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The recently revised Sepsis-3 definitions were based on criteria that were derived and
validated in adult patient databases from high income countries. Both sepsis and septic
shock continue to account for a substantial proportion of mortality globally, especially
amongst children in low-and-middle income country settings. It is therefore urgent to
develop and validate standardized criteria for sepsis that can be applied to pediatric
populations in different settings, including in- and outside intensive care, both in high- and
low/middle- income countries. This will be a pre-requisite to evaluate the impact of sepsis
treatment strategies to improve clinical outcomes.
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BACKGROUND

In 2016, the International Sepsis Definition Taskforce convened by the Society of Critical Care
Medicine, and the European Society of Intensive Care Medicine, updated definitions and clinical
criteria for sepsis. These should facilitate recognition, targeted management of patients with sepsis
and also improve accurate characterization of the global sepsis burden (1). Sepsis-3 defines sepsis
as life-threatening organ dysfunction caused by a dysregulated host response to infection, while the
concept of septic shock incorporates profound circulatory, cellular and metabolic abnormalities
associated with a greater risk of mortality (1). These new Sepsis-3 criteria reflect advances made
in the understanding of the pathobiology, epidemiology, and management of sepsis. While the
concept underlying the new sepsis definition can be applied to all age groups, the operationalization
of definition was derived and validated in adult cohorts only.

In May, 2017, the World Health Assembly (WHA), the World Health Organization’s (WHO)
decision-making body, adopted a resolution recognizing the need to improve the prevention,
diagnosis, and management of sepsis as a priority (2). It is currently estimated that 30 million
cases and 6 million sepsis-related deaths occur worldwide each year including 3 million newborns
and 1.2 million children who suffer from sepsis globally on an annual basis (3). Translating the
WHO resolution at national and international level into actions leading to improved outcomes for
children will require addressing the unique features characterizing epidemiology, host responses,
and outcomes (4) to ensure accurate definition, and targeted treatment.
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DEFINITIONS OF PEDIATRIC SEPSIS

The Sepsis-3 criteria were based on systematic reviews, Delphi
processes, and stringent methodology to develop and validate
robust criteria for sepsis (1, 5, 6), and the merit in this data-
driven approach is widely recognized. Yet, validity remains
restricted to the adult populations in which the criteria were
developed and tested, and a gap exists in relation to pediatric
sepsis. Several studies have demonstrated that the application of
Sepsis-3 derived criteria to children in intensive care settings in
high income countries performs reasonably well (7, 8). However,
a number of challenges remain to be addressed to translate
these to settings outside intensive care, including emergency
departments, and in particular low-and-middle income (LMIC)
settings (3). In the global context, pediatric sepsis burden occurs
disproportionately in LMICs with a devastating impact on
neonatal and childhood mortality (2). However, robust data
on the burden of pediatric sepsis in LMICs remain scarce
(3). Currently, there is no definition of pediatric sepsis that is
harmonized with Sepsis-3, a shortcoming recognized by the 2016
Sepsis International Consensus Taskforce which acknowledged
the need to develop similar definitions for pediatric populations,
incorporating clinical criteria that take age-dependent variation
into account (9). Presently used clinical criteria for diagnosing
sepsis in children in LMICs include the 2005 Pediatric Sepsis
Consensus Conference (PSCC) (10, 11) and the World Health
Organization’s Integrated Management of Childhood Illnesses
(WHO-IMCI) (12). Further criteria facilitating assessment of
septic shock in neonates and children were proposed by the
American College of Critical Care Medicine (ACCM) in 2002

and subsequently updated in 2007 (13) and 2014 (14). These have
also been applied in LMICs settings but to varied extents due
to limitations in ability to implement criteria such as inotrope
therapy as well as intensive care hemodynamic monitoring and
support. Box 1 below compares and contrasts different criteria
used to identify pediatric sepsis. Of note, subtle but substantial
differences exist in some of the cut-off values for various variables
used in defining sepsis when comparing the PSCC, WHO-IMCI,
and ACCM criteria (Table 1).

CHANGING DEFINITIONS, UNCHANGING
TREATMENT

The Surviving Sepsis Campaign (SSC) guidelines focus on
antibiotics, fluids, and inotropes as key elements of initial
resuscitation (16). In the 2018 update of the adult Surviving
Sepsis Campaign (SSC) bundle, a 1 h sepsis bundle for immediate
management of sepsis is described, combining elements from
previous 3 and 6h bundles (17). The 1h sepsis bundle makes
a strong recommendation of administering 30 ml/kg bolus
of crystalloid for resuscitation of adults with hypotension or
lactate >4 mmol/L but further grades this recommendation
as low quality given the available supporting evidence (17).
In children, the recent ACCM recommendations advocate for
administration of appropriate antibiotics, fluid boluses of up
to 60 ml/kg, followed by initiation of inotropic support all
within <60 min, ideally within as little as 15min, in children
with septic shock (14). While there is supportive retrospective
evidence for the recommendations of the 1h sepsis bundle
in children highlighting the need for early sepsis recognition,

BOX 1 | Criteria to recognize sepsis and septic shock in children.

Pediatric Sepsis Consensus Conference definitions

The 2005 pediatric Sepsis Consensus Conference, PSCC, definition of sepsis is systemic inflammatory response syndrome (SIRS) in the presence of, or as a result
of, suspected or proven infection, whereby SIRS comprises temperature dysregulation (defined as core body temperature >38.5 or <36°C); tachycardia (defined as
a mean heart rate >2 SD above normal for age in the absence of external stimulus chronic drugs, or painful stimuli; or otherwise unexplained persistent elevation
over a 0.5-4 h time period or for children <1 year old); bradycardia (defined as a mean heart rate <10th percentile for age in the absence of external vagal stimulus,
Beta-blocker drugs, or congenital heart disease; or otherwise unexplained persistent depression over a 0.5 h time period); respiratory rate dysregulation (defined as
a mean respiratory rate >2 SD above normal for age or mechanical ventilation for an acute process not related to underlying neuromuscular disease or the receipt
of general anesthesia); leucocyte count elevated or depressed for age, or >10% immature neutrophils, but not secondary to chemotherapy-induced leukopenia
(10, 11). Septic shock was defined as presence of sepsis and cardiovascular organ dysfunction in the PSCC definition (10, 11).

World Health Organization definitions

In the World Health Organization-Integrated Management of Childhood llinesses, WHO-IMCI, sepsis is a diagnosis of exclusion, defined as presence of acute fever
(>39°C) and severe illness when no other cause is found (12), while septic shock includes cold hands with poor peripheral perfusion; increased capillary refill time
(>3s); fast and weak pulse volume; hypotension; and decreased mental status (lethargy) (12).

American College of Critical Care Medicine clinical practice parameters for hemodynamic support of pediatric and neonatal septic shock (2017
update)

The American College of Critical Care Medicine defines sepsis as presence of hypothermia or hyperthermia plus clinical signs of inadequate tissue perfusion including
any of the following: decreased or altered mental status; capillary refill time >2 s, diminished pulses, mottled cool extremities (cold shock); flash capillary refill, bounding
peripheral pulses, wide pulse pressure (warm shock); urine output <1 ml/kg/h. Hypotension is not necessary for clinical diagnosis of septic shock, but its presence
in a child with clinical suspicion of infection is confirmatory (14).

Fluid Expansion as Supportive Therapy definitions

The Fluid Expansion As Supportive Therapy, FEAST, trial recruitment criteria required presence of the following: 1) fever (axillary body temperature >37.5 or <36°C);
2) impaired consciousness (prostration or coma) and/or respiratory distress (increased work of breathing); 3) impaired perfusion (evidenced by one or more of the
following criteria: capillary refill time of 3 or more seconds, lower limb temperature gradient, weak radial pulse volume, or severe tachycardia >180 beats per minute
in children younger than 12 months of age, >160 beats per minute in children 1-5 years of age, or >140 beats per minute in children older than 5 years of age) (15).
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TABLE 1 | Selected age-specific variables are compared between different criteria to recognize sepsis and septic shock in children.

Variable

Cut-off values (per age-group)

Heart rate (beats/min)

Respiratory rate
(breaths/min)

Leucocyte count
(WBC X 10°/L)

Systolic Blood
Pressure (mm Hg)

Age-group classification Age Tachycardia Bradycardia Tachypnoea Leucocytosis or Hypotension (11)
leucopenia
(A) Pediatric Sepsis Consensus Conference 2005 (PSCC) Criteria (10).
e Newborns 0 days—1 week >180 <100 >50 >34 <59
¢ Neonates 1 week—1 month >180 <100 >40 >19.5 or <5 <79
e |nfant 1 month—1 year >180 <90 >34 >17.50r <5 <75
e Toddler and pre-school 2-5 years >140 N/A >22 >15.50or <6 <74
e School age child 6-12 years >130 N/A >18 >13.50r <4.5 <83
e Adolescent and young adult 13 < 18 years >110 N/A >14 >11or<4.5 <90

Temperature™ (hyper- or > 38.50r<36.0°C

hypothermia)

Prolonged capillary refill time >5s

Variable Cut-off values (per age-group)

(B) American College of Critical Care Medicine (ACCM) ## (13, 14).

No cut-off values described
<1 ml/kg/h
Decreased or altered mental status

Temperature (hyper- or hypothermia)
Urine output

Mental status

Capillary refill time

Pulses

Prolonged >2 s (cold shock) or flash capillary refill (warm shock)
Diminished pulses and mottled cool extremities (cold shock) or bounding peripheral pulses with wide pulse pressure (warm shock)

Variable

Cut-off values (per age-group)

Heart rate (beats/min)

Systolic BP (mm Hg) Respiratory rate (breaths/min)%$

Age-group classification Age Tachycardia Bradycardia Hypotension Tachypnoea Bradypnoea
(C) World Health Organization-Integrated Management of Childhood llinesses (WHO-IMCI) criteria (12).

0 < 1year >160 <100 <60 >60 <20

> 1 year < 3years >150 <90 <70 >50 <20

> 3 years < 6 years >140 <80 <75 >40 <20
Temperature (hyperthermia) >39.0°C
Prolonged capillary refill time >3s
Hypoxia (SPO2) <90%

** Temperature cut-off values apply for all ages and are based on core temperature measured by rectal, bladder, oral, or central catheter probe. ## Clinical diagnosis of shock based on
ACCCM criteria requires suspected infection manifested by hypothermia or hyperthermia, and any of the above-listed clinical signs of inadequate tissue perfusion. $$ Respiratory rate
criteria based on slightly different age-group classification cut-off values (i.e., < 2months, 2-11 months and 1-5 years).

sampling for blood cultures, and administration of broad
spectrum antibiotics (18), several components of the recognition
and resuscitation bundles are based on expert opinion rather
than evidence. Administration of rapid fluid boluses remains
a cornerstone of treatment of shock, but the potential for
harm related to large volume fluid administration is increasingly
considered.

In 2011, the Fluid Expansion As Supportive Therapy (FEAST)
multi-center randomized clinical trial (15) used pragmatic
clinical and age-specific criteria for pediatric sepsis. These
criteria in the FEAST trial were designed to generate practical,
evidence-based data for management of children with severe
febrile illness and impaired perfusion in resource-poor settings

in sub-Saharan Africa and included over 3,000 patients (15).
The landmark FEAST trial demonstrated that fluid boluses
significantly increased 48h mortality in acutely ill children
with impaired perfusion in the resource-limited settings in
South Saharan Africa (15, 19). A recent animal model of
hyperdynamic endotoxaemic shock (20) reported paradoxical
higher vasopressor requirement to maintain mean arterial blood
pressure (MAP) following fluid bolus resuscitation which may
account for some of the pathophysiology underlying findings in
the FEAST study (21). More recently, the use of fluid boluses in
septic shock in both pediatric (22) and adult populations (23,
24) is undergoing evaluation in several randomized controlled
trials (Restrictive Intravenous Fluids Trial in Sepsis, RIFTS;
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Crystalloid Liberal or Vasopressors Early Resuscitation in Sepsis,
CLOVERS).

In the 2016 update of the WHO pediatric emergency triage,
assessment and treatment (ETAT) guideline, despite a search
of 1,600 references, including 3 randomized controlled trials
(RCTs), only the FEAST trial met the inclusion criteria for
consideration regarding pediatric sepsis and septic shock (25).

Post hoc and pre-specified sub-group analyses of the FEAST
trial suggested that the excess mortality observed with fluid bolus
therapy was not attributable to factors such as under-recognition
of fluid overload, high prevalence of malaria (57%) and severe
anemia (hemoglobin levels below 5 g/dL in 32%) in the study
population; indeed fluid boluses were associated with adverse
outcomes in all sub-groups analyzed (19, 26).

In contrast to adults, where large trials were performed on key
interventions such as the use of hydrocortisone in septic shock
(27), or on the use of norepinephrine and dopamine in septic
shock (28), there are no comparably powered pediatric trials
published or ongoing. Currently, to the best of our knowledge
there are no large randomized controlled trials ongoing which
compare fluid bolus therapy with alternative interventions such
as vasopressors, or steroids in pediatric patients with septic shock
(29), resulting in ongoing controversy around best practice.

In the past decade, outside the FEAST trial, only a relatively
small number of interventional trials in pediatric sepsis were
conducted, the majority of those with <100 included patients
(30-33). In 2008, Santhanam et al. found no differences in
mortality or resolution of shock when comparing resuscitation
of 147 children with septic shock using 40 mls/kg fluid over
15min followed by dopamine vs. 20 mls/kg fluid over 20 min
up to a maximum of 60 mls/kg/h followed by dopamine (34).
Oliveira et al. observed reduced mortality when using superior
vena cava oxygenation as an end-point in goal-directed therapy
in children with septic shock (35). A more recent trial from the
United Kingdom highlighted challenges pertinent to feasibility of
trials investigating the volume of fluid resuscitation in sepsis (22).

Future research on optimal hemodynamic support in sepsis
and septic shock should consider assessing the role of volume,

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). ] Am Med Assoc. (2016) 315:801-10.
doi: 10.1001/jama.2016.0287

2. Kissoon N, Reinhart K, Daniels R, Machado MFR, Schachter RD,
Finfer S. Sepsis in children: global implications of the world health
assembly resolution on sepsis. Pediatr Crit Care Med. (2017) 18:€625-7.
doi: 10.1097/PCC.0000000000001340

3. Fleischmann-Struzek C, Goldfarb DM, Schlattmann P, Schlapbach LJ,
Reinhart K, Kissoon N. The global burden of paediatric and neonatal
sepsis: a systematic review. Lancet Respir Med. (2018) 6:223-30.
doi: 10.1016/S2213-2600(18)30063-8

4. Schlapbach LJ, Straney L, Alexander J, MacLaren G, Festa M, Schibler
A, et al. Mortality related to invasive infections, sepsis, and septic
shock in critically ill children in Australia and New Zealand, 2002-13: a
multicentre retrospective cohort study. Lancet Infect Dis. (2015) 15:46-54.
doi: 10.1016/51473-3099(14)71003-5

type (balanced crystalloids vs. normal saline) (36, 37), rate,
and temperature of fluids and evaluate fluid-sparing strategies
such as early vasoactive and inotrope support. Studies should
include sites in resource-limited settings inter alia (26), as
well as addressing and adjusting for variations attributable to
different settings pertinent to host and pathogen characteristics
all of which are likely to affect susceptibility, response, and
outcomes (38).

In conclusion, it is urgent that the pediatric community
collaborates across the globe to address the need for meaningful,
pertinent and harmonized sepsis criteria that can be applied to
children in different settings, including in- and outside intensive
care, both in high-income countries and LMIC. This will allow
the rigorous evaluation of the impact of sepsis bundles. Robust
criteria will facilitate design and recruitment into novel trials to
improve the evidence for currently recommended treatments to
result in improved outcomes for children with sepsis.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

NO was supported and funded through the DELTAS Africa
Initiative [DEL-15-003]. The DELTAS Africa Initiative is an
independent funding scheme of the African Academy of Sciences
(AAS)’s Alliance for Accelerating Excellence in Science in Africa
(AESA) and supported by the New Partnership for Africa’s
Development Planning and Coordinating Agency (NEPAD
Agency) with funding from the Wellcome Trust [107769/Z/10/Z]
and the UK government. The views expressed in this publication
are those of the author(s) and not necessarily those of AAS,
NEPAD Agency, Wellcome Trust or the UK government.

This paper was supported through the Critical Care
ResearchGroup (CCRG) and the Paediatrics Critical Care
Research Group (PCCRG), Brisbane, Australia.

5. Shankar-Hari M, Phillips GS,
VX, Deutschman CS, et al

Levy ML, Seymour CW, Liu

Developing a new definition and
assessing  new septic shock: for the third
international consensus definitions for sepsis and septic shock
(Sepsis-3). ] Am Med Assoc. (2016) 315:775-87. doi: 10.1001/jama.
2016.0289

6. 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). ] Am Med Assoc.
(2016) 315:762-74. doi: 10.1001/jama.2016.0288

7. 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

8. 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 IIl children. JAMA Pediatr. (2017) 171:e172352.
doi: 10.1001/jamapediatrics.2017.2352

clinical ~criteria for

Frontiers in Pediatrics | www.frontiersin.org

January 2019 | Volume 6 | Article 425


https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1097/PCC.0000000000001340
https://doi.org/10.1016/S2213-2600(18)30063-8
https://doi.org/10.1016/S1473-3099(14)71003-5
https://doi.org/10.1001/jama.2016.0289
https://doi.org/10.1001/jama.2016.0288
https://doi.org/10.1007/s00134-017-5021-8
https://doi.org/10.1001/jamapediatrics.2017.2352
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Obonyo et al.

Sepsis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Raith EP, Udy AA, Bailey M, McGloughlin S, Maclsaac 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. ] Am Med Assoc. (2017) 317:290-300.
doi: 10.1001/jama.2016.20328

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: 10.1097/01.PCC.0000149131.72248.E6

Goldstein B, Giroir B, Randolph A. Values for systolic blood pressure. Pediatr
Crit Care Med. (2005) 6:500-1. doi: 10.1097/01.PCC.0000167568.79952.92
Pocket Book of Hospital Care for Children. Guidelines for the Management
of Common Childhood Illnesses. Geneva: WHO Guidelines Approved by the
Guidelines Review Committee (2013).

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.0b013e31819323¢6

Davis AL, Carcillo JA, Aneja RK, Deymann AJ, Lin JC, Nguyen TC, et al.
American College of Critical Care Medicine Clinical Practice Parameters for
Hemodynamic Support of Pediatric and Neonatal Septic Shock. Crit Care
Med. (2017) 45:1061-93. doi: 10.1097/CCM.0000000000002425

Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, Akech SO, et al.
Mortality after fluid bolus in African children with severe infection. N Engl |
Med. (2011) 364:2483-95. doi: 10.1056/NEJMoal101549

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R,
et al. Surviving Sepsis Campaign: International Guidelines for Management
of Sepsis and Septic Shock: 2016. Intensive Care Med. (2017) 43:304-77.
doi: 10.1007/500134-017-4683-6

Levy MM, Evans LE, Rhodes A. The surviving sepsis campaign
bundle: 2018 update. Crit Care Med. (2018) 46:997-1000.
doi: 10.1097/CCM.0000000000003119

Evans IVR, Phillips GS, Alpern ER, Angus DC, Friedrich ME, Kissoon N,
et al. Association Between the New York Sepsis Care Mandate and In-
Hospital Mortality for Pediatric Sepsis. ] Am Med Assoc. (2018) 320:358-67.
doi: 10.1001/jama.2018.9071

Maitland K, George EC, Evans JA, Kiguli S, Olupot-Olupot P, Akech
SO, et al. Exploring mechanisms of excess mortality with early fluid
resuscitation: insights from the FEAST trial. BMC Med. (2013) 11:68.
doi: 10.1186/1741-7015-11-68

Byrne L, Obonyo NG, Diab S, Dunster K, Passmore M, Boon AC, et al. An
ovine model of hyperdynamic endotoxemia and vital organ metabolism. Shock
(2018) 49:99-107. doi: 10.1097/SHK.0000000000000904

Byrne L, Obonyo NG, Diab SD, Dunster KR, Passmore MR, Boon AC, et al.
Unintended consequences: fluid resuscitation worsens shock in an ovine
model of endotoxemia. Am | Respir Crit Care Med. (2018) 198:1043-54.
doi: 10.1164/rccm.201801-00640C

Inwald DP, Canter R, Woolfall K, Mouncey P, Zenasni Z, O’Hara
C, et al. Restricted fluid bolus volume in early septic shock: results
of the fluids in shock pilot trial. Arch Dis Child. (2018) 1-6.
doi: 10.1136/archdischild-2018-314924

Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC,
et al. Effect of an early resuscitation protocol on in-hospital mortality among
adults with sepsis and hypotension: a randomized clinical trial. ] Am Med
Assoc. (2017) 318:1233-40. doi: 10.1001/jama.2017.10913

Hjortrup PB, Haase N, Bundgaard H, Thomsen SL, Winding R, Pettila
V;, et al. Restricting volumes of resuscitation fluid in adults with septic
shock after initial management: the CLASSIC randomised, parallel-group,
multicentre feasibility trial. Intensive Care Med. (2016) 42:1695-705.
doi: 10.1007/s00134-016-4500-7

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Guideline: Updates on Paediatric Emergency Triage, Assessment and
Treatment: Care of Critically-Ill Children. Geneva: WHO Guidelines
Approved by the Guidelines Review Committee (2016).

Kawasaki T. Update on pediatric sepsis: a review. J Intensive Care (2017) 5:47.
doi: 10.1186/540560-017-0240-1

Venkatesh B, Finfer S, Cohen ], Rajbhandari D, Arabi Y, Bellomo R, et al.
Adjunctive glucocorticoid therapy in patients with septic shock. N Engl ] Med.
(2018) 378:797-808. doi: 10.1056/NEJMoal705835

De Backer D, Aldecoa C, Njimi H, Vincent JL. Dopamine versus
norepinephrine in the treatment of septic shock: a meta-analysis*. Critical
Care Med. (2012) 40:725-30. doi: 10.1097/CCM.0b013e31823778ee

Gelbart B, Glassford NJ, Bellomo R. Fluid bolus therapy-based resuscitation
for severe sepsis in hospitalized children: a systematic review. Pediatric Crit
Care Med. (2015) 16:297-307. doi: 10.1097/PCC.0000000000000507
Upadhyay M, Singhi S, Murlidharan J, Kaur N, Majumdar S. Randomized
evaluation of fluid resuscitation with crystalloid (saline) and colloid (polymer
from degraded gelatin in saline) in pediatric septic shock. Indian Pediatr.
(2005) 42:223-31.

Ventura AM, Shieh HH, Bousso A, Goes PE de Cassia FOFI, de Souza
DG, et al. Double-blind prospective randomized controlled trial of dopamine
versus epinephrine as first-line vasoactive drugs in pediatric septic shock. Crit
Care Med. (2015) 43:2292-302. doi: 10.1097/CCM.0000000000001260
Ramaswamy KN, Singhi S, Jayashree M, Bansal A, Nallasamy K. Double-
blind randomized clinical trial comparing dopamine and epinephrine in
pediatric fluid-refractory hypotensive septic shock. Pediatr Crit Care Med.
(2016) 17:€502-12. doi: 10.1097/PCC.0000000000000954

Sankar J, Ismail J, Sankar MJ, C PS, Meena RS. Fluid Bolus Over 15-20 versus
5-10 minutes each in the first hour of resuscitation in children with septic
shock: a randomized controlled trial. Pediatr Crit Care Med. (2017) 18:e435-5.
doi: 10.1097/PCC.0000000000001269

Santhanam I, Sangareddi S, Venkataraman S, Kissoon N,
Thiruvengadamudayan V, Kasthuri RK. A prospective randomized controlled
study of two fluid regimens in the initial management of septic shock
in the emergency department. Pediatr Emerg Care (2008) 24:647-55.
doi: 10.1097/PEC.0b013e31818844cf

de Oliveira CF, de Oliveira DS, Gottschald AF, Moura JD, Costa GA, Ventura
AC, et al. ACCM/PALS haemodynamic support guidelines for paediatric
septic shock: an outcomes comparison with and without monitoring
central venous oxygen saturation. Intensive Care Med. (2008) 34:1065-75.
doi: 10.1007/s00134-008-1085-9

Semler MW, Self WH, Wanderer JP, Ehrenfeld JM, Wang L, Byrne DW, et al.
Balanced crystalloids versus saline in critically ill adults. N Engl ] Med. (2018)
378:829-39. doi: 10.1056/NEJMoal711584

Weiss SL, Babl FE, Dalziel SR, Balamuth F. Is chloride worth its salt? Intensive
Care Med. (2018) 17:150. doi: 10.1007/s00134-018-5477-1

Giuliano JS Jr, Markovitz BP, Brierley J, Levin R, Willilams G, Lum
LC, et al. Comparison of pediatric severe sepsis managed in U.S.
and European ICUs. Pediatr Crit Care Med. (2016) 17:522-30.
doi: 10.1097/PCC.0000000000000760

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 © 2019 Obonyo, Schlapbach and Fraser. 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

January 2019 | Volume 6 | Article 425


https://doi.org/10.1001/jama.2016.20328
https://doi.org/10.1097/01.PCC.0000149131.72248.E6
https://doi.org/10.1097/01.PCC.0000167568.79952.92
https://doi.org/10.1097/CCM.0b013e31819323c6
https://doi.org/10.1097/CCM.0000000000002425
https://doi.org/10.1056/NEJMoa1101549
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1097/CCM.0000000000003119
https://doi.org/10.1001/jama.2018.9071
https://doi.org/10.1186/1741-7015-11-68
https://doi.org/10.1097/SHK.0000000000000904
https://doi.org/10.1164/rccm.201801-0064OC
https://doi.org/10.1136/archdischild-2018-314924
https://doi.org/10.1001/jama.2017.10913
https://doi.org/10.1007/s00134-016-4500-7
https://doi.org/10.1186/s40560-017-0240-1
https://doi.org/10.1056/NEJMoa1705835
https://doi.org/10.1097/CCM.0b013e31823778ee
https://doi.org/10.1097/PCC.0000000000000507
https://doi.org/10.1097/CCM.0000000000001260
https://doi.org/10.1097/PCC.0000000000000954
https://doi.org/10.1097/PCC.0000000000001269
https://doi.org/10.1097/PEC.0b013e31818844cf
https://doi.org/10.1007/s00134-008-1085-9
https://doi.org/10.1056/NEJMoa1711584
https://doi.org/10.1007/s00134-018-5477-1
https://doi.org/10.1097/PCC.0000000000000760
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

	Sepsis: Changing Definitions, Unchanging Treatment
	Background
	Definitions of PEDIATRIC Sepsis
	Changing Definitions, Unchanging Treatment
	Author Contributions
	Funding
	References


