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Background: Recent attempts to translate Sepsis-3 criteria to children have been

restricted to PICU patients and did not target children in emergency departments (ED).

We assessed the prognostic accuracy of the age-adjusted quick Sequential Organ

Failure Assessment score (qSOFA) and compared the performance to SIRS and the

quick Pediatric Logistic Organ Dysfunction-2 score (qPELOD-2). We studied whether

the addition of lactate (qSOFA-L) would increase prognostic accuracy.

Methods: Non-academic, single-center, retrospective study in children visiting the ED

and admitted with suspected bacterial infection between March 2013 and January 2018.

We defined suspected bacterial infection as initiation of antibiotic therapy within 24 h after

ED entry. Age-adjusted qSOFA, SIRS, qPELOD-2, and qSOFA-L scores were compared

by area under the receiver operating characteristics curve (AUROC) analysis. Primary

outcome measure was PICU transfer and/or mortality and secondary outcome was

prolonged hospital length of stay.

Results: We included 864 ED visits [474 (55%) male; median age 2.5 years;

IQR 9 months-6 years], of which 18 were transferred to a PICU and 6 ended in

death [composite outcome PICU transfer and/or mortality; 23 admissions (2.7%)].

179 (22.2%) admissions resulted in prolonged hospital length of stay. PICU

transfer and/or death was present in 22.5% of visits with qSOFA≥2 (n = 40)

compared to 2.0% of visits with qSOFA<2 (n = 444) (p < 0.01). qSOFA tends

to be the best predictor of PICU transfer and/or mortality (AUROC 0.72 (95%

CI, 0.57–0.86) compared to SIRS [0.64 (95% CI, 0.53–0.74), p = 0.23] and

qPELOD-2 [0.60 (95% CI, 0.45–0.76), p = 0.03)]. Prolonged hospital length of stay

was poorly predicted by qSOFA (AUROC 0.53, 95% CI 0.46–0.59), SIRS (0.49,

95% CI 0.44–0.54), and qPELOD-2 (0.51, 95%CI 0.45–0.57). qSOFA-L resulted in
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an AUROC of 0.67 (95%CI, 0.50–0.84) for PICU transfer and/or mortality and an AUROC

of 0.56 (95% CI, 0.46–0.67) for prolonged hospital length of stay.

Conclusion: The currently proposed bedside risk-stratification tool of Sepsis-3 criteria,

qSOFA, shows moderate prognostic accuracy for PICU transfer and/or mortality in

children visiting the ED with suspected bacterial infection. The addition of lactate did

not improve prognostic accuracy. Future prospective studies in larger ED populations

are needed to further determine the utility of the qSOFA score.

Keywords: Sepsis-3, (q)SOFA, SIRS, (q)PELOD-2, risk-stratification, prognosis, outcome, pediatrics

INTRODUCTION

As SIRS criteria lack specificity when identifying patients
with infection who are at higher risk of mortality, the Adult
Sepsis Definition Taskforce published the Third International
Consensus Definitions for Sepsis and Septic Shock in 2016 (1).
This new Sepsis-3 consensus emphasizes that sepsis can be
differentiated from uncomplicated infection by the existence of
a dysregulated host response, manifested as hazardous organ
dysfunction. The Sequential Organ Failure Assessment (SOFA)
score was suggested to be used as a discriminator of in-hospital
mortality and has been validated in adult patients with suspected
or confirmed infection (1, 2). The quick SOFA (qSOFA) score,
incorporating only altered mentation, systolic blood pressure
and respiratory rate, has been suggested as manageable bed-
side tool to promptly identify infectious patients prone to
poor outcomes, and could therefore be especially useful in
the Emergency Department (ED) (1, 2). Since publication of
the Sepsis-3 consensus, several adult studies in ICU and ED
populations have reported that both SOFA- and qSOFA score
have better prognostic accuracy compared to formerly used sepsis
criteria (2–5).

Regrettably, the Sepsis-3 taskforce excluded pediatric
populations from development and validation. Hence, there is
a remaining demand for data-driven pediatric sepsis criteria,
especially because of pediatric specific challenges in sepsis
recognition. Firstly, febrile children present to the ED with
milder infections of lower acuity compared to adults. Secondly,
pediatric sepsis could have a more fulminant course compared
to adults and death could occur very early (6–8), making early
recognition even more crucial. Several recent attempts have
been made to translate Sepsis-3 criteria to children (9) and
although the SOFA score has originally only been validated in
patients above 12 years of age (10, 11), age-adapted SOFA and
qSOFA show promising results in children admitted to a PICU.
Matics and Sanchez-Pinto published a SOFA AUROC of 0.94
for in-hospital mortality (12) and Schlapbach and colleagues
reported superior discrimination of age-adjusted SOFA for
mortality compared to PELOD-2 and SIRS (13). In the latter,
qSOFA performance was slightly better than SIRS, though
inferior to SOFA and PELOD-2 scores. A large limitation of
these studies is however that they were limited to the PICU,
whereas earliest possible recognition of sepsis should occur in
the ED.

The aim of this study is to assess the accuracy of the qSOFA
score in predicting outcome among children presenting at the

ED with suspected bacterial infection. Additionally, we compare
our findings with SIRS criteria and the qPELOD-2 score. Lastly,
since lactate could be measured in a timely, practically bedside,
manner, we hypothesized that the qSOFA score would perform
better with lactate included (qSOFA-L) in the risk stratification
tool.

MATERIALS AND METHODS

Study Population
We performed a non-academic single-center retrospective
study in patients <18 years who visited the ED and were
subsequently admitted to the pediatric ward with suspected
bacterial infection between March 2013 and January 2018. We
defined suspected bacterial infection as initiation of therapeutic
antibiotic therapy within 24 h after ED entry. We considered
11 antibiotics as therapeutic; amoxicillin, amoxicillin clavulanic
acid, benzylpenicillin, cefotaxime, ceftazidime, ceftriaxone,
cefuroxime, clarithromycin, clindamycin, flucloxacillin, and
vancomycin. Patients admitted with a surgical diagnosis were
excluded.

Clinical Data Collection
Data was retrieved electronically via the hospital patient
information system. Data on demographics, antibiotic treatment,
vital signs (temperature, heart rate, diastolic, and systolic blood
pressure, respiratory rate), laboratory values (lactate, white
blood cell count), level of consciousness (AVPU scale, Glasgow
Coma Scale) (14), hospital length of stay, PICU transfer and
mortality were collected. We calculated four sepsis scores;
qSOFA (13), SIRS (15, 16), qPELOD-2 (17, 18), and qSOFA-L
(Supplementary Table 1 presents age-adapted scores). These
scores were based on the first measured values within 24 h after
ED entry. A threshold of two or more points was used to indicate
a positive test result for every sepsis score. If only 1 variable was
not obtained (i.e., not measured in the first 24 h of admission),
we considered this variable to be normal (i.e., no contribution
was made to the total score). If two or more variables were
not obtained, the total score was considered missing in order
to prevent false-negative scores. Cut-off value for lactate was
2mmol/L (19).

Outcomes Measures
The primary outcome measure was a composite of PICU transfer
(to an academic, tertiary care center) and/or mortality. Criteria
for PICU transfer were cardio-respiratory or neurological failure.
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The secondary outcome measure was prolonged hospital length
of stay, defined as a hospital length of stay of 7 days or longer.

Statistical Analysis
Statistical analyses were performed using SPSS version 24.0
(Armonk, USA). Normality of distribution was assessed through
Shapiro-Wilk analysis. Data is presented as percentages, means
with standard deviation or medians with ranges, as appropriate.
χ
2-tests were used to compare categorical data by subgroups. We

measured the prognostic accuracy of each sepsis score using the
area under the receiver operating characteristics curve (AUROC).
AUROC comparison was performed using the DeLong method
(20) withMedCalc version 18.2.1. Sensitivity, specificity, negative
predictive value (NPV) and positive predictive value (PPV) were
calculated for each score. P < 0.05 were considered statistically
significant.

Ethical Aspects
This study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. The study
protocol was approved by the local ethical review board (MEC-
2018-1063). Necessity for written informed consent was waived.

RESULTS

Study Population
We identified 864 ED visits (55% males) with suspected bacterial
infection that resulted in admission. Median age was 2.5 years
(IQR 9 months-6 years). Six admissions (0.7%) ended in death

within 30 days and 18 children (2.1%) were transferred to a
PICU. Causes of death were; neurological failure due to cerebral
hemophagocytic lymphohistiocytosis (n = 1), respiratory failure
due to viral infection (n = 2) and aspiration pneumonia (n = 1),
pulmonary artery embolus as a result of ethmoiditis (n = 1),
and cardiorespiratory failure due to pneumonia (n = 1). The
composite outcome; PICU transfer and/or death occurred in a
total of 23 (2.7%) admissions (equivalent to 23 children). For
806 (93%) ED encounters, the total hospital length of stay was
known, of which 179 (22.2%) patients were admitted during 7
days or longer. Of 864 visits, data on temperature was obtained
in 855 (99%) patients (median time after ED entry 24min (IQR
5-62), on heart rate in 784 (91%) patients (median time after
ED entry 24min (IQR 5-68), on systolic blood pressure in 269
(31%) patients (median time after ED entry 86min (IQR 14-
290), on respiratory rate in 676 (78%) patients (median time after
ED entry 29min (IQR 6-100), on lactate in 39 (4.5%) patients
(median time after ED entry 71min (IQR 20-471), on white
blood cell count in 663 (77%) patients (median time after ED
entry 65min (IQR 35-111), and on level of consciousness in
426 (49%) patients (median time after ED entry 34min (IQR 9-
135). qSOFA, SIRS, qPELOD-2, and qSOFA-lactate scores were
positive for 40 out of 484 (8.3%), 415 out of 755 (55%), 11
out of 545 (2.0%), and 40 out of 151 (26.5%) visits, respectively
(Figure 1).

Performance qSOFA Score
In patients with qSOFA ≥ 2, PICU transfer and/or mortality
prevalence was 22.5% compared to 2.0% in patients with

FIGURE 1 | Distribution of qSOFA, SIRS, qPELOD-2, and qSOFA-L scores in pediatric ED encounters with suspected bacterial infection.
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TABLE 1 | Prognostic accuracy of positive qSOFA, SIRS, qPELOD-2, and qSOFA-L scores for PICU transfer and/or mortality and prolonged hospital length of stay.

Primary outcome: PICU

transfer and/or mortality

Secondary outcome: Prolonged

hospital LOS (≥7 days)

Comparison to AUROC

qSOFA positive

Area under the

curve (95% CI)

Area under the

curve (95% CI)

P-value 1st outcome P-value 2nd outcome

qSOFA positive 0.72 (0.57–0.86) 0.53 (0.46–0.59) – –

SIRS positive 0.64 (0.53–0.74) 0.49 (0.44–0.54) 0.23 0.82

qPELOD-2 positive 0.60 (0.45–0.76) 0.51 (0.45–0.57) 0.03 0.25

qSOFA-lactate positive 0.67 (0.50–0.84) 0.56 (0.46–0.67) <0.01 0.58

Primary outcome: PICU transfer and/or mortality

Sensitivity (%) Specificity (%) Negative predictive

value (%)

Positive predictive

value (%)

qSOFA positive 50.0 93.3 98.0 22.5

SIRS positive 81.8 45.8 98.8 4.3

qPELOD-2 positive 22.2 98.7 97.4 36.4

qSOFA-lactate positive 58.3 76.3 95.5 17.5

Secondary outcome: Prolonged hospital length of stay (≥7 days)

Sensitivity (%) Specificity (%) Negative predictive

value (%)

Positive predictive

value (%)

qSOFA positive 5.8 89.0 21.6 64.5

SIRS positive 55.0 47.7 22.2 79.6

qPELOD-2 positive 1.0 97.3 22.3 57.1

qSOFA-lactate positive 21.2 65.9 30.2 54.5

Prevalence PICU transfer and/or mortality

Positive

score (%)

Negative

score (%)

Between group

difference (%)

P-value

qSOFA 22.5 2.0 20.5 <0.01

SIRS 4.3 1.2 3.1 0.010

qPELOD-2 36.4 2.6 33.8 <0.01

qSOFA-lactate 17.5 4.5 13.0 0.009

qSOFA < 2 (between group difference 20.5%, p < 0.01).
Sensitivity, specificity, negative predictive value and positive
predictive value of a positive qSOFA score for PICU transfer
and/or mortality were respectively 50.0, 93.3, 98.0, and 22.5%.
The positive qSOFA score AUROC for PICU transfer and/or
death was 0.72 (95% CI, 0.57–0.86) and 0.53 (95% CI, 0.46–0.59)
for prolonged hospital length of stay (Table 1).

The prognostic accuracy of the individual qSOFA
components, systolic blood pressure, level of consciousness
and respiratory rate, for PICU transfer and/or death were:
AUROC 0.56 (0.39–0.74), 0.74 (0.58–0.90), and 0.54 (0.43–
0.66), respectively. The prognostic accuracy of these individual
qSOFA components for prolonged hospital length of stay were:
AUROC 0.52 (0.44–0.60), 0.54 (0.47–0.61), and 0.50 (0.44–0.55),
respectively (Table 2).

Performance qSOFA Score Compared to
SIRS and qPELOD-2
The AUROC of a positive qSOFA score for predicting PICU
transfer and/or mortality tends to be higher than SIRS (AUROC,

0.64 [0.53–0.74], p = 0.23) and was significantly higher than
qPELOD-2 (AUROC, 0.60 [0.45–0.76], p= 0.03) (Figure 2). The
AUROC of a positive qSOFA score for predicting prolonged
hospital length of stay (0.53 [0.46–0.59]) was not comparable
to SIRS (AUROC, 0.49 [0.44–0.54], p = 0.82) and qPELOD-2
(AUROC, 0.51 [0.45–0.57], p = 0.25) (Table 1). The prognostic
accuracy of each individual SIRS component is presented in
Table 2.

Performance qSOFA-Lactate
Addition of venous lactate as an extra component to the qSOFA
score resulted in an AUROC of 0.67 (95% CI, 0.50–0.84) for
predicting PICU transfer/death and 0.56 (95% CI, 0.46–0.67)
for prolonged hospital length of stay (Figure 2). qSOFA-lactate
AUROC was significantly lower than qSOFA AUROC for PICU
transfer and/or mortality (p < 0.01) (Table 1).

DISCUSSION

This single-center retrospective study of 864 ED visits and
subsequent admissions for suspected bacterial infection, shows
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TABLE 2 | Prognostic accuracy of the individual components of qSOFA for PICU

transfer and/or mortality and prolonged hospital length of stay.

Primary outcome:

PICU transfer and/or

mortality

Secondary outcome:

Prolonged hospital

LOS (≥7 days)

Area under the curve

(95% CI)

Area under the curve

(95% CI)

qSOFA Systolic blood

pressure positivea
0.56 (0.39–0.74) 0.52 (0.44–0.60)

qSOFA Level of

consciousness positiveb
0.74 (0.58–0.90) 0.54 (0.47–0.61)

qSOFA/SIRS Respiratory

rate positivec
0.54 (0.43–0.66) 0.50 (0.44–0.55)

SIRS Temperature positived 0.58 (0.45–0.70) 0.47 (0.42–0.51)

SIRS Leukocyte count

positivee
0.49 (0.37–0.62) 0.54 (0.48–0.59)

SIRS Heart rate positivef 0.64 (0.51–0.76) 0.48 (0.43–0.53)

aData on qSOFA variable systolic blood pressure was available for 269/864 visits: 10/269

were systolic blood pressure positive [2/10 PICU transfer and/or mortality, 4/8 prolonged

hospital length of stay (2 unknown)], 259/269 were systolic blood pressure negative

[11/259 PICU transfer and/or mortality, 63/230 prolonged hospital length of stay (29

unknown)].
bData on qSOFA variable level of consciousness was available for 426/864 visits: 47/426

were level of consciousness positive [8/47 PICU transfer and/or mortality, 15/38 prolonged

hospital length of stay (9 unknown)], 379/426 were level of consciousness negative [6/379

PICU transfer and/or mortality, 77/355 prolonged hospital length of stay (24 unknown)].
cData on qSOFA and SIRS variable respiratory rate was available for 676/864

visits: 522/676 were respiratory rate positive [18/522 PICU transfer/mortality, 104/487

prolonged hospital length of stay (35 unknown)], 154/676 were respiratory rate negative

[3/154 PICU transfer and/or mortality, 31/140 prolonged hospital length of stay (14

unknown)].
dData on SIRS variable temperature was available for 855/864 visits: 302/855 were

temperature positive [11/302 PICU transfer and/or mortality, 53/282 prolonged hospital

length of stay (20 unknown)], 553/855 were temperature negative [11/553 PICU transfer

and/or mortality, 124/517 prolonged hospital length of stay (36 unknown)].
eData on SIRS variable leukocyte count was available for 663/864 visits: 341/633

were leukocyte count positive [11/341 PICU transfer and/or mortality, 78/310 prolonged

hospital length of stay (31 unknown)], 322/633 were leukocyte count negative [11/322

PICU transfer and/or mortality, 61/303 prolonged hospital length of stay (19 unknown)].
fData on SIRS variable heart rate was available for 783/864 visits: 222/783 were heart rate

positive [12/222 PICU transfer and/or mortality, 38/108 prolonged hospital length of stay

(14 unknown)], 561/783 were heart rate negative [10/561 PICU transfer and/or mortality,

116/520 prolonged hospital length of stay (41 unknown)].

that qSOFA is a moderate predictor of PICU transfer and/or
mortality in children. A previous study on qSOFA performance
in the pediatric ICU showed comparable moderate prognostic
accuracy of qSOFA for mortality (13). The discriminatory
capacity of qSOFA for prolonged hospital length of stay was poor.
This is not surprising since the qSOFA score was not validated for
hospital length of stay.

Although not significantly, the prognostic accuracy of qSOFA
for PICU transfer and/or mortality tends to be higher than
commonly used SIRS criteria. Our relatively small sample size
and small number of adverse events probably have hindered
this analysis. Therefore, larger studies in the near future
should compare qSOFA with other scores. qPELOD-2 has been
suggested as a reasonable alternative for qSOFA, since PELOD-
2 was found to discriminate decently for mortality in a PICU
population of children with suspected infection (17). However,

FIGURE 2 | Comparison of area under the receiver operating characteristics

curves for qSOFA, SIRS, qPELOD-2, and qSOFA-L scores to discriminate

primary outcome (PICU transfer and/or mortality).

the prognostic accuracy for PICU transfer and/or mortality
was significantly higher for qSOFA than qPELOD-2 in our
cohort.

To further improve predictive accuracy, we explored whether
the addition of lactate would be beneficial. A recent study
in children reported a strong and independent association
between increased lactate levels and mortality risk in the
PICU (21). Furthermore, lactate has been shown to predict
pediatric sepsis severity and was suggested to have utility in
early risk stratification (19, 22, 23). In our study, inclusion
of lactate in the qSOFA score decreased discriminatory
capacity for PICU transfer and/or mortality. It has to be
taken into consideration that this analysis is largely limited
by the small numbers of obtained venous lactate levels.
Moreover, arterial and capillary lactate measurements were
unknown.

It could be debatable whether the included qSOFA variables
(blood pressure, respiratory rate, and altered mental state) are
sufficient in predicting outcome for children with infections.
When looking at the prognostic accuracy of the individual
qSOFA variables, systolic blood pressure and respiratory rate
were poor predictors for PICU transfer and/or death, while
level of consciousness showed to have moderate prognostic
accuracy, similar to the qSOFA score. Arterial hypotension
is known to be a very late sign of pediatric sepsis with
poor sensitivity (24, 25), suggesting that blood pressure is
not suitable in early detection of patients at risk for poor
outcome. Secondly, respiratory rate could be influenced by
many non-infectious factors, such as pain and inconvenience.
Thus, the blood pressure and respiratory rate variables
included in qSOFA may be aspecific for children and we
question whether these variables will result in an adequate
bedside prediction tool. Possibly, an algorithm applied to
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larger datasets of children with suspected infection could
identify other suitable variables, either individually (e.g.,
level of consciousness, lactate) or as an addition to the
qSOFA score. For example, heart rate has been suggested
to be superior to respiratory rate in predicting critical care
requirement (26). This trend was also seen in our cohort. Future
studies are therefore urgently needed to identify parameters
which could be useful in predicting adverse outcome in
the ED.

The results of our study need to be interpreted with caution
because this study is limited by the small sample size, high
percentage of missing (i.e., not obtained) data, and relatively
small number of adverse events. Future multicenter studies in
larger populations are needed to draw firmer conclusions. In
children with (suspected) bacterial infections presenting to the
ED, mortality ranges from 0 to 2.2% and PICU transfer from
5.7 to 42% (22, 27–29). In our cohort, mortality (0.7%) and
PICU transfer (2.1%) was lower. The reason for this is unclear;
possibly, our cohort from a non-academic (secondary care)
hospital involves children with relatively milder illness severity
as compared to academic hospitals. Another reason could be
that the threshold to admit patients and start antibiotics is
lower in this center compared to others. However, children
suspected for bacterial infections are managed according to
our national guidelines. Furthermore, a large proportion of
data was not obtained. Because our ED triage system does
not oblige assessment of systolic blood pressure and level
of consciousness, we hypothesize that these parameters have
not been obtained in children not appearing ill. Our cohort
also includes children with viral infections, resulting from
our definition of suspected bacterial infection as initiation of
antibiotic therapy within 24 h after ED entry without taking
microbiology results into account. Ideally, prognostic scores
should be evaluated in confirmed bacterial infections or in
all febrile children visiting the ED. Another limitation of
our study is that we were unable to adjust for comorbidities
in the AUROC analysis, due to unknown data on patient
history. Also, parameters (of score components) could have
been measured at different times for different patients and since
we monitored adverse outcomes during hospital stay, i.e., also
past 24 h, the qSOFA score may not accurately reflect illness
severity.

In conclusion, this is the first study to assess qSOFA
criteria in a pediatric ED population. Since we compared
qSOFA with other prognostic scores, our study contributes

to current attempts to translate sepsis-3 criteria to children.
qSOFA shows moderate prognostic accuracy for PICU transfer
and/or mortality. The prognostic accuracy of qSOFA tends
to be higher than SIRS and is significantly higher than
qPELOD-2. Prognostic accuracy of qSOFA did not improve
after inclusion of lactate. Prospective multicenter studies in
larger ED populations of febrile children should be performed
to further determine the utility of the qSOFA score in the
pediatric ED. Pediatric sepsis researchers should assure that
pediatric Sepsis-3 criteria are applicable to ED patients as
well.

AVAILABILITY OF DATA AND MATERIAL

The dataset used and analyzed supporting the conclusions of
this manuscript are available from the corresponding author on
reasonable request.

AUTHOR CONTRIBUTIONS

SN and NB made fundamental contributions to the conception
and design of this study. SN conducted the analysis and drafted
the manuscript. NB, RB, GD, JH and HW read, revised and
approved the final manuscript.

FUNDING

This work was supported by the Young Investigator Award of
the European Society for Pediatric Infectious Diseases (ESPID)
(recipient: NB, 2018) and by the science fund of Amphia
Academy, Amphia Hospital. The funders were not involved in
the design of the study, collection, analysis, interpretation of data,
or in writing the manuscript.

ACKNOWLEDGMENTS

The author’s would like to acknowledge Brian Driessen, Financial
Controller, and Bowie van den Broek, Extract Transform and
Load developer, for assisting in data retrieval.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2018.00266/full#supplementary-material

REFERENCES

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer

M, et al. The third international consensus definitions for sepsis and septic

shock (Sepsis-3). JAMA (2016) 315: 801–10. doi: 10.1001/jama.2016.0287

2. Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, 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.

doi: 10.1001/jama.2016.0288

3. Raith EP, Udy AA, Bailey M, McGloughlin S, MacIsaac C, Bellomo R, et al.

Prognostic accuracy of the SOFA score, SIRS criteria, and qSOFA score

for in-hospital mortality among adults with suspected infection admitted to

the intensive care unit. JAMA (2017) 317:290–300. doi: 10.1001/jama.2016.

20328

4. Wang JY, Chen YX, Guo SB, Mei X, Yang P. Predictive performance of quick

Sepsis-related Organ Failure Assessment for mortality and ICU admission

in patients with infection at the ED. Am J Emerg Med. (2016) 34:1788–93.

doi: 10.1016/j.ajem.2016.06.015

5. Freund Y, Lemachatti N, Krastinova E, Van Laer M, Claessens YE, Avondo A,

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. doi: 10.1001/jama.2016.20329

Frontiers in Pediatrics | www.frontiersin.org 6 October 2018 | Volume 6 | Article 266

https://www.frontiersin.org/articles/10.3389/fped.2018.00266/full#supplementary-material
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0288
https://doi.org/10.1001/jama.2016.20328
https://doi.org/10.1016/j.ajem.2016.06.015
https://doi.org/10.1001/jama.2016.20329
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


van Nassau et al. qSOFA in the Pediatric ED

6. Agyeman PKA, Schlapbach LJ, Giannoni E, Stocker M, Posfay-Barbe KM,

Heininger U, et al. Epidemiology of blood culture-proven bacterial sepsis

in children in Switzerland: a population-based cohort study. Lancet Child

Adolesc Health (2017) 1: 124–33. doi: 10.1016/S2352-4642(17)30010-X

7. Schlapbach LJ, Kissoon N. Defining pediatric sepsis. JAMA Pediatr. (2018)

172:312–4. doi: 10.1001/jamapediatrics.2017.5208

8. Cvetkovic M, Lutman D, Ramnarayan P, Pathan N, Inwald DP, Peters MJ.

Timing of death in children referred for intensive care with severe sepsis:

implications for interventional studies. Pediatr Crit Care Med. (2015) 16:410–

7. doi: 10.1097/PCC.0000000000000385

9. Kawasaki T, Shime N, Straney L, Bellomo R, MacLaren G, Pilcher D, et al.

Paediatric sequential organ failure assessment score (pSOFA): a plea for the

world-wide collaboration for consensus. Intensive Care Med. (2018) 44:995–7.

doi: 10.1007/s00134-018-5188-7

10. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter

PM, et al. Use of the SOFA score to assess the incidence of organ

dysfunction/failure in intensive care units: results of amulticenter, prospective

study. Working group on “sepsis-related problems” of the European

Society of Intensive Care Medicine. Crit Care Med. (1998) 26:1793–800.

doi: 10.1097/00003246-199811000-00016

11. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H,

et al. The SOFA (Sepsis-related Organ Failure Assessment) score to describe

organ dysfunction/failure. On behalf of theWorking Group on Sepsis-Related

Problems of the European Society of Intensive Care Medicine. Intensive Care

Med. (1996) 22:707–10. doi: 10.1007/BF01709751

12. Matics TJ, Sanchez-Pinto LN. Adaptation and validation of a pediatric

sequential organ failure assessment score and evaluation of the Sepsis-

3 definitions in critically ill children. JAMA Pediatr. (2017) 171:e172352.

doi: 10.1001/jamapediatrics.2017.2352

13. Schlapbach LJ, Straney L, Bellomo R, MacLaren G, Pilcher D. Prognostic

accuracy of age-adapted SOFA, SIRS, PELOD-2, and qSOFA for in-

hospital mortality among children with suspected infection admitted

to the intensive care unit. Intensive Care Med. (2018) 44:179–88.

doi: 10.1007/s00134-017-5021-8

14. Hoffmann F, Schmalhofer M, Lehner M, Zimatschek S, Grote V, Reiter K.

Comparison of the AVPU Scale and the Pediatric GCS in Prehospital Setting.

Prehosp Emerg Care (2016) 20:493–8. doi: 10.3109/10903127.2016.1139216

15. Goldstein B, Giroir B, Randolph A, International Consensus Conference on

Pediatric S. International pediatric sepsis consensus conference: definitions

for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med. (2005)

6:2–8. doi: 10.1097/00130478-200501000-00049

16. Gebara BM. Values for systolic blood pressure. Pediatr Crit Care Med. (2005)

6:500; author reply 500–1. doi: 10.1097/01.PCC.0000164344.07588.83

17. Leclerc F, Duhamel A, Deken V, Grandbastien B, Leteurtre S, Groupe

Francophone de Reanimation et Urgences P. Can the pediatric logistic organ

dysfunction-2 score on day 1 be used in clinical criteria for sepsis in children?

Pediatr Crit Care Med. (2017) 18:758–63. doi: 10.1097/PCC.000000000000118

18. Leteurtre S, Duhamel A, Salleron J, Grandbastien B, Lacroix J, Leclerc F, et al.

PELOD-2: an update of the PEdiatric logistic organ dysfunction score. Crit

Care Med. (2013) 41:1761–73. doi: 10.1097/CCM.0b013e31828a2bbd

19. Tavare A, O’Flynn N. Recognition, diagnosis, and early management of sepsis:

NICE guideline. Br J Gen Pract. (2017) 67:185–6. doi: 10.3399/bjgp17X690401

20. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas

under two or more correlated receiver operating characteristic curves:

a nonparametric approach. Biometrics (1988) 44:837–45. doi: 10.2307/

2531595

21. Schlapbach LJ, MacLaren G, Festa M, Alexander J, Erickson S, Beca J, et al.

Prediction of pediatric sepsis mortality within 1 h of intensive care admission.

Intensive Care Med. (2017) 43:1085–96. doi: 10.1007/s00134-017-4701-8

22. Scott HF, Brou L, Deakyne SJ, Kempe A, Fairclough DL, Bajaj L.

Association between early lactate levels and 30-day mortality in

clinically suspected sepsis in children. JAMA Pediatr. (2017) 171:249–55.

doi: 10.1001/jamapediatrics.2016.3681

23. Shetty A, MacDonald SP, Williams JM, van Bockxmeer J, de Groot B, Esteve

Cuevas LM, et al. Lactate ≥2 mmol/L plus qSOFA improves utility over

qSOFA alone in emergency department patients presenting with suspected

sepsis. Emerg Med Australas. (2017) 29:626–34. doi: 10.1111/1742-6723.12894

24. Brierley J, Carcillo JA, Choong K, Cornell T, Decaen A, Deymann

A, et al. Clinical practice parameters for hemodynamic support of

pediatric and neonatal septic shock: 2007 update from the American

College of Critical Care Medicine. Crit Care Med. (2009) 37:666–88.

doi: 10.1097/CCM.0b013e31819323c6

25. Carcillo JA, Fields AI, American College of Critical Care Medicine Task

Force Committee M. Clinical practice parameters for hemodynamic support

of pediatric and neonatal patients in septic shock. Crit Care Med. (2002)

30:1365–78. doi: 10.1097/00003246-200206000-00040

26. Scott HF, Deakyne SJ, Woods JM, Bajaj L. The prevalence and diagnostic

utility of systemic inflammatory response syndrome vital signs in a

pediatric emergency department. Acad Emerg Med. (2015) 22:381–9.

doi: 10.1111/acem.12610

27. Irwin AD, Grant A, Williams R, Kolamunnage-Dona R, Drew RJ,

Paulus S, et al. Predicting risk of serious bacterial infections in febrile

children in the emergency department. Pediatrics (2017) 140:e20162853.

doi: 10.1542/peds.2016-2853

28. Herrero M, Alcalde M, Gomez B, Hernandez JL, Sota M, Benito J, et al.

Invasive bacterial infections in a paediatric emergency department in the era

of the heptavalent pneumococcal conjugate vaccine. Eur J Emerg Med. (2012)

19:89–94. doi: 10.1097/MEJ.0b013e3283484bbc

29. Martinón-Torres F, Salas A, Rivero-Calle I, Cebey-López M, Pardo-Seco J,

Herberg JA, et al. Life-threatening infections in children in Europe (the

EUCLIDS Project): a prospective cohort study. Lancet Child Adolesc Health

(2018) 2:404–14. doi: 10.1016/S2352-4642(18)30113-5

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 van Nassau, van Beek, Driessen, Hazelzet, van Wering and

Boeddha. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 7 October 2018 | Volume 6 | Article 266

https://doi.org/10.1016/S2352-4642(17)30010-X
https://doi.org/10.1001/jamapediatrics.2017.5208
https://doi.org/10.1097/PCC.0000000000000385
https://doi.org/10.1007/s00134-018-5188-7
https://doi.org/10.1097/00003246-199811000-00016
https://doi.org/10.1007/BF01709751
https://doi.org/10.1001/jamapediatrics.2017.2352
https://doi.org/10.1007/s00134-017-5021-8
https://doi.org/10.3109/10903127.2016.1139216
https://doi.org/10.1097/00130478-200501000-00049
https://doi.org/10.1097/01.PCC.0000164344.07588.83
https://doi.org/10.1097/PCC.000000000000118
https://doi.org/10.1097/CCM.0b013e31828a2bbd
https://doi.org/10.3399/bjgp17X690401
https://doi.org/10.2307/2531595
https://doi.org/10.1007/s00134-017-4701-8
https://doi.org/10.1001/jamapediatrics.2016.3681
https://doi.org/10.1111/1742-6723.12894
https://doi.org/10.1097/CCM.0b013e31819323c6
https://doi.org/10.1097/00003246-200206000-00040
https://doi.org/10.1111/acem.12610
https://doi.org/10.1542/peds.2016-2853
https://doi.org/10.1097/MEJ.0b013e3283484bbc
https://doi.org/10.1016/S2352-4642(18)30113-5
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Translating Sepsis-3 Criteria in Children: Prognostic Accuracy of Age-Adjusted Quick SOFA Score in Children Visiting the Emergency Department With Suspected Bacterial Infection
	Introduction
	Materials and Methods
	Study Population
	Clinical Data Collection
	Outcomes Measures
	Statistical Analysis
	Ethical Aspects

	Results
	Study Population
	Performance qSOFA Score
	Performance qSOFA Score Compared to SIRS and qPELOD-2
	Performance qSOFA-Lactate

	Discussion
	Availability of Data and Material
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


