
Abstract:
Septic shock is a significant source of
morbidity and mortality in children.
Adhering to evidence-based
guidelines for treatment for children
with septic shock can lead to better
outcomes. Initiation of treatment
should begin promptly after
recognition of shock in the
emergency department. Elements
of best practices include rapid
administration of intravenous fluid for
resuscitation and antibiotics in the
first hour. Fluid resuscitation should
be titrated to clinical and biochemical
end points. If fluid resuscitation is not
sufficient to reverse shock, an
ionotrope or vasopressor infusion
should be initiated. Steroids should be
administered in patents known to be
at high risk for adrenal insufficiency.
All of these interventions should be
achieved in the emergency
department, ideally within the first
hour after recognition of shock.
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n recent decades, there have been many advances in the
treatment and prevention of septic shock in children.
IHowever, the burden of septic shock in children in the
United States has been increasing. During the decade from

1995 to 2005, a study of severe pediatric sepsis in 7 US states
noted an 81% increase in cases.1 At the same time as the
incidence has increased, mortality due to pediatric sepsis has
decreased to less than 10%.1–3 In the United States in 2005, the
estimated health care costs associated with pediatric septic shock
were nearly 5 billion dollars.1

In the emergency department (ED), septic shock must first be
recognized. Systemic inflammatory response syndrome (SIRS) is defined
as fever or leukocytosis in addition to tachycardia or tachypnea, or
both fever and leukocytosis.4 Sepsis is defined as SIRS due to a
provenor suspected infection. Finally, pediatric septic shock is defined
as sepsis with cardiovascular dysfunction. Metabolic acidosis,
hypotension, elevated lactate, oliguria, prolonged capillary refill
(N5 seconds), or cool extremities (N3°C difference between core
and peripheral temperature) qualify as cardiovascular dysfunction.
4 Hypotension may be a late manifestation of shock in children, so
hypotension is confirmatory of shock but is not required to make
the diagnosis. This is in contrast to the adult definition of septic
shock, which requires hypotension.5 Clinicians must have a high
index of suspicion for shock in children and search for the signs of
cardiovascular dysfunction in all patients who have SIRS.
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The management of sepsis has evolved greatly
over the past few decades. Early, goal-directed
therapy (EGDT) and effective broad-spectrum anti-
biotics have greatly improved outcomes. Evidence-
based guidelines have made it possible for providers
to deliver a common standard of care.5,6 This article
will review the initial resuscitation of children with
septic shock.
PHYSIOLOGY OF SEPTIC SHOCK
Septic shock is characterized by insufficient

oxygen and substrate delivery to tissues to meet
their metabolic demands. This deficit in oxygen
delivery leads to shunting of energy containing
compounds into the less efficient anaerobic path-
way. Lactic acid is a by-product of anaerobic
metabolic and therefore is often used as a marker
for hypoperfusion. Eventually, cell death may occur
from lack of adenosine triphosphate, if shock is
not corrected.

Shock is the result of cardiovascular dysfunction
leading to tissue hypoperfusion. The function of the
cardiovascular system is described by the classic
equation Q = P/R, where Q is flow, P is pressure, and
R is resistance. When clinically applied to the
patient in shock, the equation can be transformed
to CO = (MAP − CVP)/SVR, where CO is cardiac
output, MAP − CVP is mean arterial pressure minus
central venous pressure, and SVR is systemic
vascular resistance.

Septic shock can be classified as cold or warm
shock based on clinical findings.7–9 Children in
cold septic shock have cool extremities, delayed
capillary refill, and poor pulses. Children with cold
septic shock have low CO with elevated SVR in an
attempt to maintain perfusion pressure. Converse-
ly, warm shock is due to vasodilation and low SVR.
Patients with warm shock have an increased CO
and clinically are characterized by flash capillary
refill, warm extremities, and bounding pulses.
Historically, it was thought that most children
with septic shock present with low CO and high
SVR shock or cold shock.8 More recently, it has
been shown that community-acquired septic shock
usually does present as cold shock; however,
hospital-acquired or central line–associated septic
shock is most frequently warm shock.7,9 Children's
hemodynamics can progress over time; they may
switch from one shock state to another.7,8 Clini-
cians must follow examination findings closely to
monitor for these changes. Septic shock in adults
presents differently; most adults present with warm
septic shock.10
EARLY, GOAL-DIRECTED THERAPY
Early, goal-directed therapy consists of titration of

therapies to clinical and biochemical end points. It
is considered the standard of care for adults and
children with septic shock and should be initiated
immediately after diagnosis in the ED.

In a seminal 2001 study by Rivers et al,11 263
adults with septic shock were randomized to EGDT
or current standard of care. Those in the EGDT arm
had therapies titrated to CVP, MAP, and mixed
venous saturation (SvO2) goals. Patients who were
randomized to EGDT had a mortality of 30.5%
compared with 46.5% for standard of care (P = .009).
The benefits of EGDT protocols have been repro-
duced many times in adults with septic shock.12,13

Studies have also shown benefits from EGDT in
children with septic shock.14–17 Adherence to
American College of Critical Care Medicine/Pediat-
ric Advanced Life Support (ACCM/PALS) guidelines
(Figure 1) has been shown to be associated with
significant decreases in mortality.14,17 Han et al14 in
a retrospective study showed that when resuscita-
tion of septic children was consistent with ACCM/
PALS guidelines for EGDT, there was a increase of
greater than 6-fold in odds of survival, after
adjusting for severity of illness, compared with
patients whose management was not consistent
with EGDT.
FLUID RESUSCITATION
The first intervention of EGDT, after recognition

of shock, is immediate and aggressive fluid resusci-
tation. Early and aggressive fluid resuscitation
involves multiple goals. Intravenous access must
be obtained quickly, ideally within the first 5 minutes
of recognition of shock. An initial fluid bolus of
20 mL/kg should given be as rapidly as possible.
When the fluid bolus is complete, the patient should
be immediately reassessed for clinical signs of
reversal of the shock state. The clinical end points
to target are normal mental status, age-appropriate
heart rate and blood pressure, capillary refill less
than 3 seconds, palpable distal pulses, and urine
output greater than 1 mL/kg/hr.6 Adequate fluid
resuscitation routinely requires 40 to 60 mL/kg in
the first 15 to 60 minutes, but may require greater
than 100 mL/kg for some children in septic shock.
Patients should receive fluid boluses until the
clinical markers of shock are corrected or the
decision is made that the patient is fluid replete,
and other forms of resuscitation are appropriate.

Children who receive aggressive fluid resuscita-
tion in the first hour have significantly better



Figure 1. ACCM/PALS algorithm for the management of pediatric septic shock. Initial resuscitation in the ED in the first 60 minutes is focused
on fluid resuscitation and initiation of first-line cardiovascular drug. Abbreviations: CVP, central venous pressure; MSP, mean arterial pressure;
ScvO2, central venous oxygen saturation; FATD, femoral artery thermodilution; CI, cardiac index; ECMO, extracorporeal membrane oxygenation.
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mortality outcomes than those who receive less fluid
in the first hour or delayed fluid resuscitation.18,19

Clinicians may worry that high-volume fluid
resuscitation can lead to respiratory distress. In
a retrospective study, in which some children
were resuscitated with greater than 100 mL/kg,
the volume of fluid given was not associated
with an increased risk of respiratory distress
due to cardiogenic pulmonary edema.18

The volume of fluid resuscitation should be
determined by clinical response rather than a
predetermined limit, frequent monitoring of clinical
signs of shock should include assessments for signs
of heart failure. Increased work of breathing,
crackles on lung examination, and hepatomegaly
are common signs of heart failure in children. Heart
failure can be secondary to sepsis or the patient may
be in cardiogenic shock rather than septic shock.
Although several studies have demonstrated the
benefits of EGDT fluid resuscitation for pediatric
septic shock, a study that compared one fluid bolus to
no fluid bolus in African children with septic shock
demonstrated increased mortality in the group that
received a fluid bolus.20 This finding has put into
question the previous decades of research supporting
EGDT. Undoubtedly, there are key differences in the
patient population in this study and that in developed
nations. In addition, it is worth noting that the patients
did not receive ACCM/PALS guideline therapy; they
only received the first fewminutes of resuscitation, the
initial fluid bolus. These differencesmake it difficult to
draw definitive conclusions from this study for
patients in EDs in developed countries.

The decision of when to stop resuscitation with
fluid and initiate a cardiovascular infusion can be
difficult. The adult Surviving Sepsis Guidelines
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suggest titrating fluid resuscitation to a CVP of 8 to
12 mm Hg.5 Pediatric guidelines do not specify CVP
goals.6 However, if a patient in septic shock has a
central venous line, CVP should be monitored to
help with titration of fluid resuscitation. Central
venous pressure is helpful for monitoring the
progress of fluid resuscitation. A low CVP, less
than 5 mm Hg, which does not increase after fluid
bolus(es) indicates that the venous capacitance is
not yet met and more fluid resuscitation will be
beneficial for the patient. Central venous pressure
can be intermittently or continuously measured. A
patient with adequate or elevated CVP but still in
shock will most benefit from a vasopressor or
ionotrope. If the CVP is known, the clinician can
also calculate the organ perfusion pressure of most
organs (MAP − CVP). In certain clinical situations,
the CVP may be elevated, in which case a higher
MAP will be required in order to maintain an
adequate organ perfusion pressure.
Resuscitation Fluid Options
Current recommendations for fluid resuscitation

state that isotonic fluids should be used. Crystal-
loids, such as normal saline and lactated Ringers, or
5% albumin are acceptable resuscitation fluids.6

Resuscitation fluid should be isotonic to blood to
promote intravascular volume expansion. However,
the type of resuscitation fluid used for patients in
septic shock has been an active area of research.
Some believe that colloids may be superior to
crystalloid because of the potential to remain longer
in the intravascular space.

It is not clear based on current literature if
albumin or other colloids offer any benefit over
crystalloids. The SAFE trial of nearly 7000 adults in
intensive care units, not just for septic shock,
showed no mortality or morbidity benefit of 4%
albumin or normal saline for resuscitation.21 The
CRISTAL trial enrolled 2857 adults with shock;
there was no difference in 28-day mortality between
crystalloids and colloids, but use of colloids was
associated with a 90-day mortality benefit.22 How-
ever, there was no difference in the subgroup of
patients with septic shock. It is important to note
that this study included multiple different crystal-
loids and colloids. When broken down by specific
fluids in septic patients, there were no significant
differences in mortality.22 There have been no
large-scale studies in children with septic shock
comparing colloids vs crystalloids.

There may be a benefit of colloid fluids in some
specific patient populations. Maitland et al23

showed a reduction in mortality from 18 to 3.6%
(P = .013) in children with malarial septic shock
when resuscitated with 4.5% albumin vs saline in a
randomized controlled trial. Studies on dengue
fever and septic shock in India have not shown
benefit with colloids.24,25

Albumin carries a substantial cost; so much
research has been done on synthetic starch colloids.
Resuscitation of adults with starches has been shown
to increase mortality, renal dysfunction, and need
for continuous renal replacement therapy.26–28

Even 0.9% normal saline as a resuscitation fluid has
recently been called into question. Normal saline,
when comparedwith balanced crystalloid solutions for
resuscitation, has been shown to cause more acute
kidney injury, decreased renal perfusion, increased
transfusions, increased infections, and increased
acidosis in certain patient populations.29–31 The
question of normal saline vs balanced crystalloid
solutions, which more closely imitate serum electro-
lyte concentrations, has not been evaluated by a
prospective randomized trial in pediatric septic shock.

ANTIBIOTICS
Appropriate antibiotics should be initiated within

1 hour of recognition of septic shock.5 Whenever
possible, blood and any other clinically appropriate
cultures should be obtained prior to administering
antibiotics. However, inability to obtain cultures
should not delay timely antibiotic administration.
Delay in delivery of antibiotics has been associated
with increased mortality in adults.32,33 The odds of
survival decreasedbyanaverage of 7.6% for everyhour
antibiotics were delayed through the first 6 hours of
medical care in one study.32 No similar study has been
done in children, but in a study of pediatric patients
with pneumonia requiring ventilation, longer lengths
ofmechanical ventilation, intensive care unit stay, and
hospital stay were all found to be independently
associated with delays in antibiotic administration.34

Children with septic shock should receive broad-
spectrum antibiotics; first-line therapy is a third-
generation cephalosporin and vancomycin. A third-
generation cephalosporin (such as ceftriaxone) has
good gram-positive and gram-negative coverage.
Adding vancomycin covers both methicillin-resistant
Staphylococcus and cephalosporin-resistant Streptococ-
cus pneumoniae. This first-line treatment can be
added to or adjusted depending on patient risk
factors (Table 1).

CARDIOVASCULAR INFUSIONS
Many children with septic shock will respond to

fluid resuscitation. However, some children will not



TABLE 1. Risk factor specifics to consider when choosing empiric antibiotics for pediatric septic shock.

Risk Factor Pathogen(s) Antibiotic

Neonate b4 wk old Listeria Ampicillin
Intra-abdominal source Anaerobes Add metronidazole or replace

cephalosporin with pipercillin-tazobactam
Neutropenia or hospital-acquired Pseudomonas Fourth-generation cephalosporin,

pipercillin-tazobactam, or meropenem instead
of third-generation cephalosporin

Suspicion of herpes virus Herpes Acyclovir
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reach clinical goals of age-appropriate heart rate and
blood pressure and capillary refill less than 3
seconds with fluid alone. An ionotrope or vasopres-
sor should be initiated for these patients. The first
infusion should be started through peripheral access
if central venous access is not available. Central
access is preferred because of risk of tissue damage
from peripheral intravenous catheter infiltration.
However, a central venous catheter may not be
easily or readily obtained, and delay in initiation of
ionotropes is associated with increased mortality.35

Pure vasopressors such as norepinephrine, phenyl-
ephrine, or vasopressin should not be infused in a
peripheral intravenous whenever possible.

When choosing the appropriate ionotrope or
vasoactive infusion, the clinician must consider all
aspects of the patients' cardiovascular system.
Cardiovascular drug infusions are selected based
on the patient's cardiovascular pathophysiology and
the drug effects on the vasculature (vasoconstriction
or vasodilation), heart rate (chronotropy), and
contractility (ionotropy).

According to guidelines, dopamine and epineph-
rine are the empiric first-line options for septic
shock in children (Figure 1). However, choice of
which ionotrope or vasopressor infusion to use can
be tailored to each patient's cardiovascular status.
Children who present with clinical signs of cold
shock will benefit most from increased ionotropy.
Dopamine and epinephrine both increase iono-
TABLE 2. Physiological effects of common
first-line cardiovascular infusions.

Drug Chronotropy Ionotropy Vasoconstriction

Epinephrine +++ +++ +++
Norepinephrine + + ++++
Dopamine ++ ++ (High dose) ++
tropy, through β-adrenergic receptors in the heart.
Conversely, children who have clinical signs of
warm septic shock due to vasodilation and low SVR
require vasoconstriction to reverse shock. In this
case, norepinephrine is an appropriate drug. Nor-
epinephrine mainly exerts its effects on α-adrener-
gic receptors in the peripheral vasculature, leading
to vasoconstriction (Table 2). Adult guidelines for
treatment of septic shock call for norepinephrine as
the first-line therapy because of adults' propensity
for presenting with warm septic shock.5,10

Vasopressin is a pure vasoconstrictor that func-
tions independently from catecholamine receptors.
It can be used for catecholamine-resistant septic
shock. Vasopressin has shown physiological benefits
of increased urine output and improved MAP.36

However, evidence of its benefit on other clinically
important outcomes in septic shock is lacking.37

Vasodilatory infusions do rarely have a role in
septic patients with cold shock, elevated SVR, and
low CO. Milrinone, a phosphodiesterase inhibitor,
causes vasodilation, thereby reducing afterload on
the heart, in addition to ionotropy and luisotropy
(improved cardiac relaxation). Milrinone does not
have a role in the acute resuscitation of a child in
septic shock.
ACCESS AND MONITORING
Central venous access allows for additional phys-

iological and biochemical monitoring of children
with septic shock. A central catheter will provide
CVP and SvO2 measurements. Mixed SvO2 is best
measured from a catheter with the tip at the junction
of the superior vena cava and the right atrium.

Venous saturation is a reflection of both oxygen
delivery and extraction. Oxygen delivery is de-
scribed by the equation: DO2 = CO × [(SaO2 × Hgb ×
1.36) + 0.003 × PaO2], where DO2 is the delivery of
oxygen, SaO2 is arterial oxygen saturation, Hbg is
hemoglobin concentration, and PaO2 is arterial partial
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pressure of oxygen. In a well, acyanotic child, SvO2

should be approximately 75%, representing an oxygen
extraction of 25%. A low SvO2 (b70%) in a patient with
septic shock represents a deficiency in delivery of O2

or an excess in extraction of O2. Most patients with
septic shock and a low SvO2 have a deficit in delivery
ofO2. The aboveequation for oxygendelivery canhelp
guide the clinician inmanagement of patients in septic
shock. A patient with a low SvO2 can benefit from
optimization of SaO2 and hemoglobin. However, the
most important factor is CO. Cardiac output may be
enhanced through fluid resuscitation, vasopressors,
ionotropes, or a combination of these therapies. Some
causes of excess O2 extraction are fever, seizures,
agitation, orwork of breathing. If present, these should
be treated in order to decrease oxygen demand.

Normal SvO2, obtained from an appropriately
located central line, is one of the end points used to
titrate therapies in EGDT.6 In a Brazilian study by
Oliveira et al,17 childrenwith sepsis were resuscitated
according to ACCM/PALS guidelines with or without
SvO2-guided interventions. Venous saturation–
guided therapy included fluid boluses and vasoactive
medications to reach an SvO2 level greater than 70%.
The SvO2-guided therapy group had a mortality of
11.8% vs 39.2% in the control group (P b .003).

Children who do not yet have central venous
access can be managed by the clinical end points
previously discussed. Capillary refill time of less
than 2 seconds has been shown to have a good
association with an SvO2 level greater than N 70%,
the positive predictive value is better than 95%,
although it has a poor negative predictive value.38

Therefore, correction of a prolonged capillary refill
is likely to indicate an SvO2 level greater than 70%.
On the other hand, failure to correct capillary refill
to less than 2 seconds does not necessarily equate to
a low (b70%) SvO2.

Arterial access allows for more precise measure-
ment of respiratory function and closer monitoring
of blood pressure and arterial lactate levels. Arterial
access also permits frequent blood draws with
significantly less infectious risk than a central
venous catheter. Patients who are on a vasoactive
drug at more than a low dose typically have an
arterial catheter placed for monitoring.

MECHANICAL VENTILATION
Most patients with septic shock do not require

intubation. However, there are indications for
intubation in children with septic shock. Practically,
intubation may be necessary for the insertion of
central access in patients who are not cooperative or
too unstable to receive sedation without adequate
airway protection. Intubation may also be required
for respiratory failure due to primary lung disease
(ie, pneumonia) or secondary lung disease (ie, acute
respiratory distress syndrome). Rarely, mental status
may be so impaired from sepsis that intubation is
indicated for airway protection.

The primary benefit of intubation and mechanical
ventilation in septic shock is to unload the work of
breathing of the respiratory apparatus. When respi-
ratory distress is present, the respiratory apparatus
may account for as much as 40% of O2 consumption.
By relieving the work of breathing through mechan-
ical ventilation, moreO2 is available for themetabolic
work of the vital organs, thereby improving the
balance of oxygen delivery vs oxygen demand.

Intrathoracic pressures change significantly with
intubation owing to a transition fromnegative pressure
breathing to positive pressure breathing. Initially, this
may cause hypotension. Increased intrathoracic
pressure causes a decrease in venous return to the
right ventricle; downstream, this leads to a decrease in
left ventricular end diastolic volume. An underfilled
left ventricle will lead to a decreased stroke volume.
Cardiac output is the product of heart rate and stroke
volume. Patients with sepsis are already tachycardic
and therefore have little reserve to further increase
heart rate to improve CO if stroke volume decreases.
This will result in decreased CO and hypotension.
Children should be adequately fluid resuscitated
before intubation whenever possible. The second
effect of positive intrathoracic pressure with mechan-
ical ventilation is improved left ventricular ejection by
a decrease in afterload. The decreased afterload will
lead to an increased stroke volume,whichwill increase
CO and ultimately oxygen delivery to tissues.

Sedation and analgesic medications for intuba-
tion of patients with septic shock should be chosen
with caution. Several medications including propo-
fol, opioids, benzodiazepines, and inhalational
anesthetics can cause vasodilation and/or
depression of cardiac function. The hemodynami-
cally neutral etomidate is generally contraindicated
in sepsis because of the risk of adrenal
suppression.39–41 Ketamine, a central N-methyl-D-
aspartate receptor blocker with analgesic and
sedative properties, is a good choice in hypotensive
patients because it is sympathomimetic.41–43 How-
ever, there are some data indicating that ketamine
causes myocardial depression.44
STEROIDS
There are several situations when stress dose

steroids are clearly indicated as part of the
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treatment of pediatric septic shock. Patients who
are currently on systemic steroids, have a recent
history of systemic steroid use, have previously
documented adrenal or pituitary dysfunction, or
present with purpura fulminans should all be given
stress dose steroids. Outside these indications, there
is much debate about the use of stress dose steroids
in septic shock.

Hypothalamic-pituitary-adrenal axis dysfunction
is common in sepsis and may be related to severity
of illness and outcomes.45,46 Adrenal insufficiency
in septic shock has been diagnosed by a single
cortisol level or by corticotropin stimulation test;
neither test is ideal. A significant number of patients
with high or normal cortisol levels still have adrenal
insufficiency on corticotropin stimulation test-
ing.45,46 A single cortisol level less than 10 μg/dL
or an increase of less then 9 μg/dL after corticotropin
stimulation is generally considered diagnostic of
adrenal insufficiency.47

Up to one-third of children with septic shock have
laboratory evidence of adrenal insufficiency.45,48

Patients with adrenal insufficiency require more
fluid, higher doses, and longer duration of catechol-
amines.45 Adrenal insufficiency is associated with
more severe illness in children with septic shock,
but not mortality.48,49

It is clear that relative adrenal insufficiency is
associated with worse outcomes and is common in
septic shock, but it is unknown whether adminis-
tration of steroids in patients in septic shock
improves outcomes. In one retrospective study,
the use of steroids in pediatric septic shock was
associated with a decreased dose of vasoactive
infusions,50 but there was no mortality benefit.
There have not been any prospective randomized
trials to study this question. The largest retrospec-
tive pediatric study did not show any mortality
benefit.51 Steroid administration in pediatric septic
shock was associated with increased mortality in
another retrospective cohort study.52 However, it is
likely that this finding was confounded by the fact
that sicker patients were more likely to be given
steroids. The adult data on mortality benefit of
steroids in sepsis have been mixed.53,54

The current recommendation from themost recent
Surviving Sepsis Guidelines suggests using steroids
for fluid-resistant, catecholamine-resistant shock.
Testing of adrenal axis function is not recommend-
ed.5 The ACCM guidelines recommend obtaining a
baseline cortisol before initiation of steroids.

Hydrocortisone is the steroid of choice for patients
with septic shock because of its glucocorticoid and
mineralocorticoid properties. Stress doses of
hydrocortisone are commonly in the range of 50 to
100 mg/m2, or 2 mg/kg if the patient's height is not
available. The addition of fludrocortisone to hydro-
cortisone has been studied retrospectively and may
shorten the duration of vasopressor use.40

BLOOD PRODUCTS
The use of packed red blood cells as a vascular

volume expander in pediatric sepsis has not been
extensively studied. In adult and pediatric studies
that have shown improved outcomes with EGDT,
packed red blood cells were transfused when Hgb
level was less than 10 g/dL and SvO2 was less than
70%, despite resuscitation, indicating at deficiency
in oxygen delivery.11,17 Once a patient is hemody-
namically stable, the transfusion threshold should
be an Hgb level less than 7 g/dL, unless there is
another specific indication for transfusion.55,56

Fresh-frozen plasma, platelets, and cryoprecipi-
tate are not indicated empirically in patients with
septic shock with or without disseminated intravas-
cular coagulation. Patients with evidence of dissem-
inated intravascular coagulation with clinical
bleeding may benefit from fresh-frozen plasma or
cryoprecipitate. A coagulation panel including
fibrinogen and D-dimers will help with this decision.

SUMMARY: ADHERENCE TO GUIDELINES
AND OUTCOMES OF PEDIATRIC SEPSIS
When children present to the hospital with septic

shock, ED clinicians have the crucial responsibility
to recognize sepsis and initiate treatment in a timely
manner, thereby reducing the morbidity and mor-
tality associated with pediatric septic shock. Despite
the existence of published guidelines and data to
support the benefits of EGDT, there is room for
improvement. Studies in both the United Kingdom
and the United States have shown adherence to
published guidelines for the treatment of septic
shock to be poor at referring and pediatric
hospitals.14,15,57,58

Implementation of pediatric septic shock protocols
in pediatric EDshas significantly improved adherence
to guidelines and the time to delivery of care, such as
fluid boluses and antibiotics.58,59 An association with
between length of hospital stay and adherence to
EGDT guidelines has also been shown.58

As evidence builds that adherence to guidelines
and institutional protocols can improve outcomes
for pediatric sepsis, the goals of sepsis management
will also need to focus on improving long-term
health of survivors of sepsis. Survivors of critical
illness are at risk for developing functional, cogni-
tive, and psychological derangements in the months
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and years afterward.60–62 The specific risks of long-
termmorbidity after pediatric sepsis are not yet well
delineated. In a study of patients with severe sepsis,
more than one-third of children who survived
experienced a decline in global physical function
during the first 28 days.63 Future efforts to improve
pediatric sepsis outcomes should include attention
to prevention, detection, and treatment of the long-
term morbidities of survivorship.

REFERENCES
1. Hartman ME, Linde-Zwirbie WT, Angus DC, et al. Trends in

the epidemiology of pediatric severe sepsis. Pediatr Crit Care
Med 2013;14:686–93.

2. Watson RS, Carcillo JA, Linde-Zwirble WT, et al. The
epidemiology of severe sepsis in children in the United
States. Am J Respir Crit Care Med 2003;167:695–701.

3. Odetola FO, Gebremariam A, Freed GL. Patient and hospital
correlates of clinical outcomes and resource utilization in
severe pediatric sepsis. Pediatrics 2007;119:487–94.

4. Goldstein B, Giroir B, Randolph A, et al. International
pediatric sepsis consensus conference: definitions for sepsis
and organ dysfunction in pediatrics. Pediatr Crit Care Med
2005;6:2–8.

5. Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis
Campaign: international guidelines for management of severe
sepsis and septic shock, 2012. Intensive Care Med
2013;39:165–228.

6. Brierley J, Carcillo JA, Choong K, 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.

7. Deep A, Goonasekera CD, Wang Y, et al. Evolution of
haemodynamics and outcome of fluid-refractory septic
shock in children. Intensive Care Med 2013;39:1602–9.

8. Ceneviva G, Paschall JA, Maffei F, et al. Hemodynamic
support in fluid-refractory pediatric septic shock. Pediatrics
1998;102:e19.

9. Brierley J, Peters MJ. Distinct hemodynamic patterns of
septic shock at presentation to pediatric intensive care.
Pediatrics 2008;122:752–9.

10. Aneja R, Carcillo J. Differences between adult and pediatric
septic shock. Minerva Anestesiol 2011;77:986–92.

11. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed
therapy in the treatment of severe sepsis and septic shock. N
Engl J Med 2001;345:1368–77.

12. Levy MM, Dellinger RP, Townsend SR, et al. The surviving
sepsis campaign: results of an international guidelines-based
performance improvement program targeting severe sepsis.
Intensive Care Med 2010;36:222–31.

13. Otero RM, Nguyen HB, Huang DT, et al. Early goal-direct
therapy in severe sepsis and septic shock revisited: concepts,
controversies and contemporary findings. Chest
2006;130:1579–95.

14. Han YY, Carcillo JA, Dragotta MA, et al. Early reversal of
pediatric-neonatal septic shock by community physicians
is associated with improved outcome. Pediatrics
2003;112:793–9.

15. Paul R, NeumanMI, MonuteauxMC, et al. Adherence to PALS
sepsis guidelines and hospital length of stay. Pediatrics
2012;130:e273–80.
16. Carcillo JA, Kuch BA, Han YY, et al. Mortality and functional
morbidity after use of PALS/APLS by community physicians.
Pediatrics 2009;124:500–8.

17. Oliveira CF, Oliveira DS, Gottschald AF, 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.

18. Carcillo JA, Davis AL, Zaritsky A. Role of early fluid
resuscitation in pediatric septic shock. JAMA 1991;266:
1242–5.

19. Oliveira CF, Nogueira de Sa FR, Oliveira DS, et al. Time- and
fluid-sensitive resuscitation for hemodynamic support of
children in septic shock: barriers to the implementation of
the American College of Critical Care Medicine/Pediatric
Advanced Life Support guidelines in a pediatric intensive
care unit in a developing world. Pediatr Emerg Care
2008;24:810–5.

20. Maitland K, Kiguli S, Opoka RO, et al. Mortality after fluid
bolus in African children with severe infection. N Engl J Med
2011;364:2483–95.

21. Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin
and saline for fluid resuscitation in the intensive care unit. N
Engl J Med 2004;350:2247–56.

22. Annane D, Siami S, Jaber S, et al. Effects of fluid
resuscitation with colloids vs crystalloids on mortality
in critically ill patients presenting with hypovolemic
shock: the CRISTAL randomized trial. JAMA 2013;310:
1809–17.

23. Maitland K, Pamba A, English M, et al. Randomized trial of
volume expansion with albumin or saline in children with
severe malaria: preliminary evidence of albumin benefit. Clin
Infect Dis 2005;40:538–45.

24. Upadhyay M, Singhi S, Murlidharan J, et al. 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.

25. Nhan NT, Thanh CX, Kneen R, et al. Acute management of
dengue shock syndrome: a randomized double-blinded
comparison of 4 intravenous fluid regiments in the first
hour. Clin Infect Dis 2001;32:204–13.

26. Bayer O, Reinhart K, Kohl M, et al. Effects of fluid
resuscitation with synthetic colloids or crystalloids alone
on shock reversal, fluid balance, and patient outcomes in
patients with severe sepsis: a prospective sequential analysis.
Crit Care Med 2012;40:2543–51.

27. Gattas DJ, Dan A, Myburgh J, et al. Fluid resuscitation with
6 % hydroxyethyl starch (130/0.4 and 130/0.42) in acutely ill
patients: systematic review of effects on mortality and
treatment with renal replacement therapy. Intensive Care
Med 2013;39:558–68.

28. Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl
starch 130/0.42 versus Ringer's acetate in severe sepsis. N
Engl J Med 2012;367:124–34.

29. Shaw AD, Bagshaw SM, Goldstein SL, et al. Major complica-
tions, mortality, and resource utilization after open abdom-
inal surgery: 0.9% saline compared to plasma-lyte. Ann Surg
2012;255:821–9.

30. Chowdhury AH, Cox EF, Francis ST, et al. A randomized,
controlled, double-blind crossover study on the effects of 2-L
infusions of 0.9% saline and plasma-lyte(R) 148 on renal
blood flow velocity and renal cortical tissue perfusion in
healthy volunteers. Ann Surg 2012;256:18–24.

31. Yunos NM, Bellomo R, Hegarty C, et al. Association between a
chloride-liberal vs chloride-restrictive intravenous fluid

http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0005
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0010
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0015
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0020
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0025
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0030
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0035
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0040
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0045
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0050
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0055
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0060
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0065
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0070
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0075
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0080
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0085
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0090
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0095
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0100
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0105
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0110
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0115
http://refhub.elsevier.com//rf0120
http://refhub.elsevier.com//rf0120
http://refhub.elsevier.com//rf0120
http://refhub.elsevier.com//rf0120
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0125
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0130
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0135
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0140
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0145
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0150
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155


PEDIATRIC SHOCK IN THE ED / FRIEDMAN AND BONE • VOL. 15, NO. 2 139
administration strategy and kidney injury in critically ill
adults. JAMA 2012;308:1566–72.

32. Kumar A, Roberst D, Wood KE, et al. Duration of hypotension
before initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic shock. Crit
Care Med 2006;34:1589–96.

33. Puskarich MA, Trzeciak S, Shapiro NI, et al. Association
between timing of antibiotic administration and mortality
from septic shock in patients treated with a quantitative
resuscitation protocol. Crit Care Med 2011;39:2066–71.

34. Muszynski JA, Knatz NL, Sargel CL, et al. Timing of correct
parenteral antibiotic initiation and outcomes from severe
bacterial community-acquired pneumonia in children.
Pediatr Infect Dis J 2011;30:295–301.

35. Ninis N, PhilipsC, Bailey L, et al. The role of healthcare delivery
in the outcome of meningococcal disease in children: case-
control study of fatal and non-fatal cases. BMJ 2005;330:1475.

36. Liedel JL, Meadow W, Nachman J, et al. Use of vasopressin in
refractory hypotension in children with vasodilatory shock:
five cases and a review of the literature. Pediatr Crit Care Med
2002;3:15–8.

37. Choong K, Bohn D, Fraser DD, et al. Vasopressin in pediatric
vasodilatory shock: a multicenter randomized controlled
trial. Am J Respir Crit Care Med 2009;180:632–9.

38. Raimer PL, Han YY, Weber MS, et al. A normal capillary refill
time of b/=2 seconds is associated with superior vena cava
oxygen saturations of N/=70%. J Pediatr 2011;158:968–72.

39. Chan CM, Mitchell AL, Shorr AF. Etomidate is associated
with mortality and adrenal insufficiency in sepsis: a meta-
analysis. Crit Care Med 2012;40:2945–53.

40. Hebbar KB, Stockwell JA, Fortenberry JD. Clinical effects of
adding fludrocortisone to a hydrocortisone-based shock
protocol in hypotensive critically ill children. Intensive
Care Med 2011;37:518–24.

41. JabreP,CombesX,Lapostolle F, et al. Etomidate versusketamine
for rapid sequence intubation in acutely ill patients: amulticenter
randomized controlled trial. Lancet 2009;374:293–300.

42. Morris C, Perris A, Klein J, et al. Anaesthesia in haemody-
namically compromised emergency patients: does ketamine
represent the best choice of induction agent? Anaesthesia
2009;64:532–9.

43. White PF. Comparative evaluation of intravenous agents for
rapid sequence induction- thiopental, ketamine and midazo-
lam. Anesthesiology 1982;57:279–84.

44. Waxman K, Shoemaker WC, Lippmann M. Cardiovascular
effects of anesthetic induction with ketamine. Anesth Analg
1980;59:355–8.

45. Menon K, Ward RE, Lawson ML, et al. A prospective
multicenter study of adrenal function in critically ill children.
Am J Respir Crit Care Med 2010;182:246–51.

46. Annane D, Sebille V, Troche G, et al. A 3-level prognostic
classification in septic shock based on cortisol levels and
cortisol response to corticotropin. JAMA 2000;283:1038–45.

47. Marik PE, Pastores SM, Annane D, et al. Recommendations
for the diagnosis and management of corticosteroid insuffi-
ciency in critically ill adult patients: consensus statement
from an international task force by the American College of
Critical Care Medicine. Crit Care Med 2008;36:1937–49.

48. Pizarro CF, Troster EJ, Damiani D, et al. Absolute and
relative adrenal insufficiency in children with septic shock.
Crit Care Med 2005;33:855–9.

49. Zimmerman JJ. Expanding the conversation regarding
adjunctive corticosteroid therapy for pediatric septic shock.
Pediatr Crit Care Med 2013;14:541–3.

50. Hebbar KB, Stockwell JA, Leong T, et al. Incidence of adrenal
insufficiency and impact of corticosteroid supplementation
in critically ill children with systemic inflammatory syn-
drome and vasopressor-dependent shock. Crit Care Med
2011;39:1145–50.

51. Zimmerman JJ, Williams MD. Adjunctive corticosteroid
therapy in pediatric severe sepsis: observations from the
RESOLVE study. Pediatr Crit Care Med 2011;12:2–8.

52. Markovitz BP, Goodman DM, Warson RS, et al. A retrospec-
tive cohort study of prognostic factors associated with
outcome in pediatric severe sepsis: what is the role of
steroids? Pediatr Crit Care Med 2005;6:270–4.

53. Annane D, Sebille V, Charpentier C, et al. Effect of treatment
with low doses of hydrocortisone and fludrocortisone on
mortality in patients with septic shock. JAMA 2002;288:
862–71.

54. Sprung CL, AnnaneD, Keh D, et al. Hydrocortisone therapy for
patients with septic shock. N Engl J Med 2008;358:111–24.

55. Lacroix J, Hebert PC, Hutchison JS, et al. Transfusion
strategies for patients in pediatric intensive care units. N
Engl J Med 2007;356:1609–19.

56. Hebert PC, Wells G, Blajchman, et al. A multicenter,
randomized, controlled clinical trial of transfusion require-
ments in critical care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care Trials Group. N
Engl J Med 1999;340:409–17.

57. Inwald DP, Tasker RC, Peters MJ, et al. Emergency
management of children with severe sepsis in the United
Kingdom: the results of the Paediatric Intensive Care Society
sepsis audit. Arch Dis Child 2009;94:348–53.

58. Larsen GY, Mecham N, Greenberg R. An emergency
department septic shock protocol and care guideline for
children initiated at triage. Pediatrics 2011;127:e1585–92.

59. Cruz AT, Perry AM, Williams EA, et al. Implementation of
goal-directed therapy for children with suspected sepsis in
the emergency department. Pediatrics 2011;127:e758–66.

60. Desai SV, Law TJB, Needham DM. Long-term complications
of critical care. Crit Care Med 2011;39:1–9.

61. Herridge MS, Tansey CM, Matte A, et al. Functional disability
5 years after acute respiratory distress syndrome. N Engl J
Med 2011;364:1293–304.

62. Hofhuis JGM, Spronk PE, van Stel HF, et al. The impact of
severe sepsis on health-related quality of life: a long-term
follow up study. Anest Analg 2008;107:1957–64.

63. Farris RW,Weiss NS, Zimmerman JJ. Functional outcomes in
pediatric severe sepsis: further analysis of the researching
severe sepsis and organ dysfunction in children: a global
perspective trial. Pediatr Crit Care Med 2013;14:835–42.

http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0155
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0160
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0165
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0170
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0175
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0180
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0185
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0190
http://refhub.elsevier.com//rf0195
http://refhub.elsevier.com//rf0195
http://refhub.elsevier.com//rf0195
http://refhub.elsevier.com//rf0200
http://refhub.elsevier.com//rf0200
http://refhub.elsevier.com//rf0200
http://refhub.elsevier.com//rf0200
http://refhub.elsevier.com//rf0205
http://refhub.elsevier.com//rf0205
http://refhub.elsevier.com//rf0205
http://refhub.elsevier.com//rf0210
http://refhub.elsevier.com//rf0210
http://refhub.elsevier.com//rf0210
http://refhub.elsevier.com//rf0210
http://refhub.elsevier.com//rf0215
http://refhub.elsevier.com//rf0215
http://refhub.elsevier.com//rf0215
http://refhub.elsevier.com//rf0220
http://refhub.elsevier.com//rf0220
http://refhub.elsevier.com//rf0220
http://refhub.elsevier.com//rf0225
http://refhub.elsevier.com//rf0225
http://refhub.elsevier.com//rf0225
http://refhub.elsevier.com//rf0230
http://refhub.elsevier.com//rf0230
http://refhub.elsevier.com//rf0230
http://refhub.elsevier.com//rf0235
http://refhub.elsevier.com//rf0235
http://refhub.elsevier.com//rf0235
http://refhub.elsevier.com//rf0235
http://refhub.elsevier.com//rf0235
http://refhub.elsevier.com//rf0240
http://refhub.elsevier.com//rf0240
http://refhub.elsevier.com//rf0240
http://refhub.elsevier.com//rf0245
http://refhub.elsevier.com//rf0245
http://refhub.elsevier.com//rf0245
http://refhub.elsevier.com//rf0250
http://refhub.elsevier.com//rf0250
http://refhub.elsevier.com//rf0250
http://refhub.elsevier.com//rf0250
http://refhub.elsevier.com//rf0250
http://refhub.elsevier.com//rf0255
http://refhub.elsevier.com//rf0255
http://refhub.elsevier.com//rf0255
http://refhub.elsevier.com//rf0260
http://refhub.elsevier.com//rf0260
http://refhub.elsevier.com//rf0260
http://refhub.elsevier.com//rf0260
http://refhub.elsevier.com//rf0265
http://refhub.elsevier.com//rf0265
http://refhub.elsevier.com//rf0265
http://refhub.elsevier.com//rf0265
http://refhub.elsevier.com//rf0270
http://refhub.elsevier.com//rf0270
http://refhub.elsevier.com//rf0275
http://refhub.elsevier.com//rf0275
http://refhub.elsevier.com//rf0275
http://refhub.elsevier.com//rf0280
http://refhub.elsevier.com//rf0280
http://refhub.elsevier.com//rf0280
http://refhub.elsevier.com//rf0280
http://refhub.elsevier.com//rf0280
http://refhub.elsevier.com//rf0285
http://refhub.elsevier.com//rf0285
http://refhub.elsevier.com//rf0285
http://refhub.elsevier.com//rf0285
http://refhub.elsevier.com//rf0290
http://refhub.elsevier.com//rf0290
http://refhub.elsevier.com//rf0290
http://refhub.elsevier.com//rf0295
http://refhub.elsevier.com//rf0295
http://refhub.elsevier.com//rf0295
http://refhub.elsevier.com//rf0300
http://refhub.elsevier.com//rf0300
http://refhub.elsevier.com//rf0305
http://refhub.elsevier.com//rf0305
http://refhub.elsevier.com//rf0305
http://refhub.elsevier.com//rf0310
http://refhub.elsevier.com//rf0310
http://refhub.elsevier.com//rf0310
http://refhub.elsevier.com//rf0315
http://refhub.elsevier.com//rf0315
http://refhub.elsevier.com//rf0315
http://refhub.elsevier.com//rf0315

	Management of Pediatric Septic Shock in the Emergency Department
	Physiology of Septic Shock
	Early, Goal-Directed Therapy
	Fluid Resuscitation
	Resuscitation Fluid Options

	Antibiotics
	Cardiovascular Infusions
	Access and Monitoring
	Mechanical Ventilation
	Steroids
	Blood Products
	Summary: Adherence to Guidelines and Outcomes of Pediatric Sepsis
	References


