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Objective To determine the number of individual 
children admitted to Paediatric Intensive Care Units 
(PICUs) in England and Wales between 2004 and 2013 
and to investigate potential factors for any change over 
time, including ethnicity.
Methods Anonymised demographic and 
epidemiological data were extracted from the Paediatric 
Intensive Care Audit Network (PICANet) database and 
analysed for all children resident in England and Wales 
admitted to PICUs of National Health Service (NHS) 
hospitals in those countries between 2004 and 2013. 
Population data, including births, were obtained from 
the Office of National Statistics and analysed. Predicted 
numbers of children admitted to PICU were compared 
with actual admissions, averaged over 3-year periods.
Results Increasing numbers of individual children 
were admitted to PICUs in England and Wales between 
2004 and 2013. The largest increases were among 
younger children (0–5 years) and those with primary 
respiratory or cardiac diagnoses. They were also greatest 
in regions with the most mothers born overseas. From 
2009 onwards, more children were admitted to PICUs 
than predicted, separate from overall population growth, 
South Asian ethnicity or requirement for ventilation.
Conclusions An additional increase in the number 
of children from England and Wales admitted to PICU 
from 2009 onwards is not explained by a rising child 
population or an increased risk of admission among 
South Asian children. There was no evidence of a 
reduction in the admission criteria to PICUs. Given 
healthcare funding in England and Wales, continued 
increases would present a challenging prospect for both 
providers and commissioners of these services.

IntROduCtIOn
In the past 20 years, paediatric intensive care (PIC) 
services in the UK have changed very significantly. 
Alongside advances in medical and surgical care,1–4 
the number of admissions to Paediatric Intensive 
Care Units (PICUs) has been increasing over time.5 
Concurrently, there have been potential changes 
in the population at risk, in terms of a rising 
birth rate,6 increasing numbers surviving extreme 
prematurity,7 greater international immigration,8 
plus higher admission rates to PICU for children 
of South Asian ethnicity compared with non-South 
Asians.9

Given these various issues, it is important to 
understand their possible effects on the numbers of 
individual children admitted to PICUs, and consider 
other possible factors, so as to facilitate healthcare 
planning, resource allocation and delivery of care.

ObjeCtIves
This study aimed to determine the number of indi-
vidual children being admitted to PICUs in England 
and Wales between 2004 and 2013, compared with 
the overall child population, and to investigate 
potential factors for any changes over that period, 
including ethnicity.

MethOds
Data for all PICU admissions from the Paediatric 
Intensive Care Audit Network (PICANet) database 
was analysed for all children resident in England 
or Wales, aged 0–15 years of age admitted to 
PICUs of National Health Service (NHS) hospitals 
in England and Wales between 2004 and 2013. 
PICANet has MREC ethics committee approval 
(05/MRE04/17) and National Information Gover-
nance Board (4-07(c)/2002-PICANet) approvals to 
collect patient identifiable data without informed 
consent.

Data collected for each child included age 
(stratified as <1 year, 1–5 years, 6–15 years), 

What this study adds?

 ► Without admission criteria changing, the 
numbers of individual children admitted 
annually for Paediatric Intensive Care rose 
faster than the child population, across all age 
groups.

 ► The risk of requiring invasive ventilation 
has increased for children under 5 years of 
age, particularly among those with primary 
respiratory or cardiovascular diagnoses.

 ► The largest increases in individual children 
admitted to Paediatric Intensive Care Units 
occurred in those English regions with the 
greatest numbers of live births to mothers of 
Eastern European origin.
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What is already known on this topic?

 ► The number of live births per year in England 
and Wales has increased by approximately 
100 000 since 2000.

 ► Admissions to Paediatric Intensive Care 
Units (PICUs) in England and Wales have 
increased since the inauguration of Paediatric 
Intensive Care Audit Network in 2002.

 ► Children of South Asian ethnicity are at 
increased risk of PICU admission and mortality.
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table 1 Total numbers of individual children from England and Wales admitted to Paediatric Intensive Care Unit in England and Wales per year by 
age group category

2004–2006 2005–2007 2006–2008 2007–2009 2008– 2010 2009–2011 2010–2012 2011–2013
3 year % 
change

<1 year old 4761 4807 4917 5111 5253 5367 5490 5465 14.8%

1–5 years old 3038 3126 3217 3336 3411 3477 3532 3632 19.6%

6–15 years old 2754 2774 2801 2874 2882 2903 2932 2968 7.8%

Total children admitted 10 553 10 707 10 935 11 321 11 546 11 747 11 954 12 065 14.3%

sex, diagnostic group (blood and lymph, body wall and cavi-
ties, cardiac, endocrine/metabolic, gastrointestinal, infection, 
multisystem, musculoskeletal, neurological, oncology, other, 
respiratory, trauma), mode of ventilation during PICU admis-
sion (invasive, non-invasive/continuous positive airway pressure 
(CPAP)), country or region of home address (England: East 
Midlands, East of England, London, North East, North West, 
South Central, South East Coast, South West, West Midlands, 
Yorkshire and the Humber; Wales) and outcome at discharge 
from PICU (alive or dead). Readmissions within a calendar year 
were not counted.

Population data for both mothers and children were obtained 
from the Office of National Statistics and analysed in relation to 
the data obtained from PICANet.

In order to investigate the effect of the changing population 
structure in England and Wales, the ‘Understanding Populations 
Trends and Processes’ model was used to create an estimate from 
available UK Census data of how many children by age group 
were alive each year, including estimates for two main ethnic 
groups: South Asian and non-South Asian.10 This provided the 
denominators to allow for prediction of how many children 
require paediatric intensive care each year and can be accessed 
via the ETHPOP project website.11 To define ethnicity in the 
PICANet dataset of admissions, any child who had been entered 
as ‘Indian’, ‘Pakistani’, ‘Bangladeshi’ or ‘Any other Asian Back-
ground’ was also categorised as South Asian. Further, South 
Asian children were identified by using two versions of name 
analysis software, ‘Nam Pehchan’12 and ‘SANGRA’.13 Any child 
with a matching level of three or more in ‘Nam Pehchan’ and the 
output from ‘SANGRA’ was classified as South Asian.

To minimise the impact of year-on-year fluctuations in admis-
sions, rolling 3-year averages were calculated. The number of 
children with multiple PICU admissions within 3-year periods 
was also calculated.

To establish if the increase in PICU admissions was solely 
due to a rising population in England and Wales, age-stratified 
admission rates were calculated for the total population and then 
for the two specified ethnic groups. As a baseline, the 2004–
2006 rates were applied to subsequent years so that expected 
numbers of children admitted could be compared against the 
actual number of individual children admitted per year, both for 
the total number of children and for those who were invasively 
ventilated.

Results
An annual increase in the number of children admitted to PICU 
was noted throughout the study period using the 3-year aver-
ages. The preponderance of males admitted to PICU remained 
constant throughout the study period (male to female ratio of 
1.2:1), which was replicated when only considering children 
invasively ventilated on PICU (a proxy measure for a higher 
level of critical care). Despite absolute numbers of deaths on 
PICU increasing by 8% over the study period, the overall annual 

mortality rate for individual children admitted to PICU dropped 
from 7.7% in 2004–2006 to 7.3% in 2011–2013.

Infants (<1 year of age) accounted for almost half of the 
admissions to PICU each year (table 1). Each age group expe-
rienced a rise in individual patient admissions during the study 
period. The most significant rise was seen for the youngest 
children under 1 year and in those aged 1–5 years (table 1). By 
comparison, the total population in England and Wales for those 
age groups rose by 11% and 17.7%, respectively, over the same 
time period, whereas among 6–15 year olds, the total population 
dropped by 6.2%.

In terms of primary diagnosis underlying PICU admission, the 
largest absolute increases in the numbers of children admitted 
were cardiovascular or respiratory conditions, which when eval-
uating the 2004–2006 to 2011–2013 3-year averages, equates to 
over 1000 more children per year in the final period compared 
with the earliest. Most of the rise in children admitted with 
cardiovascular primary diagnoses was among infants, equating 
to an average of 300 more children per year under 1 year of 
age over the study period. For respiratory primary diagnoses, 
the main increases were in children under 1 and in children of 
1–5 years of age, with each equating to an average additional 
300 children admitted to PICU with these conditions during a 
calendar year. There were also notable increases in the number 
of children admitted to PICU with a primary musculoskeletal or 
infective diagnosis (table 2).

The number of children supported by either invasive or non-in-
vasive ventilation, including CPAP, increased significantly over 
the 10 years, by on 3-year averages 18.0% and 91.0%, respec-
tively, and generally in line with the overall increase in numbers 
of children admitted to PICU (figure 1).

Most of the rise in invasive ventilation was in infants under 1 year 
of age (approximately difference over 10 years of 800 per year or 
20.9%) and in the 1–5 years of age group (approximately differ-
ence of 500 per year or 23.8%). Among children aged 6–15 years, 
the rise was much smaller (4.8%). Overall, the percentage of chil-
dren admitted to PICU undergoing invasive ventilation increased 
by 2.3% from 70.5% in 2004–2006 to 72.8% in 2011–2013. The 
number of children admitted to PICU supported only with non-in-
vasive ventilation, including CPAP, nearly doubled over the 10-year 
study period across all age groups.

Geographical analysis of data showed that the numbers of 
children from England admitted to PICU increased by 14.7% 
over the study period, while for children with a home address in 
Wales, the increase was only 2.2%. The largest rises were seen in 
the English regions of West Midlands (22.5%), East of England 
(22.7%), London (30.8%), South East Coast (11.9%) and South 
Central (43.2%), with other regions showing little or no change. 
When studying only those children who were invasively ventilated, 
the rise in the numbers admitted from England was even greater 
over the study period at 18.7%, while for children from Wales it 
was just 5.4%. Across the five regions of England with the largest 
increases in children admitted to PICU, the rise for only those 
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table 2 Total numbers of individual children from England and Wales admitted to Paediatric Intensive Care Unit in England and Wales per year by 
primary diagnosis group

2004–2006 2005–2007 2006–2008 2007–2009 2008–2010 2009–2011 2010–2012 2011–2013
3 year % 
change

Blood/lymphatic 82 98 114 119 112 107 107 114 39.0%

Body wall and cavities 233 237 235 252 249 246 222 208 −10.7%

Cardiovascular 3104 3125 3172 3202 3286 3409 3476 3528 13.7%

Endocrine/metabolic 246 273 290 296 300 305 312 316 28.5%

Gastrointestinal 712 706 742 774 801 795 789 750 5.3%

Infection 544 571 600 651 684 674 646 634 16.5%

Multisystem 22 26 26 23 24 28 32 35 59.1%

Musculoskeletal 390 395 405 414 405 418 436 490 25.6%

Neurological 1275 1292 1317 1342 1351 1330 1354 1355 6.3%

Oncology 396 397 400 393 396 402 415 401 1.3%

Other 473 486 506 523 528 525 554 595 25.8%

Respiratory 2501 2549 2630 2855 2921 3019 3128 3205 28.1%

Trauma 513 491 464 438 425 419 411 382 −25.5%

Unknown 62 61 34 39 64 70 72 52 −16.1%

Totals 10 553 10 707 10 935 11 321 11 546 11 747 11 954 12 065

Figure 1 Children from England and Wales admitted to Paediatric 
Intensive Care Units (PICU) in England or Wales per year supported 
by invasive or non-invasive ventilation compared to the total number 
of children admitted to PICU per year (excluding readmissions within 
calendar year).

Figure 2 A comparison of the numbers of children from England or 
Wales actually admitted to Paediatric Intensive Care Units in England 
and Wales (excluding readmissions within calendar year) by rolling 
3-year average (both all and invasive ventilation only) to the number 
expected if the admission rates per year per age group of the child 
population (0–15) based on South Asian or not South Asian ethnicity 
had stayed the same as 2004–2006.

children undergoing invasive ventilation was remarkably close at 
between 19.5% and 22%. These were also the five regions with the 
highest proportions of mothers born outside of the UK.

Children of South Asian ethnicity were more likely to be 
admitted to PICU during a calendar year across all age ranges, 
compared with those of non-South Asian ethnicity. Average 
admission rates for South Asian children to PICU per 1000 of 
population over the 10 years were approximately 75% higher 
for infants, 107% higher for children of 1–5 years and 93% 
higher for 6–15 year olds. The most marked increase in admis-
sion rates per 1000 population over the 10 years was seen in 
the 6–15 year olds of South Asian ethnicity, which for a 3-year 
average increased by 37% from 0.67 per 1000 in 2004–2006 to 
0.92 per 1000 in 2011–2013.

As a proportion of all PIC admissions, those children who were 
readmitted to PICU over the subsequent 3-year calendar (January–
December) period, remained relatively stable between 2004–2006 
and 2011–2013. However, the actual number of readmissions 

increased by 21% overall from 10 529 in 2004–2006 to 12 727 
in 2011–2013. On the same basis, overall numbers of admissions 
across these 3-year periods, including readmissions, increased by 
14.3% between 2004–2006 and 2011–2013.5

Finally, from 2009 onwards, there is a trend for increasingly 
more individuals being admitted to PICU than would have been 
anticipated. This development appears to be separate from the 
effect of overall population growth and ethnicity, and even holds 
true when only studying children who were invasively ventilated 
(figure 2).

dIsCussIOn
Over the 10 years from 2004 to 2013, there was a noticeable 
increase in the number of children resident in England or Wales 
being admitted annually to PICUs. A rising birth rate14 15 does 
not wholly account for the increase in patient admissions, as 
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the percentage increase in children admitted was greater than 
the age-specific population growth. Meanwhile ventilation rates 
have increased over this time, so any increase in PICU admis-
sions cannot be attributed to a lower admittance threshold. The 
increased centralisation of intensive care provision for chil-
dren in PICUs occurred before our study period,16 while newer 
regional initiatives to manage more children locally for very 
brief intensive care support17 18 may have had the opposite effect 
on admissions.

There was a noticeable increase in the number of children 
with respiratory diagnoses requiring admission to PICU. As the 
live birth rate increased by approximately 15% in 10 years in 
England and Wales, greater numbers of infants were at increased 
risk of respiratory compromise with viral or bacterial infec-
tions.19 Much of the growth in birth rates over this period was 
to mothers born outside the UK, who as a percentage of all 
births increased from 20% to 25%.20 Children of South Asian 
ethnicity are at increased risk of admission to PICU and of worse 
outcomes, with a significantly higher mortality rate.9 Our find-
ings suggest that this group does not explain the rise in children 
needing admission to PICU from 2009 onwards. However, there 
has also been major migration from Eastern Europe, particularly 
mothers of Polish origin, who by 2013 constituted 3% of all live 
births in England and Wales, increasing from 2000 to 20 000 
per year over the study period.21 Notably, the largest regional 
increases in PICU admissions were where the greatest propor-
tions of live births to mothers from outside the UK occurred, 
with among the highest numbers of live births to mothers from 
Eastern Europe (West Midlands, East of England, London, South 
East Coast and South Central).21

PICU increasingly cares for a more vulnerable and complex 
patient population, with increased numbers of children in 
England with life-limiting conditions,22 including those with 
single ventricle circulations needing staged palliative cardiac 
procedures. The number of these operations increased by 40% 
over the study period,23 24 a possible factor in the rise in cardiac 
diagnosis admissions. Different religious or cultural expectations 
of the treatment for life-limiting conditions, including attitudes 
towards termination of pregnancy and palliative care among 
immigrant populations,25 as well as wider shifts in society,26 27 
may also be influencing the number of children with these condi-
tions admitted to PICU.

While absolute numbers of premature births remained rela-
tively stable over the study period,14 15 survival for extremely 
premature babies improved,7 with more preterm survivors at 
risk of chronic health problems,28 29 including admission to 
PICU.19 30 They also contribute to the rising proportion of chil-
dren admitted to hospital with complex comorbidities,31 who 
constitute 75% of sepsis cases on PICU.32 This may explain the 
rise in primary infection diagnoses, despite the introduction of 
conjugate vaccines against Neisseria meningitidis and Strepto-
coccus pneumoniae causing rates of septicaemia and meningitis 
to fall.33 Additionally, children with severe neurodisability have 
greater levels of respiratory bacterial colonisation,34 increasing 
the risk of needing ventilation. Children with neurodisability 
may also have contributed to the increased number of muscu-
loskeletal admissions, most of which relate to elective scoliosis 
surgery in the oldest age group.5

Although the number of PICU deaths increased by 8%, the 
percentage of individual children admitted to PICU who died 
fell. Increased survival may be due to improvements in inten-
sive care, or changes in parental expectations, leading to more 
children surviving with significant morbidity.35 36 An expanding 
population of children with complex, chronic and life-limiting 

conditions, who are at risk of clinical deterioration, particularly 
among infants,37 will steadily increase the numbers of children at 
greater risk of PICU admission.36 37

Over the 10-year study period, we identified more individual 
children being admitted to PICU, with a noticeable increase 
above expected numbers from 2009 onwards, while the average 
annual PICU bed days rose 22% in England and Wales over 
the study period.5 Over the period from 2004 to 2009, public 
healthcare spending in the UK increased by 8.3% per annum. 
However, from 2009 onwards, it grew at just 1.9%.38 Increasing 
numbers of critically ill children requiring PIC in England and 
Wales, including greater numbers of children with complex 
chronic comorbidities and prolonged lengths of stay,39 40 will 
prove challenging both for PIC services and commissioners, as 
increased demand potentially outstrips resource.

limitations of the study
Possible limitations to this study include any changes in service 
provision for PIC during the study period. However, the only 
change of any note was the establishment of one smaller PICU 
in London, whose data was included in the PICANet data from 
2007 onwards. Data used for population predictions and live 
birth rates were the most up-to-date available from the Office 
for National Statistics. Similarly, for South Asian ethnicity data, 
recording of ethnicity within the PICANet dataset has been 
incomplete, and while a combination of Nam Pehchan12 and 
SANGRA13 has been used in other peer-reviewed publications 
to identify children of South Asian origin, it is accepted that 
there is no available information on the reliability of these name 
analysis programmes in relation to mixed Asian ancestry, and 
obvious misclassifications have been previously noted with Nam 
Pehchan.9

COnClusIOn
Using data from PICANet and 3-year averages to reduce any 
between year variation, we have identified a significant and 
consistent increase in the numbers of individual children from 
England and Wales admitted to PICUs over a 10-year period from 
2004 to 2013, unrelated to any reduction in admission criteria, 
as invasive ventilation rates increased over this time. From 2009 
onwards, an additional increase was not explained by either 
population growth, rising birth rate or the increased likelihood 
of PICU admission for children of South Asian ethnicity. This 
coincided with a time of greater financial stringency within the 
NHS, complicating an already testing situation for providers and 
commissioners of PIC services in England and Wales, and given 
the increasing number of children with chronic, complex condi-
tions, is a challenge that is likely to continue into the future.
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