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Summary  The  ideology  underpinning  Paediatric  Early  Warning  systems  (PEWs)  is  that  earlier
recognition  of  deteriorating  in-patients  would  improve  clinical  outcomes.
Objective:  To  explore  how  the  introduction  of  PEWs  at  a  tertiary  children’s  hospital  affects
emergency  admissions  to  the  Paediatric  Intensive  Care  Unit  (PICU)  and  the  impact  on  service
delivery.  To  compare  ‘in-house’  emergency  admissions  to  PICU  with  ‘external’  admissions  trans-
ferred from  District  General  Hospitals  (without  PEWs).
Method:  A  before-and-after  observational  study  August  2005—July  2006  (pre),  August  2006—July
2007 (post)  implementation  of  PEWs  at  the  tertiary  children’s  hospital.
Results:  The  median  Paediatric  Index  of  Mortality  (PIM2)  reduced;  0.44  vs  0.60  (p  <  0.001).  Fewer
admissions  required  invasive  ventilation  62.7%  vs  75.2%  (p  =  0.015)  for  a  shorter  median  duration;
four to  two  days.  The  median  length  of  PICU  stay  reduced;  five  to  three  days  (p  =  0.002).  There
was a  non-significant  reduction  in  mortality  (p  =  0.47).  There  was  no  comparable  improvement
in outcome  seen  in  external  emergency  admissions  to  PICU.  A  39%  reduction  in  emergency
admission  total  beds  days  reduced  cancellation  of  major  elective  surgical  cases  and  refusal  of
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external PICU  referrals.
Conclusions:  Following  introduction  of  PEWs  at  a  tertiary  children’s  hospital  PIM2  was  reduced,
patients required  less  PICU  interventions  and  had  a  shorter  length  of  stay.  PICU  service  delivery
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Implications  for  Clinical  Practice

Following  the  introduction  of  a  Paediatric  Early  Warning  syste
admissions  to  PICU:
•  Had  a  lower  Prognostic  Indicator  of  Mortality  score  (PIM2)  at
•  Had  a  lower  requirement  for  intubation  and  mechanical  ve

duration;  four  to  two  days.
• Had  a  reduced  median  length  of  PICU  stay  five  to  three  day

There  was  a  39%  reduction  of  the  total  bed  days  used  for  eme
delivery

•  Cancellation  of  major  elective  surgical  cases  reduced  by  90

I

T
p
H
a
m
c
a
t
P
(
c
d
T
i
r

a
p
r
t
K
e
T

t
c
u
t
r
n
e
t

S

T

1

2

3

M

S

T
N
l
T
r
n
d
e
a
m
r
d
t
w

I
c

I
t
o
v
t
t
(
d

•  Refused  regional  PICU  referrals  reduced  a  79%.

ntroduction

he  reported  incidence  of  cardiopulmonary  arrest  in  hos-
italised  children  is  low:  0.2—2.5/1000  (Berg  et  al.,  2008).
owever,  mortality  (52%)  and  morbidity  remain  high  despite
dvances  in  resuscitation  training,  technology  and  treat-
ent  (Tibballs  et  al.,  2005).  The  devastating  physical

onsequences  of  deterioration  leading  to  cardiopulmonary
rrest  are  well  documented  (Meert  et  al.,  2009),  as  are
he  psychological  effects  that  emergency  admission  to  the
aediatric  Intensive  Care  Unit  (PICU)  has  on  the  family
Balluffi  et  al.,  2004).  There  are  significant  additional  finan-
ial  costs  to  the  National  Health  Service  of  ‘failing  to  rescue’
eteriorating  children  in  hospital  (Duncan  and  Frew,  2009).
herefore,  there  is  a  pressing  social  and  financial  need  to

mprove  the  early  identification  and  treatment  of  deterio-
ation  in  hospitalised  children.

Research  in  adults  demonstrated  that  cardiopulmonary
rrest  or  emergency  admissions  to  Intensive  Care  were  often
receded  by  a  period  of  physiological  instability  which,  once
ecognised,  provided  an  opportunity  for  the  healthcare  team
o  intervene  to  improve  outcome  (Hodgetts  et  al.,  2002;
ause  et  al.,  2004).  A  similar  window  of  opportunity  may
xist  for  hospitalised  children  (Haines,  2005;  Tasker,  2005;
ume,  2004,  2006).

Paediatric  Early  Warning  systems  (PEWs)  have  been  iden-
ified  as  a  mechanism  to  improve  safety  for  hospitalised
hildren  (CEMACH,  2008).  To  date,  published  studies  eval-
ating  PEWs  have  focused  on  the  performance  of  individual
ools  in  single  centres  and  their  impact  on  the  incidence  of
espiratory  or  cardiopulmonary  arrest.  However,  this  does
ot  capture  other  sick  children  admitted  to  the  PICU  as
mergencies  following  acute  deterioration  or  the  impact
hat  PEWs  has  on  PICU  service  delivery.

tudy objectives
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he  study  objectives  were

.  To  understand  how  the  introduction  of  a  Paediatric  Early
Warning  system  at  a  tertiary  children’s  hospital  affects
emergency  admissions  to  the  PICU.
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m  at  a  tertiary  children’s  hospital,  ‘in-house’  emergency

 first  contact  with  the  PICU  team:  0.44  vs  0.60  (p  <  0.001).
ntilation  62.7%  vs  75.2%  (p  =  0.015)  for  a  shorter  median

s  (p  =  0.002).

rgency  admissions  to  PICU  which  improved  PICU  service

%.

.  To  compare  the  ‘in-house’  cohort  of  emergency  admis-
sions  to  PICU  with  a  comparable  group;  emergency
admissions  transferred  to  PICU  from  wards  at  District
General  Hospitals  (without  PEWs  in  place).

.  To  explore  the  impact  that  a  PEW  system  had  on  PICU
service  delivery.

ethods

etting

he  setting  was  a  tertiary  children’s  hospital  in  the
orthwest  of  England,  with  337  in-patient  beds,  hand-

ing  37,000  annual  admissions  (excluding  day-cases).
ertiary  specialties  include  cardiology/cardiac  surgery,  neu-
ology/neurosurgery,  renal,  oncology,  burns/plastics  and
eonatal  surgery.  The  hospital  has  a  24  hour  emergency
epartment,  a  22  bed  PICU  and  two  separate  High  Depend-
ncy  Units  (total  beds  21).  The  PICU  admits  1100  patients
nnually.  Half  of  those  admissions  are  elective,  following
ajor  surgery  including  cardiac  surgery  or  neurosurgery.  The

emaining  admissions  are  unplanned;  from  the  emergency
epartment,  theatre,  wards  within  the  hospital  or  urgent
ransfers  from  any  of  28  District  General  Hospitals  (DGHs)
ithin  the  region.

ntervention—implementation  of  PEWs  at  tertiary
hildren’s hospital

n  2006,  a  study  based  at  this  hospital  (Tume,  2006)  showed
hat  emergency  admissions  to  PICU  or  High  Dependency  were
ften  preceded  by  a  period  of  documented  abnormal  obser-
ations  which  were  either  not  recognised  or  not  responded
o  quickly  enough  to  halt  deterioration.  A  decision  was  made
o  implement  locally  adapted  based  on  the  Bristol  PEW;
Haines,  2005) (Fig.  1)  to  improve  the  early  recognition  of
eterioration  so  that  the  healthcare  team  had  a  greater
pportunity  to  intervene  to  improve  outcome.
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

A  project  group  [Resuscitation  Training  Officer,  General
aediatrician,  Critical  Care  Physiotherapist,  Advanced  Nurse
ractitioner  PICU,  Intensivist,  PICU  and  High  Dependency
ecturer  Practitioners,  PEWs  project  nurse,  senior  ward

dx.doi.org/10.1016/j.iccn.2014.01.001
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Figure  1  Modified  Bristol  Paediatric  Early  Warning  tool.
Adapted  from  Haines  (2005).

nurses]  prepared  the  processes  to  underpin  the  organisa-
tional  implementation  of  PEWs.  A  clinical  policy  was  ratified
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

which  outlined  the  standard  required  for  monitoring  and
observation  of  in-patients.

The  modified  Bristol  PEW  (Haines,  2005) tool  was  incor-
porated  within  patient  observation  charts.  The  chart  format

C
f
b
m

ollowed  an  ‘Advanced  Paediatric  Life  Support’  (APLS,  2005)
tructured  approach,  first  assessing  Airway,  then  Breathing,
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

irculation  and  Disability  (A,B,C,D).  Thresholds  for  concern
or  respiratory  rate,  heart  rate  and  blood  pressure  were
ased  on  APLS  guidelines.  Focused  PEWs  training  was  imple-
ented  for  all  frontline  clinical  hospital  staff  (standard  for

dx.doi.org/10.1016/j.iccn.2014.01.001
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aking  observations,  documentation,  recognising  abnormal
bservations  and  escalation  of  concern).  The  new  charts
ere  introduced  in  all  in-patient  areas  in  August  2006.

The  PEWs  was  considered  to  be  activated  if  one  or  more
f  the  thresholds  for  abnormal  observations  were  breached.
he  hospital  had  a  cardiac  arrest  team  to  respond  to  respira-
ory  or  cardiac  arrests,  but  did  not  have  a  Medical  Emergency
eam  or  a  Rapid  Response  Team.  The  Resuscitation  com-
ittee  agreed  the  following  clinical  response  to  patients

ctivating  the  PEWs  (Table  1).

Table  1  Locally  agreed  clinical  response  system  for
patients  triggering  PEWs.

•  Existing  medical/surgical  teams  will  respond  to  their
own patients  if  they  trigger  PEWs.

• The  on-call  medical/surgical  team  will  respond  to
patients  triggering  PEWs  outside  of  day-time  working
hours Monday—Friday,  weekends,  bank  holidays  OR  if
the child’s  own  medical  team  cannot  be  contacted.

• Target  response  times  will  be  ‘within  10  minutes’  for
an airway  trigger  and  ‘within  30  minutes’  for  all  other
triggers.

• Alternative  trigger  criteria  can  be  set  by  the  medical
team responsible  for  the  patient.

• In  specific  cases  e.g.  SpO2 >  75%  for  severe  cyanotic
heart  defects.

• PEWs  will  not  replace  clinical  judgement  i.e.  if  a
child  is  deteriorating  rapidly  or  peri-arrest,  the  usual
procedure  of  calling  the  arrest  team  will  be  followed.

• The  PICU  team  will  continue  to  review  deteriorating
patients  as  requested.

tudy design

his  is  an  observational  cohort  study,  conducted  at  a  large
ertiary  children’s  hospital  in  the  United  Kingdom.  A  sum-
ary  of  the  study  design  is  presented  in  Table  2
Patient-specific  information  and  source  data  is  routinely

ollected  prospectively  for  all  PICU  admissions  for  the  Pae-
iatric  Intensive  Care  Audit  Network  dataset  (PICANet)
Table  2).  The  data  is  rigorously  checked  by  random  case
uality  control  each  month  and  is  considered  to  be  both
ccurate  and  reliable.  Formal  permission  was  not  required
o  use  this  centre’s  own  PICANet  data.  The  study  was  regis-
ered  as  clinical  audit/service  evaluation  and  followed  the
HS  Trust  guidance  for  audit  and  governance.

Over  the  same  time  period,  the  hospital  Informatics  team
ollected  data  about  the  unmet  demands  for  PICU  beds.  This
ncluded  cancellation  of  major  elective  surgery  and  refusal
f  external  PICU  referrals  when  no  PICU  beds  were  avail-
ble.  This  gave  valuable  information  on  PICU  service  delivery
Table  2).

aediatric  Index  of  Mortality  (PIM2)
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

aediatric  Index  of  Mortality  (PIM2)  is  calculated  for  all
ICU  admissions  at  first  contact  with  the  PICU  team.  It  is

 measure  of  the  likelihood  of  dying  during  the  PICU  admis-
ion  (Slater  et  al.,  2003).  It  is  useful  to  compare  different
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ystems  of  intensive  care  and  for  describing  severity  of  ill-
ess  for  groups  of  patients  in  research  studies.  It  is  not
ntended  for  use  as  an  assessment  of  individual  patient
everity  of  illness.  Therefore,  in  this  study  the  requirement
or  invasive  ventilation  and  inotropes  were  used  as  surrogate
arkers  for  severity  of  illness.

esults

 total  of  958  unplanned  PICU  admissions  over  two  years
ere  reviewed,  for  one  year  before  PEWs  introduction  and
ne  year  afterwards.

he  ‘In-house’  cohort

he  ‘in-house’  cohort  (Table  3) was  demographically  similar
uring  both  time  periods.  60%  of  admissions  were  less  than
ne  year  of  age,  with  marginally  more  males.

Having  PEWs  in  place  did  not  reduce  the  incidence  of
mergency  admissions  to  PICU.  However,  the  median  PIM2
core  dropped  to  0.44  from  0.60  (p  <  0.001),  indicating
hat  the  likelihood  of  dying  during  the  PICU  admission  had
educed  significantly.  This  suggests  that  this  patient  cohort
ad  been  identified  at  an  earlier  point  in  their  illness.

Fewer  admissions  required  invasive  ventilation;  62%  vs
5%  (p  =  0.015)  for  a  shorter  median  duration,  dropping  from
our  to  two  days.

The  proportion  of  admissions  requiring  inotropic  sup-
ort  reduced  from  31.8%  to  24%,  which  was  not  statistically
ignificant  (p  =  0.12).  The  median  duration  of  inotropic  sup-
ort  was  unchanged.  The  median  length  of  stay  on  PICU
educed  from  five  to  three  days  (p  =  0.002).  There  was  a  non-
ignificant  reduction  in  mortality  [10.8  to  8.4%  (p  =  0.47)],
onsistent  with  the  reduction  in  PIM2  score.

he  ‘External’  cohort

n  the  external  cohort  (Table  4)  the  numbers  of  emergency
dmissions  transferred  from  DGHs  to  the  tertiary  PICU,
ere  similar  over  both  time  periods.  However,  more  infants,
edian  age  of  three  months,  were  transferred  2006/2007.
he  median  PIM2  scores  at  first  contact  with  the  PICU  team

ncreased  from  0.060  to  0.072,  suggesting  an  increased  like-
ihood  of  dying  during  the  PICU  admission.

The  requirement  for  intubation  and  ventilation,  inotropic
upport  and  the  median  length  of  stay  were  similar  in  the
efore-and-after  groups.  There  was  a marginal  improvement
n  mortality  from  10.6%  to  8.2%,  which  was  not  statistically
ignificant  (p  =  0.30).

he impact that PEWs had on PICU service
elivery

ICU  service  delivery  is  affected  by  the  number  of  patients
dmitted  as  emergencies,  their  severity  of  illness  and  their
ength  of  stay.  The  effect  of  mismatched  PICU  bed  avail-
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

bility  and  demand  include  cancellation  of  major  elective
urgical  cases  at  short  notice  or  refusal  of  external  referrals
or  PICU.  This  has  clinical  and  cost  implications.  If  there
re  no  available  PICU  beds  in  the  region,  the  critically  ill

dx.doi.org/10.1016/j.iccn.2014.01.001
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Table  2  Methodology  summary.

Description

Study  design  Observational  cohort  study
Population

- ‘In-house’  cohort All  emergency  admissions  admitted  to  the  tertiary  PICU  from  wards
within the  same  hospital.

- ‘External’  cohort  All  emergency  admissions  admitted  to  the  tertiary  PICU  transferred
from wards  within  the  District  General  Hospitals  (DGH).

Intervention Introduction  of  the  modified  Bristol  Paediatric  Early  Warning  (PEWs)
(Haines,  2005)  tool  at  the  tertiary  children’s  hospital  in  August  2006
No PEWs  was  in  use  at  the  DGHs  2005  to  2007.  Routine  practice
continued.

Comparison PICU outcomes  for  the’  in-house’  and  ‘external’  cohort  of  emergency
admissions  to  the  tertiary  PICU  over  a  two  year  period

- One  year  pre  PEW  introduction  August  2005—July  2006
- One  year  post  PEW  introduction  August  2006—July  2007

Data collection  and  outcomes  measured
- Paediatric  Intensive  Care  Audit  Network
dataset  (data  from  own  centre)

Age  (months),  gender,  Diagnostic  group,  Paediatric  Index  of  Mortality
(PIM2) at  first  contact  with  the  PICU  team,  PICU  interventions
required,  length  of  PICU  stay  (days)  and  PICU  mortality.

- Hospital  Informatics  dataset The  number  of  refused  regional  referrals  for  PICU,  due  to  the
non-availability  of  a  PICU  bed.
The  number  of  cancelled  major  elective  surgical  cases,  due  to  the
non-availability  of  a  PICU  bed.

Statistical  analysis PICANet  data  from  an  ACCESS  (Microsoft)  database  was  exported  to
SPSS  18.0
-  checked  for  accuracy
- descriptive  analysis:  percentages,  median  and  interquartile  range
(IQR)
- inferential  data  analysis:
Categorical  data  was  analysed  using  the  chi-squared  test.
Continuous  data  was  not  normally  distributed  so  was  analysed  using
the Mann  Whitney  U  test.
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child  would  have  to  be  transferred  out  of  region,  with  the
added  clinical  risks  of  a  longer  transfer  time  to  another  PICU,
increased  disruption  for  the  child’s  family  and  a  higher  cost
to  the  local  health  authority.

There  are  also  penalties  for  late  cancellation  of  elec-
tive  surgery.  In  the  UK,  Government  targets  dictate  that
cancelled  elective  surgery  on  the  day  of  surgery  must  be
rescheduled  within  four  weeks  (NHSLA,  2012—2013),  which
places  increased  pressure  on  theatre  waiting  lists.  There-
fore  there  is  an  on-going  impetus  to  optimise  the  PICU  bed
utilisation/productivity.

In  this  study,  the  shorter  length  of  PICU  stay  for  the
‘in-house’  emergency  admissions  translated  into  improved
productivity.  The  cumulative  effect  of  shorter  length  of  stay
meant  there  was  a  39%  overall  reduction  in  the  total  number
of  bed  days  used  for  emergency  PICU  admissions.  Cancella-
tion  of  major  elective  surgical  cases  was  reduced  by  90%
(Table  5).  There  was  also  a  79%  reduction  in  the  number  of
refused  regional  PICU  referrals.
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

Discussion

In  the  United  Kingdom,  the  National  Patient  Safety
Association  (2009),  Confidential  Enquiry  into  Maternal  and

‘
a

i

.05  was  considered  significant.

hild  Health  deaths  (CEMACH,  2008)  and  NHS  litigation
uthority  (NHSLA,  2012—2013) have  advocated  for  the
idespread  use  of  PEWs,  to  assist  staff  in  the  early  iden-

ification  of  children  who  may  be  deteriorating.  This  advice
s  made  based  on  consensus  opinion  and  as  yet  the  evidence
o  support  this  is  limited.

In practice,  it  is  recognised  that  evaluating  a  complex
ntervention  like  PEWs  is  difficult  (Craig  et  al.,  2008).  In
aediatrics,  there  is  currently  no  consensus  on  which  spe-
ific  observations  should  be  used  to  predict  deterioration
n  sick  children  (Chapman  et  al.,  2010).  A  large  number
f  PEWs  (many  un-validated)  are  in  use  within  the  United
ingdom  (Roland  et  al.,  2013).  There  is  considerable  het-
rogeneity  amongst  the  alert  criteria  used,  with  variation
f  age  specific  reference  ranges  used  to  signify  ‘abnormal
ital  signs’,  making  it  currently  impossible  to  compare  stud-
es.  Additionally,  the  success  of  PEWs  depends  not  only  on
he  tool’s  predictive  ability  to  appropriately  signal  deterio-
ation  but  also  on  having  adequate  organisational  resource
o  allow  close  observation  of  sick  children,  recognise  those
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

at  risk’,  escalate  the  concern  and  generate  a  prompt  and
ppropriate  medical  response.

Published  studies  in  paediatrics  have  described  the
mplementation  of  PEWs  in  conjunction  with  a  specialised

dx.doi.org/10.1016/j.iccn.2014.01.001
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Table  3  Emergency  admissions  to  PICU:  ‘In-house’  cohort.

Pre  PEWs Post  PEWs  p  value

Emergency  admissions  (n)/total  PICU  admissions  (n)  [%]  157/1087  [14.4%]  166/1039  [16%]

Median age  months  (IQR)c 7  (38) 8  (34)
0—1 years  (n)  (%  emergency  admissions) 97  (61.8) 99  (59.6)
1—2 years 13  (8.3) 14  (8.4)
2—7 years  18  (11.5)  25  (15.1)
7—13 years  19  (12.1)  14  (8.4)
Over 13  years  10  (6.4)  14  (8.4)

Male 57.3%  57.2%

Diagnostic  groups  n  (%  emergency  admissions)
Respiratory  95  (60.5)  102  (61.4)
Cardiac 27  (17.2)  17  (10.2)
Neurology 12  (7.6)  16  (9.6)
Trauma 0  3  (1.8)
Sepsis 15  (9.6)  11  (6.6)
Gen surgery  0  9  (5.4)
Others (ENT,  renal,  gastro,  oncology)  8  (5.1)  8  (4.8)

Outcomes
PIM2 median  (IQR)  0.060  (0.078)  0.044  (0.049)  p  <  0.0011a

Invasive  ventilation  (n)  (%) 118  (75.2)  104  (62.7)  p  =  0.0152b

Median  length  of  ventilation  days  (IQR) 4  (11) 2  (5)

Inotropes (n)  (%)  50  (31.8)  40  (24.1)  p  =  0.122b

Median  length  of  inotropes  days  (IQR)  0  (2)  0  (0)

PICU LOS  days;  median  (IQR) 5  (9) 3  (5) p  =  0.0021a

PICU  mortality  (n)  (%) 17  (10.8) 14  (8.4)  p  =  0.472b

a Mann Whitney U test.
b

n the
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Chi-squared test.
c Age grouping of charts; the patient moves to follow on chart o

edical  Emergency  Team  or  Rapid  Response  Team,  which
akes  it  difficult  to  quantify  the  impact  of  either  interven-

ion  in  isolation.  These  specialised  teams,  although  slightly
ifferent  in  their  make-up,  are  experienced  in  recognising
nd  responding  proactively  to  deteriorating  children.  For
ase,  the  umbrella  term  Medical  Emergency  Team  will  be
sed  here  to  describe  this  response.

Tibballs  and  Kinney  (2009)  compared  data  from  a  ter-
iary  paediatric  hospital  in  Australia  for  41  months  prior
o  the  introduction  of  a  Medical  Emergency  Team  with  48
onths  post  intervention.  They  found  a  55%  reduction  in
reventable  cardiac  arrests  (in  patients  who  would  have
ulfilled  their  activation  criteria)  and  a  34%  reduction  in
ortality.  Sharek  et  al.  (2007)  compared  data  from  a  qua-

ernary  paediatric  hospital  in  USA  for  56  months  prior  to  the
ntroduction  of  a  Medical  Emergency  Team  with  19  months
ost  intervention.  They  found  a  72%  reduction  in  cardiac
rrests  and  an  18%  reduction  in  mortality.  Both  studies  used
istorical  controls  from  their  own  centre,  a  methodology
hich  has  since  been  challenged  (Joffe  et  al.,  2011).  Joffe’s
roup  highlighted  the  methodological  limitations  of  using
istorical  controls  to  demonstrate  the  effectiveness  of  an
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

ntervention.  During  the  same  time  periods  as  those  pub-
ished  studies,  there  was  a  significant  reduction  in  mortality
t  their  Canadian  quaternary  Children’s  hospital  without  the

I
a
a

 day following their birthday.

se  of  PEWs  or  a  Medical  Emergency  Team.  This  raises  the
ossibility  that  the  improved  mortality  might  be  related
o  organisational  factors  or  even  that  mortality  naturally
mproved  over  time.

Our  study  showed  a  statistically  significant  reduction  in
he  risk  of  dying  during  the  PICU  admission  (PIM2)  in  emer-
ency  ‘in-house’  admissions  from  wards  within  the  tertiary
aediatric  hospital,  following  introduction  of  a  Paediatric
arly  Warning  system.  However,  that  did  not  translate  to

 statistically  significant  reduction  in  mortality.  A  larger
opulation  would  need  to  be  studied  to  demonstrate  an
ffect.

In  the  external  cohort  of  emergency  admissions  to  PICU
rom  the  DGHs,  it  is  unclear  why  the  likelihood  of  dying  dur-
ng  the  PICU  admission  (PIM2)  increased.  Paediatric  Early
arning  systems  were  not  in  place  at  the  DGHs  at  this

ime  (personal  communication),  so  recognition  and  treat-
ent  of  deterioration  was  dependent  on  experienced  nurses

nd  medical  staff  attending  to  the  patient.  Interestingly,
he  average  mortality  for  both  in-house  and  external  emer-
ency  admissions  was  9.5%.  This  is  much  higher  than  the
verall  PICU  mortality  for  this  centre  which  runs  at  3.5—4%.
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

ncreased  mortality  of  emergency  admissions  to  PICU  has
lso  been  described  in  adults  (Goldhill  and  McNarry,  2004)
nd  paediatrics  (Odetola  et  al.,  2007).

dx.doi.org/10.1016/j.iccn.2014.01.001
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Table  4  Emergency  admissions  to  PICU:  External  cohort  (from  DGHs).

Aug  2005—July  2006  Aug  2005—July  2006  p  value

Unplanned  admissions  (n)/total  PICU  admissions  (n)  [%]  315/1087  [29%]  320/1039  [30.8%]

Median age  months  (IQR)c 6  (47)  3  (47)
0—1 years  n  (%  emergency  admissions)  183  (58.1)  174  (54.4)
1—2 years  24  (7.6)  33  (10.3)
2—7 years  56  (17.8)  48  (15)
7—13 years  18  (5.7)  33  (10.3)
Over 13  years  34  (10.8)  32  (10)

Male 63%  60.6%

Diagnostic  groups  N  (%)
Respiratory  62  (19.7)  90  (28.1)
Cardiac 64  (20.3)  51  (15.9)
Neurology 37  (11.7)  53  (16.6)
Trauma 47  (14.9)  30  (9.4)
Sepsis 40  (12.7)  42  (13.1)
Gen surgery  42  (13.3)  28  (8.8)
Others (ENT,  renal,  gastro,  oncology)  23  (7.3)  26  (8.1)

Outcomes
PIM2 median  (IQR)  0.060  (0.075)  0.072  (0.078)  p  =  0.131a

Invasive  ventilation  (n)  (%)  304  (96.5)  303  (95.4)  p  =  0.552b

Median  length  of  ventilation  days  (IQR)  3  (5)  3  (3)

Inotrope (n)  (%)  92  (29.2)  99  (31.2)  p  =  0.582b

Median  inotrope  (n)  (IQR)  0  (2)  0  (2)

PICU LOS  days;  median  (IQR)  3  (4)  3  (5)  p  =  0.191a

PICU  mortality  (n)  (%)  31  (10.6)  26  (8.2)  p  =  0.192b

a Mann Whitney U test.
b

n the

I
i
e
P
l
i

p

Chi-squared test.
c Age grouping of charts; the patient moves to follow on chart o

The  ‘in-house’  cohort  also  required  less  PICU  interven-
tions  and  had  a  shorter  PICU  length  of  stay,  compared  to  the
external  cohort.  This  may  be  related  to  the  close  proximity
to  the  PICU  and  the  ease  of  referral  and  escalation  of  care.
Almost  40%  of  the  ‘in-house’  cohort  did  not  require  inva-
sive  ventilation.  Increased  access  to  HDU  beds  could  have
reduced  the  requirement  for  emergency  admission  to  PICU.

The  higher  proportion  of  invasively  ventilated  patients  in
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

the  ‘external’  cohort  may  be  explained  as  a  process  bias.
Invasive  ventilation  is  the  mechanism  for  safely  transferring
a  critically  ill  child  from  their  base  hospital  to  the  PICU.

t
a
g

Table  5  Impact  on  PICU  service  delivery  following  the  introducti

Cancelled  major  surgical  theatre  cases  due  to  non-availability
of PICU  bed  (n)

Refusal of  external  referrals  of  sick  children  requiring  PICU
care,  due  to  non-availability  of  PICU  bed  (n)

Total bed  days  used  in-house  emergency  admissions  (n)  (IQR)  

Range bed  days  used  for  in-house  emergency  admit  (IQR)  
 day following their birthday.

f  a  patient  was  intubated  and  ventilated  for  safe  transfer,
t  would  be  reasonable  to  expect  that  the  patient  would
xtubate  promptly  following  safe  arrival  at  the  receiving
ICU.  However,  in  this  study,  the  median  duration  of  venti-
ation  was  three  days,  suggesting  that  few  children  required
ntubation  and  ventilation  just  for  safe  transfer.

To  our  knowledge,  there  are  no  previous  published  com-
arisons  of  the  impact  of  PEWs  on  emergency  admissions
act  did  a  Paediatric  Early  Warning  system  have  on  emer-
servational  cohort  study.  Intensive  Crit  Care  Nurs  (2014),

o  the  PICU.  Balancing  the  requirement  for  elective  PICU
dmissions  against  the  unpredictable  number  of  emer-
ency  admissions,  with  the  fixed  number  of  PICU  beds,  is

on  of  PEWs  at  a  tertiary  children’s  hospital.

Aug  2005—July
2006  PRE-PEW

Aug  2006—July
2007  POST-PEW

20  2

130  27

1569  (411)  994  (253)
1—163  (2—11)  1—55  (1—6)

dx.doi.org/10.1016/j.iccn.2014.01.001
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hallenging.  Invariably  emergencies  take  priority  over  elec-
ive  admissions,  impacting  on  service  delivery.  National  PICU
udit  data  (PICANet,  2011)  showed  that  emergency  admis-
ions  to  PICUs  from  wards  within  the  same  hospital  account
or  over  2700  admissions  in  the  United  Kingdom  per  year,
ith  3200  additional  emergency  admissions  transferred  from
GHs  wards.  While  there  are  limited  possibilities  for  clini-
ians  to  impact  on  the  number  of  sick  children  admitted
o  PICU  from  the  emergency  department,  this  study  sug-
ests  there  may  be  an  opportunity  to  impact  on  the  clinical
ourse  of  paediatric  in-patients  who  deteriorate  in  hospital,
hereby  reducing  emergency  admissions  to  PICU.

imitations

his  is  a  small  before-and-after  observational  study  under-
aken  at  a  single  centre.  We  acknowledge  the  limitations  of
his  study  design,  as  described  by  Joffe  et  al.  (2011)  but  have
ttempted  to  address  these  by  using  a  comparison  group.  No
ttempt  was  made  to  test  the  performance  of  the  individual
EW  criteria  during  this  study,  or  the  local  compliance  with
he  PEW  process,  which  may  have  impacted  on  its  effec-
iveness.  There  may  have  been  inaccuracies  in  the  timing  of
he  external  referral  to  PICU  and  arrival  of  the  patient  at
he  tertiary  PICU  centre,  so  no  judgement  could  be  made
n  timelines  of  transfer  from  DGHs,  which  may  impact  on
he  outcomes  of  this  group.  Data  on  activation  of  the  car-
iac  arrest  team  (Codes)  were  not  used  in  this  comparison,
s  there  is  no  access  to  that  data  or  denominator  data  from
he  DGHs.

No  comment  can  be  made  about  staffing  levels,  or  ward
anagement  structure  at  the  tertiary  centre  or  DGHs,  as

his  information  was  not  collected.  The  staff  at  the  ter-
iary  centre  received  additional  training  on  recognition  of
he  deteriorating  child  and  the  process  for  escalation  of  con-
ern.  No  data  is  available  on  the  training  given  to  staff  at
he  DGHs.  It  is  possible  that  these  variables  could  impact  on
atient  outcome  (Diya  et  al.,  2012).

onclusion

lthough  there  is  limited  evidence  of  effectiveness  for  using
EWs,  conceptually  it  makes  sense  that  if  deteriorating  chil-
ren  could  be  identified  earlier,  they  would  be  easier  to
escue.  Indeed,  there  is  no  published  evidence  of  harm  from
sing  PEWs.  Despite  its  limitations,  this  study  showed  that
he  implementation  of  PEWs  at  a  tertiary  paediatric  hospital
educed  the  likelihood  of  dying  during  the  PICU  admission,
he  requirement  for  PICU  interventions  and  the  PICU  length
f  stay  for  ‘in-house’  emergency  admissions.  This  reduced
he  total  bed  days  utilised  by  emergency  admissions  at  a
arge  PICU  in  the  United  Kingdom,  improving  the  availability
f  PICU  beds.

In  hospitals  delivering  in-patient  paediatric  healthcare,
EWs  can  be  introduced  at  minimal  cost  to  aid  the  early
ecognition  of  the  deteriorating  child.  This  may  have  rel-
Please  cite  this  article  in  press  as:  Sefton  G,  et  al.  What  imp
gency  admissions  to  the  paediatric  intensive  care  unit?  An  ob
http://dx.doi.org/10.1016/j.iccn.2014.01.001

vance  in  resource  limited  healthcare  settings  worldwide.
he  perception  that  a  formal  specialised  response  team  is
equired  to  implement  PEWs  may  have  hindered  widespread
ptake,  due  to  financial  constraints.  Further  work  is  required
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n  a  larger  multi-centre  study  to  determine  if  mortality  and
orbidity  are  reduced  by  the  introduction  of  PEWs.
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