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Key messages

What is already known on this subject
►► The Sequential Organ Failure Assessment 
(SOFA) score has been developed and validated 
to predict prognosis in patients with sepsis in 
developed countries.

►► The prognostic accuracy of the SOFA score and 
quick SOFA (qSOFA) criteria in low and middle 
income countries has not been prospectively 
assessed.

►► The simplified rapid and accurate prognosis 
criteria using more affordable parameters is not 
available.

What this study adds
►► The prognostic accuracy of the qSOFA is 
significantly lower than the qSOFA-lactate 
criteria (defined as two or more qSOFA criteria, 
and venous lactate concentration >2 mmol/L) 
and the SOFA score in an emergency 
department of a hospital with limited resources.

►► The qSOFA-lactate criteria may be used as a 
simplified prognosis criteria in the emergency 
department of a hospital with limited resources.

►► The qSOFA-lactate criteria perform as good as 
the SOFA score, without the requirement to use 
numerous routine laboratory tests.

Abstract
Background  Routine use of the Sequential Organ 
Failure Assessment (SOFA) score to prognosticate 
patients with sepsis is challenged by the requirement 
to perform numerous laboratory tests. The prognostic 
accuracy of the quick SOFA (qSOFA) without or with 
lactate criteria has not been prospectively investigated 
in low and middle income countries. We assessed the 
performance of simplified prognosis criteria using 
qSOFA-lactate criteria in the emergency department of a 
hospital with limited resources, in comparison with SOFA 
prognosis criteria and systemic inflammatory response 
syndrome (SIRS) screening criteria.
Methods  This prospective cohort study was conducted 
between March and December 2017 in adult patients 
with suspected bacterial infection visiting the emergency 
department of the Indonesian National Referral Hospital. 
Variables from sepsis prognosis and screening criteria 
and venous lactate concentration at enrolment were 
recorded. Patients were followed up until hospital 
discharge or death. Prognostic accuracy was measured 
using area under the receiver operating characteristic 
curve (AUROC) of each criterion in the prediction of in-
hospital mortality.
Results  Of 3026 patients screened, 1213 met the 
inclusion criteria. The AUROC of qSOFA-lactate criteria 
was 0.74 (95% CI 0.71 to 0.77). The AUROC of qSOFA-
lactate was not statistically significantly different to 
the SOFA score (AUROC 0.75, 95% CI 0.72 to 0.78; 
p=0.462). The qSOFA-lactate was significantly higher 
than qSOFA (AUROC 0.70, 95% CI0.67 to 0.74; 
p=0.006) and SIRS criteria (0.57, 95% CI0.54 to 0.60; 
p<0.001).
Conclusions  The prognostic accuracy of the qSOFA-
lactate criteria is as good as the SOFA score in the 
emergency department of a hospital with limited 
resources. The performance of the qSOFA criteria is 
significantly lower than the qSOFA-lactate criteria and 
SOFA score.
This abstract has been translated and adapted from the 
original English-language content. Translated content 
is provided on an "as is" basis. Translation accuracy 
or reliability is not guaranteed or implied. BMJ is not 
responsible for any errors and omissions arising from 
translation to the fullest extent permitted by law, BMJ 
shall not incur any liability, including without limitation, 
liability for damages, arising from the translated text.

Introduction
In 2016, the European Society of Intensive Care 
Medicine and the Society of Critical Care Medicine 
proposed a new criteria for the diagnosis of sepsis 
based on predictive validity assessment, that is, 
sepsis-3 criteria, which highlight the role of organ 
dysfunction in increasing the risk of mortality in 
patients with infection. Two prognostic criteria—
quick Sequential Organ Failure Assessment (qSOFA) 
criteria and Sequential Organ Failure Assessment 
(SOFA) score—were proposed in the application of 
this updated criteria.1 The use of the SOFA score 
is challenged by the complexity of routine labo-
ratory tests (such as blood gas analysis, bilirubin, 
creatinine, thrombocyte count), which are needed 
for the fulfilment of criteria, especially in hospitals 
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with limited resources in low and middle income countries 
(LMICs), where most of the sepsis burden occurs.2 3 Although 
the prognostic accuracy of the SOFA score and qSOFA criteria 
were previously determined using retrospective patient data 
from high income countries, such results may differ from those 
of patients from LMICs with more limited resources.1 Previous 
studies on the accuracy of the qSOFA criteria in hospitals with 
limited resources and in LMICs demonstrated various results.4–7

Hyperlactataemia has been extensively studied as a valu-
able predictor for in-hospital mortality in patients admitted 
to hospital for a number of reasons, including infection.8–10 In 
areas with limited resources, including Indonesia, where delays 
in seeking medical care are related to a worsening prediction of 
infection outcome, high lactate concentrations have been iden-
tified as independent predictors of mortality in infected patients 
with diabetic ketoacidosis.11 Furthermore, as an important 
predictor of mortality, venous lactate concentrations can easily 
be measured using an accurate point of care test which helps in 
identifying patients with poor prognosis.12

A previous study which added lactate criteria as the fourth 
component of the qSOFA criteria revealed no meaningful 
change in the predictive validity as a balance of complexity and 
cost alongside the three components of the qSOFA criteria.13 
However, the potential use of lactate criteria in infected patients 
with a positive qSOFA criteria has not been previously investi-
gated in a prospective cohort study, especially in LMICs. The 
aim of this study was to investigate the prognostic accuracy of 
the qSOFA and lactate criteria (defined as two or more qSOFA 
criteria, and venous lactate concentration higher than the defined 
cut-off) in an emergency department of a hospital with limited 
resources, in comparison with established prognosis criteria (ie, 
SOFA score, qSOFA) and screening criteria (ie, systemic inflam-
matory response syndrome (SIRS) criteria).

Methods
Study design, setting and population
This was a prospective cohort study conducted between March 
and December 2017 in the emergency department of Cipto 
Mangunkusumo National Hospital, an Indonesian national 
referral hospital containing 927 beds. Adult patients (≥18 
years) with suspected bacterial infection (identified as those who 
had received oral or parenteral antibiotics and had body fluid 
cultures) and who were hospitalised were consecutively included 
in the study after being administered the first dose of antibiotics.

Data collection and endpoints
Each patient’s characteristics, vital signs and consciousness levels 
were recorded upon study enrolment for the included sample. 
These physical examination data, along with a complete blood 
count, creatinine, bilirubin, arterial blood gas analysis, and 
venous lactate measurements were recorded at their worst level 
during the previous 12 hours before study enrolment if there 
were more than two measurements provided for each vari-
able. All medical, nursing and laboratory staff in the emergency 
department received training on how to perform standardised 
measurements and record data on the above-mentioned vari-
ables before study initiation.

Prognosis criteria based on SOFA score were considered posi-
tive in the presence of two or more increments of SOFA score 
when compared with the patient’s baseline SOFA score before 
bacterial infection was suspected.1 The baseline SOFA score 
was determined through history-taking, the presence of a past 
diagnosis, and from clinical and laboratory data (if available) 

for established patients in the hospital’s medical record system. 
Positive qSOFA criteria were defined as the fulfilment of two 
or more qSOFA criteria, that is, respiratory rate of 22/min or 
more, abnormal mental status (Glasgow Coma Scale 14 or less), 
and systolic blood pressure of 100 mmHg or less.1 Positive 
qSOFA-lactate criteria were defined as fulfilment of two or more 
qSOFA criteria and a venous lactate concentration higher than 
the determined cut-off. SIRS criteria—which included: respira-
tory rate >20/min or arterial carbon dioxide pressure (PaCO2) 
<32 mmHg; temperature >38°C or <36°C; pulse >90 beats/
min; white blood cell count >12 000/μL or <4000/mL or >10% 
bands—were calculated for all patients.14 Positive SIRS criteria 
were defined as the fulfilment of two or more SIRS criteria. 
Patients were classified based on their fulfilment of increments 
of SOFA score, qSOFA, qSOFA-lactate, and SIRS criteria.

The endpoint was in-hospital mortality within 28 days; thus, 
patients were followed up until hospital discharge or death. 
Patients who were still hospitalised after 28 days were consid-
ered as failing to meet the endpoint of in-hospital mortality.

Venous lactate measurement using point-of-care test
Venous lactate was measured using the commercially available 
Accutrend Plus Roche, Roche Diagnostics GmbH, Mannheim 
and test strip Diagnostics GmbH, Mannheim. A sample of 50 µL 
of fresh venous blood, collected by venepuncture, was dropped 
into the test area containing detection reagents.15 The strips were 
stored at a temperature of 24°C up to the stated expiration date. 
Accutrend Plus Roche was regularly calibrated every 6 months by 
Diagnostic Division Roche Indonesia.

To determine the appropriate cut-off values, the receiving 
operating characteristic (ROC) curve analysis was used to obtain 
the best sensitivity and specificity for venous lactate concentra-
tion in the prediction of in-hospital mortality. The best cut-off 
was >2 mmol/L (71% sensitifity and 69.4% specificity) with an 
area under the receiver operating characteristic curve (AUROC) 
of venous lactate concentration in the prediction of in-hospital 
mortality of 0.76 (95% CI 0.73 to 0.79).

Ethics
This study was approved by the Faculty of Medicine Univer-
sitas Indonesia, Cipto Mangunkusumo National Hospital Ethics 
Committee (ID of approval: 0040/UN2.F1/ETIK/2018). Written 
informed consent was obtained from all patients or their repre-
sentatives in cases where the patient’s mental capacity was 
lacking. All patients or their representatives were able to provide 
informed consent.

Stastistical analysis
The sample size for this study was based on an estimated AUROC 
of the SOFA score 0.80, with δ=0.10, α=0.05 and β=0.20. The 
required sample size for comparison of AUROC curves was 
calculated to be 1142 patients.16

Non-normally distributed variables were reported as median 
(IQR). Categorical variables were expressed as numbers and 
percentages. To assess the performance of qSOFA-lactate criteria 
to predict the endpoint, an ROC curve was constructed and the 
corresponding AUROC, sensitivity, specificity, positive and nega-
tive predictive values for a determined cut-off were calculated. 
This AUROC was compared with the AUROC of the SOFA 
score, qSOFA and SIRS criteria in order to assess the perfor-
mance of every criteria.

Statistical analyses were performed using the STATA Statistical 
Software Version 12 (Stata Corp, College Station, TX, USA). All 
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Figure 1  Flow diagram of study.

analyses were two-tailed, and a value of p<0.05 was required 
for statistical significance.

Patient and public involvement
At the beginning of the study the emergency department 
announcement board was used to inform the public about the 
research questions and outcome measurements. Patients were 
not involved in the design of the study. Patients voluntarily 
participated in the study after patients or their representatives 
provided informed consent. Results and interpretations of every 
physical examination, laboratory data and outcome related to 
this study were explained to patients or their representatives 
incoordination with the treating physicians. The amount of time 
required to participate in this study was explained at the begin-
ning of recruitment. The results of the study were disseminated 
to participants in a short message. Furthermore, dissemination 
of study results to the public were delivered by a poster attached 
to the emergency department announcement board.

Results
Patient characteristics
During the recruitment period 3026 patients were screened, and 
1813 patients were excluded as they were not suspected to have 
bacterial infection or had been included the day before. Thus 
a total of 1213 patients were included and observed for final 
analysis (figure 1).

The median (IQR) age was 51 (38-60) years and 637 patients 
(52.5%) were men. The most common findings for comor-
bidity, site of infection, and organ dysfunction were malignancy 

(29% of cases), respiratory (66.6% of cases) and renal dysfunc-
tion (48.9% of cases), respectively. Baseline characteristics are 
summarised in table 1. The SIRS criteria were ≥2 in 819 patients 
(67.5%), the qSOFA criteria were ≥2 in 750 patients (61.8%), 
and 774 patients (63.8%) had an increment of SOFA score of 
≥2. In total 599 patients (49.4%) had a venous lactate concen-
tration >2 mmol/L. Positive qSOFA-lactate criteria (defined as 
two or more qSOFA criteria and venous lactate concentration 
>2 mmol/L) were fulfilled by 395 patients (32.1%).

Outcome
The overall in-hospital mortality rate was 34.7% (95% CI 
32% to 37.4%). As shown in table 2, in-hospital mortality was 
increased among patients meeting positive sepsis prognosis 
criteria compared with those not meeting positive criteria. A 
SOFA score with an increment of >2 points demonstrated the 
highest hazard ratio for mortality (HR 8.3, 95% CI 5.9 to 11.6).

Performance of sepsis prognosis criteria
The prognostic performance for each of the criteria are reported 
in tables 3 and 4. For the prediction of in-hospital mortality, the 
SOFA score had a sensitivity of 89.3% (95% CI 86.0 to 92.1) 
and a specificity of 49.8% (95% CI 46.2 to 53.3), while the 
simplified qSOFA-lactate score had a sensitivity of 72.4% (95% 
CI 67.9% to 76.6%) and a specificity of 82.1% (95% CI 79.2% 
to 84.6%).

An ROC curve for the prediction of in-hospital mortality was 
constructed with the established and proposed sepsis prognosis 
criteria, namely the SOFA score, qSOFA, qSOFA-lactate, and 
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Table 1  Patients characteristics

Characteristics
All patients
(n=1213)

In-hospital 
death
(n=421)

Alive at out-of-
hospital or 28 days 
hospitalisation
(n=792)

Demographic characteristics

Gender, N (%)

 � Men 637 (52.5) 214 (50.8) 423 (53.4)

 � Women 576 (47.5) 207 (49.2) 369 (46.6)

Age (years), median (IQR) 51 (38–60) 52 (38.5–60.5) 50 (38–60)

Length of hospitalisation (days), median 
(IQR)

8 (4–15) 4 (2–8) 10 (6–8)

Critical care unit stays of 3 days or longer, 
N (%)

339 (27.9) 183 (43.5) 156 (19.7)

Clinical characteristics

Comorbidity, N (%)*

 � Chronic heart failure 130 (10.7) 33 (7.8) 97 (12.2)

 � Chronic obstructive pulmonary disease 21 (1.7) 8 (1.9) 13 (1.6)

 � Chronic kidney disease 266 (21.9) 102 (24.2) 164 (20.7)

 � Chronic kidney disease with routine 
dialysis

56 (4.6) 18 (4.3) 38 (4.8)

 � Cerebrovascular disease 105 (8.7) 49 (11.6) 56 (7.1)

 � Liver cirrhosis 71 (5.9) 27 (6.4) 44 (5.6)

 � Malignancy 352 (29) 163 (38.7) 189 (23.9)

 � Diabetes mellitus 286 (23.6) 80 (19) 206 (26)

 � Autoimmune disease 33 (2.7) 13 (3.1) 20 (2.5)

 � Tuberculosis infection 100 (8.2) 43 (10.2) 57 (7.2)

Site of infection, N (%)†*

 � Neurological 61 (5.0) 28 (6.7) 33 (4.2)

 � Respiratory 808 (66.6) 331 (78.6) 477 (60.2)

 � Abdominal 210 (17.3) 62 (14.7) 148 (18.7)

 � Urinary 71 (5.9) 16 (3.8) 55 (6.9)

 � Skin, soft tissue, bone and joints 247 (20.4) 60 (14.3) 187 (23.6)

 � Typhoid fever 13 (1.1) 0 (0) 13 (1.6)

 � Leptospirosis 5 (0.4) 2 (0.5) 3 (0.3)

Source of infection, N (%)‡

 � Community 1010 (83.3) 340 (80.8) 670 (84.9)

 � Nosocomial 213 (16.7) 81 (19.2) 122 (15.1)

Bacterial culture, N (%)§*

 � Blood culture 742 206 536

 � Positive 265 (35.7) 136 (66.0) 129 (24.1)

 � Negative 477 (64.3) 70 (34.0) 407 (75.9)

 � Sputum culture 558 263 295

 � Positive 469 (84.1) 225 (85.6) 244 (82.7)

 � Negative 89 (15.9) 38 (14.4) 51 (17.3)

 � Urine culture 69 16 53

 � Positive 59 (85.5) 14 (87.5) 46 (86.8)

 � Negative 10 (14.5) 2 (12.5) 7 (13.2)

 � Wound culture 201 51 150

 � Positive 174 (86.6) 45 (88.2) 131 (87.3)

 � Negative 27 (13.4) 6 (11.8) 19 (12.7)

 � Other (cerebrospinal fluid, pleural fluid, 
ascites, faeces)

283 93 190

 � Positive 164 (57.9) 58 (62.4) 106 (55.8)

 � Negative 119 (42.1) 35 (37.6) 84 (44.2)

SOFA-based organ dysfunction, N (%)*

 � Respiration 502 (41,4) 253 (60.1) 249 (31.4)

 � Liver 225 (18,5) 90 (21.4) 135 (17.0)

 � Cardiovascular 278 (22.9) 158 (37.5) 120 (15.2)

 � Central nervous system 415 (34,2) 234 (55.6) 181 (22.9)

 � Renal 594 (48,9) 227 (54.0) 367 (46.3)

 � Coagulation 297 (24,5) 111 (26.4) 186 (23.5)

SIRS criteria, median (IQR) 3 (2–4) 3 (2–4) 3 (2–3)

SIRS >2, N (%) 819 (67.5) 358 (85.0) 461 (58.2)

qSOFA criteria, median (IQR) 2 (1–2) 2 (2–3) 2 (1–2)

qSOFA >2, N (%) 750 (61.8) 331 (78.6) 419 (52.9)

Continued

Characteristics
All patients
(n=1213)

In-hospital 
death
(n=421)

Alive at out-of-
hospital or 28 days 
hospitalisation
(n=792)

SOFA score, median (IQR) 4 (1–6) 6 (3–8) 3 (1–5)

Increment SOFA score, median (IQR) 2 (1–5) 4 (3–6) 2 (0–4)

Increment SOFA score >2, N (%) 774 (63.8) 376 (89.3) 398 (50.3)

Venous lactate concentration (mmol/L), 
median (IQR)

1.9 
(1.1–3.4)

3.4 (2–5.6) 1.5 (0.8–2.4)

Positive qSOFA-lactate criteria, N (%) 395 (32.5) 235 (55.8) 160 (20.2)

*Patients could be recorded for more than one item in a category.
†Site of infection(s) were determined based on emergency department diagnosis.
‡Patients were categorised as acquiring hospital (nosocomial) infections if patients were transferred to the 
emergency room from another healthcare facility where he or she was admitted for ≥2 calendar days. Patients 
who did not fulfil that criteria were categorised as acquiring community infections (including those who were 
cared for at outpatient clinics).25

§Contaminated samples were not included.
qSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOFA, 
Sequential Organ Failure Assessment.

Table 1  Continued

SIRS criteria (figure  2 and table  4). The highest AUROC was 
seen in the SOFA score (0.75, 95% CI 0.72 to 0.78) and the 
lowest AUROC was seen in the SIRS criteria (0.57, 95% CI 0.54 
to 0.6). Addition of lactate criteria to positive qSOFA criteria 
significantly increased its prognostic performance (p=0.006 
compared with qSOFA criteria) to 0.74 (95% CI 0.71 to 0.77). 
The performance of this new simplified prognosis criteria was 
statistically similar to sepsis-3 criteria (p=0.462).

Discussion
This was the first study in Indonesia to prospectively deter-
mine the performance comparison of the SOFA score and the 
qSOFA criteria with the addition of lactate criteria to identify 
adult patients with suspected bacterial infection with higher 
risk of in-hospital mortality. The recommendation of using an 
increment of SOFA score is challenged by the routine labora-
tory tests required; thus, simplified prognosis criteria using more 
affordable parameters in hospitals with limited resources, that is, 
physical examination data and lactate measured by point of care 
test, are warranted. This study demonstrated that when used as 
a prognosis criterion in an Indonesian emergency department, 
the simplified criteria using the qSOFA-lactate criteria performs 
similar to the SOFA score.

Compared with the derivation and validation cohort of 
sepsis-3 criteria, patients included in our cohort showed a higher 
degree of infection severity. The median SIRS, qSOFA and SOFA 
scores in this study were 3, 2 and 4, respectively. These medians 
are higher than the medians of derivation and validation cohort 
of sepsis-3 criteria and a validation study reported in an emer-
gency department in Australia.13 17 The derivation and validation 
cohort of the sepsis-3 study reported medians of SIRS and SOFA 
scores in a non-intensive care unit (ICU) population of 1 and 1, 
respectively, while the ICU population had a median SIRS of 3 
and a median SOFA score of 6.13 In addition, the higher degree 
of severity was also confirmed by the lactate concentration seen 
in patients in this study. The median venous lactate concentra-
tion was 1.9 mmol/L, referring to nearly 50% of patients having 
a lactate concentration >2 mmol/L. On the other hand, the deri-
vation and validation cohort of sepsis-3 criteria patients showed 
a lower percentage of lactate concentration >2 mmol/L, that is, 
21% and 2% in ICU and non-ICU patients, respectively.13 The 
higher proportion of positive blood cultures in this study when 
compared with other studies further reflects the higher degree of 
infection severity in our patients.18

In the present study, the SOFA score demonstrated significantly 
better prognostic performance when compared with qSOFA 
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Table 2  Mortality according to sepsis prognosis criteria

Prognosis criteria

SOFA qSOFA qSOFA-lactate SIRS

>2 (n=774) <2 (n=439) >2 (n=750) <2 (n=463) Yes (n=395) No (n=818)
>2
(n=819)

<2
(n=394)

In-hospital mortality 376 (48.6) 45 (10.3) 331 (44.1) 90 (19.4) 235 (59.5) 186 (22.7) 358 (43.7) 63 (15.9)

Hazard ratio (%) (95% CI)* 8.3 (5.9 to 11.6) 3.3 (2.5 to 4.3) 5.8 (4.4 to 7.5) 2.9 (1.7 to 5.4)

*Group of patients not meeting positive sepsis prognosis criteria was used as reference.
qSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment.

Table 3  Performance of sepsis prognosis criteria

Prognosis criteria SOFA qSOFA qSOFA-lactate SIRS

Sensitivity (%) (95% CI) 89.3 (86.0 to 92.1) 78.6 (74.4 to 82.4) 55.8 (50.9 to 60.6) 92.6 (89.7 to 94.9)

Specificity (%) (95% CI) 49.8 (46.2 to 53.3) 47.1 (43.6 to 50.6) 82.1 (79.2 to 84.6) 11.9 (9.7 to 14.3)

PPV (%) (95% CI) 48.6 (45 to 52.2) 44.1 (40.6 to 47.7) 62.3 (57.2 to 67.2) 35.9 (35.0 to 36.7)

NPV (%) (95% CI) 89.7 (86.4 to 92.3) 80.6 (76.6 to 84) 77.5 (74.7 to 80.5) 75.2 (67.3 to 81.7)

NPV, negative predictive value; PPV, positive predictive value; qSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOFA, 
Sequential Organ Failure Assessment.

Table 4  Area under the receiver operating characteristic curve (95% CI) for in-hospital mortality of sepsis prognosis criteria

SOFA qSOFA qSOFA-lactate SIRS

SOFA 0.75 (0.72 to 0.78) 0.05 (0.02 to 0.08) 0.01 (0.01 to 0.02) 0.18 (0.14 to 0.22)

qSOFA 0.002 0.70 (0.67 to 0.74) 0.04 (0.01 to 0.07) 0.13 (0.09 to 0.17)

qSOFA-lactate 0.462 0.006 0.74 (0.71 to 0.77) 0.17 (0.13 to 0.21)

SIRS <0.001 <0.001 <0.001 0.57 (0.54 to 0.60)

The data in the dark grey-shaded diagonal cells indicate the AUROC (95% CI) for each diagnosis criteria. Below the AUROC data cells are p values for comparisons between 
criteria, while above the AUROC data cells are AUROC differences (95% CI).
AUROC, area under the receiver operating characteristic curve; qSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOFA, 
Sequential Organ Failure Assessment.

criteria in the non-ICU population. This finding contrasted with 
the derivation and validation cohort of the sepsis-3 criteria, and 
with several other reported validation studies. The derivation 
and initial external datasets validation cohort showed a signifi-
cantly better performance of qSOFA criteria compared with 
SOFA score (0.81, 95% CI 0.80 to 0.82 vs 0.79, 95% CI 0.78 
to 0.80) in the non-ICU population.13 19 The lower performance 
of qSOFA was similar to results of previous published validation 
studies in LMICs.5 7 The higher degree of infection severity may 
explain this finding. In populations with a higher mortality rate, 
a more detailed criteria is required for more accurate outcome 
prediction.20 In addition, the most common organ dysfunc-
tion for patients in this study was renal dysfunction (48.9%), 
the parameter of which is not covered by the qSOFA criteria. A 
previous study concluded that renal dysfunction is the second 
strongest independent predictor of outcome when compared 
with other organ dysfunctions.21

The performance of qSOFA is significantly improved by the 
addition of venous lactate criteria. This study demonstrated an 
optimal cut-off for lactate concentration of 2 mmol/L, which is in 
accordance with data from the derivation cohort of the sepsis-3 
criteria.13 Simplified criteria using the fulfilment of two or more 
qSOFA criteria and venous lactate concentration >2 mmol/L 
had an AUROC comparable with criteria using an increment of 
2 or higher SOFA score and is also significantly better than SIRS 
criteria. Lactate is a well-known metabolic indicator of microcir-
culation and cellular stress, and has shown a strong correlation 
with mortality level in critically ill patients, including those with 
sepsis.8–10 Abnormal liver and kidney function in septic patients 
contributes to increased lactate levels; thus, indirectly, lactate can 

also be used as a coarse indicator of organ dysfunction.22 Venous 
lactate has no significant difference with arterial lactate and is not 
interfered by the use of a tourniquet.23 Moreover, the measure-
ment of venous lactate using a point of care portable analyzer has 
proved to be a simple, rapid and accurate method.12

Although qSOFA-lactate criteria showed similar AUROC with 
SOFA score, they demonstrated lower sensitivity and better speci-
ficity (table 3). As a prognosis criteria, better specificity is a desir-
able property, although in diseases with high rates of mortality such 
as sepsis, sensitivity is considered important as well.24 As can be 
seen in the present study, mortality was predicted in only 31.1% 
of patients by the qSOFA-lactate criteria, compared with 63.8% of 
patients by the SOFA score. The smaller population categorised as 
a group with a higher risk of mortality will potentially lead to an 
increase in more focused intensive clinical care in this population.

Contrary to the derivation and validation cohort of the 
sepsis-3 criteria study, the present study has several strengths. 
First, this study was carried out prospectively in an emergency 
department, thus enabling the measurement of venous lactate 
concentration and SOFA score components universally in every 
patient to assess the prognostic performance of venous lactate 
concentration and increment SOFA score without missing 
values. This study was also the first to report prospective 
external validation of the prognostic accuracy of SOFA score 
and qSOFA criteria in an LMIC in Asia and included a large 
sample size and proportional outcomes, ensuring adequate 
power. Another strength of this study was the affordable use 
of point-of-care testing for the measurement of venous lactate 
concentration, encouraging applicability in a hospital with 
limited resources.
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Figure 2  Receiver operating characteristic curve for in-hospital 
mortality of sepsis prognosis criteria. ROC, receiving operating 
characteristic; SIRS, systemic inflammatory response syndrome; SOFA, 
Sequential Organ Failure Assessment; qSOFA, quick Sequential Organ 
Failure Assessment.

This study had some limitations. First, we included patients 
with suspected infection and did not follow the final diagnosis 
of infection. Second, the increment of the SOFA score was 
determined based on subtraction of the current SOFA score 
from the baseline SOFA score derived from history-taking, 
past diagnosis, and clinical and laboratory data (if available) 
for patients found in the hospital’s medical record system. 
Unknown past medical history and laboratory data could 
potentially lead to bias in the increment of SOFA score calcu-
lation. However, these two limitations are some of the real-
life problems which are faced by physicians in daily practice, 
therefore making the results of this study applicable to daily 
clinical practice in hospital emergency departments of LMICs.

Thirdly, although this study was conducted in Indonesia, 
which is a tropical country, rates of the tropical infectious 
diseases which were included were low (1.1% typhoid fever 
and 0.4% leptospirosis). Furthermore, the two major tropical 
non-bacterial infections that are treated without antibiotic 
use, dengue infection and malaria, did not meet the inclusion 
criteria and hence were not included in the present study. The 
study was conducted in a national referral hospital in Indo-
nesia. According to Indonesian regulations, restricted referral 
to our hospital was indicated in complicated cases or in the 
presence of multi-organ failure requiring comprehensive care 
and consultations from sub-specialties. Patients with uncom-
plicated tropical infectious diseases should be managed in 
city or provincial hospitals. Thus, the result of our study is 

more applicable for potential generalisation in non-tropical 
infectious diseases. Further similar studies in various tropical 
infection patients are needed for potential generalisation in 
emergency departments of LMIC country hospitals mainly 
managing tropical infections. In addition, this study included 
adult patients only and therefore did not evaluate the prog-
nostic accuracy of sepsis diagnosis criteria in paediatrics. 
Future multicentre research on the impact of the use of this 
simplified sepsis prognosis criteria in hospitals with limited 
resources is warranted.

Conclusions
When used as sepsis prognosis criteria in emergency depart-
ments of hospitals with limited resources, the simplified 
qSOFA-lactate criteria perform as well as the SOFA score. The 
prognostic performance of the qSOFA is significantly lower 
than the qSOFA-lactate criteria and SOFA score.

Acknowledgements  The authors thank William Djauhari, MD, Agnes Theodora 
Chandra, MD, Tita Yulianti, Djati Febby Puja and Utami Susilowati for their help in 
collecting data and performing venous lactate concentration measurement. We 
would like to thank Editage (​www.​editage.​com) for English language editing.

Contributors  Conception and design of the study: RS, SS, KCL, KH, DW, HTP. 
Statistical analysis: RS, SS, KH. Drafting the article: RS, SS, KCL, KH. Revising the 
article critically for important intellectual content: RS, SS, KCL, KH, DW. Final approval 
of the version to be submitted: RS, SS, KCL, KH, DW, HTP.

Funding  This study was supported by the Operational Research Grant of Cipto 
Mangunkusumo National Hospital 2017. The funder had no role in design and 
conduct of the study, manuscript and decision to submit the manuscript for 
publication.

Competing interests  None declared.

Patient consent for publication  Written informed consent was obtained from 
all patients or their representatives. All subjects or their representatives were able to 
provide informed consent.

Ethics approval  The Faculty of Medicine Universitas Indonesia, Cipto 
Mangunkusumo National Hospital Ethics Committee, Jakarta, Indonesia approved 
the study (ID of approval: 0040/UN2.F1/ETIK/2018). Written informed consent was 
obtained from all patients or their representatives.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

ORCID iD
Robert Sinto http://​orcid.​org/​0000-​0003-​3857-​300X

References
	 1	 Singer M, Deutschman CS, Seymour CW, et al. The third International consensus 

definitions for sepsis and septic shock (sepsis-3). JAMA 2016;315:801–10.
	 2	 Vincent J-L, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure 

Assessment) score to describe organ dysfunction/failure. Intensive Care Med 
1996;22:707–10.

	 3	 Fleischmann C, Scherag A, Adhikari NKJ, et al. Assessment of global incidence and 
mortality of hospital-treated sepsis. Current estimates and limitations. Am J Respir Crit 
Care Med 2016;193:259–72.

	 4	 Adhikari NKJ, Rubenfeld GD. qSOFA score for patients with sepsis in low- and middle-
income countries. JAMA 2018;319:2175–7.

	 5	 Huson MAM, Kalkman R, Grobusch MP, et al. Predictive value of the qSOFA score in 
patients with suspected infection in a resource limited setting in Gabon. Travel Med 
Infect Dis 2017;15:76–7.

	 6	 Huson MAM, Katete C, Chunda L, et al. Application of the qSOFA score to predict 
mortality in patients with suspected infection in a resource-limited setting in Malawi. 
Infection 2017;45:893–6.

	 7	 Rudd KE, Seymour CW, Aluisio AR, et al. Association of the quick sequential (sepsis-
related) organ failure assessment (qSOFA) score with excess hospital mortality 
in adults with suspected infection in low- and middle-income countries. JAMA 
2018;319:2202.

	 8	 Kruse O, Grunnet N, Barfod C. Blood lactate as a predictor for in-hospital mortality 
in patients admitted acutely to hospital: a systematic review. Scand J Trauma Resusc 
Emerg Med 2011;19:74.

 on A
pril 22, 2020 at U

niversite de P
aris. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2018-208361 on 21 A
pril 2020. D

ow
nloaded from

 

http://orcid.org/0000-0003-3857-300X
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1007/BF01709751
http://dx.doi.org/10.1164/rccm.201504-0781OC
http://dx.doi.org/10.1164/rccm.201504-0781OC
http://dx.doi.org/10.1001/jama.2018.6413
http://dx.doi.org/10.1016/j.tmaid.2016.10.014
http://dx.doi.org/10.1016/j.tmaid.2016.10.014
http://dx.doi.org/10.1007/s15010-017-1057-5
http://dx.doi.org/10.1001/jama.2018.6229
http://dx.doi.org/10.1186/1757-7241-19-74
http://dx.doi.org/10.1186/1757-7241-19-74
http://emj.bmj.com/


7Sinto R, et al. Emerg Med J 2020;0:1–7. doi:10.1136/emermed-2018-208361

Original research

	 9	 Suetrong B, Walley KR. Lactic acidosis in sepsis: it’s not all anaerobic: implications for 
diagnosis and management. Chest 2016;149:252–61.

	10	 Shapiro NI, Howell MD, Talmor D, et al. Serum lactate as a predictor of 
mortality in emergency department patients with infection. Ann Emerg Med 
2005;45:524–8.

	11	 Suwarto S, Sutrisna B, Waspadji S, et al. Predictors of five days mortality in 
diabetic ketoacidosis patients: a prospective cohort study. Acta Med Indones 
2014;46:18–23.

	12	 Shapiro NI, Fisher C, Donnino M, et al. The feasibility and accuracy of point-of-care 
lactate measurement in emergency department patients with suspected infection. J 
Emerg Med 2010;39:89–94.

	13	 Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of clinical criteria for sepsis: for 
the third International consensus definitions for sepsis and septic shock (sepsis-3). 
JAMA 2016;315:762–74.

	14	 Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and organ failure and 
guidelines for the use of innovative therapies in sepsis. Chest 1992;101:1644–55.

	15	 BM-Lactate [15]. Mannheim: Roche diagnostics GmbH, 2014.
	16	 Hajian-Tilaki K. Sample size estimation in diagnostic test studies of biomedical 

informatics. J Biomed Inform 2014;48:193–204.
	17	 Williams JM, Greenslade JH, McKenzie JV, et al. Systemic inflammatory response 

syndrome, quick sequential organ function assessment, and organ dysfunction: 

insights from a prospective database of ED patients with infection. Chest 
2017;151:586–96.

	18	 Previsdomini M, Gini M, Cerutti B, et al. Predictors of positive blood cultures in 
critically ill patients: a retrospective evaluation. Croat Med J 2012;53:30–9.

	19	 Freund Y, Lemachatti N, Krastinova E, et al. Prognostic accuracy of sepsis-3 criteria 
for in-hospital mortality among patients with suspected infection presenting to the 
emergency department. JAMA 2017;317:301–8.

	20	 Marik PE, Taeb AM. SIRS, qSOFA and new sepsis definition. J Thorac Dis 
2017;9:943–5.

	21	 Moreno R, Vincent J-L, Matos R, et al. The use of maximum SOFA score to quantify 
organ dysfunction/failure in intensive care. Results of a prospective, multicentre study. 
Intensive Care Med 1999;25:686–96.

	22	 Koch T, Geiger S, Ragaller MJ. Monitoring of organ dysfunction in sepsis/systemic 
inflammatory response syndrome: novel strategies. J Am Soc Nephrol 2001;12 Suppl 
17:S53–9.

	23	 Gallagher EJ, Rodriguez K, Touger M. Agreement between peripheral venous and 
arterial lactate levels. Ann Emerg Med 1997;29:479–83.

	24	 Balk RA. Systemic inflammatory response syndrome (SIRS): where did it come from 
and is it still relevant today? Virulence 2014;5:20–6.

	25	 World Health Organization. Global antimicrobial resistance surveillance system: 
manual for early implementation. Geneva: WHO Press, 2015: p. 6.

 on A
pril 22, 2020 at U

niversite de P
aris. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2018-208361 on 21 A
pril 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1378/chest.15-1703
http://dx.doi.org/10.1016/j.annemergmed.2004.12.006
http://www.ncbi.nlm.nih.gov/pubmed/24760804
http://dx.doi.org/10.1016/j.jemermed.2009.07.021
http://dx.doi.org/10.1016/j.jemermed.2009.07.021
http://dx.doi.org/10.1001/jama.2016.0288
http://dx.doi.org/10.1378/chest.101.6.1644
http://dx.doi.org/10.1016/j.jbi.2014.02.013
http://dx.doi.org/10.1016/j.chest.2016.10.057
http://dx.doi.org/10.3325/cmj.2012.53.30
http://dx.doi.org/10.1001/jama.2016.20329
http://dx.doi.org/10.21037/jtd.2017.03.125
http://dx.doi.org/10.1007/s001340050931
http://www.ncbi.nlm.nih.gov/pubmed/11251033
http://dx.doi.org/10.1016/S0196-0644(97)70220-8
http://dx.doi.org/10.4161/viru.27135
http://emj.bmj.com/

	Prognostic accuracy of the quick Sequential Organ Failure Assessment (qSOFA)-­lactate criteria for mortality in adults with suspected bacterial infection in the emergency department of a hospital with limited resources
	Abstract
	Introduction﻿﻿
	Methods
	Study design, setting and population
	Data collection and endpoints
	Venous lactate measurement using point-of-care test
	Ethics
	Stastistical analysis
	Patient and public involvement

	Results
	Patient characteristics
	Outcome
	Performance of sepsis prognosis criteria

	Discussion
	Conclusions
	References


