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Emergency management of children with severe
sepsis in the United Kingdom: the results of the
Paediatric Intensive Care Society sepsis audit

D P Inwald,” R C Tasker,? M J Peters,® S Nadel,* on behalf of the Paediatric Intensive

Care Society Study Group (PICS-SG)

ABSTRACT

Objective: To audit current UK practice of the manage-
ment of severe sepsis in children against the 2002
American College of Critical Care Medicine/Pediatric
Advanced Life Support (ACCM-PALS) guideline.

Design: Prospective observational study.

Setting: 17 UK paediatric intensive care units (PICUs)
and two UK PICU transport services.

Participants: 200 children accepted for PICU admission
within 12 h of arrival in hospital, whether or not
successfully transported to a PICU, with a discharge
diagnosis of sepsis or suspected sepsis.

Main outcome measures: Medical interventions, phy-
siological and laboratory data to determine the presence or
absence of shock, inter-hospital transfer times, predicted
mortality (using the Paediatric Index of Mortality, version 2
(PIM2) scoring system) and observed mortality.

Results: 34/200 (17%) children died following referral.
Although children defined as being in shock received
significantly more fluid (p<<0.001) than those who were
not in shock, overall fluid and inotrope management
suggested by the 2002 ACCM-PALS guideline was not
followed in 62% of shocked children. Binary logistic
regression analysis demonstrated that the odds ratio for
death, if shock was present at PICU admission, was 3.8
(95% CI 1.4 t0 10.2, p = 0.008).

Conclusions: The presence of shock at PICU admission is
associated with an increased risk of death. Despite clear
consensus guidelines for the emergency management of
children with severe sepsis and septic shock, most children
received inadequate fluid resuscitation and inotropic support
in the crucial few hours following presentation.

Sepsis is a major cause of morbidity and mortality in
children, with an estimated 42 000 cases per year in
the United States, and an associated mortality rate of
10%." In the United Kingdom (UK), infection
accounts for more than 10% of deaths in children
<4 years of age’ and approximately 1000 children
with severe sepsis are admitted to paediatric intensive
care units (PICUs) annually.® Up to 20% of children
admitted to PICUs with severe sepsis die. In addition,
each year, an unknown number of children die of
septic shock in accident and emergency departments
(A&Es) before reaching a PICU. One of the determi-
nants of outcome is the adequacy of medical care
before arrival in PICU.* °* The 2002 American College
of Critical Care Medicine/Pediatric Advanced Life
Support (ACCM-PALS) consensus guideline® and the
2009 update, currently in press,” on the treatment of
septic shock in children recommend early recognition,
generous fluid resuscitation, cardiovascular support,

What is already known on this topic

» In septic shock, aggressive fluid administration
for shock reversal, with up to 60 ml/kg or more
in the first hour, is associated with improved
outcome.

» Failure to reverse shock is associated with a
doubling of the risk of death with each hour of
persistent shock.

What this study adds

» The targets of the 2002 ACCM-PALS guideline
for fluid administration and other interventions
were not achieved in the majority of children
with septic shock.

» The reasons why children with septic shock are
under-resuscitated are unclear and need further
investigation.

antibiotic therapy and source control in addition to
therapeutic strategies once the child is admitted to
PICU. In relation to pre-PICU fluid and inotrope
management, the 2002 ACCM-PALS guideline and
the 2009 update are almost identical, other than a
recommendation to start peripheral rather than
central vasoactive agents in the 2009 update. The
Advanced Paediatric Life Support (APLS) algorithm
for septic shock,® commonly in use in A&Es in the
UK, is also almost identical to the first half of the 2002
ACCM-PALS guideline (fig 1) but addresses A&E
management only.

The purpose of this study was to audit current
emergency management of severe sepsis in children
in the UK against the 2002 ACCM-PALS guideline,
with a particular emphasis on the use of fluids and
vasoactive drugs. Such information is vital for the
planning of future randomised controlled trials of
early interventions in severe sepsis.

METHODS

Study design and setting

This was an observational study of pre-PICU
emergency medical care in the UK, with data
collected by 17 PICUs and two PICU retrieval
services (listed in Acknowledgements) over a 6-
month period between December 2006 and May
2007.

Arch Dis Child 2009;94:348-353. doi:10.1136/adc.2008.153064
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0 min Recognise decreased mental statu

5 min | Maintain airway and establish access according to PALS guidelines

s and perfusion

Push 20 ml/kg isotonic saline or colloid boluses up to and over 60 ml/kg
Correct hypoglycaemia and hypocalcaemia

Fluid refractory sho

15 min

ck

Fluid responsive

Establish central venous

dopamine therapy and establish arterial monitoring

acess, begin Early A&E and

PICU transport

Fluid refractory-dopamine resistant shock team

management

- Titrate epinephrine for cold shock,
Observe in PICU norepinephrine for warm shock

Catecholamine-resistant shock

At risk of adrenal insufficiency?

Not at risk?

60 min | Give hydrocortisone Don

ot give hydrocortisone|

Normal blood pressure| | Low blood pressure

cold shock, cold shock,
ScvO, sat<70% ScvO, sat < 70%
Add vasodilator or Titrate volume and
type Il PDE inhibitor epinephrine
with volume loading

Low blood pressure N
warm shock

Titrate volume and

norepinephrine PICU

Low dose vasopressin
or angiotensin?

management -
not audited

| Persistent catecholamine-resistant shock |

Place pulmonary artery catheter and direct fluid,

< 6.0 I/min/m?

inotrope, vasopressor, vasodilator and hormonal J
therapies to attain normal MAP-CVP and Cl > 3.3 and

Refractory shock

Consider ECMO

Figure 1 2002 ACCM-PALS clinical practice parameters for haemodynamic support of paediatric and neonatal patients in septic shock.® ACCM-PALS,

American College of Critical Care Medicine/Pediatric Advanced Life Support;

A&E, accident and emergency department; ECMO, extracorporeal

membrane oxygenation; MAP-CVP, mean arterial pressure-central venous pressure; PDE, phosphodiesterase; PICU, paediatric intensive care unit;

Scv0,, central venous oxygen saturation.

Participants

Inclusion criteria

Any child accepted for PICU admission within 12 h of arrival in
hospital, whether or not successfully transported to PICU, with
a provisional diagnosis of sepsis, was eligible for inclusion in the
study. Sepsis was defined as a systemic inflammatory response
syndrome “in the presence of, or as a result of, suspected or
proven infection”, using the definitions proposed by Goldstein
et al’ (box 1).

Exclusion criteria

Children in whom sepsis was not a discharge diagnosis were
excluded from the final analysis. This procedure ensured that
children with an alternative diagnosis (eg, cardiorespiratory collapse
due to cardiac pathology, a metabolic disorder or uncomplicated
bronchiolitis) were not included in the final analysis.

Variables

Information collected included details about interventions
performed before PICU admission, tracheal intubation and
mechanical ventilation, use of intravenous fluids, and use of
vasoactive agents.

Arch Dis Child 2009;94:348-353. doi:10.1136/adc.2008.153064

Laboratory data recorded included white blood cell count,
platelet count, blood glucose and C-reactive protein (CRP) on
presentation to A&E. Lactate and extracellular fluid base deficit
were recorded, when possible, on presentation, on arrival of the
PICU transport team and on admission to the PICU. Inter-
hospital transport time was also recorded, defined as the time
between presentation in A&E to the time of arrival in the PICU.

Physiological data were collected at two time points: at the
time of referral to PICU and on arrival in the PICU. Shock at the
time of referral was defined as either: (1) hypotension (systolic
blood pressure less than the fifth percentile for age, using the
PALS formula)' or (2) requirement for vasoactive drugs; or (3)
in the absence 1 or 2 above, at least two of the following three
criteria: base excess <—5 mEq/], lactate >3 mmol/l or capillary
refill time >3 's. Shock at the time of PICU admission was
deemed to be present if criteria 1 or 3 were present, irrespective
of whether vasoactive drugs were being administered. Reversal
of shock by the time of PICU admission was deemed to have
occurred if shock at the time of referral had resolved by the time
of PICU admission, regardless of the use of vasoactive drugs.

Severity of illness was scored using the Paediatric Index of
Mortality, version 2 (PIM2) scoring system.'' PIM2 data were

349
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Box 1 Definition of systemic inflammatory response

syndrome and infection used as inclusion criteria’

Systemic inflammatory response syndrome is defined as the

presence of at least two of the following four criteria, one of

which must be abnormal temperature:

» Core temperature of >38.5°C or <36°C

» Tachycardia

» Bradycardia

» Tachypnoea or mechanical ventilation for an acute process not
related to underlying neuromuscular disease or the receipt of
general anaesthesia

» Leucocyte count elevated or depressed for age (not secondary
to chemotherapy-induced leucopenia) or >10% immature
neutrophils

Infection is defined as suspected or proven (by positive culture,

tissue strain, or polymerase chain reaction test) infection caused

by any pathogen OR a clinical syndrome associated with a high

probability of infection. Evidence of infection includes positive

findings on clinical examination, imaging or laboratory tests (eg,

white blood cells in a normally sterile body fluid, perforated

viscus, chest radiograph consistent with pneumonia, petechial or

purpuric rash, or purpura fulminans).

available for all but three patients, who died before the PICU
transfer team arrived. Outcome data included mortality, need
for mechanical ventilation, inotropic support, renal replacement
therapy (RRT) and extracorporeal membrane oxygenation
(ECMO).

Data sources

Data were anonymised and collected prospectively by the
investigators using a web-based data collection tool specifically
developed for the project (Dataphiles, Leeds, UK) and transferred
into a Microsoft Access database for further analysis.

Audit methodology

A&E and PICU transport team management were audited
against the 2002 ACCM-PALS guideline, which was the
standard guideline in use by PICUs and PICU transport services
in the UK. However, as APLS is the standard algorithm in use
for paediatric emergencies in many UK A&Es, this has been
taken into account. Although the first part of the 2002 ACCM-
PALS guideline is almost identical to the APLS algorithm, there
are three minor differences.

Firstly, the APLS recommends either dobutamine or dopa-
mine as a first line inotrope, whereas the 2002 ACCM-PALS
recommends dopamine. Secondly, the APLS recommends
adrenaline as the standard second line inotrope, whereas the
2002 ACCM-PALS recommends noradrenaline for warm shock
and adrenaline for cold shock.

Therefore, dopamine/dobutamine and adrenaline/noradrena-
line were considered as paired equivalents for the purposes of
this audit. Patients were scored as dobutamine/dopamine
refractory if they failed to respond to either of these agents as
first line inotropic therapy and as catecholamine (adrenaline/
noradrenaline) refractory if they failed to respond to either of
these agents as second line inotropic therapy.

Thirdly, steroids are not recommended in the APLS algo-
rithm, whereas they are recommended for refractory shock in
the ACCM-PALS guideline. As the routine use of steroids for

350

Table 1 Microbiology and virology investigations
Number
of children

Bacterial infection®

Escherichia coli 5
Unspecified Gram negative organism 1
Unspecified Gram positive organism 3
Group A Streptococcus 9
Group B Streptococcus 6
Haemophilus spp 5
Neisseria meningitidis 51+
Streptococcus pneumoniae 20
Staphylococcus aureus 7
Shigella spp

Viral infection}

Adenovirus 3
Cytomegalovirus 1
Enterovirus 2
Herpes simplex 4
Influenza 6
Parainfluenza 3
Respiratory syncytial virus 13

*108/200 (54%) children had a positive bacteriological culture or
PCR result.

114 serotype unspecified, 1 serotype W135 and 36 serotype B.
132/200 (16%) children had viral infection identified by culture,
immunofluorescence testing or PCR.

inotrope resistant shock is now controversial, we audited the
use of steroids separately.

Statistical methods

Data were non-parametric and are presented as median and
interquartile range (IQR). The Mann-Whitney U test was used
to compare independent samples. Statistical significance was
defined as p<0.05. The x* test was used to compare propor-
tions. Binary logistic regression was used examine factors
influencing survival. The software used for statistical analysis
was SPSS 16.0 (SPSS, Chicago, IL, USA).

Ethics

The study was registered with the Great Ormond Street
Hospital NHS Trust Audit Committee. It was deemed not to
require research ethics committee approval as data were
anonymised by removing all patient identifiers.

RESULTS

Participants

Data on 235 children were collected. Thirty five children were
excluded from the final analysis, either because they did not
satisfy the inclusion criteria or because the discharge diagnosis
was not sepsis.

Of the 200 remaining children, 116 (58%) were male. The
median age of the whole group was 13.6 (IQR 2.9-
39.4) months. Overall, 108 (54%) children had a positive
bacteriological culture or polymerase chain reaction (PCR) test
result for bacterial pathogens. Thirty two (16%) children had a
viral infection identified by culture, immunofluorescence testing
or PCR (table 1).

The median inter-hospital transport time for the whole group
was 7.6 h (IQR 5.3-11.7). By the time of inter-hospital transfer,
or following PICU admission, 184 (92%) children were
mechanically ventilated, 138 (69%) had received inotropic

Arch Dis Child 2009;94:348-353. doi:10.1136/adc.2008.153064
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200 patients

139 shocked at referral |

| 61 not shocked at referral

3 not classifiable

1 not classifiable

| 53 shock reversed |

107 failure to reverse shock or shock
present at PICU admission

36 not shocked at
PICU admission

3 died

support, 24 (12%) had received RRT, and eight (4%) had
received ECMO. Sixteen (8%) children received steroid therapy
for shock, with nine of these at low ‘“replacement” doses for
shock (1 mg/kg, 6 hourly) and seven at a higher dose.

Thirty four (17%) children died following referral, of whom
seven died before reaching PICU and 27 died following PICU
admission (fig 2). The median predicted mortality from PIM2
score for the whole group was 10% (IQR 5-16). Although this
gives a standardised mortality ratio for the whole group of 1.7,
the difference between observed and expected mortality was
not significantly different in this population (p>0.1, using the
method of JD Flora'?).

Main results

Shock and shock reversal

Overall, 139/200 children had signs of shock at the time of
referral to PICU. Of these, 53 (38%) reversed shock by the time
of PICU admission and 83 (60%) failed to reverse shock or died
by the time of PICU admission. In three children, the response
to therapy was not classifiable due to missing data. The

28 died

Figure 2 Flow diagram of outcomes. PICU, paediatric intensive care unit.

3 died

remaining 61/200 children did not have signs of shock at the
time of referral to PICU. However, of these, 24 (39%) developed
signs of shock by the time of PICU admission.

In the group of 139 children who were shocked at referral to
PICU, those who achieved shock reversal were younger
(p=0.02, Mann-Whitney U test) and had higher platelet
counts (p<<0.001) when compared to the group who failed to
reverse shock. However, white cell count, CRP, glucose, PaO,/
FiO, ratio, predicted mortality and inter-hospital transfer times
were not significantly different between the group which
reversed shock and the group which remained shocked (table 2).

Those children who failed to reverse shock received more fluid
overall (p = 0.004, Mann-Whitney U test) and more fluid before
the arrival of the PICU team than those in whom shock was
successfully reversed (p=0.05, Mann-Whitney U test).
However, there was no significant difference in the volume of
fluid administered after the arrival of the PICU team (p = 0.08,
Mann-Whitney U test).

Those in whom shock was reversed had better outcomes than
those in whom shock was not reversed: 3/53 (6%) died in the

Table 2 Patients shocked on referral to PICU, comparing those who reversed shock to those who failed to

reverse shock

Shock reversal

No shock reversal

(median, 1QR) (median, 1QR) Mann-Whitney U

Patient characteristics (n = 136)

Age (months) 9.8 (2.3-18.6) 15.1 (7-43.8) p=0.02

White cell count (x10%1) 9.0 (4.9-17.3) 10.3 (4.3-19.5) p=0.77

Platelets (x10%) 264 (191-436) 183 (76-294) p =0.001

C-reactive protein (mg/l) 63 (14-138) 76 (37-140) p=0.41

Blood glucose (mmol/l) 5.6 (4.2-7.4) 5.6 (4.6-6.8) p=0.75

Pa0,/Fi0, ratio (mm Hg) 255 (121-435) 310 (173-401) p=10.50

Predicted mortality (%) 11.1 (7.4-15.3) 13.8 (6.3-21.3) p=0.19
Transfer details

Fluid given before PICU team arrived (ml/kg) 50 (30-70) 60 (40-80) p=0.05

Fluid given after PICU team arrived (ml/kg) 10 (0-20) 20 (0-50) p=0.08

Total fluid (ml/kg) 60 (50-80) 80 (50-120) p =0.004

Inter-hospital transfer time (h) 8 (6-13.8) 7.1 (4.8-10.8) p=0.21
Outcome

Survivors (%) 50/53 (94%) 62/83 (71%) N/A (see text)

1QR, interquartile range; PICU, paediatric intensive care unit.
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group which reversed shock compared to 21/83 (25%) in the group
which remained shocked (y? p = 0.003). Three out of 53 (6%) in
the group which reversed shock required RRT compared to 16/83
(19%) in the group which remained shocked (3* p = 0.02).

Binary logistic regression analysis was performed, excluding
the seven patients who died before PICU admission, with death
in PICU as the outcome and using the following predictors:
total fluid given, inotrope use during transfer, shock at time of
PICU admission, and duration of inter-hospital transfer. The
only variable associated with the outcome, death in PICU, was
the presence of shock after inter-hospital transfer (p = 0.008).
The odds ratio for death in PICU if shock was present at PICU
admission was 3.8 (95% CI 1.4 to 10.2).

Were the recommendations of the 2002 ACCM-PALS guideline
followed?

Patients with cardiovascular dysfunction were classified accord-
ing to their response to therapy as follows: fluid responsive,
fluid refractory, dopamine/dobutamine refractory and catecho-
lamine (noradrenaline/adrenaline) refractory. For this analysis,
the 107 children who developed shock, failed to reverse shock or
died by the time of PICU admission have been defined as the
“shock” group. Of these, 21 (20%) were not given =60 ml/kg
fluid despite persisting signs of shock, 16 (15%) were given
=60 ml/kg fluid but were not given dopamine or dobutamine
despite having fluid refractory shock, 25 (23%) were dopamine-
or dobutamine-refractory but were not given catecholamines
(eight of these had also not received =60 ml/kg fluid), 32 (30%)
were catecholamine-refractory but were not given replacement
hydrocortisone (seven of these had not received =60 ml/kg
fluid) and two were given intravenous hydrocortisone but were
not started on vasoactive drugs before hydrocortisone.

Overall, medical management followed the 2002 ACCM-
PALS guideline in 9/107 (8%) children in the “shock’” group.
Even if the failure to commence steroids is disregarded, early
medical management followed the 2002 ACCM-PALS guideline
in only 39/107 (36%) children in this group.

Interestingly, 24/107 (22%) patients in this group were not
shocked at referral but developed shock by the time of PICU
admission. None of these patients were managed according to
the 2002 ACCM-PALS algorithm, suggesting that signs of
evolving shock in this group were not detected by either the
referring team or by the transferring PICU team.

DISCUSSION

The principal finding in this audit is that the 2002 ACCM-PALS
guideline was not followed in the majority of children who were
shocked. The failure to follow the algorithm resulted most
frequently from inadequate fluid resuscitation, inadequate use
of vasoactive agents, or both.

Failure to follow the algorithm occurred in spite of good
evidence that aggressive fluid administration targeted to achieve
shock reversal, with up to 60 ml/kg or more in the first hour, is
associated with improved outcome, both in adults and in
children.*® ' ** Furthermore, a recent study has demonstrated
that when there is failure to reverse shock, the risk of death
doubles with each hour of persistent shock."

Our study also found that the presence of shock at the time of
admission to PICU is independently associated with death.
However, in contrast to previous studies, those patients who
failed to reverse shock present at the time of referral received
more total fluid than those who had shock reversed by the time
of PICU admission.
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There are three possible explanations for the observation that
shock is not reversed despite increased fluid administration. First,
children may be presenting too late for treatment to be effective,
that is, they may be presenting with irreversible shock. This is
unlikely to be the case as survival to PICU discharge was 77% in
the group who remained shocked at the time of PICU admission,
suggesting that shock was successfully reversed after PICU
admission in those who survived. Second, the hypothesis that
generous fluid administration improves outcome may be incor-
rect, although again, this is unlikely, given the weight of evidence
to the contrary. The third, and most likely, explanation is that
although total fluid administered in our study was higher than
that observed in previous studies, the rate and volume of fluid
administration in the critical first hours may still have been
inadequate to influence outcome. Unfortunately, this study did
not identify the exact timings of each fluid administration so it is
not possible to answer this question with certainty.

The use of normal saline as the preferred first line resuscitation
fluid in A&E followed by a mixture of other fluids, including
saline, albumin, gelofusin and other blood products (fig 3), also
highlights the lack of clear evidence regarding the most appro-
priate fluid for resuscitation of children with severe sepsis.

Overall, adherence to the 2002 ACCM-PALS guideline was
poor, with only 8% of children in the “shock” group receiving
management according to the guideline, either because of failure
to give adequate fluid or inotropic support or failure to initiate
maintenance hydrocortisone in those who did not respond to
volume expansion or catecholamines.

Replacement hydrocortisone therapy was suggested for
catecholamine resistant shock in the 2002 ACCM-PALS guide-
line as there was some evidence to support this practice at the
time it was published. Following the publication of the
CORTICUS study, the role of steroid therapy in septic shock
is less clear,'® although the 2009 guideline is unchanged in this
regard. However, even if the failure to give replacement steroid
therapy is ignored, still only 38% of children in the “shock”
group were managed according to the ACCM-PALS guideline.

Early goal-directed therapy, aiming for central venous
oxyhaemoglobin saturation (ScvO,) above 70%, has recently
been shown to be effective in improving outcome in both
adults” and children' in septic shock. However, Peters and
Brierley recently found that 80% of septic shock cases in
children have ScvO, <70% at the time of PICU admission,
suggesting a systematic failure to adequately treat shock in this
population in the UK."”

Ninis ez al identified three factors associated with an increased
risk of death in paediatric meningococcal sepsis in the UK:
failure to be looked after by a paediatrician, failure of adequate
supervision of junior staff and failure to start inotropic support.’
Our study concurs with the findings of Ninis ez a/, demonstrat-
ing that both fluid and inotropic support were often not given
in a timely manner to children with septic shock. Although our
study was not designed to determine what factors might be
contributing to inadequate therapy, one factor may be that the
2002 ACCM-PALS guideline recommended not giving vasoac-
tive agents until central vascular access was obtained. This was
because of concern that administration of peripheral vasoactive
agents could result in tissue injury. The 2009 update now
recommends use of peripheral inotropes (not vasopressors) to
avoid delay, until central access is obtained.

Whatever the contributing factors are, complex monitoring
techniques are not necessary for the early management of
children with severe sepsis and septic shock. Monitoring of
clinical and laboratory endpoints, and application of a simple
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A. Before arrival of PICU transfer team
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Figure 3 Type of fluid administered before and after the arrival of the PICU
team. (A) Before arrival of PICU transfer team. (B) After arrival of PICU
transfer team. FFP, fresh frozen plasma; HAS, human albumin solution;
PICU, paediatric intensive care unit; Plts, platelets; RBC, red blood cells.

clinical algorithm to guide management could bring about
significant improvements in mortality for this group of patients.

Limitations

The major limitation of this study is that 100% case
ascertainment is unlikely to have been achieved. The UK
Paediatric Intensive Care Audit Network (PICANet) data for the
study period shows that 482 patients were admitted to UK
PICUs with diagnostic codes consistent with sepsis during the
time period of the study (Roger Parslow, PICANet, personal
communication, 2008). Although 120 of these cases were
admitted directly from A&E, the number admitted within
12 h of presentation to A&E is not recorded in the PICANet
dataset and some cases may have been moved to other areas by
the time of referral to PICU. However, since many of the cases
in the PICANet database are cases of nosocomial sepsis, rather
than acute sepsis referred within 12 h of arrival in A&E, it is
likely that the 200 cases in our audit represent the majority of
PICU admissions with community acquired sepsis during the
study period.
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Conclusions

In spite of the lengthy period between arrival in A&E and arrival
in PICU, the targets set by the 2002 ACCM-PALS guideline for
fluid administration and inotropic support were not achieved in
the majority of critically ill children with septic shock. Such
children, as a group, are under-resuscitated. Failure to reverse
shock by the time of PICU admission was independently
associated with mortality. The reasons for clinicians failing to
follow simple algorithms for resuscitation are unclear and need
further investigation.
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