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Abstract

Background: Sepsis is one of the leading causes of mortality among children worldwide. Unfortunately, however,
reliable evidence was insufficient in pediatric sepsis and many aspects in clinical practice actually depend on expert
consensus and some evidence in adult sepsis. More recent findings have given us deep insights into pediatric sepsis
since the publication of the Surviving Sepsis Campaign guidelines 2012.

Main text: New knowledge was added regarding the hemodynamic management and the timely use of antimicrobials.
Quality improvement initiatives of pediatric “sepsis bundles” were reported to be successful in clinical outcomes
by several centers. Moreover, a recently published global epidemiologic study (the SPROUT study) did not only
reveal the demographics, therapeutic interventions, and prognostic outcomes but also elucidated the inappropriateness
of the current definition of pediatric sepsis.

Conclusions: With these updated knowledge, the management of pediatric sepsis would be expected to make further
progress. In addition, it is meaningful that the fundamental data on which future research should be based were
established through the SPROUT study.

Keywords: Sepsis, Septic shock, Pediatric, Child, Epidemiology, Surviving Sepsis Campaign, Antibiotics, Hemodynamic
management, Algorithm, Prognosis

Background
Sepsis is a life-threatening condition which affects many
children regardless of some underlying healthcare issues
[1]. Sepsis is said to be one of the leading causes of
death among children even in advanced countries. Al-
though demographic data does not clearly show it, many
children who are reported to die from other underlying
conditions actually die directly from sepsis.
The management of pediatric sepsis was comprehen-

sively advocated through systematic review process in
the Surviving Sepsis Campaign guidelines (SSCG) 2008
[2] and 2012 [3]. Unfortunately, however, many recom-
mendations and suggestions were still based on low
quality evidence and expert consensus, and sometimes
only on evidence in adult sepsis. Furthermore, the latest
version of SSCG did not include a specific description of
the management of pediatric sepsis [4].
This review mainly focuses on updated knowledge and

hot topics regarding pediatric sepsis published after the
SSCG 2012 [3].

Definition of pediatric sepsis
For the past two decades, sepsis has been defined as
“systemic inflammatory response syndrome (SIRS)
caused by infection” both for adults and children [5–7].
This definition, however, has long been criticized for its
too broad inclusion of milder conditions, such as influ-
enza virus infection without any organ dysfunction. In
fact, Churpek et al. revealed that nearly half of the adult
patients admitted to the hospital wards fulfilled two or
more SIRS criteria at least once during their ward stay
[8], while Kaukonen et al. showed that about 12% of the
adult ICU patients with some infection and at least one
organ dysfunction were negative for the SIRS criteria
but that their mortality rate was still substantial [9].
These findings imply that the SIRS criteria are not an
appropriate tool to screen at-risk patients and that the
severity of organ dysfunctions may be able to substitute
for SIRS to identify patients with higher mortality risk.
Taking these issues into consideration, new sepsis cri-

teria were advocated as “Sepsis-3” in 2017, which rede-
fined sepsis as infection complicated by one or more
organ dysfunctions [10]. Organ system dysfunctions are
assessed with an increase in the Sequential Organ Fail-
ure Assessment (SOFA) score by 2 or more points. The
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main purpose of this transition is to focus on more se-
vere patients for the recruitment in future intervention
studies [10].
Unfortunately, this change in the definition of sepsis is

only applied to adult population at this moment [10].
When it comes to the consensus definition in children
[7], other issues have been pointed out in addition to
similar criticism to the adult definition, especially
regarding the pediatric SIRS and organ dysfunction
criteria. The threshold of tachypnea in the pediatric SIRS
criteria, for example, overlaps even the normal range for
adults (e.g., 18 breaths/min for 6–12-year-old children
and 14 for 13–18-year-old adolescents) [7]. The stan-
dardized criteria for each organ dysfunction [7] are not
based on evidence related to clinical outcomes. More-
over, a couple of studies revealed only the moderate level
of agreement, approximately two thirds, in the diagnosis
of severe sepsis between physician’s clinical judgment
and consensus criteria [11–13], which obviously suggests
that the current consensus criteria of pediatric sepsis
based on the concept of SIRS do not play an effective
role in identifying clinically hazardous patients. It is
strongly desirable that pediatric sepsis should be rede-
fined on the basis of organ dysfunction scoring in ac-
cordance with the adult Sepsis-3 in near future [13, 14].

Epidemiology
The epidemiology of pediatric sepsis varies from study
to study probably because of their different era, popula-
tion, and diagnostic criteria. Watson et al. first reported
the population-based incidence and outcomes of severe
sepsis among children under 19 years old in seven states
in the USA in 1995 [1]. The incidence was 0.56 cases
per 1000 children per year, which was highest among
infants (5.16 per 1000) and fell dramatically with age
(0.20 per 1000 among 10–14-year-olds). Their hospital
mortality was 10.3%, which varied little with age and was
higher among children with some co-morbidity.
More recently, a couple of studies from the USA

added new findings. Following up the same population
as Watson’s study [1], Hartman et al. reported that the
prevalence was steadily increasing from 1995 to 2005 by
81%, which reached 0.89 cases per 1000 children in 2005
[15]. The case-fatality rate, on the other hand, dropped
from 10.3% to 8.9% for that decade [15]. Based on the
hospitalization database from the 44 children’s hospitals
in the USA, Balamuth et al. found out that the preva-
lence of severe sepsis had been increasing from 3.7% to
4.4% among all the hospitalized children (18 years old or
younger) between 2004 and 2012 [16]. Surprisingly, the
mortality rate was significantly different between the two
diagnostic populations (21.2% vs. 8.2%), one with the
International Classification of Diseases, 9th edition, Clin-
ical Modification (ICD-9) codes for severe sepsis/septic

shock, the other with ICD-9 code for infection plus at
least one organ dysfunction (modified Angus criteria
[17]) [16]. Utilizing the same database, Ruth et al.
showed the prevalence rate of severe sepsis as 7.7%
(6.2% in 2004 to 7.7% in 2012) in the PICU settings of
those hospitals with an associated mortality rate of
14.4% (18.9% in 2004 to 12.0% in 2012; birth to 19 years
of age) [18].
A large-scale epidemiologic data recently came out from

the Australia and New Zealand Pediatric Intensive Care
Registry, composed of 9 PICUs and 22 general ICUs.
Schlapbach et al., retrospectively investigating the registry
(<16 years old) between 2002 and 2013, demonstrated that
patients with invasive infection, sepsis, and septic shock
accounted for 6.9%, 2.9%, and 2.1%, respectively, of the
total ICU admissions. The ICU mortality rate was 3.9%,
5.6%, and 17.0% in each diagnostic group, which were
much higher than 3.0% of overall ICU mortality in chil-
dren. In addition, comparing the latter half of the study
period with the former half, risk-adjusted mortality signifi-
cantly decreased for invasive infection (odds ratio (OR)
0.72, 95% confidence interval (CI) 0.56–0.94) and for sep-
sis (OR 0.66, 95% CI 0.47–0.93), but not for septic shock
(OR 0.79, 95% CI 0.61–1.01) [19].
In 2013, a global collaborative cross-sectional study

was conducted at 128 sites in 26 countries, including
both the developed and the developing world (SPROUT
study) [20]. This landmark study demonstrated that the
prevalence of severe sepsis was 8.2% among children in
ICU (<18 years old) with the associated hospital mortal-
ity of 25%, which was not different by age and between
developed and developing countries [20]. Otherwise, this
study also unveiled patient demographics, characteristics
of infectious diseases and details of therapeutic inter-
ventions [20]. Furthermore, through the subgroup ana-
lysis of the SPROUT study comparing the patients in
European PICUs with those in PICUs in the USA, PICU
bed availability was suggested to affect the mortality of
children with severe sepsis in the developed world [21]
just like the findings in adult septic patients [22]. Table 1
shows the recent epidemiologic studies of pediatric sep-
sis from the developed world, including data from the
Japanese PICUs [23] and the Italian PICUs [24].
These newly published epidemiologic researches also re-

ported underlying conditions and infection sites. Hartman
et al. reported a decreasing proportion of severe sepsis
children with underlying comorbidities in 2005 compared
with 2000 and 1995 (49.7% in 2005, 58.8% in 2000, and
63.3% in 1995). Neuromuscular, cardiovascular, and
respiratory disorders were the most common comorbidi-
ties through all those years. Infection sites had been iden-
tified less frequently in 2005 than in 2000 and 1995 (54%
in 2005, 74% in 2000, and 80% in 1995; p < 0.001), espe-
cially among neonates. Respiratory infection accounted
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for nearly half of all the identified cases (48.9% in 2005,
45.0% in 2000, and 47.1% in 1995), which was most fre-
quent infection sites, followed by bacteremia (18.1% in
2005, 26.6% in 2000, and 20.7% in 1995) [15]. Ruth et al.
revealed from their multicenter database that the propor-
tion of severe sepsis children with at least one comorbidity
had been increasing from 64.9% in 2002 to 76.6% in 2012
(p < 0.001), which was much higher than the previous
national estimate in the USA (49.0% [1]), and that those
children had a higher mortality rate than children without
any comorbidity (15.8% vs. 10.4%, p < 0.001). After adjust-
ing for age and organ dysfunction, children with malig-
nancies were proved to have greater odds of mortality
compared with those without (OR 1.93, 95% CI 1.79–
2.08). Similarly, hematological/immunological disorders
(OR 1.49, 95% CI 1.35–1.64) and cardiovascular condi-
tions (OR 1.41, 95% CI 1.33–1.50) were found to be risks
of mortality. Presumed sites of infection were noted in
91.5% of the patients, with bloodstream and respiratory
tract most common (67.8 and 57.2%, respectively) [18].
Schlapbach et al. showed through multivariate analyses
that the factors significantly associated with mortality in
pediatric sepsis were oncological conditions (OR 1.95,
95% CI 1.41–2.69), bone marrow transplantation (OR
2.80, 95% CI 1.76–4.44), chronic neurological disorders

(OR 1.76, 95% CI 1.23–2.52), chronic renal failure (OR
3.22, 95% CI 1.43–7.24), and the severity markers. The se-
verity markers included implementation of mechanical
ventilation in the first hour after PICU admission (OR
3.77, 95% CI 2.97–4.77), use of extracorporeal membrane
oxygenation (OR 2.47, 95% CI 1.46–4.16) and renal re-
placement therapy (OR 4.68, 95% CI 3.43–6.40), and com-
plication of acute respiratory distress syndrome (OR 1.53,
95% CI 1.01–2.32) [19]. Contrary to these findings, the
SPROUT study revealed that the presence of any comor-
bidity did not significantly affect PICU mortality (p =
0.35). The mortality rate was, however, highest in children
with solid organ/stem cell transplant (48.2%), followed by
those with malignancies (41.3%), renal diseases (38.2%),
and hematologic/immunologic conditions (37.7%). This
study also showed the most common infection sites as re-
spiratory tract (40%) and bloodstream (19%) [20].
It is speculated that the discrepancies of the epidemio-

logic data and risk factors between these studies might
have originated from the differences in study population,
diagnostic definition, and precision of the databases.

Antimicrobials
The early administration of antibiotics and hemodynamic
stabilization with fluid resuscitation and inotropic/

Table 1 Epidemiology of pediatric sepsis in multicenter studies in developed countries since 2003

Authors, year Country Design
Data source

Settings Age Incidence/
prevalence

Mortality

Watson et al.
2003 [1]

USA
7 states

Retrospective
Hospital discharge
database

ICD-9a coding &
modified Angus criteria
1995

≤19 years Incidence 0.56 per
1000 population
(1995)

Hospital 10.3%

Hartman et al.
2013 [14]

USA
7 states

Retrospective
Hospital discharge
database

ICD-9a coding &
modified Angus criteria
1995, 2000, 2005

≤19 years Incidence 0.89 per
1000 population
(2005)

Hospital 8.9% (2005)

Ruth et al.
2014 [17]

USA
43 PICUs

Retrospective
PHISb database

ICD-9a coding &
modified Angus criteria
2004–2012

≤18 years Prevalence
6.2% (2004) to 7.7%
(2012)

Hospital 14.4%;
18.9% (2004) to
12.0% (2012)

Wolfler et at.
2008 [23]

Italia
15 PICUs

Prospective Proulx’s criteriac

2004–2005
≤16 years Incidence

Severe sepsis 1.6%
Septic shock 2.1%

ICU
Severe sepsis 17.7%
Septic shockd 50.8%

Shime et al.
2011 [22]

Japan
9 PICUs

Prospective Severe sepsis ≤15 years Prevalence 1.4% 28-day 18.9%

Schlapbach et al.
2015 [18]

Australia/
New Zealand
9 PICUs & 22
mixed ICUs

Retrospective
dANZPIC registry

Invasive infection,
sepsis, septic shock
2002–2013

<16 years Prevalence
Invasive infection
6.9%
Sepsis 2.9%
Septic shock 2.1%

ICU
Invasive infection 3.9%
Sepsis 5.6%
Septic shock 17.0%

Weiss et al.
2015 (SPROUT) [19]

26 countries
worldwide
128 PICUs

Point prevalence Severe sepsis
5 days, 2013–2014

<18 years Prevalence 8.2% eICU 23%
eHospital 24%

aICD-9 International Classification of Diseases, 9th Revision
bPHIS Pediatric Health Information Systems
cProulx’s definition of septic shock was different from Goldstein’s definition, now common in the world. Briefly, Proulx’s septic shock necessitated hypotension
despite 20 mls/kg of fluid administration, while Goldstein’s septic shock is defined as inadequate perfusion, regardless of blood pressure, after 40 mls/kg of
fluid resuscitation
dANZPIC Australian and New Zealand Paediatric Intensive Care
eThese mortality rates were only for the sites in the developed world
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vasopressor support are like both wheels of a vehicle for
the initial management of sepsis. Kumar et al. elegantly
showed in their retrospective cohort study that the earlier
administration of appropriate antibiotics was associated
with higher survival rate for adult septic shock patients
after the onset of persistent or recurrent hypotension [25].
In pediatric sepsis, Weiss et al. recently reported the simi-
lar results [26]. They retrospectively investigated 130 chil-
dren with severe sepsis or septic shock treated in their
PICU and found that more than 3-h delay of appropriate
antibiotic administration after sepsis recognition was asso-
ciated with a significant increase in PICU mortality (OR
3.92, 95% CI 1.27–12.06; Fig. 1) and fewer organ
dysfunction-free days (16 vs. 20; p = 0.04). These associa-
tions persisted even after the adjustment of confounders
[26]. However, it should be kept in mind that during the
initial 3 h the delay in the first appropriate antibiotic ad-
ministration did not lead to increased mortality [26],
which was different from Kumar’s adult study [25].

Hemodynamic management
Early goal-directed therapy
Since Rivers et al. published so-called “early goal-
directed therapy (EGDT)” with striking mortality re-
duction for septic shock adults (30.5% vs. 46.5%; p =
0.009) in 2001 [27], the cornerstone of the initial
hemodynamic management for children with septic
shock has also been aggressive fluid resuscitation and
then inotropic/vasoactive support for fluid-refractory
shock patients [2, 28, 29]. De Oliveira et al. investigated
the American College of Critical Care Medicine-Pediatric
Advanced Life Support (ACCM-PALS) algorithm (Fig. 2),

including continuous SCVO2 monitoring and red blood
cell transfusion similar to the Rivers’ original EGDT, for
102 children with severe sepsis or fluid-refractory septic
shock (1 month to 18 years of age) in a randomized
controlled trial fashion and reported the improved sur-
vival in the intervention group (28-day mortality 11.8% vs.
39.2%, p = 0.002) [30]. Sankar et al. also suggested that
even the intermittent measurement of SCVO2, compared
with no SCVO2 monitoring, could contribute to increased
survival through their prospective cohort study with 120
children with fluid-refractory septic shock (<17 years of
age) [31].
Nevertheless, for the past few years, 3 multicenter ran-

domized controlled trials (ProCESS [32], ARISE [33],
and ProMISe [34]) and one meta-analysis [35] demon-
strated that the standard hemodynamic management
without continuous SCVO2 targeting was equally effect-
ive to the EGDT for septic shock adults. Considering the
recent trend in adult critical care, an original form of
EGDT will not be applied to pediatric sepsis any longer.

Hemodynamic evaluation and monitoring
As for substitute monitoring, lactate clearance was sug-
gested to be non-inferior to SCVO2 monitoring to evalu-
ate the reversal of tissue hypoxia in septic shock adults
[36, 37], which is now a part of the Surviving Sepsis
Campaign bundles since 2012 [3]. This might also be the
case with septic children. With their prospective cohort
of 77 children with severe sepsis (<18 years of age), Scott
et al. recently demonstrated that the patients whose
serum lactate was normalized (<2 mmol/L) within 2–4 h
of the initial measurement had a significantly lower risk
of persistent organ dysfunction over 48 h (relative risk
(RR) 0.46, 95% CI 0.29–0.73) [38]. On the other hand,
the patients who only achieved lactate clearance by more
than 10% of the initial level did not show a significant
reduction of organ dysfunction [38].
Otherwise, transthoracic echocardiography has been

attracting more attention as a noninvasive tool to repeat-
edly evaluate hemodynamics among septic children as
sepsis-associated myocardial dysfunction is known more
widely [39, 40]. Sankar et al. pointed out that the preva-
lence of left ventricular diastolic dysfunction among 56
children with fluid-refractory septic shock (3 months to
17 years of age) was as much as 41% with their mortality
rate of 43% [41]. Raj et al. also investigated 30 septic
shock children and adolescents (1 month to 21 years of
age) and showed that the prevalence of left ventricular
systolic, diastolic, and both dysfunction was 37%, 33%,
and 17%, respectively, [42]. Furthermore, Abdel-Hady et
al. suggested with their 20 full-term neonatal cohort
with sepsis that the use of a tissue Doppler imaging
would more sensitively detect myocardial dysfunction
missed by conventional echocardiography [43]. Basu et

Fig. 1 Time from sepsis recognition to initial antimicrobial administration
with survival fraction. The shaded portion of each bar indicates the
number of non-survivors in each time interval. Cited from reference [26].
(Promotional and commercial use of the material in print, digital, or
mobile device format is prohibited without the permission from the
publisher Wolters Kluwer. Please contact healthpermissions@woltersklu-
wer.com for further information.)
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al. also showed the efficacy of strain echocardiography
to detect impaired myocardial performance despite nor-
mal ejection fraction and fractional shortening among
children with septic shock (1–13 years of age) [44].
With all these findings of great interest, unfortunately,

clinical relevance of echocardiography-guided manage-
ment, especially to prognosis, has not been fully studied
yet. Ranjit et al. suggested from their prospective cohort
of 48 children with septic shock (1 month to 16 years of
age) the efficacy of bedside echocardiography along with
arterial pressure monitoring to recognize sepsis-associated
myocardial dysfunction and uncorrected hypovolemia
and then titrate fluid and inotropes/vasopressors [45].
Haileselassie et al. recently reported from their retrospect-
ive cohort study of 23 children with sepsis (<19 years old)

in their PICU, compared with their internal controls, that
the septic patients had significantly worse strain, both
longitudinal and circumferential, which was correlated
with higher lactate levels but was not associated with ICU
length of stay [46]. These studies have an inevitable risk of
bias, so better-designed larger studies are essential to
establish the effectiveness of echocardiography-guided
hemodynamic management in pediatric sepsis.

Fluid responsiveness
In adult critical care, fluid responsiveness has been
regarded as more important than preload itself (i.e.,
intravascular volume or ventricular end-diastolic vol-
ume) in order to predict the efficacy of bolus fluid with
avoiding fluid overload. Several dynamic parameters are

Fig. 2 The American College of Critical Care Medicine-Pediatric Advanced Life Support (ACCM-PALS) algorithm. This algorithm aims at time sensitive,
goal-directed stepwise management of hemodynamic support in infants and children, supported by the Surviving Sepsis Campaign guidelines 2012.
Cited from reference [3]. (Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission
from the publisher Wolters Kluwer. Please contact healthpermissions@wolterskluwer.com for further information.)
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promising to evaluate fluid responsiveness, such as sys-
tolic pressure variation (SPV), pulse pressure variation
(PPV), and stroke volume variation (SVV), for ventilated
adults. All of them derive from the analysis of variation
in arterial pressure waveform caused by mechanical ven-
tilation cycling. The recently published SSCG 2016 also
suggested the usefulness of dynamic indices to evaluate
fluid requirement for adult patients with sepsis [4]. On
the other hand, Gan et al. conducted a systematic review
of various static and dynamic indices to assess fluid re-
sponsiveness among ventilated children through the
comparison of the areas under the receiver operating
characteristic (ROC) curve [47]. They demonstrated that
almost all the static indices were not helpful to predict
fluid responsiveness, including heart rate, systolic arterial
blood pressure, and central venous pressure. Moreover,
disappointingly, most of the dynamic indices, including
those based on arterial waveform (i.e., SPV, PPV, and
SVV), inferior vena cava diameter and plethysmograph,
also lacked predictive value, which was inconsistent with
the findings in adults. The only reliable parameter was
respiratory variation in aortic blood flow peak velocity
(ΔVpeak) measured with Doppler echocardiography,
which predicted an increase in stroke volume by more
than 15% with 10 mls/kg of bolus fluid. The authors
speculated that the difference in efficacy of dynamic var-
iables might be affected by higher chest wall and lung
compliance, more compliant arterial vasculature, and
lower cardiac ventricular compliance in children com-
pared with adults [47]. The reliability of ΔVpeak to pre-
dict fluid responsiveness was also confirmed among
mechanically ventilated children in another systematic
review by Desgranges et al. [48]. Unfortunately, so far,
the optimal cutoff value of ΔVpeak has not been identi-
fied to discriminate responders from non-responders be-
cause those values ranged from 7 to 20% across six
included studies [48].
Passive leg raising (PLR) is a simple maneuver to as-

sess fluid responsiveness, “virtual” fluid challenge by fa-
cilitating venous return from lower extremities. Three
well-conducted systematic reviews have recently proved
PLR to be highly valid to predict fluid responsiveness in
adults with circulatory failure, whether they are mechan-
ically ventilated or spontaneously breathing [49–51]. In
addition, when PLR was conducted, changes in such var-
iables as cardiac output, stroke volume, and aortic blood
flow predicted fluid responsiveness more accurately than
those in pulse pressure [50, 51]. On the other hand, PLR
has ever been tested only in one study for children [52].
Lukito et al. recruited 40 children (1–8 years old) in
their PICU with diverse diagnoses, either mechanically
ventilated or spontaneously breathing, and showed that
an increase in cardiac index after PLR maneuver was sig-
nificantly associated with fluid responsiveness [52].

It should be noted that children with sepsis accounted
for a limited percentage of the participants in these stud-
ies [47, 48, 52], so the significance of these dynamic indi-
ces has not been clarified yet in the hemodynamic
management of pediatric sepsis. Moreover, in both adult
and pediatric critical care, the concept that these dy-
namic indices are more predictable of fluid responsive-
ness than static hemodynamic parameters would be
unchallenged any longer, but it must be taken into con-
sideration that hemodynamic management based on
these dynamic indices has never been validated to im-
prove patients’ clinical outcomes so far.

Fluid management
From the viewpoint of fluid resuscitation, the FEAST
trial [53], the largest randomized controlled trial (RCT)
of fluid bolus therapy for 3141 sub-Saharan children
with severe infection and impaired perfusion (60 days to
12 years of age), aroused much controversy since its
publication in 2011. Contrary to expectations, the trial
revealed that the patients who were given any bolus
fluid, saline or 5% albumin, as a part of initial interven-
tion had a significantly higher 48-h mortality rate than
those not given bolus fluid (RR 1.45; 95% CI, 1.13–1.86)
[53]. This shocking results were plausibly explained due
to a high prevalence of malaria (57%) or severe anemia
(hemoglobin <5 g/dL, 32%) among the study population
and under-recognition of fluid overload [54]. However,
their post hoc analyses of excess mortality mechanism
[55] as well as their prespecified subgroup analyses [53]
contradicted those rationalizations. More reasonable ex-
planation for adverse outcomes in the bolus group
would be rapid reduction in sympathetically mediated
circulatory compensation, involvement of ischemia-
reperfusion injury or lack of advanced monitoring,
mechanical ventilation, and inotropic/vasoactive sup-
ports in the resource-limited settings after the initial
fluid resuscitation [56–59]. The subsequently conducted
systematic review of fluid bolus therapy in pediatric sep-
sis was affected by a huge impact of the FEAST trial
[60], which found a harmful effect of fluid boluses. More
recently, Gelbart et al. systematically reviewed the stud-
ies of fluid bolus therapy in hospitalized children with
severe sepsis or septic shock (29 days to 18 years of age),
excluding those of lone tropical pathogens, such as mal-
aria and dengue fever [61]. They found only three RCTs,
two from India and the other from Brazil [30], and 8 ob-
servational studies, largely retrospective. Unfortunately,
those studies were too heterogeneous in methodology
and findings all with small sample size, which precluded
meta-analysis [61].
When it comes to a type of resuscitation fluid, the

SSCG 2012 did not indicate the superiority of either
isotonic crystalloids or colloids [3]. However, the
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equivalency of isotonic crystalloids to colloids in survival
was only based on the three RCTs in children with den-
gue shock syndrome [62–64], which was obviously dif-
ferent from the situation in developed countries. In the
FEAST trial, which included a large proportion of chil-
dren with malaria, there was no difference in 48-h and
4-week mortality between albumin-bolus and saline-
bolus groups (10.6% vs. 10.5% for 48-h mortality, RR
1.00, 95% CI 0.78–1.29; 12.2% vs. 12.0% for 4-week mor-
tality, RR 1.01, 95% CI 0.80–1.28). As described above,
both of the bolus groups had significantly higher mortal-
ity than the no bolus group [53], but again, this is quite
a different setting from developed countries. Jian et al.
recently published a meta-analysis of RCTs in which al-
bumin vs. other fluids was compared for fluid resuscita-
tion in various populations with sepsis. They
demonstrated no significant effect of albumin over other
types of fluid on all-cause mortality among children with
sepsis (fixed effect model, RR 0.92, 95% CI 0.74–1.14;
random effect model, RR 0.55, 95% CI 0.21–1.45) [65].
Unfortunately, however, it must be kept in mind that all
the RCTs adopted in this meta-analysis were also con-
ducted in developing countries with a high percentage of
malaria patients, for whom the FEAST trial [53] largely
accounted [65]. On the other hand, the SPROUT study
identified albumin use as a significant risk factor of
PICU mortality adjusted for age, sex, severity score, geo-
graphic region, and number of comorbidities (adjusted
OR 2.50, 95% CI 1.54–4.05) [20]. These negative findings
of albumin use in children with sepsis are in contrast to
the non-significant but more favorable findings in adults
with sepsis [4, 66]. Otherwise, it would be recommended
to avoid synthetic colloids for children in terms of renal
insult as well, based on the findings [67–69] and recom-
mendation [4] in adult sepsis.
Considering these facts, so far, it is very difficult to

show any recommendation or suggestion regarding the
optimal dose and type of resuscitation fluid in the man-
agement of pediatric sepsis. However, at least in devel-
oped countries, it would be reasonable to continue
current practice suggested in the SSCG 2012 [3] as well
as judicious use of albumin. Well-designed pragmatic
RCTs are definitely needed to clarify the optimal type
and dose of resuscitation fluid in pediatric sepsis in ad-
vanced countries.
Excessively positive fluid balance has been pointed out

to be associated with poor outcomes for both critically
ill adults and children [70]. However, in their case-
control study with the multicenter pediatric septic shock
registry in the USA (10 years old or younger), Abulebda
et al. suggested that both fluid balance for the first 24 h
and cumulative percent positive fluid balance for 7 days
after PICU admission were not associated with mortality
or multiorgan dysfunction in the intermediate- and

high-risk group [71], stratified with the newly devised
pediatric sepsis biomarker risk model [72].

Inotropic/vasoactive agents
In terms of inotropic/vasoactive agents for septic shock,
noradrenaline has recently been regarded as the first
line for adults mainly because of fewer arrhythmic
events [3, 73, 74]. In pediatric septic shock, compara-
tive studies were lacking at the publication of the SSCG
2012 [3], which did not specify any inotropic/vasoactive
agent. Fortunately, for the past couple of years, two
RCTs were published to compare dopamine with adren-
aline as the first line agent [75, 76]. Ventura et al. ran-
domly assigned 120 children with fluid-refractory septic
shock (1 month to 15 years of age) to receive either
continuous infusion of dopamine or adrenaline [75]. Study
drugs were waxed up every 20 min (dopamine 5, 7.5,
10 μg/kg/min vs. adrenaline 0.1, 0.2, 0.3 μg/kg/min) to
achieve the predetermined hemodynamic stabilization
criteria and after the maximum dose another catechol-
amine could be replaced at physicians’ discretion. The pri-
mary outcome was the 28-day mortality, which was
significantly lower in the adrenaline group than in the
dopamine group (7% vs. 21%, p = 0.033). In addition,
dopamine was associated with death (OR, 6.5; 95% CI,
1.1–37.8) and healthcare–associated infection (OR, 67.7;
95% CI, 5.0–910.8) in the multivariate analysis [75].
Narayanan et al. also conducted a pilot RCT, in which they
compared dopamine with adrenaline as the first line in a
different regimen (dopamine 10, 15, 20 μg/kg/min vs.
adrenaline 0.1, 0.2, 0.3 μg/kg/min every 10 min) among 60
fluid-refractory hypotensive “cold” septic shock children
(3 month to 12 years of age). The primary outcome was
the rate of shock resolution within the first hour of resus-
citation, which was significantly higher in the adrenaline
group (41% vs. 13%, p = 0.019), but the mortality was not
significantly different (48% in the adrenaline group vs.
58% in the dopamine groups, p = 0.605) [76]. These RCTs
may apparently suggest that adrenaline is replacing dopa-
mine as the first line in the management of pediatric sep-
tic shock, but it would be better to say that they just
compared two regimens of hemodynamic management
rather than the two agents. Indeed, Deep et al. revealed
the two distinct hemodynamic patterns on presentation
among 36 prospectively registered children excluding neo-
nates with fluid-refractory septic shock [77]. In general,
most of the children with community-acquired septic
shock presented in “cold shock,” while all the children
with hospital-acquired septic shock manifested “warm
shock”. However, some of the patients in “cold shock”
who were initially commenced on adrenaline required
noradrenaline or were switched onto milrinone later, while
some of the patients in “warm shock” who initially
responded to noradrenaline subsequently developed low
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cardiac output and required adrenaline [77]. Considering
these facts, the universal application of a single agent as
the first line might be hazardous and the subsequent me-
ticulous optimization of hemodynamic support would be
inevitable for the management of septic shock children.
In the case of adult septic shock with catecholamine-

resistant vasodilatory hypotension, vasopressin, and its
long-acting analog terlipressin have been suggested as an
alternative to restore optimal perfusion pressure since
the SSCG 2012 [3, 78]. On the other hand, the use of
these agents was not supported in children for lack of
overt clinical benefits [3, 79, 80]. More recently,
Masarwa et al. published a systematic review comparing
vasopressin and terlipressin with conventional treatment
in children (0–18 years old) with refractory shock of all
causes [81]. They cited 3 RCTs [79, 80, 82] and found
no association between the use of vasopressin/terlipres-
sin and mortality (RR 1.19; 95% CI 0.71–2.00; I2 = 28%).
They also pointed out a non-significant but concerning
tendency toward more tissue ischemia in patients treated
with vasopressin/terlipressin (RR 1.48; 95% CI 0.47–4.62;
I2 = 0%) [81]. This difference in efficacy may possibly ori-
ginate from variable levels of intrinsic vasopressin and
copeptin in children with septic shock, contrary to rela-
tive vasopressin deficiency among adult patients [83].
Otherwise, methylene blue was also suggested as another
vasoconstrictor for catecholamine-resistant vasodilatory
shock [84], which has not been adequately evaluated yet.

Adjunct therapies
In the pediatric considerations in the SSCG 2012, the
timely supplementation of hydrocortisone was sug-
gested for children with fluid-refractory catecholamine-
resistant septic shock and suspected or proven absolute
(classic) adrenal insufficiency, which was rated as grade
1A, i.e., strong recommendation with high-quality
evidence [3, 85, 86], even without adequately powered
trials. On the other hand, when it comes to the efficacy
of corticosteroids in the more common situation of
critical illness-related corticosteroid insufficiency in
pediatric septic shock, well-designed research is

desperately scarce [85, 86]. Menon et al. recently con-
ducted a systematic review of the RCTs, only to find
out that most of them were published regarding dengue
shock before 1996 in developing countries [87]. Their
meta-analysis showed no survival benefit in those who
received corticosteroids compared with those who did
not [87]. Furthermore, in the SPROUT study, the use of
corticosteroids was significantly associated with mortal-
ity in the multivariate analysis (adjusted OR 1.58, 95%
CI 1.01–2.49) [20]. Despite lack of convincing evidence,
a recent Canadian national survey revealed that almost
all the pediatric intensivists (91.4%) would administer
corticosteroids to patients in a persistent shock who
had received 60 mL/kg of fluid and were on two or
more vasoactive medications [88]. In that survey, more
than 80% of the respondents stated that they were also
willing to recruit their persistent shock patients into
future RCTs, but at the same time, they answered that
many of them would prescribe open-label corticoste-
roids [88] if their patients deteriorated, which implies
potential difficulties of conducting an effective RCT [89].
Deducing a pile of available research findings [90–95] and
the suggestion in the SSCG 2012 for adults [3], it would
remain reasonable to consider the administration of low-
dose hydrocortisone only to children with fluid-refractory,
catecholamine-resistant septic shock. Well-designed,
large-scale RCTs are definitely needed to evaluate the
efficacy of corticosteroids in pediatric septic shock with
a pragmatic target population, specific inclusion/exclu-
sion criteria, adverse event reporting, and realistic end-
points [89] (Table 2).
With other adjunct therapies, the efficacy of extracor-

poreal therapies for pediatric sepsis, including extracor-
poreal life support (ECLS), renal replacement therapy
(RRT), and plasma exchange (PE), has been investigated
these few years. The consideration of ECLS was sug-
gested in the SSCG 2012 for refractory septic shock chil-
dren as a last resort of hemodynamic management [3],
but this suggestion is based only on experience in a lim-
ited number of centers [96–98]. More recently, Ruth et
al. demonstrated from the multicenter PICU database in

Table 2 The summary of the newly added findings on the management of pediatric sepsis

# Administer the first appropriate antimicrobials within 3 h after the recognition

# Lactate clearance might be promising for children with elevated lactate level

# Transthoracic echocardiography should be encouraged to use for the evaluation of the hemodynamics and treatment response

# Dynamic variables would be more preferable to static variables to evaluate fluid responsiveness, but the only reliable parameter is respiratory
variation in aortic blood flow peak velocity (ΔVpeak) measured with echocardiography so far

# Adrenaline would be more preferable to dopamine for the first line catecholamine in children with fluid-refractory septic shock

# Serial meticulous evaluation of the hemodynamics and adjustment of the management are essential

# Be more cautious about the use of vasopressin/terlipressin for children with fluid-refractory septic shock

# Be more “conservative” than ever about the administration of corticosteroids
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the USA the increasing utilization of ECLS for septic
children (3.6% in 2004–2008 vs. 4.0% in 2009–2012
among all with severe sepsis), especially for those with
three or more organ dysfunctions from 2004 to 2012
(6.9–10.3%). They also reported that the mortality rate
was 47.8% with the trend of gradual declining among
the children who underwent ECLS [99]. Smith et al.
lately reported their experience of ECLS runs for 9 chil-
dren with neutropenic sepsis as 44% survival, which was
previously contraindicated because of pessimistic prog-
nosis [100]. As for RRT, Ruth et al. revealed in their
multicenter PICU database that RRT was applied to
19.0% of septic children (0–18 years old), but the
utilization of RRT had been significantly decreasing from
2004 to 2012. The associated mortality rate was 32.3%
with RRT alone and 58.0% with both ECLS and RRT
[99]. The SSCG 2012 suggested consideration of the use
of diuretics and RRT to avoid greater than 10% total
body weight fluid overload [3] based mainly on a single-
center retrospective study [101]. Unfortunately, this
suggestion, especially the threshold value of fluid over-
load, has not been validated well among septic children
yet [102–104]. The efficacy of PE in pediatric sepsis is
also ambiguous. Kawai et al. suggested the possible effi-
cacy of PE at an early stage for their 14 children on
ECLS in terms of the recovery of organ dysfunctions and
hemodynamic status [105], while meta-analysis con-
ducted by Rimmer et al. demonstrated no survival be-
nefit of PE in septic children (n = 66, RR 0.96, 95% CI
0.28–3.38) [106]. Unfortunately, this meta-analysis was
under-powered.

“Sepsis bundle” approach (ACCM/PALS algorithm)
In the SSCG 2012, the initial management bundle is ad-
vocated to improve the performance quality of adult sep-
sis care [3]. The recently conducted global prospective
observational study (IMPreSS study) demonstrated the
survival benefit of compliance with the bundled ap-
proach for adults with severe sepsis or septic shock
[107]. In pediatric sepsis, the SSCG panel continued to
recommend compliance with the ACCM-PALS algo-
rithm for the initial management of septic shock (Fig. 2)
[29] from 2008 through 2012 [2, 3]. This algorithm had
been proved effective in a few studies [30, 108–110], and
its adherence in the clinical settings has recently been
investigated more vigorously. Paul et al. prospectively in-
vestigated in their emergency department adherence to
the five algorithmic time-specific goals; early recogni-
tion, vascular access, intravenous fluids up to 60 mls/kg,
vasopressors for fluid-refractory shock, and antibiotic
administration [111]. They found out low adherence rate
to the total algorithm, only 19%, as well as to adequate
fluid resuscitation and timely vasopressor start, 37 and
35%, respectively. They also revealed a significantly

shorter hospital length of stay among the adherence
group compared with that among the non-adherence
(6.8 vs. 10.9 days, p = 0.009) [111]. They subsequently
commenced quality improvement initiatives for higher
adherence to the ACCM-PALS algorithm, especially fo-
cusing on the timely fluid resuscitation up to 60 mls/kg
within 60 min [112]. With their vigorous intervention to
the ED staff, adherence to fluids, vasoactive agents, and
the total bundle all improved and finally reached 100%
and remained nearly 100% thereafter [112]. Long et al.
prospectively conducted the same sort of quality im-
provement intervention study, focusing on venous blood
gas sampling, timely fluid resuscitation, and antibiotic
administration [113]. They achieved the significant
reduction of time to intravenous access, antibiotic ad-
ministration, and fluid administration, and more import-
antly, significantly shorter hospital length of stay (96 h
in pre-intervention vs. 80 h in post-intervention; hazard
ratio 1.36, 95% CI 1.04–1.80) [113]. A couple of other
retrospective cohort studies suggested the beneficial ef-
fect of protocolized initial management for reduced
complication rate of acute kidney injury [114] and some
organ dysfunctions [115]. It should be noted that all
these studies are of single-center, before-after or retro-
spective design, but every effort to comply with “sepsis
bundles” is highly likely to improve performance in the
management of septic children.

Post-intensive care sequelae
As mentioned above, morality of pediatric sepsis seems
to be gradually declining for the past decade. On the
other hand, long-term sequelae among pediatric sepsis
survivors have not been well investigated yet.
The post hoc analysis of the RESOLVE trial [116] re-

vealed that as much as 34% of the 28-day pediatric sepsis
survivors who required both vasoactive agents and
mechanical ventilation (38 weeks corrected gestation to
17 years of age at recruitment) had some decline in their
functional status with 18% of at least moderate disability
[117]. They also found out the risk factors associated
with poor functional outcome; central nervous system
and intra-abdominal infection sources, recent trauma,
receipt of cardiopulmonary resuscitation prior to enroll-
ment, and high severity index [117]. The SPROUT study
revealed that as much as 17% of pediatric survivors
through severe sepsis were complicated by at least mod-
erate disabilities, while 28% at least mild disabilities [20].
Aspesberro et al. recently conducted a focused re-

view of the literature regarding health-related quality
of life (HRQoL) among pediatric critical care survivors
(0–18 years old) [118]. They identified sepsis on ICU
admission as one of the key determinants of poor HRQoL.
They also found out low scores of behavioral and emo-
tional measurement scales among meningococcal septic
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shock survivors and reduced aspects of neuropsychologic
function among children with meningoencephalitis and
sepsis [118]. Obviously, children who have survived sepsis
are struggling for their premorbid performance.

Conclusions
Comparing with the “pre-SSCG” era, more evidence has
been accumulating in pediatric sepsis for the past dec-
ade. Above all, the SPROUT study has provided import-
ant implications about future research on pediatric
sepsis based on a global epidemiologic data [20, 119].
Mortality seems to be declining gradually, thanks to
wider acceptance of the SSCG, though the trend has not
been firmly verified yet. Pediatric intensivists must
keep it in mind that all the sepsis survivors cannot re-
store the premorbid level performance [120]. It would
be desirable that multidisciplinary longitudinal follow-up
should be coordinated for pediatric sepsis survivors. In
addition, future clinical research for children with sepsis
should adopt as outcome measures not only mortality
but also long-term HRQoL to fully evaluate the impact
of sepsis on children’s life.
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