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Pediatric Critical Care Management of
Septic Shock Prior to Acute Kidney Injury

and Renal Replacement Therapy

James D. Fortenberry, MD

Summary: A high index of suspicion for bacterial sepsis and recognition of the potential for
rapid deterioration is essential for impacting patient outcome. Meningococcemia produces a
stereotypical clinical and biochemical constellation of profound septic shock and purpura
fulminans with marked inflammatory disturbance and a complex disruption of coagulation.
Meningococcal infections preferentially affect infants and young children, but adolescents are
also at risk. Aggressive fluid resuscitation, hemodynamic management, and clinical monitor-
ing are based on understanding of pathophysiologic disturbances typical of the pediatric
cardiovascular response and guided by evidence-based guidelines. Appropriate antibiotic
choice is important, and corticosteroid use may be beneficial. A variety of efforts to manip-
ulate the coagulation abnormalities may be considered, although evidence is lacking. Extra-
corporeal support remains a consideration both for the failing cardiorespiratory systems but
also potentially for the use of plasma exchange. A team approach between the intensivist and
subspecialist is important in managing the frequent multiorgan complications seen with
meningococcemia.
Semin Nephrol 28:447-456 © 2008 Elsevier Inc. All rights reserved.
Keywords: Septic shock, meningococcemia, children, septic acute kidney injury, pediatric
sepsis, corticosteroids
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 he clinical case of an adolescent with
meningococcal sepsis described by Sy-
mons and Picca1 represents a complex

cenario both commonly faced and feared by
ediatric intensivists. Management in such situ-
tions often changes during the first few hours
nd days of ICU admission, especially with re-
pect to fluid management and provision of
asocative medications. The child with septic
hock is likely to require multiple specialty dis-
iplines to achieve success in treatment of its
omplex manifestations. Understanding patho-
hysiologic and biochemical mechanisms can
elp guide management of the general sepsis
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rocess and those findings specific to meningo-
occal infection, as well as potential multiorgan
ailure.

HE PROBLEM OF SEPSIS IN CHILDREN

epsis remains a major cause of morbidity and
ortality for both adults and children. The
orld Health Organization estimates that infec-

ion-related sepsis is the leading killer of chil-
ren worldwide.2 Worldwide, 1.6 million neo-
ates die each year from infection.3,4 In the
nited States alone, current estimates suggest

hat more than 750,000 sepsis cases occur an-
ually, with 65% of patients admitted to inten-
ive or intermediate care units, and an annual
ost of treatment of more than $17 billion dol-
ars.5 Approximately 42,000 of these annual
ases of sepsis occur in children, with an esti-
ated annual cost for care of more than 2

illion dollars.6 Recent data suggest that al-
hough progress has been made in the intensive

are of sepsis, much work remains to be done
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448 J.D. Fortenberry
o improve outcome. Severe sepsis hospitaliza-
ion has almost doubled,5 and mortality from
he disease also has increased significantly. In
hildren 0 to 4 years of age, severe sepsis hos-
italization of males increased from 26.4 to
1.3 per 100,000 from 1993 to 2003.5 Mortality
ates for this group increased from 5.4 to 9.5
er 100,000 during the same period. Case fatal-

ty rates have decreased overall, likely owing to
verall improvements in antibiotics and critical
are. However, rates remain unacceptably high
20.6 to 18.4 per 100 severe sepsis cases in the
-4 age group). Of children hospitalized with
epsis in the United States, 10.3% will die.6

Significant differences exist between adults
nd children with sepsis regarding epidemiol-
gy, physiologic response, and associated un-
erlying diseases. However, for both children
nd adults, death from sepsis is related primar-
ly to the development of multiple organ failure
MOF), defined as the failure of 3 or more organ
ystems.7 The development of MOF in sepsis
ignificantly increases mortality rates, and in-
reasing numbers of organ dysfunction have
een correlated with increasing likelihood of
eath.7 Although simple measures such as early
ntibiotics and fluid resuscitation are making
nroads into decreasing mortality rates, MOF
emains a persistent final common pathway to
eath and a target for prevention or improved
reatment. A large body of evidence has high-
ighted the importance of microvascular coagu-
ation in the pathogenesis of MOF/sepsis.8-12

roducts resulting from microbial sepsis, in-
luding endotoxin, exotoxin, and peptidogly-
ans activate cellular and biochemical path-
ays aimed at eliminating the pathogenic

nsult.13 This leads to activation of the kinin and
omplement systems, the release of secondary
nflammatory mediators tumor necrosis fac-
or-�, interleukin-1, interleukin-6, interleukin-8,
nd the expression and release of tissue factor
TF) from macrophages and neutrophils. TF lev-
ls are reported to be higher in the blood of
everely septic patients who have organ dys-
unction compared with those who do not.14

F triggers activation of the extrinsic coagula-
ion pathway through conversion of factor VII
o VIIa, resulting in the generation of intravas-

ular thrombin, which has been shown to ap- s
ear early in the course of sepsis.15 Thrombin is
esponsible for a number of key findings in
eptic patients, including consumption of coag-
lant and anticoagulant proteins (including pro-
ein C and antithrombin III), activation of plate-
ets, and activation of endothelial cells via
inding to a specific thrombin receptor.15,16

The interaction of these factors with endo-
helial cells is critical to the development of
icrovascular thrombosis. Thrombin/thrombo-
odulin binding, and activation of protein C,
roduces a net anticoagulant effect by virtue of

nactivating activated factor V and factor VIII.
owever, further activation of endothelial cells

esults in a significant decrease in the expres-
ion of thrombomodulin (by as much as 80%)
n the cell surface.11 Moreover, under these
onditions endothelial cells elaborate additional
F and plasminogen activator inhibitor type-1
PAI-1), which is associated with potent antifi-
rinolytic effects. Studies performed in patients
ith sepsis have shown early release of profi-
rinolytic tissue plasminogen activator, followed
y elaboration of PAI-1 as sepsis progresses to
OF.10 Progressive activation of the coagulation

ystem (increasing TF, thrombin-antithrombin
omplexes (TAT), PAI-1, thrombomodulin (TM),
nd decreasing plasmin/plasmin inhibitor com-
lex) increases with further progression to dis-
eminated intravascular coagulopathy. Dissemi-
ated intravascular coagulopathy is a strong
redictor of MOF and death in patients with
epsis.17 The net result of these changes is the
onversion of the normal microvascular milieu
rom an anticoagulant/profibrinolytic condition
o a markedly procoagulant/antifibrinolytic state.
his conversion ultimately leads to the develop-
ent of microvascular thrombosis, tissue hypo-
erfusion, and resultant organ failure.

ENINGOCOCCAL SEPSIS: CLINICAL
EATURES

nfections with Neisseria meningitidis can pro-
uce a prototypical form of pediatric septic
hock with stereotypical inflammatory and co-
gulation responses representative of the pat-
ern described earlier. Meningococcal sepsis re-
ains one of the most feared in the pediatric

ntensive care unit. Neisseria infections are re-

ponsible for greater than 500,000 cases of sep-
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Management of pediatric septic shock 449
ic shock annually worldwide, with an annual
ncidence of approximately 1/100,000 in the
nited States.18,19 Of 13 serogroups, types A, B,
, Y, and W-135 are the most common. Out-
reaks typically are sporadic, but can occur in
pidemic fashion, with great variability in inci-
ence dependent on worldwide region. From
0% to 90% of cases occur in children and ado-

escents, with almost half involving children 2
ears of age or younger.19 Infections in adoles-
ents have decreased with improved availability
nd use of vaccines before college entrance. Al-
hough most meningococcal infections manifest
s meningitis, approximately 10% of cases present
s meningococcal sepsis.20

The clinical course of meningococcemia is a
apid one, emphasizing the need for rapid as-
essment, aggressive treatment, and recogni-
ion that further organ deterioration can and
robably will occur even with the initiation of
ntibiotics. Severe meningococcemia progresses
apidly, with time from onset of fever until
rofound shock as short as 12 hours.19 Initial
ymptoms include nonspecific fever, rash, my-
lgias, and lethargy. Meningeal signs may be
resent, but absence of meningitis generally is
ssociated with a more rapid course and worse
rognosis. The classic petechial rash is a typical

eature in about 80% of cases and may be seen
hile the patient’s mental status is normal. If

reated early, symptoms may not progress fur-
her, but progression can occur and should be
ecognized by tachycardia, decreased perfu-
ion, prolonged capillary refill, and depressed
ental status with worsening limb ischemia

nd purpura. This shock state is generated by
elease of the gram-negative meningococcal en-
otoxin, resulting in diffuse activation of both
he inflammatory and coagulation cascades.
he subsequent endothelial cell injury pro-
uces marked capillary leak, myocardial dys-
unction, peripheral vasoconstriction, and mi-
rovascular thrombosis.

Although meningococcemia still carries a
igh mortality rate, outcomes have improved
ver recent decades, in part related to im-
roved vaccines, and likely also to improve-
ents in general intensive care unit manage-
ent approaches.21 Meningococcal sepsis
arries a mortality rate in the range of 10% to t
0% even with aggressive therapy,18 with
eaths usually in patients with refractory
hock and organ failure or from adult respira-
ory distress syndrome (ARDS). Despite many
fforts directed at specific therapy described
ater, no single magic bullet to arrest menin-
ococcemia has been found. However, em-
hasis on rapid fluid resuscitation, goal-di-
ected therapies, and occasional use of
djunctive therapies may be responsible. As
ortality rates improve, emphasis also must

e placed on decreasing morbidity.

EDIATRIC SEPSIS: FLUID RESUS-
ITATION AND USE OF VASOACTIVE
GENTS

he primary approach to pediatric septic shock
ased on best available evidence and expert con-
ensus have been codified recently in sepsis
uidelines developed by the American College of
ritical Care Medicine (ACCM) (Fig. 1).22 These
uidelines still emphasize early, aggressive fluid
esuscitation as the best available therapy in
hock. A variety of studies have supported the
remise that early intervention during the septic
hock golden hour can improve outcomes in chil-
ren.23-25 Treatment can be with either normal
aline, lactated Ringer’s solution, or human albu-
in. Most authorities reserve albumin for patients
ho do not respond to crystalloids. A goal-di-

ected approach to titrating fluids likely is critical
n outcome. A landmark study26 showed im-
roved mortality rates with fluid management di-
ected at maximizing central venous oxygen
aturation. Recent Brazilian studies have pre-
iminarily shown improved survival in children
eceiving aggressive resuscitation and manage-
ent via a similar goal-directed approach (J.A.
arcillo, personal communication). The promi-
ent hemodynamic problem in meningococcal
epsis also involves maintenance of adequate cir-
ulating volume in early stages of treatment.
hus, aggressive fluid resuscitation is the key

reatment principle in meningococcemia. Vol-
me resuscitation can be titrated to clinical exam-

nation, and to measurement of adequate central
enous pressures (CVP), and mixed venous ox-
gen saturations (SvO2) from central venous
atheters placed early in the course of resusci-

ation. CVP and SvO2 measurements can pro-
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450 J.D. Fortenberry
ide a helpful assessment of sufficiency of fluid
esuscitation. Echocardiographic evaluation
lso can provide a noninvasive assessment of
jection fraction and ventricular filling ade-
uacy. In the patient described by Symons and
icca in this issue,1 fluid volumes of up to 120
o 140 mL/kg may be necessary in the acute
esuscitation phase to adequately keep up with
ntravascular losses and filling requirements.

Although aggressive early fluid resuscitation
s key, a lack of resolution of fluid overload later
n the disease course could be responsible for,
r at least associated with, worsening out-
omes.27,28 However, these concerns should
ot lead one to undertreat early. Likely the

igure 1. Recommendations for stepwise management
ormal perfusion and perfusion pressure (mean arterial
ALS, pediatric advanced life support; SVCO2, superior v
opyright © Society of Critical Care Medicine, European
orum. Reproduced by permission of the publisher.22
mpact of fluids on outcome is bimodal, with m
arly undertreatment and late fluid overload
oth associated with worsening outcomes.
Children with meningococcemia frequently

equire inotropic and vasopressor support in
ddition to aggressive fluid resuscitation. An
nderstanding of mechanisms of shock in this
etting is integral to determine selection of the
ptimal agent. Adults with septic shock typi-
ally show vasomotor paralysis with vasodila-
ion and overall increased cardiac output. On
he other hand, children with septic shock dis-
lay more heterogeneous hemodynamic re-
ponses.22,29 As opposed to adults, low cardiac
utput and decreased oxygen delivery are more
ommon and more likely to be associated with

odynamic support in infants and children with goals of
re (MAP) - CVP. Proceed to next step if shock persists.

ava oxygen; PDE, phosphodiesterase; CI, cardiac index.
ty of Intensive Care Medicine, and International Sepsis
of hem
pressu
ena c
Socie
ortality; low cardiac output and high systemic
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Management of pediatric septic shock 451
ascular resistance (SVR) occurs in 58% of a
eries of 50 children with septic shock in com-
arison with only 22% with low cardiac output
nd low SVR,29 although some patients did de-
elop a high-output, low sustained virologic
esponse state as well. Thus, the choice of
gents must be predicated on the estimated
egree of diminished vascular resistance and
ardiac function. Pulmonary artery catheters
arely are used now in pediatric patients, and so
ssessment is dependent on a combination of
lood pressure measurement, CVP and arterial
ressure monitoring, SvO2 measurement, echo-
ardiographic assessment, and the time-hon-
red physical examination. For instance, the
atient described in the Symons and Picca nar-
ative1 manifests a low blood pressure, wide
ulse pressure, decreased perfusion, and capil-

ary refill. These features are consistent with a
escription of warm shock as defined in the
CCM guidelines (Table 1).22 He also might be
xpected to have increased CVP, low systemic
enous oxygen saturation, and decreased ejec-
ion fraction by echocardiogram. The clinical
xamination and objective measurements in
ombination suggest him to be in a low-cardiac-
utput state with the need of a vasoactive agent
oth with primary inotropy (�-receptor activ-

ty) to improve cardiac output, as well as a
egree of vasoconstriction (�-receptor) to
aintain adequate organ perfusion pressure.
ACCM guidelines include general recommen-

Table 1. Definitions of Shock

Cold or warm shock: decreased perfusion includ
seconds (cold shock) or flash capillary refill (w
(warm shock) peripheral pulses, mottled cool
�1 mL/kg/h

Fluid-refractory/dopamine-resistant shock: shock
first hour and dopamine infusion to 10 �g/kg

Catecholamine-resistant shock: shock persists de
norepinephrine

Refractory shock: shock persists despite goal-dire
vasodilators, and maintenance of metabolic (g
hydrocortisone) homeostasis

Copyright (c) Society of Critical Care Medicine, European So
Reproduced by permission of the publisher.22
ations for choice of vasoactive agents in fluid- u
efractory shock. Current ACCM guidelines sug-
est dopamine as the first choice. If resistant to
opamine, epinephrine is recommended to ti-
rate for cold shock and norepinephrine for
arm shock. Further inotropic therapy is ti-

rated as noted in Figure 1, with addition of
asodilators and/or milrinone (a phosphodies-
erase III inhibitor with additional lusitropic
unction) in patients with adequate blood pres-
ure and increased oxygen consumption. Vaso-
ressin is an additional pressor agent that has
ecome increasingly used in catecholamine-re-
istant shock as an adjunct to either norepi-
ephrine or epinephrine because of its addition
ode of pressor action via vasopressin recep-

ors. In the setting of meningococcemia, the high
otential for extremity ischemia and thrombosis
ecessitates titration of vasoconstriction to mini-
al levels if possible. Agents with peripheral va-

odilating effects, such as milrinone, may be
dded as tolerated by blood pressure.

EDIATRIC SEPSIS: OTHER THERAPIES

he patient in the Symons and Picca narra-
ive1 is not intubated at present. However,
iven his degree of shock, acidosis, and pro-
ressive respiratory distress, irrespective of
dvancing pulmonary edema, a strong case
ould be made for earlier endotracheal intu-
ation and mechanical ventilation to decrease
verall oxygen consumption and nonessential

ecreased mental status, capillary refill �2
hock), diminished (cold shock) or bounding
mities (cold shock), or decreased urine output

sts despite �60 mL/kg fluid resuscitation in

use of catecholamines epinephrine or

use of inotropic agents, vasopressors,
e and calcium) and hormonal (thyroid and

f Intensive Care Medicine, and International Sepsis Forum.
ing d
arm s
extre

persi
/min
spite

cted
lucos

ciety o
se of cardiac output.
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452 J.D. Fortenberry
Antibiotics are an essential aspect of manage-
ent in meningococcemia and should be ad-
inistered empirically as early as possible in

he disease course. Likely, however, they do
ot mitigate the initial proinflammatory and co-
gulopathic cascades that have been activated,
nd it has been suggested that initial antibiotics
ay initially aggravate these responses as a re-

ult of lysis of organisms. Current recom-
ended empiric antibiotic use should be based

n age and potential organisms responsible for
epsis, even if meningococcemia is suspected.

ith the increase of community-acquired
ethicillin-resistant Staphylococcus aureus in
any areas of the United States, empiric addition

f vancomycin to a standard broad-spectrum
ephalosporin is recommended in children and
dolescents presenting with septic shock. Other
road-spectrum choices may need to be made in
he child with known immunosuppression.
eftriaxone has been used in many algorithms for
mpiric treatment of pediatric sepsis. However,
ecent reports of deaths associated with concom-
tant use of ceftriaxone and calcium-containing
olutions, allegedly owing to in vivo calcium che-
ation, have led the Food and Drug Administration
o issue an alert that included recommendations
o avoid administration of ceftriaxone within 48
ours of completion of calcium-containing infu-
ions, including parenteral nutrition, regardless of
hether drug delivery occurs through separate

atheters.30,31 Given the high incidence of need
or calcium replacement in severe sepsis or me-
ingococcemia, the alternative use of cefotaxime
s a first-line cephalosporin has been recom-
ended. Ceftriaxone (with its advantage of

onger dosing intervals) could be used later at
ore stable points of the meningococcal disease

esolution.
Empiric use of corticosteroids is controver-

ial in pediatric septic shock.32 Several studies
ave shown a high incidence of absolute or
elative adrenal insufficiency in both children
nd adults with septic shock, even in the ab-
ence of other risk factors such as chronic ste-
oid use as chemotherapy. In meningococce-
ia, adrenal hemorrhage has been described

lassically as the Waterhouse-Friderichsen syn-
rome. However, even in the absence of hem-

rrhage and necrosis, reports evaluating adre- b
al function in meningococcemia generally
ave found decreased response. Pediatric stud-

es have shown significantly lower cortisol lev-
ls33 in meningococcemia nonsurvivors than in
urvivors, as well as blunted corticotropin re-
ponse.34 Low serum cortisol and high adreno-
orticotropic hormone levels also were associ-
ted with higher vasopressor requirements34

nd poorer outcome.35 Current national adult
epsis guidelines36 have recommended empiric
se of steroids in septic shock based on a large
dult trial finding improved survival with use of
low-dose steroid regimen in patients not re-

ponding to adrenocorticotropic hormone stim-
lation.37 However, the negative results of the
ecently reported adult sepsis steroid replace-
ent trial38 may call for reassessment of routine

se in septic shock. Pediatric trials are notably
bsent. Empiric corticosteroids have been rec-
mmended for pediatric patients with cate-
holamine-resistant shock at specific risk of
drenal sufficiency,22 which include children
ith suspected meningococcemia.
Purpura fulminans is an ominous but frequent

eature of systemic meningococcemia.39 The co-
gulopathy and microthrombosis is responsible
or a great degree of morbidity seen in survivors.
kin loss, amputations, and brain vascular injury
re seen in varying degrees. The pathophysiology
f the coagulopathy is complex. Disseminated

ntravascular coagulation results from excessive
ctivation of the coagulation cascade and associ-
ted down-regulation of the fibrinolytic system.
oncentrations of anticoagulants such as protein
and antithrombin III are decreased, and tissue

actor pathway inhibitor is increased. The com-
lex disturbances produce tendencies both for
emorrhage and tissue microthrombosis.39 A va-
iety of maneuvers have been aimed at treating
he various disruptions of procoagulant and anti-
oagulant function, including tissue effects of pur-
ura fulminans, with variable success. One ap-
roach to generalized control and replacement of

actors is through the use of plasma exchange,
hich is described in a recent review.40 Many

linicians routinely replace depleted factors with
resh-frozen plasma and platelets, but concern
xists that one is merely fueling the fire with
roducts that will be consumed in microthrom-

osis. One approach is to provide replacement
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Management of pediatric septic shock 453
nly in the case of active bleeding or with platelet
ounts of less than 20,000/mm3. More directed
eplacement with activated protein C has been
hown to be effective in some settings of adult
epsis and has suggested benefits in pediatric me-
ingococcemia.41 However, a recent multicenter
rial of activated protein C was halted in children
ecause of a lack of effect and concern for in-
reased bleeding risk.42 Heparin infusion has
een used in an effort to avoid microthrombosis,
ut no strong evidence supports it use. Tissue
lasminogen activator also has been used to over-
ome inhibition of endogenous tissue plasmino-
en activator, but a retrospective review in chil-
ren suggested increased risk of intracerebral
emorrhage.43 Topical nitroglycerine applied to

schemic digits may provide local improvement in
erfusion, but care must be taken to avoid hypo-
ension.

As noted previously, ongoing fluid manage-
ent in the child with severe meningococcemia

s problematic. Although decreasing additional fluid
ould be preferred, capillary leak syndrome may

ead to ongoing tissue losses, requiring repeated
uid boluses and higher rates. Diuretic use may
ot be tolerated in the face of hypotension and
oor perfusion. The preponderance of evidence
ow confirms that low-dose dopamine does not

mprove urine output in sepsis. Furthermore, in-
reasing concern has been raised that use of do-
amine may be immunosuppressive because of

ts effect on prolactin secretion and thus T lym-
hocyte activity.44 Thus, one may consider dis-
ontinuing dopamine if another pressor/inotrope
s needed or if able to wean dopamine to lower
oses. Glucose-containing fluids are used initially

n management because hypoglycemia can occur,
articularly in infants. However, close monitoring
f serum glucose levels and strict glycemic con-
rol has been suggested to improve outcomes in
dults. Persistent hyperglycemia has been associ-
ted with increased mortality in critically ill chil-
ren,45 but the impact of control with insulin on
utcome has not been shown yet in children.

EVELOPMENT OF MULTIPLE ORGAN
AILURE AND EXTRACORPOREAL
UPPORT

isease progression to multiple organ dysfunc-

ion markedly increases likelihood of death. Renal t
unction in meningococcemia typically wors-
ns for several reasons. Acute kidney injury in
eptic shock, although once thought to be pri-
arily a hemodynamic disease induced by isch-

mia, likely is associated with inflammatory re-
ponse.46 Bilateral cortical necrosis is noted in
ome patients.47 Likely, tendencies for micro-
ascular thrombosis predispose to this finding.
ncreasing renal insufficiency and increasing se-
um creatinine levels correlate with decreased
evels of the von Willebrand factor cleaving
rotease ADAMTS-13 in adults with septic
hock, in a pattern similar to thrombotic throm-
ocytopenic purpura.48 In one series of 209
hildren admitted with meningococcemia, 21
eveloped oliguric acute renal failure necessi-
ating renal replacement therapy. Twelve of
hese patients survived, 4 developed some form
f persistent abnormality of renal kidney.49

anagement of renal failure is in part dictated
y hemodynamic stability. Although diuretics
ay be attempted to improve urine output,

cute diuresis likely will not be well tolerated,
articularly early in the resuscitative course.
urosemide infusions may produce diuresis
ith improved hemodynamic tolerance. How-

ver, renal replacement therapy will provide
etter overall fluid management and assist in
ecreasing massive fluid overload, and is dis-
ussed in another review in this issue.

If the patient described in the Symons and
icca case study1 did not respond to all the
arlier-described maximal hemodynamic sup-
ort, extracorporeal support could be consid-
red. Extracorporeal membrane oxygenation
ECMO) has a well-established record of poten-
ial benefit in neonatal and pediatric respiratory
ailure, and for emergent temporary cardiac
upport.50 ECMO provides artificial respiratory
nd/or cardiac support via introduction of an
rtificial oxygenator and circulation of blood by
ither venoarterial or venovenous support.
owever, the role of ECMO is less certain in the

reatment of refractory shock, sepsis, and
OF.51 Individual pediatric center case series
ave suggested benefit. A recent review of 45
hildren with septic shock (including 12 with
eningococcemia) described survival to hospi-
al discharge in 21 of 45 children receiving
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454 J.D. Fortenberry
CMO support after failure of maximal conven-
ional therapy.52

Two series of pediatric experience with
CMO in meningococcal sepsis have reported a
omewhat divergent experience. One study53

escribed 12 children with meningococcal dis-
ase and a high predicted likelihood of death
ho received ECMO support. In 7 patients,

CMO was provided rapidly for intractable
hock; in 5 other patients ECMO was required
ater for severe ARDS. Six of the 12 patients
ctually required cardiopulmonary resuscita-
ion before ECMO. Overall, 8 of the 12 pa-
ients survived (6 functionally normal), in-
luding 4 of 7 intractable shock patients and
ll 5 ARDS patients. The investigators con-
luded that ECMO should be considered to
upport patients with meningococcal disease
ailing conventional measures for refractory
hock or respiratory failure, given the other-
ise high likelihood of death. A more recent
eningococcal ECMO series was less encour-

ging, but also did suggest that ECMO was
ore effective for respiratory indications. An-

ther study54 reported 11 children with me-
ingococcal sepsis and a high predicted mortal-

ty rate who were treated with ECMO. Overall,
of 11 survived. All 5 children with ARDS who

eceived venovenous ECMO survived. How-
ver, of 6 children with refractory shock and
rgan failure receiving ECMO (all venoarterial),
nly 1 survived. Although recognizing study

imitations, the investigators affirmed the use of
CMO in meningococcal-associated ARDS but
rged caution in its use for refractory shock.
ased on accumulated experience, ACCM guide-

ines recommend the physician “consider ECMO”
n the child with meningococcemia and refrac-
ory shock (Fig. 1).

UMMARY

eningococcemia is a manifestation of septic
hock with potentially high morbidity and mor-
ality rates in children. Rapid recognition is es-
ential to have the opportunity to impact out-
ome. Aggressive fluid resuscitation and hemo-
ynamic management can improve organ
erfusion. The use of corticosteroids and agents
o manipulate coagulation dysfunction are reason-

ble, but their benefits remain to be proven. Ex-
racorporeal support through ECMO can be
onsidered. The use of continuous renal re-
lacement therapies and plasma exchange also
ffer further potential benefits with the support
f nephrology consultants.
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