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Efficacy of quick Sequential Organ
Failure Assessment with lactate
concentration for predicting mortality
in patients with community-acquired
pneumonia in the emergency
department

Hwan Song, Hyung Gi Moon, Soo Hyun Kim

Department of Emergency Medicine, The Catholic University of Korea College of Medicine, Seoul, Korea

Objective Community-acquired pneumonia (CAP) is a major cause of sepsis, and sepsis-related
acute organ dysfunction affects patient mortality. Although the quick Sequential Organ Failure
Assessment (qSOFA) is a new screening tool for patients with suspected infection, its predictive
value for the mortality of patients with CAP has not been validated. Lactate concentration is a
valuable biomarker for critically ill patients. Thus, we investigated the predictive value of gSOFA
with lactate concentration for in-hospital mortality in patients with CAP in the emergency de-
partment (ED).

Methods From January 2015 to June 2015, 443 patients, who were diagnosed with CAP in the
ED, were retrospectively analyzed. We defined high qSOFA or lactate concentrations as a gSOFA
score >2 or a lactate concentration >2 mmol/L upon admission at the ED. The primary outcome
was all-cause in-hospital mortality.

Results Among the 443 patients, 44 (9.9%) died. Based on the receiver operating characteristic
(ROC) analysis, the areas under the curves for the prediction of mortality were 0.720, 0.652, and
0.686 for qSOFA, CURB-65 (confusion, urea, respiratory rate, blood pressure, and age), and Pneu-
monia Severity Index, respectively. The area under the ROC curve of gSOFA was lower than that
of SOFA (0.720 vs. 0.845, P=0.004). However, the area under the ROC curve of qSOFA with lac-
tate concentration was not significantly different from that of SOFA (0.828 vs. 0.845, P=0.509).
The sensitivity and specificity of gSOFA with lactate concentration were 71.4% and 83.2%, re-
spectively.

Conclusion qSOFA with lactate concentration is a useful and practical tool for the early predic-
tion of in-hospital mortality among patients with CAP in the ED.
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gSOFA with lactate in patients with CAP

What is already known

Capsule
Summary

What is new in the current study

Community-acquired pneumonia is a leading cause of sepsis and ultimately death. Sepsis-related acute organ dys-
function determines patient's mortality. Quick Sequential Organ Failure Assessment was highly predictive of mortality
in patients with sepsis in non-intensive care unit settings.

This study showed the prognostic performance of quick Sequential Organ Failure Assessment with lactate for in-hospi-
tal mortality in patients with community-acquired pneumonia in the emergency department.

INTRODUCTION

Community-acquired pneumonia (CAP) is a leading cause of sep-
sis and ultimately death in the United States.' Sepsis-related acute
organ dysfunction is significantly associated with patient mortal-
ity. Therefore, early risk stratification using clinical scores and sub-
sequent evaluations of organ dysfunction should be included in
the standard of care to identify high-risk patients. Several severity
scoring systems, such as the Pneumonia Severity Index (PSI) and
confusion, urea, respiratory rate, blood pressure, and age (CURB-
65) by the British Thoracic Society, have been used as a basis for
diagnosis at the site of care and the prognosis of patients with
CAP worldwide.??

In 2016, the Sepsis-3 Task Force updated the previous defini-
tion of sepsis, primarily to accurately differentiate sepsis from
simple infection.* They defined sepsis as a life-threatening organ
dysfunction caused by a dysregulated host response to infection.
Organ dysfunction was defined as an increase in the Sequential
Organ Failure Assessment (SOFA) score of 2 or higher. In addition,
a bedside score for risk stratification, i.e., the quick SOFA (qSOFA),
was proposed, which incorporates hypotension, altered mental
status, and tachypnea. qSOFA was highly predictive of mortality
in non-intensive care unit (ICU) settings.” However, the diagnostic
and prognostic values of qSOFA, specifically in patients who are
in the emergency department (ED), have not been validated and
stratified according to the primary cause of sepsis.

In the current study, we investigated the prognostic value of
qSOFA in patients with CAP who are admitted in the ED, and the
result was compared with that of other pneumonia severity scor-
ing systems. Furthermore, the predictive value of qSOFA with lac-
tate concentration as a useful and practical tool for the early pre-
diction of in-hospital mortality in patients with CAP in the ED
was investigated.

METHODS

Study design

This retrospective and observational study included a consecutive
cohort admitted in the ED of a hospital located in an urban area
in Seoul, Korea. The institutional review board approved this study
(KC17RESI0350) despite its retrospective nature. The requirement
for informed consent was waived.

Study setting and population

This study was conducted in the Department of Emergency Medi-
cine of Seoul St. Mary's Hospital, a 1,320-bed tertiary teaching
hospital. The ED sees approximately 60,000 patients annually. A
physician provides initial emergency treatment to all adult pa-
tients, including those older than 18 years, who visited the ED
due to any medical problems between January 2015 and June
2015. We identified adult patients with CAP based on the dis-
charge diagnosis. Among these patients, those with available lab-
oratory and radiological data were included in the study, and
their medical records were reviewed to confirm the diagnosis of
CAP. This condition was diagnosed in accordance with the Infec-
tious Diseases Society of America/American Thoracic Society quide-
lines based on the presence of at least one of the following clini-
cal symptoms: cough, sputum, fever, dyspnea, pleuritic chest pain,
coarse crackles upon auscultation, elevated inflammatory bio-
markers, and new infiltrate on chest radiography.® Patients who
were immunocompromised due to certain disease conditions and
those who were transferred from another hospital, discharged
from the hospital within the last 10 days, diagnosed with hospi-
tal-acquired pneumonia,” and pronounced dead upon arrival or
had received visit-irrelevant medical treatment were excluded.

Data collection
We obtained the following demographic and clinical data from the
medical records of the study participants: age, sex, and comorbidi-
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ties, including hypertension, diabetes mellitus, coronary artery dis-
ease, cerebrovascular accident, congestive heart failure, chronic kid-
ney disease, pulmonary disease, and malignancy. Data on serum in-
flammatory biomarkers, such as high-sensitivity C-reactive protein
levels, erythrocyte sedimentation rate, and white blood cell count,
were obtained during admission in the ED. For qSOFA, data, particu-
larly mental health status, collected by trained triage nurses during
patient admission in the ED were collected. The patients were cate-
gorized as either alert, verbally responsive, pain responsive, or unre-
sponsive. To assess the disease severity of the enrolled patients, the
CURB-65, PSI, qSOFA, SOFA, and Acute Physiology and Chronic
Health Evaluation (APACHE) Il scores were calculated for each pa-
tient, using data that had been collected upon arrival at the ED.

Outcome variables

The primary outcome of interest was all-cause in-hospital mor-
tality. Survival to hospital discharge was defined as the discharge
of patients who are alive from the hospital to home or to other
health care facilities, including rehabilitation hospitals. The sec-
ondary outcomes were ICU admission, length of hospital stay, va-
sopressor use, and mechanical ventilator use.

Statistical analysis

Data were presented as mean +standard deviation for continuous
variables and as percentages for categorical variables. Normally
distributed data were analyzed using an independent samples t-
test. Data with skewed distribution, expressed as medians with
inter quartile range, were analyzed using the Mann-Whitney U-
test. The chi-square test was used to compare frequencies. The
cut-off score, which represented the optimal trade-off between
sensitivity and specificity, was determined. Receiver operating
characteristic (ROC) curves for in-hospital mortality were plotted
for each predictor using cut-off values, and the predictive accu-
racy of each predictor was determined by the area under the ROC
curve (AUROC) and 95% confidence interval (Cl). Models were
also established using several logistic regressions to save the pre-
dicted probabilities. A ROC analysis was carried out using the
saved probability as an indicator. Using this probability, elevated
qSOFA or lactate concentration was defined as a qSOFA score
>2 or lactate concentration >2 mmol/L upon admission to the
ED. Their discriminatory power was determined by comparing the
AUROCs and the differences between the AUROCs. Pairwise AU-
ROC comparisons were also performed between predictors using
the nonparametric approach developed by Delong et al.? The data
were analyzed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA)
and MedCalc ver. 12.0 (MedCalc Software, Mariakerke, Belgium).
A P-value <0.05 was considered statistically significant.
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RESULTS

Characteristics of the study population

During the study period, a total of 953 consecutive patients with
suspected pneumonia were admitted to the ED. Among these pa-
tients, 396 patients were excluded due to transfer from another
hospital (n=152), hospital discharge within 10 days (n=73), im-
munocompromised status because of certain disease conditions,
such as leukemia or human immunodeficiency virus infection
(n=74), and incomplete data (n=97). A total of 114 patients
were also excluded because they did not meet the CAP definition.
Thus, only 443 patients were included in this study (Fig. 1).

Table 1 shows the characteristics and laboratory data of the
study population. A total of 44 patients (9.9%) died during their
hospital stay. The mean age was 67 years, and 253 patients (57.1%)
were male. The mean age was not different between the survivors
and non-survivors. Hypertension was the most common comor-
bidity. A history of diabetes mellitus was more common among
non-survivors. The vital signs (i.e., systolic blood pressure, diastolic
blood pressure, heart rate, and respiratory rate) of the non-survi-
vors upon admission were more significantly unstable than that
of the survivors. The length of hospital stay of the non-survivors
was longer than that of the survivors. The use of vasopressor and
ventilator support was more frequent in non-survivors than in
survivors.

953 Suspected pneumonia

152 Transferred from other hospital
73 Discharged within 10 days

74 Immunocompromised disease
97 Incomplete data

\ 4

% 114 Unmet CAP definition

A4
’ 443 Community-acquired pneumonia ‘

: !

’ 399 Survivors ‘ ’ 44 Non—survivors‘

Fig. 1. Flow chart of patients enrolled in this study. CAP, community-
acquired pneumonia.
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Table 1. Baseline characteristics of patients with community-acquired pneumonia

gSOFA with lactate in patients with CAP

All (n=443) Survivors (n=399) Non-survivors (n=44) P-value
Male 253 (57.1) 226 (56.6) 27 (61.4) 0.344
Age (yr) 66.5+15.1 66.3+15.2 68.6+13.9 0.548
Premorbid disease
Hypertension 191 (43.1) 166 (41.6) 25 (56.8) 0.053
Diabetes mellitus 108 (24.4) 91 (22.8) 17 (38.6) 0.020
Coronary artery disease 49 (11.1) 43(10.8) 6(13.6) 0.566
Congestive heart failure 6(1.4) 6(1.5) 0(0.0) 0.413
Cerebrovascular accident 32(7.2) 27 (6.8) 5(11.4) 0.264
Pulmonary disease 45 (10.2) 42 (10.5) 3(6.8) 0.440
Chronic kidney disease 35(7.9) 32(8.0) 3(6.8) 0.779
Malignancy 93 (21.0) 79 (19.8) 14(31.8) 0.063
Vital sign
Systolic blood pressure (mmHg) 127.8+£24.2 128.8+23.5 118.9+28.4 0.010
Diastolic blood pressure (mmHg) 76.4+16.0 769+153 71.3+20.6 0.027
Heart rate (beats/min) 100.3+19.1 99.7+18.4 106.1+24.0 0.034
Respiratory rate (cycles/min) 209+3.8 20.7+3.6 22.8+49 0.006
Temperature (°C) 37.7+09 37.7+09 37.6+1.0 0.589
Altered mental status 16 (3.6) 5(1.3) 11 (25.0) <0.001
Laboratory results
White blood cell (x10°/L) 9.0 (6.5-12.5) 9.0 (6.5-12.5) 10.3 (5.4-14.4) 0.205
Erythrocyte sedimentation rate (mm/hr) 40.0 (25.0-58.5) 40.0 (25.0-58.5) 50.0 (34.0-71.0) 0.041
C-reactive protein (mg/dL) 5.1 (2.0-11.1) 5.1 (2.0-11.1) 12.0 (7.0-25.1) <0.001
Lactate (mmol/L) 1.2 (0.9-1.6) 1.2 (0.9-1.6) 2.3 (1.4-3.2) <0.001
pH 7.44+0.06 7.45+0.06 7.42+0.08 0.021
pO2 (mmHg) 78.0+55.6 78.8+57.6 70.3+32.1 0.331
Sp02 (%) 928+7.2 93.2+6.6 88.8+10.7 0.010
Hospital course
ICU admission 43(9.7) 19 (4.8) 24 (54.5) <0.001
Hospital days 6.0 (2.0-12.0) 12.0 (5.5-30.5) 6.0 (2.0-13.0) 0.003
Vasopressor use 49 (11.1) 22 (5.5) 27 (61.4) <0.001
Mechanical ventilator use 30 (6.8) 14 (3.5) 16 (36.4) <0.001
Values are presented as number (%), mean * standard deviation, or median (interquartile range).
pH, potential of hydrogen; pO., partial pressure of oxygen; Sp0O., oxygen saturation measured via arterial blood gas analysis; ICU, intensive care unit.
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Fig. 2. Patients distributions and in-hospital mortality by scoring system. (A) Quick Sequential Organ Failure Assessment, (B) CURB-65 (confusion, urea,

respiratory rate, blood pressure, and age), and (C) Pneumonia Severity Index class.
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Prognostic significance of gSOFA and other scoring systems
Of the study cohort, 33 (7.4%) had qSOFA scores >2, and 145
patients (32.7%) had CURB-65 scores > 3. In addition, 259 pa-
tients (58.5%) had a PSI class IV disease or higher, and 243 pa-
tients (54.9%) had an increased SOFA score =2 from baseline.
The distributions of each score and their relationships with in-hos-
pital mortality are presented in Fig. 2. An association between
qSOFA, CURB-65, and PSI scores and in-hospital mortality (P<
0.001) was observed. The ability to predict in-hospital mortality
was higher when the qSOFA (AUROC, 0.720; 95% Cl, 0.675 to
0.761) was used rather than either the CURB-65 (AUROC, 0.652;
950 Cl, 0.605 to 0.696) or PSI (AUROC, 0.686; 95% Cl, 0.640 to
0.729). However, these differences were not statistically signifi-
cant. When the discrimination between survivors and non-survi-

100 100

g0 | 80 |

CEEM

vors were compared, the qSOFA scores were slightly lower than
the APACHE Il score (AUROC, 0.732; 95% Cl, 0.688 to 0.773) and
SOFA score (AUROC, 0.845; 95% Cl, 0.808 to 0.877), which showed
that the highest AUROC among the various predictors of in-hos-
pital mortality in patients with CAP (Fig. 3).

Combination of qSOFA and lactate concentration

When a qSOFA score >2 or a lactate concentration >2 mmol/L
upon admission in the ED is used as a cut-off point, the sensitivity
and specificity for subsequent hospital mortality were 71.4% (95%
Cl, 55.4 to 84.3) and 83.2% (95% Cl, 79.0 to 86.8), respectively
(Table 2). The ability of qSOFA with lactate concentrations in pre-
dicting hospital mortality was significantly higher (AUROC, 0.828;
950 Cl, 0.788 to 0.863) than that of qSOFA alone, and it became

100

[ 60
z *r z z
= = =
= = =
2 .0 z 2
g 40 I g 40 &
20 20
3 — qSOFA  0.720 (0.675-0.761) — gSOFA  0.720 (0.675-0.761) — qSOFA 0.720 (0.675-0.761)
H S CURB-65 0.652 (0.605-0.696) - SOFA 0.845(0.808-0877)  F¥ Lactate 0.778 (0.735-0.817)
I - PS| class  0.686 (0.640-0.729) 0 B - APACHEIl 0.732 (0.688-0.773) 0 r - (SOFA+Lactate 0.828 (0.788-0.863)
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Fig. 3. The receiver operating characteristic curves for in-hospital mortality relative to the predictive power of various scoring systems. (A) The ability to
predict in-hospital mortality was higher when the quick Sequential Organ Failure Assessment (qSOFA) was used rather than either the confusion, urea,
respiratory rate, blood pressure, and age (CURB-65) or Pneumonia Severity Index (PSI). However, these differences were not statistically significant. (B)
When the discrimination between survivors and non-survivors were compared, the gSOFA scores were slightly lower than the Acute Physiology and Chronic
Health Evaluation (APACHE) Il score and Sequential Organ Failure Assessment (SOFA) score. (C) The ability of gSOFA with lactate concentrations in pre-
dicting hospital mortality was significantly higher than that of gSOFA alone or lactate alone.

Table 2. Test characteristics for various predictors of in-hospital mortality in patients with community-acquired pneumonia

Specificity Positive predictive value  Negative predictive value

(95% CI)

(95% CI)

(95% CI)

Sensitivi
Cut-off value (95% Clt)y
qSOFA 22 29.6 (16.8-45.2)
Lactate >2.0 mmol/L 64.3 (48.0-78.4)
qSOFA+lactate >2 or >2.0 mmol/L 71.4 (55.4-84.3)
CURB-65 >3 29.6 (16.8-45.2)
CURB-65+lactate >3 or >2.0 mmol/L 76.2 (60.5-87.9)
PSI >V 77.3 (62.2-88.5)
PSl+lactate >1V or >2.0 mmol/L 80.9 (65.9-91.4)
SOFA scores >2 97.7 (88.0-99.9)
APACHE Il 212 61.4 (45.5-75.6)

95.0 (92.4-96.9)
85.6 (81.6-89.0)
83.2 (79.0-86.8)
95.0 (92.4-96.9)
80.5 (76.2-84.4)
436 (38.7-48.6)
67.7 (62.7-72.4)
499 (44.9-54.9)
73.4 (68.8-77.7)

39.4 (22.9-57.9)
333 (23.2-44.8)
323 (22.9-42.7)
39.4 (22.9-57.9)
30.5 (21.9-40.2)
13.1(9.3-17.9)

23.7 (16.8-31.8)
17.7 (13.1-23.1)
203 (13.8-28.1)

92.4 (89.4-94.8)
95.5 (92.7-97.5)
96.3 (93.6-98.1)
92.4 (89.4-94.8)
96.8 (94.2-98.5)
94.6 (90.2-97.4)
96.5 (93.6-98.3)
99.5 (97.2-100.0)
945 (91.4-96.8)

Cl, confidence interval; gSOFA, quick Sequential Organ Failure Assessment; CURB-65, confusion, urea, respiratory rate, blood pressure, and age; PSI, pneumonia severity in-

dex; SOFA, sequential organ failure assessment; APACHE, Acute Physiology and Chronic Health Evaluation.

Clin Exp Emerg Med 2019;6(1):1-8
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Table 3. Differences between the AUROCs of the various predictors of in-hospital mortality

qSOFA qSOFA+lactate
AUROC
Differences (95% Cl) P-value Differences (95% Cl) P-value

qSOFA 0.720 - - 0.099 (0.029-0.169) 0.005
Lactate 0.778 0.021 (-0.083-0.124) 0.692 0.078 (0.032-0.126) 0.001
qSOFA+lactate 0.828 0.099 (0.029-0.169) 0.005 - -

CURB-65 0.652 0.051 (-0.041-0.144) 0.278 0.151 (0.049-0.252) 0.003
CURB-65+lactate 0.805 0.076 (-0.014-0.168) 0.100 0.023 (-0.026-0.072) 0.355
PSI 0.686 0.030 (-0.053-0.113) 0.479 0.130 (0.144-0.215) 0.003
PSI+lactate 0.804 0.075 (-0.008-0.161) 0.079 0.024 (-0.014-0.061) 0.214
SOFA 0.845 0.123 (0.039-0.207) 0.004 0.024 (-0.047-0.094) 0.509
APACHE 1| 0.732 0.028 (-0.068-0.125) 0.564 0.071 (-0.019-0.161) 0.122

AUROC, area under the receiver-operating characteristic curve; gSOFA, quick Sequential Organ Failure Assessment; Cl, confidence interval; CURB-65, confusion, urea, respi-
ratory rate, blood pressure, and age; PSI, pneumonia severity index; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health Evaluation.

Table 4. Comparisons of outcomes in patients with community-ac-
quired pneumonia using qSOFA with lactate

qSOFA 22 or lactate >2.0 mmol/L

P-value
Yes (n=103) No (n=340)
Primary outcome
Non-survivor 30 (29.1) 14 (4.1) <0.001
Secondary outcome
ICU admission 28(27.2) 15 (4.4) <0.001
Hospital days 7.0 (2-16) 6.0 (2-12) 0.027
Vasopressor use 29 (28.2) 20 (5.9) <0.001
Mechanical ventilator use 14 (13.6) 16 (4.7) 0.003

Values are presented as number (%) or median (interquartile range).
gSOFA, quick Sequential Organ Failure Assessment; ICU, intensive care unit.

comparable to that of the standard SOFA (full version) used upon
admission (AUROC, 0.845; 95% Cl, 0.808 to 0.877). In addition, the
AUROC of qSOFA with lactate concentration was significantly dif-
ferent from that of either gSOFA or lactate alone (Table 3).

QOutcomes

The in-hospital mortality of patients who had a qSOFA score >2
or lactate concentration >2 mmol/L was 29.1%, which signifi-
cantly differed from that of in-hospital mortality (4.1%) of other
patients (P<0.001). For the secondary outcomes, significant dif-
ferences were observed between the groups in terms of ICU ad-
mission rate (27.2% vs. 4.4%) and vasopressor or mechanical ven-
tilator use (28.2% vs. 5.9% and 13.6% vs. 4.7%). In addition, pa-
tients who had qSOFA scores > 2 or lactate levels >2 mmol/L had
a longer hospital stay (median 7.0 vs. 6.0) (Table 4).

DISCUSSION

In the current study, the prognostic performance of qSOFA for in-
hospital mortality in patients with CAP who presented to the ED

was investigated. A considerable number of patients did not meet
the criteria for a positive qSOFA score, resulting in a low sensitiv-
ity. However, qSOFA with lactate concentration had a better pre-
dictive value for in-hospital mortality than conventional prognos-
tic factors in patients with CAP admitted in the ED.

CAP is associated with a high risk of developing respiratory
failure or septic organ dysfunction. Therefore, early CAP manage-
ment is based on severity assessment tools. The Infectious Dis-
eases Society of America/American Thoracic Society guidelines,
on which many international guidelines are modeled, recommend
using both PSI and CURB-65 scores.® CURB-65 is very similar to
gSOFA in terms of components (i.e., confusion, urea, respiratory
rate, blood pressure, and age > 65 years) and is considered as a
highly useful tool in the ED. The PSI is known as the best predic-
tor of mortality in patients with CAP. However, the PSI is signifi-
cantly more complex than the CURB-65, requiring the measure-
ment of 20 parameters with different points for each.? However,
it is not properly utilized in clinical practice because clinicians
find it difficult to use.® Chen et al.” reported that qSOFA was
better than CRB-65 (confusion, respiratory rate >30/min, systolic
blood pressure <90 mmHg or diastolic blood pressure <60
mmHg, age > 65 years) in identifying individuals who are at high
risk of mortality and those with pneumonia who require ICU ad-
mission. Similarly, in our study, gSOFA was applied for mortality
prediction in patients with CAP, and it was compared with CURB-
65 and PSI. The AUROC of qSOFA was higher than that of the
two parameters. However, the difference was not statistically sig-
nificant. The gSOFA is easier to measure and, thus, relatively use-
ful for patients with pneumonia who are admitted in the ED.

The serum lactate level is a known predictor of mortality in
patients with sepsis, organ failure, and shock." Hyperlactatemia
upon admission is an early marker of organ failure and hypoper-
fusion, even before clinical hypotension is evident."” In the ED,

www.ceemjournal.org
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lactate levels obtained as part of point-of-care testing can pro-
vide an immediate result. Moreover, in the updated definitions
(2016) of sepsis and septic shock, a lactate level >2 mmol/L, with
a requirement for vasopressors to maintain a mean arterial pres-
sure of 65 mmHg, was suggested in the new definition of septic
shock.* This was based on a meta-analysis of the literature and
large cohort study of patients with sepsis, which showed a prog-
nostic value of >2 mmol/L for mortality in sepsis."”* CAP is con-
sidered as a major cause of sepsis. Accordingly, the recommenda-
tions for appropriate sepsis management have been incorporated
into the current CAP guidelines and implemented within CAP man-
agement bundles.""® Qur study showed that a lactate level >2
mmol/L, which was measured as the point-of-care testing in pa-
tients with CAP, upon admission was the best cut-off value for
predicting in-hospital mortality.

The qSOFA was recently proposed as a simple tool for identify-
ing patients who are at high risk for mortality, among those with
suspected sepsis outside of the ICU.* Although the efficacy of
gSOFA in the ED setting varied according to recent studies,'” %
another study showed a poor sensitivity for the pre-hospital iden-
tification of severe sepsis and septic shock.?" In the present study,
the sensitivity of a positive gSOFA score for the prediction of in-
hospital mortality upon ED arrival was only 29.6% in patients
with CAP, which was significantly lower than that in other stud-
ies. This may be due to the inclusion of patients with CAP alone
and not those with other infectious diseases. The low sensitivity
and poor discriminative ability of gSOFA as a screening tool for
ED patients have been a cause of concern since early recognition
and prompt intervention are the most important aspects of sepsis
management. Various organ failure scores have been used to iden-
tify the mortality risk in patients who are critically ill. APACHE Il
and SOFA scores have been widely used to quantify the severity
of various illnesses, particularly in patients in the ICU, and these
scores have been validated in several clinical studies.”?* The se-
verity of a patient's disease may be related to an increase in a
SOFA score of 2 or more from baseline. Despite the high sensitivi-
ty and discrimination ability of SOFA, the computation is extremely
complicated, and the value cannot be quickly obtained in the ED.
In our study, no statistically significant difference was observed
in the predictive power of qSOFA and lactate concentration, which
showed independent associations with the in-hospital mortality
prediction in patients with CAP and qSOFA criteria. The combina-
tion of qSOFA and lactate concentration as an index that can be
easily obtained at the initial ED visit may be helpful in determin-
ing the treatment management for patients. Ho and Lan* recently
reported the ability of gSOFA in predicting hospital mortality was
further enhanced (AUROC, 0.730; 95% Cl, 0.694 to 0.765) and
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became comparable to that of standard (full version) admission
SOFA (AUROQC, 0.727; 95% Cl, 0.695 to 0.759) when it was com-
bined with arterial lactate concentrations (grouped into 3 cate-
gories: <2, 2-4, and >4 mmol/L). For example, when combined
with plasma lactate concentrations greater than 4 mmol/L, the
qSOFA scores of 2 and 3 were associated with a substantial risk
of subsequent mortality, compared to patients with a qSOFA of
zero and normal lactate concentration (<2 mmol/L). Even a mod-
erate increase in lactate concentration (between 2 and 4 mmol/L)
substantially increased the risk of mortality in patients with a
qSOFA score of 2 or higher. As such, when combined with an ele-
vated lactate concentration (>2 mmol/L), a qSOFA score of 2 or
higher would be very useful in distinguishing a high-risk patient,
who is likely to deteriorate, resulting in subsequent mortality. In
our study, qSOFA with lactate concentration was defined as qSO-
FA score >2 or a lactate concentration >2 mmol/L based on our
statistical results. Furthermore, the AUROC in our study was sig-
nificantly higher than that reported by Ho and Lan.** lliness se-
verity that was calculated within 24 hours of ICU admission rather
than upon ED arrival could have caused this result. Furthermore,
patients with both infectious and noninfectious diseases could
have been included in the cohort of the previous study.

However, the present study has several limitations. This is a
single-center retrospective study with a small sample size. The
small study population and lack of control for confounders limit-
ed the generalizability of our findings. Since we only assessed in-
hospital mortality, long-term outcomes were not identified. Thus,
future prospective multicenter studies must be conducted. Nev-
ertheless, pneumonia-specific risk scales that include lactate mea-
surement can significantly improve mortality prediction and may
be useful in ED settings.

In conclusion, gSOFA with lactate concentration can be con-
sidered as a useful and practical tool for the early prediction of
in-hospital mortality among patients with CAP in the ED.
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