICU, intensive care unit; LqSOFA, Lactate

enhanced-quick Sequential Organ Failure Assessment; gSOFA, . . . . .
] ; ) ) retrospective study design, insufficient sample size, and
quick Sequential Organ Failure Assessment; SIRS, systemic .. .
. o missing data. The subgroup of septic shock was not analyzed
inflammatory response syndrome; MEDS, mortality in emergency

department sepsis; MEWS, modified carly warning score. due to its small sample size. Our ongoing study is about the
prospective multiple center studies with adjustments for the

effectiveness and application prospect of early evaluative
early assessment of ICU admission. Further studies should scoring systems for sepsis.

be carried out for early assessment of ICU admission, to
achieve rapid and effective ICU resource allocation for

Conclusions
critical sepsis patients, especially when the emergency
department is overcrowded (6). The LqSOFA score can predict in-hospital mortality in
However, the limitations of our pilot study were its sepsis more accurately than qSOFA, SIRS, MEWS, and
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Table 6 Pairwise comparison of ROC curves with ICU admission

Scoring systems Difference between areas SE 95% Cl z statistic P value
LgSOFA-MEDS 0.0245 0.023 -0.0205 to 0.0695 1.066 0.286
LgSOFA-MEWS 0.0158 0.0202 -0.0238 to 0.0555 0.781 0.435
LgSOFA-gSOFA 0.0104 0.0109 -0.0109 to 0.0317 0.959 0.338
LgSOFA-SIRS 0.0147 0.0215 -0.0274 to 0.0569 0.686 0.493
gSOFA-SIRS 0.0252 0.0216 -0.0172 to 0.0675 1.164 0.244
MEWS-qSOFA 0.00538 0.0189 -0.0317 to 0.0425 0.284 0.776
MEDS-qSOFA 0.0141 0.023 -0.0309 to 0.0591 0.613 0.540
MEDS-SIRS 0.0392 0.0247 -0.00921 to 0.0877 1.587 0.112
MEWS-SIRS 0.0306 0.0193 -0.00734 to 0.0684 1.58 0.114
MEDS-MEWS 0.00869 0.0246 —-0.0396 to 0.0569 0.353 0.724

95% Cl: 95% confidence interval; SE, standard error; ICU, intensive care unit; SIRS, systemic inflammatory response syndrome; qSOFA,
quick Sequential Organ Failure Assessment; LQSOFA, Lactate enhanced-quick Sequential Organ Failure Assessment; MEDS, mortality in

emergency department sepsis; MEWS, modified early warning score.

MEDS. At sites where qSOFA score is being considered,
and bedside lactate examination is readily available,
the LqSOFA score rather than qSOFA alone should be
prospectively confirmed.
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