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Summary

Background—Simple, bedside prediction of infection-related mortality in low-resource settings
is crucial for triage and resource-utilisation decisions. We aimed to evaluate mortality prediction
by combining point-of-care venous lactate with the quick Sequential Organ Failure Assessment
(gSOFA) score in adult patients admitted to hospital with suspected infection in southeast Asia.

Methods—We performed a cohort study by prospectively enrolling patients aged 18 years

or older who had been admitted to hospital within the previous 24 h for suspected infection

(with at least three documented systemic manifestations of infection according to the 2012
Surviving Sepsis Campaign) at Sunpasitthiprasong Hospital in Ubon Ratchathani, Thailand
(derivation cohort). Venous lactate concentration was determined by a point-of-care device

and multiple scores were developed. We then evaluated candidate 28-day mortality prediction
models combining gSOFA and the lactate scores. A final model was compared with the gSOFA
score, a lactate score, and a modified Sequential Organ Failure Assessment (SOFA) score for
mortality discrimination using the area under the receiver operating characteristic curve (AUROC).
Mortality discrimination of the gSOFA-lactate score was then verified in an external, prospectively
enrolled, multinational cohort in southeast Asia.

Findings—Between March 1, 2013, and Jan 26, 2017, 5001 patients were enrolled in the
derivation cohort; 4980 had point-of-care lactate data available and were eligible for analysis,
and 816 died within 28 days of enrolment. The discrimination for 28-day mortality prediction of
a gSOFA-lactate score combining the gSOFA score and a lactate score was superior to that of

the qSOFA score alone (AUROC 0-78 [95% CI 0-76-0-80] vs0-68 [0-67-0-70]; p<0-0001) and
similar to a modified SOFA score (0-77 [0-75-0-78]; p=0-088). A lactate score alone had superior
discrimination compared with the gSOFA score (AUROC 0-76 [95% CI 0.74-0.78]; p<0-0001).
815 patients were enrolled in the external validation cohort and 792 had point-of-care lactate data
and were included in the analysis; the gSOFA-lactate score (AUROC 0-77 [95% CI 0-73-0-82])
showed significantly improved 28-day mortality discrimination compared with the gSOFA score
alone (0-69 [0-63-0.74]; p<0-0001).

Interpretation—In southeast Asia, rapid, bedside assessments based on point-of-care lactate
concentration combined with the gSOFA score can identify patients at risk of sepsis-related
mortality with greater accuracy than the gSOFA score alone, and with similar accuracy to a
modified SOFA score.

Funding—National Institutes of Health, Wellcome Trust.
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Introduction

Sepsis—organ dysfunction from a dysregulated immune response to infection—is a

major cause of death worldwide.! Low-income and middle-income countries (LMICs) are
particularly affected, as millions of sepsis-related deaths are likely to occur each year among
LMICs.2 In southeast Asia, sepsis-associated mortality is particularly high, due to a variety
of causes.3 Early and accurate assessment of the clinical trajectory during severe infection is
imperative, particularly in settings with limited tertiary health care.2

Clinical scoring systems, such as the Sequential Organ Failure Assessment (SOFA), have
been proposed for predicting sepsis-related outcomes, including mortality.#> Nonetheless,
SOFA requires multiple laboratory and clinical data, which are potentially challenging

to obtain in low-resource areas.® Alternative scores developed for LMICs were derived

in emergency room or intensive care settings, have not been widely validated, and have
uncertain utility in populations with sepsis.”~2 The quick SOFA (qSOFA), requiring

only three clinical examination components (systolic blood pressure, respiratory rate, and
Glasgow Coma Scale), was initially developed to help clinicians identify patients at risk of
sepsis, by assessing predictive validity using mortality as an outcome more likely to occur
in patients with sepsis.10 The predictive validity of the gSOFA score for sepsis has been
extended to low-resource settings.1! However, the discrimination of sepsis-related mortality
by the gSOFA score is typically lower than more rigorous methodologies.12:13 Despite
relatively low sensitivity for mortality prediction, the gSOFA score has been widely adopted
as a screening tool for sepsis-related severity of illness, particularly in LMICs.14

The benefit of combining the gSOFA score with a concurrent lactate concentration for
assessing sepsis risk or outcome prediction is unclear. When the gSOFA score was being
developed, Seymour and colleagues® examined the utility of adding 1 point to the gSOFA
score for a lactate concentration of 2 mmol/L or greater, making a 0—4-point score. However,
this expanded score did not improve the clinical utility of the gSOFA score to identify
patients at risk of sepsis outside of the intensive care unit (ICU) and so was not part

of the final recommended score.19 When this expanded score was further assessed in
patients presenting to the emergency department in a large, multicentre, European cohort,

no improvement in mortality discrimination was observed compared with the gSOFA score
alone.15 Several more recent studies have reported an improved ability of the gSOFA score
to predict sepsis-related mortality with the addition of a lactate component.14.16.17 However,
these reports either used arterial samples or did not differentiate between arterial and venous
lactate measurements, and did not account specifically for point-of-care testing, which limits
their applicability to low-resource areas.

Diagnostic point-of-care testing has been proposed as a crucial technology for health-care
triage and prognostication in low-resource settings.1® Point-of-care lactate assessment
devices are widely available, and point-of-care lactate concentrations have been shown to
predict sepsis-related mortality in communities with high HIV prevalence, although there
are few data from other populations with sepsis in LMICs.1® Whether point-of-care venous
lactate could augment the gSOFA score in predicting mortality in patients hospitalised
with suspected infection in low-resource settings remains unknown. We aimed to evaluate
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mortality prediction by point-of-care venous lactate combined with the gSOFA score in adult
patients admitted to hospital with suspected infection in southeast Asia.

Study design and participants

Procedures

Outcomes

We prospectively enrolled patients in two cohorts. Patients aged 18 years or older admitted
to Sunpasitthiprasong Hospital in Ubon Ratchathani, Thailand, with suspected infection
were prospectively enrolled into the derivation cohort between 2013 through 2017 (Ubon-
sepsis cohort).20 In brief, recruitment was performed by the study team by screening
medical records of patients admitted to the emergency department, medical wards, and
medical ICUs. Enrolment occurred if patients had been admitted within the previous 24 h
with at least three documented systemic manifestations of infection, according to the 2012
Surviving Sepsis Campaign.10

Patients aged 18 years or older admitted to hospital with suspected infection at 13 referral
hospitals in southeast Asia were prospectively enrolled into the external validation cohort
between 2013 through 2015 (SEAICRN cohort); this cohort has been described previously.3
As in the derivation cohort, enrolment occurred if patients had been admitted to the study
hospitals within the previous 24 h with at least three documented systemic manifestations of
infection, according to the 2012 Surviving Sepsis Campaign.1°

Written informed consent was obtained from all study participants or their representatives
before enrolment. This study was approved by the appropriate local and national ethics
committees.

In both cohorts, venous whole blood lactate concentration was measured at enrolment
using a point-of-care device (Lactate Pro 2; Arkray, Kyoto, Japan). Additional clinical and
laboratory data were obtained from the patient’s medical records. After enrolment, patients
were cared for by the hospital’s medical team and treated by the local standard of care.

A qSOFA score and modified SOFA score were calculated for all patients at the time

of enrolment in the derivation and external validation cohorts. SOFA modifications were
necessary due to the absence of some datapoints including inotrope and vasopressor doses
and partial pressure of oxygen in arterial blood and are described in the appendix (p 15).
The highest gSOFA and modified SOFA scores at or before enrolment were calculated.
For consistency with previous approaches, where additional components of the gSOFA or
modified SOFA scores were not available, they were assumed to be normal and 0 points
were given during score calculations.1911.21 The Charlson comorbidity index, a summary
score of comorbidity, was calculated as described previously.22

The primary outcome was 28-day mortality, in both the derivation and external validation
cohorts. 28-day mortality data were collected via telephone contact if patients were no
longer hospitalised and had been discharged alive.
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Statistical analysis

In the derivation cohort, using point-of-care lactate concentrations, we first developed binary
(0 points for a lactate concentration <2:0 mmol/L or 1 point for a lactate concentration

>2-0 mmol/L) and ternary (0 points for a lactate concentration <2-0 mmol/L, 1 point for

a lactate concentration =2-0 to <4-0 mmol/L, and 2 points for a lactate concentration =4-0
mmol/L) lactate scores. We then evaluated models combining gSOFA score and the different
lactate scores using the likelihood ratio test and integrated discrimination improvement
analysis to assess added improvements in model performance.23:24 When the candidate
model was chosen, association with 28-day mortality was evaluated by logistic regression,
and calibration was assessed by generating plots of expected and actual observed events.2>
Prediction of 28-day mortality was subsequently assessed by generating area under the
receiver operating characteristic curve (AUROC), using qSOFA score, lactate score, and
modified SOFA models as comparative standards.

Mortality discrimination was further verified by ten-fold internal cross-validation, dividing
the cohort into ten subgroups for repeated model development and testing.2% To assess
clinical utility, the net benefit of selected models across a range of risk thresholds was
compared using decision curve analysis.2” In a secondary analysis assessing predictive
validity for sepsis-associated mortality, a baseline risk model was developed by assessing
variables selected a priori (age, sex, Charlson comorbidity index, and transfer status) in a
multivariable regression model. Baseline risks were combined with score models and 28-day
mortality discrimination was assessed compared with the baseline risk model. The candidate
model developed in the derivation cohort was subsequently analysed in a similar way in the
external validation cohort.

Data were summarised using proportions for discrete variables and medians with 1QR for
continuous variables. Differences between groups in proportions were assessed by the X2
test and in medians were assessed by the Mann-Whitney U'test. Correlation comparisons
were based on Spearman’s correlation coefficient. Univariate associations with 28-day
mortality were determined by logistic regression. Lactate was assessed as a discrete variable
for model simplicity. AUROC curves were compared using the Stata command roccomp. All
analyses were performed using Stata/SE (version 14.2).

Role of the funding source

Results

The funders of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report.

Between March 1, 2013, and Jan 26, 2017, 5001 patients were enrolled in the derivation
cohort. 4874 patients had point-of-care lactate values available and another 106 had point-
of-care lactate concentrations of less than the level of device detection and were considered
to have a concentration at the lower limit (0-8 mmol/L). Therefore, 4980 patients had lactate
data available and were followed up for 28 days and included in the final analysis (figure
1A). Of the patients included in the analysis, 816 (16%) died within 28 days of enrolment.
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The median age in the derivation cohort was 57 years (IQR 41-71), and most patients (3808
[77%]) had been transferred from another facility (table 1; appendix pp 2-3).

Median modified SOFA and gSOFA scores in patients who died were significantly higher
than in patients who were alive at 28 days after enrolment (p<0-0001 for both; appendix

p 4). Additionally, patients who died had higher median point-of-care lactate concentration
than those who were alive at 28 days (3-4 mmol/L [IQR 2:1-7-1] vs1.7 mmol/L [1-2-2-3];
p<0-0001).

2519 (51%) of 4980 patients presented with a gSOFA score of 2, with a corresponding
28-day mortality of 17% (95% CI 16-19; figure 2A). 434 (9%) patients had a gSOFA
score of 3 and had a 28-day mortality of 51% (95% CI 46-56). 2854 (57%) of 4980
patients presented with a lactate concentration of less than 2:-0 mmol/L and 732 (15%)
had a lactate concentration of 4-0 mmol/L or greater (figure 2B). Ordinal gSOFA score
and lactate concentration, as a continuous variable, were weakly correlated (Spearman’s
r=0-31; p<0-0001). Mortality progressively increased with higher gSOFA score and lactate
concentration. For example, patients with a gSOFA score of 1 and a lactate concentration
from 2:0 mmol/L to less than 4-0 mmol/L had a significantly higher mortality than those
with a gSOFA score of 1 and a lactate concentration of less than 2-0 mmol/L (14% vs5%;
p<0-0001; appendix p 5).

The addition of either binary or ternary lactate score significantly improved the 28-day
mortality discrimination of the gSOFA score model (likelihood ratio p<0-0001 after addition
of either the binary or ternary lactate scores; appendix p 6). Discrimination analysis showed
a higher integrated discrimination improvement when the ternary lactate score was added

to the qSOFA score than with the addition of the binary lactate score (0-11 [plus or minus
0-006] for the ternary lactate score vs0:-07 [plus or minus 0-004] for the binary lactate score,
both p<0-0001). A final model combining the gSOFA score (0-3 points) and the ternary
lactate score (0-2 points) was chosen for further analysis as a gSOFA-lactate score (0-5
points).

Before the comparative analysis, we next characterised the selected 0-5-point qSOFA-
lactate score. The distribution of patients across the score range was more normalised than
with either the gSOFA score or lactate score alone (figure 2). The proportion of patients who
died within 28-days progressively increased as the gSOFA-lactate score increased (figure
2C).

Risk prediction models for the qSOFA-lactate score and ternary lactate score were
developed and compared with the gSOFA score and a modified SOFA score for
discrimination of 28-day mortality. First, a calibration plot of the gSOFA-Iactate score
model was generated, which showed strong concordance between actual and expected
probabilities (appendix p 9). Therefore, the model was carried forward for evaluation of
mortality discrimination, assessed by calculating the AUROC for each model. Compared
with the gSOFA score model, the qSOFA-lactate score model significantly improved 28-day
mortality discrimination (AUROC 0-78 [95% CI 0-76-0-80] v50-68 [0-67—0-70]; p<0-0001;
table 2, figure 3A). Furthermore, the gSOFA-lactate score model performed better than a
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ternary lactate score model (AUROC 0-76 [95% CI 0-74-0-78]; p=0:0001) and similarly to
a modified SOFA score model (0-77 [0-75-0-78]; p=0-088). The mortality discrimination
of the ternary lactate score model was also superior to the gSOFA score model (p<0-0001)
and similar to the modified SOFA score model (p=0-34). Discrimination of all models was
validated through ten-fold internal cross-validation (table 2). When stratifed by transfer
status, the gSOFA-lactate score model maintained a significant improvement over the
gqSOFA score model (appendix p 7).

As the gSOFA-lactate score had stronger mortality discrimination than the gSOFA score or
ternary lactate score alone and similar mortality discrimination to a modified SOFA score,
we next assessed the clinical utility of these four models by decision curve analysis. The
qSOFA-lactate model showed a higher net benefit compared with the gSOFA model for a
risk threshold of death between 10% and 65%. The qSOFA-lactate model also showed a
higher net benefit compared with the modified SOFA model and the ternary lactate model
when the risk threshold of death was between 15% and 65% (appendix pp 10-11). The
models showed similar clinical utility outside these risk thresholds.

Given the mortality discrimination and clinical utility of the gSOFA-lactate score, we next
determined the performance measures of the score at different cutoffs. The combination of
sensitivity and specificity for 28-day mortality were maximised at a gSOFA-lactate score of
3 or greater (both 72%; table 3).

We next assessed the predictive validity of the gSOFA-lactate score for excess mortality
above baseline risk. The model combining the gSOFA-lactate score and baseline risk
factors (AUROC 0-81 [95% CI 0-80-0-83]) significantly improved mortality discrimination
compared with baseline risk factors alone (0-69 [0-67-0-71]; p<0-0001) or compared with a
model combining the gSOFA score and baseline risk factors (0-75 [0-73-0-76]; p<0:0001;
appendix pp 8, 12). The gSOFA-lactate plus baseline risk factor model had similar mortality
prediction to a model combining a modified SOFA score plus baseline risk factors (AUROC
0-80 [95% CI 0-78-0-82]; p=0-089).

As the gSOFA-lactate score showed superior 28-day mortality discrimination compared
with the gSOFA score in a single-centre cohort, we sought to validate our findings in the
multicentre, multinational, external validation cohort.3 Of 815 adult patients enrolled in the
SEAICRN cohort, 792 (97%) had point-of-care lactate data available and were followed up
for 28 days and included in the analysis (figure 1B, table 1; appendix pp 2—4). qSOFA score
was again weakly correlated with lactate concentration (Spearman’s /=0-31; p<0-0001), and
patients with a qSOFA score of 1 and a lactate concentration of 2.0 mmol/L to less than 4-0
mmol/L had higher mortality than those with a gSOFA score of 1 and a lactate concentration
of less than 2:-0 mmol/L (11% vs5%; p=0-051; appendix p 5). The calibration plot of

the qSOFA-lactate model also showed good concordance between actual and expected
probabilities in the external validation cohort (appendix p 9).

In the external validation cohort, the gSOFA-lactate score showed significantly improved
mortality discrimination compared with the gSOFA score alone (AUROC 0-77 [95% CI
0-73-0-82] v50-69 [0-63-0-74]; p<0-0001), including when stratified by transfer status
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(figure 3B, table 2; appendix p 7). The gSOFA-lactate score had similar mortality
discrimination to modified SOFA score (AUROC 0-78 [95% CI 0-74-0-83]; p=0-82) and
ternary lactate score (0-74 [0-69-0-80]; p=0-10; figure 3B, table 2). The gSOFA-lactate
model also showed a higher net benefit compared with the gSOFA model for a risk threshold
of death between 2% and 59%, as well as a higher net benefit compared with the modified
SOFA model for a risk threshold of death between 13% and 59% (appendix p 13). The
sensitivity of the gSOFA-lactate score was 87% with scores of 2 or greater (table 3). In
terms of predictive validity, the model combining the gSOFA-lactate score and baseline

risk factors had significantly improved mortality discrimination compared with the model
combining the qSOFA score and baseline risk factors (AUROC 0-83 [95% CI 0-80-0-87] vs
0-77 [0-72-0-81]; p<0-0001; appendix pp 8, 12).

Discussion

In this study, we evaluated whether point-of-care venous lactate testing could enhance the
mortality prediction of gSOFA for patients admitted to hospital with suspected infection.
We developed and tested a 5-point gSOFA-lactate score for mortality prediction in a

large, prospectively enrolled cohort in Thailand and validated the model in a multicentre,
multinational, prospectively enrolled cohort in southeast Asia. To our knowledge, this study
is the largest prospective and externally validated analysis of point-of-care venous lactate
concentrations and gSOFA for mortality prediction in a low-resource setting.

The benefit of adding a lactate variable to a gSOFA score to improve mortality prediction
observed in our study builds on the evidence from several previous studies. A large,
multicentre study in Brazil reported strong predictive accuracy for mortality using a gSOFA
score of 1 or greater or a serum lactate concentration of 2 mmol/L or greater; although

the lactate concentrations might have been from arterial samples and measured by hospital
laboratories.14 A single-centre study in Indonesia reported that a score combining gSOFA
and point-of-care lactate in the emergency department had similar prediction of in-hospital
mortality up to 28 days compared with a SOFA score.28 However, the generalisability of this
study was limited due to its single-centre design and 35% in-hospital mortality. Furthermore,
in-hospital mortality might underestimate sepsis-related deaths in LMICs, where patients
might prefer to die at home. In our large, prospective, cohort study with 28-day mortality
ranging from 13% to 16%, we found that a 5-point score combining gSOFA score and
point-of-care venous lactate had significantly higher 28-day mortality predictive value than a
qSOFA score alone.

The gSOFA-lactate score showed similar mortality discrimination to the more complex
modified SOFA score, but might have superior clinical utility over a range of risk thresholds.
In many low-resource settings, critically ill patients are treated outside an ICU or without
advanced support measures, such as mechanical ventilation or vasoactive agents.!! In health-
care centres without laboratory facilities and critical care resources, SOFA is difficult or
impossible to calculate, making Sepsis-3 guideline adherence challenging. Our results offer
an alternative and strongly support the utility of gSOFA in combination with a point-of-care
venous lactate for predicting mortality in patients with suspected infection in southeast Asia.
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In this study, a point-of-care venous lactate score alone had strong mortality prediction in
both the derivation and external validation cohorts. This finding supports data from other
patient populations and suggests that a point-of-care lactate assessment might have utility
in suspected infection outcome prediction when there are few clinical data.1® Future studies
could explore the utility of gSOFA and point-of-care lactate in triage protocols for patients
with infection in low-resource settings.

This study has several strengths. To our knowledge, this is the largest study in hospitalised
patients in LMICs to assess the utility of gSOFA and point-of-care lactate for infection-
related morality prediction, and the only study to be externally validated. Both our derivation
and external validation cohorts had minimal loss to follow-up and used 28-day mortality
(not in-hospital mortality) as an outcome. Our external validation cohort was enrolled across
multiple centres in various countries in southeast Asia, reducing the risk of local practice
variation affecting our results.

This study also has several potential limitations. Reflecting the resource constraints of

the study sites, arterial blood gases and dosage data of vasoactive medications were not
available in both cohorts and many patients in the external validation cohort did not have

a Glasgow Coma Scale included in their medical records. These factors prevented the
calculation of a full SOFA score, and our analysis instead relied on a modified SOFA score.
Similarly, some clinical data, particularly bilirubin concentrations, were not available for
many patients in both cohorts, which might have affected score accuracy. Additionally,
clinical scores were assessed at study enrolment and not followed up sequentially,
potentially impacting mortality prediction. Lactate concentrations were measured on a point-
of-care device at a single timepoint and lactate clearance was not assessed. Additionally,

we did not assess the cost-effectiveness of point-of-care device implementation. Patients
who were admitted to non-medical wards, such as a surgical ward, might not have been
identified in our recruitment. Furthermore, all included study sites were tertiary care centres
in southeast Asia, where care might differ from elsewhere in the world, and most patients in
both cohorts were transferred from other health-care facilities. Therefore, the generalisability
of our findings to other settings might be limited.

In conclusion, a simple score combining point-of-care venous lactate and the gSOFA score
improved mortality prediction compared with the gSOFA score alone, and had similar
mortality prediction to a modified SOFA score, in patients admitted to hospital with
suspected infection. Our findings, derived from a large, prospective cohort in Thailand

and validated in a multicentre prospective cohort in southeast Asia, indicate that combining
bedside laboratory and clinical data could have substantial utility in identifying patients with
increased risk of sepsis-related mortality and add to the data regarding Surviving Sepsis
Guidelines in low-resource settings.2? Future studies will need to determine whether these
results are applicable to other LMICs and whether the early identification of patients who
are at high risk of death might alter management and improve patient outcomes.

Supplementary Material
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Research in context
Evidence before this study

When the quick Sequential Organ Failure Assessment (QSOFA) score was originally
developed to identify patients at risk of sepsis using hospital databases in the USA and
Germany, the addition of lactate did not meaningfully improve the predictive validity

for in-hospital mortality. We searched PubMed on May 11, 2021, with no date or
language restrictions, for published articles using the terms “lactate” AND “qSOFA”,
and identified 75 studies. Several studies assessed the combination of lactate and gSOFA
scores for sepsis outcome prediction using a variety of methods; however, the additive
value of lactate to a gSOFA score remains unclear. Additionally, no identified studies
used point-of-care venous lactate assessments with a 28-day mortality outcome in a
low-income or middle-income setting.

Added value of this study

Most previous studies that assessed the predictive value of lactate and gSOFA scores
were either performed in high-income settings or did not use bedside point-of-care lactate
measurements. To our knowledge, this is the largest study in a low-income or middle-
income setting to develop a mortality prediction score combining point-of-care venous
lactate and gSOFA score in patients with suspected infection and the only study to assess
28-day mortality. Using two prospective cohorts of patients hospitalised with suspected
infection in southeast Asia, we found that a simple score combining gSOFA and point-
of-care venous lactate improves 28-day mortality prediction compared with gSOFA
score alone and has similar efficacy to the more extensive modified Sequential Organ
Failure Assessment (SOFA) score. The strengths of this study include its large derivation
cohort and multicentre external validation cohort from multiple countries in southeast
Asia. Furthermore, as in-hospital mortality assessments might underestimate mortality
outcomes in low-income and middle-income settings, where critically ill patients might
prefer to die at home, we followed up all patients to 28 days after admission, including
after discharge from hospital.

Implications of all the available evidence

Our findings show that adding a bedside point-of-care lactate assessment could improve
the prognostic accuracy of the gSOFA score and potentially replace a modified SOFA
score in patients with suspected infection. In locations with limited health-care providers,
clinical facilities, and laboratory capabilities, this simple rapid score could be applied
during early sepsis assessments to identify patients at highest risk of death.
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A
5001 patients enrolled
21 not included in analysis
— 12 lost to follow-up
9 lactate results not available
A 4
4980 included in the analysis
4164 were alive at 28 days 816 had died at 28 days
B
815 patients enrolled
23 not included in analysis
—» 11 lost to follow-up
12 lactate results not available
v
792 included in the analysis
690 were alive at 28 days 102 had died at 28 days

Figure 1: Study profiles
Flow diagrams for the analysis of the Ubon-sepsis derivation cohort (A) and the SEAICRN

external validation cohort (B).
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Figure 2: Distribution of patients and 28-day mortality by gSOFA score, lactate concentration,
and gSOFA-lactate score in the derivation cohort

Bars show distribution of patients (blue bars) and 28-day mortality (red bars) by gSOFA
score (A), lactate concentration (B), or gSOFA-lactate score (C). Error bars show 95% Cls
for 28-day mortality. gSOFA=quick Sequential Organ Failure Assessment.
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Figure 3: Receiver operating curves for mortality discrimination
Area under the receiver operating curves (AUROC) for the modified SOFA, qSOFA,

gSOFA-lactate, and ternary lactate score models for 28-day mortality discrimination in the
derivation cohort (A) and external validation cohort (B). SOFA=Sequential Organ Failure
Assessment. gSOFA=quick Sequential Organ Failure Assessment.
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Patient characteristics

Table 1:

Derivation cohort (n=4980)

External validation cohort (n=792)

Age
Sex
Female
Male
Pre-existing conditions
Charlson comorbidity index
Diabetes
Chronic liver disease
Chronic kidney disease
Chronic cardiovascular disease
Chronic lung disease
Cancer
HIV
Transferred from another facility
Admission characteristics

Duration of symptoms, days

Received mechanical ventilation

Received vasoactive medications

28-day mortality

57 (41-71)

2325(47%)
2655 (53%)

2 (0-4)
1006 (20%)
132 (3%)
545 (11%)
282 (6%)
392 (8%)
82 (2%)
62 (1%)
3808 (77%)

3 (1-4)
801 (16%)
1275 (26%)
816 (16%)

51 (33-65)

343 (43%)
449 (57%)

1(0-3)
122 (15%)
14 (2%)
49 (6%)
43 (5%)
35 (4%)
9 (1%)
2 (<1%)
501 (63%)

3(2-8)
68 (9%)
163 (21%)
102 (13%)

Data are median (IQR) or n (%).
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Mortality discrimination by model

Table2:

Page 17

Cohort AUROC 5 yalue™  Cross-validation AUROCT

Derivation cohort

gSOFA 0-68 (0-67-0-70) 0-67 (0-65-0-69)
Lactate scored? 076 (0-74-0:78)  <0.0001  0:-74 (0-73-0-76)
SOFA-lactate score$  0-78 (076-080)  <0:0001  0-77 (0-75-0-79)
Modified SOFA 0-77 (0-75-0-78)  <0-0001  0:76 (0-75-0-78)
External validation cohort

qSOFA 0-69 (0-63-0-74) 0-69 (0-57-0-69)
Lactate scored? 0-74 (0-69-0-80) 0-13 0-75 (0-62-0-76)
SOFA-lactate score§  0-77 (0-73-0.82)  <0-0001 078 (069-0-80)
Modified SOFA 078 (0-74-0-83)  0.0010  0-78 (0-72-0-82)

Data are AUROC (95% CI) or p values. In the derivation cohort, the p value for gSOFA-lactate score model versus the lactate score model was
0-0001; the p value for gSOFA-lactate score model versus the modified SOFA model was 0-088. In the external validation cohort, the p value for
qSOFA-lactate score model versus the lactate score model was 0-10; the p value for gSOFA-lactate score model versus the modified SOFA model
was 0-82. AUROC=area under the receiver operating characteristic curve. gSOFA=quick Sequential Organ Failure Assessment. SOFA=Sequential
Organ Failure Assessment.

*
p value for comparison of model versus gSOFA model.
fTen-foId internal cross-validation.

fLactate score was a 0-2-point score composed of 0 points for a lactate concentration of less than 2:0 mmol/L, 1 point for a lactate concentration
from 2.0 to less than 4-0 mmol/L, and 2 points for a lactate concentration of 4.0 mmol/L or greater.

§qSOFA-Iactate score was a 0-5-point score composed of the 0-3-point gSOFA score plus the 0-2-point lactate score.
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Clinical performance of the qSOFA-lactate score to predict 28-day mortality

Table 3:

Score 22

Score =3

Score 24

Derivation cohort *
Sensitivity

Specificity

Sensitivity

Specificity

92% (90-94)
35% (33-36)

Positive predictive value ~ 22% (20-23)
Negative predictive value  96% (94-97)
Positive likelihood ratio 1.4 (1.4-1.5)
Negative likelihood ratio 0-2 (0-2-0:3)

External validation cohort ©

879% (79-93)
49% (46-53)

Positive predictive value ~ 20% (17-25)
Negative predictive value  96% (94-98)
Positive likelihood ratio 1.7 (1.6-1-9)
Negative likelihood ratio 0-3(0-2-04)

72% (69-75)
72% (71-74)
34% (32-36)
93% (92-94)
26 (2:4-2:8)
04 (0-3-0-4)

62% (53-72)
78% (75-81)
30% (24-36)
93% (91-95)
2.8 (2:3-35)
05 (0-4-0-6)

47% (43-50)
91% (90-92)
519 (47-55)
90% (89-91)
53 (4.7-6-0)
06 (0-6-0-6)

40% (31-50)
93% (91-95)
46% (35-57)
91% (89-93)
5.8 (40-8-3)
06 (05-0-8)

Data are point estimate (95% Cl).

*
Assuming a 28-day mortality of 16%.

fAssuming a 28-day mortality of 13%.
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