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1: Introduction

1.1 This is the second update of the standards document of the PICS. It has been prepared by a
multidisciplinary group nominated by the council of the PICS and ratified by the membership at the
Society’s business meeting (Sheffield 14" / 15™ October 1999). Comments and suggestions were referred
to the working party from the membership. The working party consisted of (alphabetical order):

Dr Neil Bennett Consultant in Paediatric Anaesthesia and Intensive Care
Sheffield Children’s Hospital

Intercollegiate Committee for Training in Paediatric Intensive Care Medicine
National Co-ordinating group for Paediatric Intensive Care

Mr William Booth Clinical Nurse Manager Paediatric Intensive Care
Bristol Royal Hospital for Children

National Co-ordinating group for Paediatric Intensive Care
Chair of PIC Nurse Managers Forum

Dr Pauline Cullen Director of Paediatric Intensive Care
York Hill and Queen Mothers Hospital, Glasgow
Dr David Hallworth Consultant Paediatric Anaesthetist / Intensivist

Yorkhill and Queen Mothers Hospital, Glasgow

Intercollegiate Committee for Training in Paediatric Intensive Care Medicine
National Co-ordinating group for Paediatric Intensive Care

Dr Ian James Director of Intensive Care
Great Ormond Street Hospital for Children

Intercollegiate Committee for Training in Paediatric Intensive Care Medicine

President of ESPNIC

Dr Ian Jenkins Director of Paediatric Intensive Care
Bristol Royal Hospital for Children

Dr Michael Marsh Director of Paediatric Intensive Care
Southampton General Hospital

Dr Gale Pearson Consultant Paediatric Intensivist

Birmingham Children’s Hospital
Chairman of the Paediatric Intensive Care Society
National Co-ordinating group for Paediatric Intensive Care

Dr Jane Ratcliffe Consultant Paediatric Intensivist
Alder Hey Children’s Hospital, Liverpool

Chairman of the Inter-Collegiate Committee for Training in Paediatric Intensive Care
Medicine
National Co-ordinating group for Paediatric Intensive Care

Dr Charles Stack Director of Paediatric Intensive Care
Sheffield Children’s Hospital

Secretary of the Paediatric Intensive Care Society
Miss Carol Williams Nurse manager Paediatric intensive care
Guys Hospital London

Intended review date July 2006

1.2 The PICS is a multidisciplinary group with 470 members who work within or in association with
Paediatric Intensive care in the United Kingdom. The standards document reflects the belief that critically
ill children have specific medical, nursing, technical and emotional needs that are best provided by staff
who are paediatric intensive care specialists. Furthermore, that these individuals (medical, nursing and
allied specialties) should deliver care within a paediatric intensive care unit which conforms to agreed
guidelines and standards. The purpose of this document is to express the national minimum standards for
paediatric intensive care as seen by the society, in terms that both encourage and lend themselves to
appropriate clinical governance.



2: Glossary

The following abbreviations are used within the remainder of the text:

PICS: Paediatric Intensive Care Society

PICU: Paediatric Intensive Care Unit

ICU: Intensive Care Unit

ICTPICM: Intercollegiate Committee for Training in Paediatric Intensive Care Medicine
HDU: High Dependency Unit

PIC: Paediatric Intensive care

APLS: Advanced Paediatric Life Support

PALS Paediatric Advanced Life Support

NHSE: National Health Service Executive

A&E: Accident and Emergency Department

ENB: English National Board

ODP: Operating Department Practitioner

CPAP: Continuous Positive Airway Pressure
ECMO: Extracorporeal membrane oxygenation
RSCN: Registered Sick Children’s Nurse

RCN: Royal College of Nursing

UKCC United Kingdom Central Council for Nurses
CT Computerised Tomography

MRI Magnetic Resonance Imaging
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The Nature of Paediatric Intensive Care

The distribution of patients within intensive care environments varies between regions and health care
delivery systems. Generally the most appropriate distinction is made by the age of the patient and not by
the disease process or mechanism of injury. PICUs only deliver intensive care to children (from birth
through adolescence). Intensive care of the newborn (particularly the premature) should routinely be
delivered by neonatologists and neonatal intensive care nurses in purpose designed facilities situated close
to where the majority of the babies are delivered. Such facilities should conform to national standards and
guidelines. Newborn babies with conditions requiring specialist surgery or intensive care treatments only
available in a PICU, should be cared for in a PICU. The vast majority of infants and children requiring
paediatric intensive care are under two but some upper age limit for PICU admission can be usefully
defined (usually 16 years of age). The care of adults with conditions such as cystic fibrosis and congenital
heart disease is most appropriately provided in adult / general intensive care units which are subject to
their own standards and guidelines).

Within broad limits the typical caseload of a PICU can be characterised and hence distinguished in nature,
from the intensive care of other age groups. By far the majority (70%) of admissions are unplanned
emergencies occurring at all times of the day and night and to some extent the causes of admission reflect
the different patterns of mortality in childhood. Congenital abnormalities and infections figure
prominently in young patients and malignancy and trauma in older patients. Typically just under 40% of
admissions occur in the context of congenital heart disease. Roughly 20% occur in the context of
respiratory disease although seasonal and geographical variations do apply. Major trauma accounts for
about 15% and neurological problems (other than trauma) make up less than 10%. The composition of the
remainder is more varied, depending upon the allocation of neonatal surgical patients and other services.

The main seasonal variation is respiratory disease, which is more common in the winter months both as a
primary cause of admission and as a complication of admissions for other reasons. This leads to seasonal
increase in average length of stay in the winter months. It should be emphasised that many children who
require prolonged intensive care for respiratory diseases have a predisposing history such as chronic
respiratory disease, a history of prematurity, bronchopulmonary dysplasia, asthma or a background of
congenital heart disease. Trauma is a more common cause for admission in the spring and summer.

3.4 Despite the fact that the majority of admissions are unplanned emergencies the median length of stay can

be as low as 24 hours. In contrast to adults requiring intensive care, crude mortality rates are low (=6 to
8%) but overall hospital mortality for patients that use the PICU during their stay averages 1-3% higher
than the intensive care unit mortality. The quality of survival is normally high.



4. Definitions
4.1 Paediatric means relating to the care of children from birth to the age of sixteen years

4.2 Intensive care is a service for patients with potentially recoverable diseases who can benefit from more
detailed observation, treatment and technological support than is available in standard wards and
departments.

4.3 A Paediatric Intensivist is an individual who has received approved higher training (a minimum of 2
years at specialist registrar level) in paediatric intensive care, who works exclusively in paediatric
intensive care and who has control over the management, admission and discharge of patients to and from
the PICU. An intensivist’s non-clinical (administrative, education and research) time is also devoted to the
ICU. This definition identifies individuals whose input into patient care is focussed to specific periods of
the hospital stay and whose responsibility for further follow-up is minimal.

4.4 A Paediatric Intensive Care Consultant is an individual who has received approved higher training (a
minimum of one year at specialist registrar level) in paediatric intensive care, who is working on the PICU
and who has control over the management, admission and discharge of patients to and from the PICU.
Paediatric intensive care consultants may not be full time and may have sessions in other specialties.
PICUs must have dedicated consultant cover (see below).

4.5 Approved Training In Paediatric Intensive Care for doctors, means training that has satisfied
ICTPICM. This currently means that Consultants with a full time commitment to paediatric intensive care
have satisfactorily completed a minimum of two years higher training (at specialist registrar level) in
training posts approved by the ICTPICM on behalf of the Royal Colleges. This also currently means that
Consultants with a part time or sessional commitment to paediatric intensive care must have satisfactorily
completed a year of higher training (at specialist registrar level) in training posts approved by the
ICTPICM on behalf of the Royal Colleges. ICTPICM does not review or comment upon the training of
Consultants appointed prior to January 1999.

4.6 Dedicated where used relating to the care of critically ill children, means individuals with no other
medical or nursing commitments other than those relating to the critically ill children to whom are being
referred.

4.7 A Children’s Nurse is an RSCN (on Part 8 of the UKCC register) or a Diploma / Degree Nurse, (Child)
(on Part 15 of the UKCC register).

4.8 A “Fully trained” paediatric intensive care nurse has a children’s nursing qualification (i.e. is on part 8 or
15 of the UKCC register) and an ENB 415 - Paediatric Intensive Care, qualification or equivalent.

4.9 An “Intensive Care Trained” nurse has one or more of the following qualifications:
ENB 160 Paediatric Medical and Surgical Cardiothoracic Nursing
ENB 100 Adult Intensive Care
ENB 405 Neonatal Intensive Care
Paediatric ENB 920 Principles of Paediatric Intensive Care for non Children's Trained Nurses

410 “APLS / PALS equivalence”. APLS & PALS courses provide education and assessment in
theoretical and practical issues relating to minimum standards of knowledge and ability in paediatric
resuscitation. They are not “qualifications” and completing the course does not necessarily mean that the
individual concerned will retain the skills concerned or use them with any frequency or indeed to any
standard higher than that assessed during the course. Furthermore the post resuscitation care of critically ill
children and specifically paediatric intensive care, are not taught or assessed in any detail in these courses.
APLS / PALS certification remains valid for three years only without revalidation. The PICS standard in
relation to:

— Recognition and assessment of the sick child (including respiratory failure and shock)



— Basic life support
— Resuscitation algorithms
— Practical skills in airway maintenance, intervention, vascular access, use of defibrillator etc

is that they should be formally validated, in post, for all doctors and nurses concerned with the care of
critically ill children. This validation should be performed by the lead consultant (or lead nurse)
responsible for paediatric resuscitation, high dependency care or initiating or providing intensive care
depending upon the site being referred to. The lead clinician / nurse then remain responsible for their
maintenance and development amongst the junior staff for the duration of their respective appointments.

4.11  “On site” is used to distinguish individuals working on one hospital site from others working within
an NHS trust that covers more than one site. It refers to both on-call and working commitments being
limited to that site. Individuals providing “cover” may not need to be “on-site” unless otherwise stated.

4.12 A multidisciplinary approach should involve:
— Medical and nursing staff
— Play therapists
— Paediatric physiotherapists
— Paediatric dieticians
— Paediatric pharmacists
—  Child psychologists
—  Occupational therapists
- Social workers
— Chaplains
— Specialist health visitors
And other appropriate staff.



5. National Infrastructure

5.1 Paediatric intensive care in the UK is evolving from a fragmented low volume service highlighted by the
reports of the British Paediatric Association in 1987 and 1993. This service lacks available beds at times
of high demand. The pattern of provision is expected to follow that described in the reports of the
governmental task forces on paediatric intensive care. The documents (Framework for the Future (NHSE)
and Bridge to the Future (NHSE)) recommended a national framework of “Lead Centres” delivering the
majority of intensive care for children and patterns of referral involving “Specialist Hospitals” and “Major
Acute District General Hospitals”. The “pathway” to the new service configuration involves the expansion
of Lead Centres.

5.2 Intensive care services for children should be delivered primarily in Lead Centres, located in areas of
population density each serving a specific geographical area. The PICS recognises Lead Centres defined
by their size (patient volume), resources, facilities and performance as laid out in the “Framework for the
Future” NHSE 1997. A Lead Centre is defined within these standards by the patient volume it caters for,
its resources and facilities including those available in the institution in which it resides.

5.3 Only Lead Centres with a full spectrum of paediatric intensive care and a significant volume of work are
likely to be approved by the ICTPICM for training.

5.4 Appendix one provides an estimate of required bed numbers using the methodology recommended in the
NHSE document “A Framework for the future”.

5.5 PICS believes that the provision of short term paediatric intensive care at level II (see nurse staffing)
outside a Lead Centre is however both pragmatic and reasonable if:
* the paediatric intensive care stay can be reliably predicted to be short (i.e. <12-24 hours)
* the case is clinically simple i.e. involving single organ support in the absence of a chronic single or
multiple organ impairment.
* the hospital deals with in excess of 100 such cases a year (2 a week).
* itis undertaken in liaison with the Lead Centre.



6. Mandates

6.1 As the sole multidisciplinary professional group with an exclusive focus upon paediatric intensive care in
the U.K, PICS is obligated to express an opinion on the standards to which that care should be provided
and performed.

6.2 Children who become critically ill in the community will usually present initially to their local hospitals
requiring resuscitation. They have a right to expect the severity of their illness to be recognised and to
receive competent treatment and resuscitation where appropriate

6.3 Children attending or admitted to hospital may manifest or develop critical illness. They have a right to
expect the severity of their illness to be recognised and to receive competent treatment and resuscitation
where appropriate.

6.4 All children who require intensive care have the right to timely recognition and provision with smooth and
efficient transfer to a PICU.

6.5 All children who require intensive care have an equal right of access to the highest standard of paediatric
intensive care.



7. Organisation and contracting

7.1 Paediatric intensive care should be provided on a regional basis by units that comply with these standards.
Purchasing consortia should expect and require maintenance of these standards and build them into their
contracts. It is mandatory that paediatric intensive care should be contracted separately from other
children’s services and funding distributed with reference to clinical standards and an audit of ongoing
activity (see 16.1 — 16.3).

7.2 Historically paediatric intensive care provision in the UK has been fragmented, inconsistent and of
variable standard. Since 1994 the occasional provision of paediatric intensive care has been actively
discouraged. PICS asserts that in almost all instances (including orthopaedic surgery, burns and plastic
surgery, neurosurgery and cardiac surgery) the child’s interests are best served by bringing the specialist
service to the child who is being cared for in a leading PICU.

7.3 The NHSE documents “A Framework for the Future” and “A Bridge to the Future” outlined a network of
Lead Centres and of limitation of paediatric intensive care delivery outside them. However they required a
“seamless” transition between acute resuscitation, high dependency care and intensive care, co-ordinated
by the providers of paediatric intensive care in the Lead Centre. Hence the format adopted here. All
standards are considered essential unless otherwise stated.



8. Standards for provision of Paediatric intensive care (within a Lead
Centre).

Applicability:
8.1 All Lead Centres within the UK should conform to the same standards.

Size of a Lead Centre:
8.2 A Lead Centre deals with at least 500 ventilated admissions a year. This corresponds to at least 1500
ventilator days a year.

8.3 A Lead Centre must have at least 8 bed spaces although it is the ventilated patient volume not the number
of beds that determines the “size” of a unit.

8.4 A Lead Centre must be able to respond to fluctuating levels of demand.

Medical Staffing:

8.5 There must be a lead consultant / Director with approved training in intensive care (see definitions) who
works full time in paediatric intensive care.

8.6 The lead consultant must have a nominated deputy who has approved training in intensive care

8.7 All consultants with full time or sessional commitments to paediatric intensive care must have training that
has been approved by the ICTPICM (see definitions).

8.8 The numbers of Consultant and junior medical staff dedicated to the unit should conform to the standards
in this document.

8.9 There must be 24 hour cover from a consultant with approved training in paediatric intensive care and at
least two dedicated resident (on-site) doctors in training who are approved as being appropriately trained
to work on the unit. One of these to be trained and available for retrieval.

Lead Centre responsibilies:
8.10  The Lead Centre will:
— Provide a 24 hour fully equipped and resourced retrieval service
— Provide 24 hour access to and provision of advice to all hospitals in the catchment area regarding
critically ill children.
— Establish a multidisciplinary clinical network within the referral area to encourage continuing
education of trained staff in the referring hospitals
— Ensure regular meetings with all referral hospitals to review issues of communication, referral, access
to services, updating of guidelines and continuing education of all members of respective
multidisciplinary teams.

Access on-site to other paediatric sub-specialties and services:
8.11 A Lead Centre for paediatric intensive care should have on-site 24 hour access to:
— An in-patient medical paediatric unit
— An in-patient paediatric surgical unit
— Cover from consultant paediatric anaesthetists
— Cover from consultants in general paediatrics, paediatric neurology, paediatric cardiology, paediatric
nephrology, paediatric neurosurgery, paediatric ear nose and throat (and / or maxillofacial) surgery,
paediatric endocrinology and paediatric radiology, paediatric microbiology, paediatric haematology
and paediatric biochemistry.
— Cover from Paediatric physiotherapists, paediatric pharmacists, paediatric dieticians
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— CT scanning, portable radiographic and ultrasound facilities and preferably MRI.

8.12  There should be easy access to consultants in paediatric hepatology, immunology, rheumatology,
cardiac and cardiothoracic surgery and plastic surgery.

8.13  Advanced ventilatory techniques like high frequency oscillation and procedures such as
haemofiltration, dialysis or ECMO should not normally be delivered to paediatric intensive care patients
outside a Lead Centre.

8.14  If not available on-site, there should be established protocols for referral and transfer of patients for
supraregional services such as ECMO.

Nurse Staffing:

8.15  Each lead PICU should have a lead nurse (H / I grade) and all new appointments to such a position
should have at least 5 years experience at G level. The lead nurse should have a nominated deputy (with at
least two years experience in a Lead Centre at G level). All such appointments should be fully trained
paediatric intensive care nurses.

8.16  There should also be an identified liaison nurse providing the focus for developing training and
continuing education for all nurses caring for critically ill children within the Region.

8.17  Lead PICUs should currently be staffed with over 90% children's trained nurses and 75% fully trained
Paediatric intensive care nurses.

8.18  The staffing level should be calculated on a basis of a minimum patient dependency of 1:1 but include
provision for a proportion of patients at higher levels of dependency (see nurse staffing). There should also
be provision for staffing the retrieval service with fully trained paediatric intensive care nurses who are
also transport trained.

8.19  There must be an ongoing programme of training and continuing education. Lead Centres should
provide ENB 415 (or equivalent) training on-site.

8.20  Nurses should be trained and given continuing education sufficient to allow them to perform intensive
care and staff the retrieval service.

Environment and Support For Parents and Children:
8.21  The environment must be child friendly

8.22  Parents must have access to the child 24 hours a day except when this is not in the interests of the
child. Written guidelines must be in place at ward level.

8.23  There must be information and support for parents.
8.24  There must be access to multidisciplinary support services including social workers and chaplains.

8.25  Parental interaction with the child must be encouraged and supported. Parents should be helped to
provide care for the children to a degree that is appropriate.

8.26  There must be facilities for parents / carers and relatives including lounge, toilet, telephone, drinks
making and preferably limited kitchen facilities.

8.27  There must be on-site accommodation facilities for parents / carers preferably in close proximity to the
PICU and such facilities should have telephone or intercom connections with the PICU.
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Equipment and facilities:
8.28  Lead Centres for paediatric intensive care must be stand alone facilities designated and equipped for
the entire paediatric age group with facilities to transport children of any age and gestation.

8.29  There should be technical support staff dedicated to the PICU.

8.30  All equipment must be regularly serviced and maintained by technical support staff who should be
available whenever they are needed.

8.31  There must be a separate designated quiet room for counselling of parents / carers.

Multidisciplinary team:
8.32  There must be an established multidisciplinary approach

Quality and management of service:
8.33  Lead Centres are expected to collaborate with purchasing consortia in order to:
¢ audit the care delivered to critically ill children throughout the referral area.
* Publish an annual report relating to the care delivered to critically ill children.

8.34  Lead Centres should
* Develop protocols for the resuscitation, stabilisation and transfer of all patients presenting within
the referral region.
* Have designated medical and nursing personnel responsible for liaison and development of
protocols with referring centres.

* Have an active and comprehensive bereavement counselling service

* Have written guidelines for
o Patient retrieval
o Admission
o Discharge
= Drug prescribing and administration including sedation and analgesia
o Fluid prescribing and administration
= Ventilator management.
= Communication of doctors orders
o Patient monitoring (including routine blood tests)
@ Clinical management of specific conditions where appropriate.
o Specialist treatments such as haemofiltration, ECMO, High Frequency Oscillation...
@ Non accidental injury and the care of “at-risk™ children
o Infection control
o Health and Safety at Work including manual handling and risk assessment
@ Organ donation
o Bereavement

Education and training:
8.35  Lead Centres should be the focus of and central resource for training and continuing education for

medical nursing and all other staff within the region in relation to issues surrounding the care of critically
ill children.

8.36 It is desirable therefore that a Lead Centre should:
* satisfy the requirements of the ICTPICM for training specialist registrars who elect to undertake
the first year of training in paediatric intensive care.
* satisfy the requirements of the ENB (or equivalent) for training nurses in the 415 (or equivalent)
course and offer such a course.

Operational Issues
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Consultant Medical Staff

8.37  The consultant body of a PICU should reflect the diverse modes of entry into the specialty. Most
importantly there should be a mixture of consultants trained in the usual parent disciplines of paediatric
anaesthesia and paediatrics. 50% (33 — 67%) of the WTE consultant staff should be full time consultant
paediatric intensivists, again ideally with a balance of parent disciplines.

8.38  Paediatric intensive care in the UK is extremely labour intensive at consultant level. Currently
paediatric intensive care consultants spend significant amounts of their on-call time awake and performing
clinical duties on the PICU alongside their trainees. The need to provide appropriate continuity of care
leads to many consultants working extended shift durations in violation of directives on working hours.

8.39  The following calculations refer to current working practice i.e. a "non-resident consultant led"
service. They may need to be revised if a new consultant contract is negotiated.

8.40  Using the “Notional half day” (NHD) nomenclature a consultant post comprises eleven NHDs of
which seven are clinical sessions. The remaining four being used for teaching, audit, research,
administration, clinical governance, appraisal and continuing professional development. The
administrative responsibilities of a Director of Paediatric intensive care are greater than other consultants
and reduce the time available for teaching audit and research. Calculation of the number of consultants a
PICU requires needs to take into account the extraordinary out of hours work commitment and the fact
that the normal PICU working day is regarded as 10 hours long (3 NHDs).

8.41 In the following calculations regarding the number of sessions and consultants a paediatric intensive
care requires, the normal paediatric intensive care working day is regarded as 10 hours long (3 NHDs) and
1 NHD has been allowed for weekday overnight on-call. Similarly weekend days have been counted as 4
NHDs per 24 hours. Cover for a consultant led retrieval service has been counted as 2 NHDs per 24 hours
and for a consultant delivered service as 3 NHDs per 24 hours.

In summary:
Cover for the PICU

Total
08:30 — 18:30 Mon — Fri 3 NHD 15
08:30 — 18:30 Sat / Sun 3 NHD 6
18:30 — 08:30 Seven days 2 NHD 14
Retrieval Cover (Consultant Led)

Total
Mon — Fri 2 NHD 10
Sat / Sun 2 NHD 4
Retrieval Cover (Consultant delivered)

Total
08:30 — 18:30 Mon — Fri 3 NHD 15
18:30 — 08:30 Mon — Sun 3 NHD 21
Sat / Sun 24 hours 3 NHD 6

8.42  Since retrieval is an essential element of a paediatric intensive care service, the total NHD requirement
for a PICU with consultant led retrieval is 49 (9 consultants) and with a consultant based retrieval service
is 77 (14 consultants). These calculations include an allowance for cover for annual leave. In planning the
workforce for an individual unit due consideration should be given to the level of activity and the
continuity of patient care.
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8.43 A solution for points 8.38 to 8.42 is required if a sustainable service is to be provided nationally. The
viability of the specialty depends upon restructuring the terms and conditions of employment of
consultants in paediatric intensive care to reflect their working conditions.

Non-consultant Medical Staff

8.44 A full shift system with only one tier of cover requires at least 10 individuals. At least two junior staff
should be on call at night (more during working hours) of whom one must remain on the unit at all times,
the second remains resident but available for retrieval or clinical work on the unit during busy periods.
Ideally there should be a two-tier system of on-call, especially in institutions approved for training in
Paediatric intensive care. Second year trainees in paediatric intensive care should have greater
responsibilities and may work a different shift pattern to their colleagues in a two tier system. Trainees
should be at specialist registrar (SpR) level.

Nursing Staff

8.45 Within the intensive care unit at any one time the cross section of paediatric intensive care patients will
demonstrate different levels of nurse dependency. Similarly each individual patient progresses through
different levels of dependency during their intensive care admission. The PICS recommends formal
assessment of nurse dependency on a shift by shift basis using the “Levels of care”. Levels are defined by
the context of the patients’ situation and by the number and nature of interventions and intensive care
procedures being performed. Patients are usually discharged at level one dependency or lower. Level I is
“high dependency” care and levels II and above are intensive care. Although “levels of care” are subject to
considerable flexibility in interpretation, their descriptive ability has proven useful in Paediatric intensive
care management, particularly in assessing the number and skill levels / experience of nurses required.

Level I: High dependency care requiring nurse:patient ratio of 0.5:1
Close monitoring and observation required but not requiring acute mechanical ventilation. Examples would
include the child who is stable and awaiting transfer to a general ward; the child undergoing close post operative
observation with ECG and pulse oximetry, receiving intravenous fluids or parenteral nutrition. Children requiring
long term chronic ventilation (with tracheostomy) are included in this category as are children receiving short term
nasal CPAP.

Level II:  Intensive Care requiring nurse:patient ratio of 1:1
The child requiring continuous nursing supervision who is usually intubated and ventilated (including
endotracheal CPAP). Also the unstable non-intubated child, for example some cases with acute upper airway
obstruction who may be receiving nebulised adrenaline. The recently extubated child. The dependency of a level I
patient increases to level II if the child is nursed in a cubicle.

Level III:  Intensive Care requiring nurse:patient ratio of 1.5:1
The child requiring intensive supervision at all times, who needs additional complex therapeutic procedures and
nursing. For example unstable ventilated children on vasoactive drugs and inotropic support or with multiple
organ failure. In addition the dependency of a level II patient increases to level III if the child is nursed in a
cubicle.

Level IV: Intensive care requiring a nurse:patient ratio of 2:1
Children requiring the most intensive interventions such as unstable or level III patients managed in a cubicle;
those on ECMO, and children undergoing renal replacement therapy

8.46 The vast majority of Level 2 care and all levels 3 & 4care should only be provided in lead PICUs. By
categorising the patients by level of care on a shift by shift basis and using the associated nurse staffing
stipulations one can calculate the mean dependency level of the PICU. One can then arrive at a number of
nurses required to staff a unit to capacity or to its average level of occupancy. Appendix two contains
examples of such an exercise.

8.47 Large units with consistently high occupancy can be staffed to a figure related to their mean level of
dependency quite easily, despite the fact that they will then be theoretically under-staffed 50% of the time.
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Large seasonal fluctuations in occupancy are difficult to accommodate without staffing to capacity rather
than occupancy (hence the mechanism used to calculate nurse staffing levels in the PICS standards
document of 1996). Such excessive i.e. problematic seasonal fluctuations in occupancy are more
prominent in smaller units with restricted case mix.

8.48 There is an urgent need for national standardisation between institutions of the content and clinical
exposure involved in paediatric intensive care nurse training.

8.49 There are difficulties recruiting nurses to D grade positions in this exacting specialty. However more
importantly, there is a national shortage of intensive care trained nurses and especially of paediatric
intensive care trained nurses. For the foreseeable future it will not always be possible to recruit trained
nurses to E or F grade positions. Hence PICUs will continue to have to train the intensive care nurses that
they employ.

8.50 There are a number of reasons why any PICU of practicable size will never be staffed with 100% trained
nurses by the above definition.

* Entry to ENB 415 (or equivalent) courses is not usually possible unless the candidate is already
working on a PICU, usually with six months experience in paediatric critical care. They also need to
be children’s trained.

* As units expand in accordance with the development of Lead Centres foreseen by the Framework for
the Future they will need to recruit and train more nurses.

* Even when a PICU is not expanding there will always be more movement of nurses at E grade than at
other levels. These will usually be replaced with new trainees.

8.51Lead Centres should offer comprehensive in-house training prior to clinical responsibility.

8.52 The distribution of nurses between grades within the workforce reflects the required level of experience
(dual qualification) and training responsibilities of the PICU. Only experienced nurses can staff a retrieval
service so the provision of retrieval also influences the overall skill mix. Skill mix should also be adapted
to the geography and case mix of the unit. It is mandatory to have a senior G grade nurse in charge of
every shift. Furthermore “fully trained” paediatric intensive care nurses should be employed at E grade or
above in recognition of their level of training.
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9. Minimum Standards for Paediatric Intensive Care (including that
delivered outside a Lead Centre)

Applicability:

9.1 All hospitals providing paediatric intensive care to children (excluding those initiating such care prior to
retrieval) should be identified and designated within purchasing contracts according to the definitions
described in this document and according to the standards it contains.

Critical mass / workload:

9.2 Hospitals that prior to publication of the “Framework for the Future” NHSE 1997, were not admitting
to intensive care and ventilating at least 50 children per annum (corresponding to a minimum of 150
ventilator days per annum) should not provide intensive care for children.

9.3 In accordance with the intention to centralise paediatric intensive care, by now hospitals that are not
currently admitting to intensive care and ventilating at least 100 children per annum (corresponding to a
minimum of 300 ventilator days per annum) should not continue to provide intensive care for children.

Medical Staffing

9.4 All intensive care units providing intensive care to children must have a lead consultant with approved
training in paediatric intensive care working on the unit.

9.5 There should be 24 hour cover from dedicated consultants with approved training in paediatric intensive
care

9.6 It is recommended that the job plan for lead consultants in paediatric intensive care who work outside of
Lead Centres includes a stipulation about continuing medical education (continuing professional
development) negotiated with and provided by the local Lead Centre.

9.7 There should be 24-hour dedicated (to the children receiving intensive care) resident (on-site) cover for
the intensive care unit from doctors who are approved as having the appropriate airway and resuscitation
skills (APLS / PALS or equivalent).

9.8 The doctors in training providing intensive care for children must have their airway competence,
resuscitation and practical skills assessed and approved by the lead consultant (or another consultant with
approved training in paediatric intensive care working at that institution) before they provide unsupervised
care for the children.

Access on-site to other paediatric sub-specialties and services:
9.9 Intensive care should not be delivered to children outside a Lead Centre on a site without:
* A medical in-patient paediatric facility with 24 hour consultant cover
* A general intensive care unit
* 24 hour consultant cover from paediatric anaesthetists
* acomprehensive paediatric radiology service including CT scanning and portable ultrasound
* 24 hour on-site availability of haematology, biochemistry, microbiology and pathology support
¢ Paediatric physiotherapy, paediatric pharmacy and paediatric dietetic support

9.10  Intensive care should not be delivered to children outside of a Lead Centre without:
* Access (Doctor present at the bedside) within 2 hours to consultant paediatric nephrologists and
invasive renal support
* Access (Doctor present at the bedside) within 2 hours to consultant paediatric cardiologists and
consultant paediatric surgeons
*  Access to consultant paediatric neurologists
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Nurse Staffing:
9.11  Paediatric intensive care facilities must be independently staffed with nurses whose working time is
100% devoted to the care of critically ill children.

9.12  All children receiving intensive care should be looked after by children’s trained nurses with intensive
care training.

9.13  Outside a Lead Centre at least 50% of the nurses looking after children in intensive care should be
children’s trained and also hold the ENB 415 (or equivalent).

9.14  The remaining 50% should be APLS / PALS (or equivalent) trained before taking anything other than
supernumerary status in the care of critically ill children.

9.15  Care should be provided with a minimum ratio of one nurse to one patient (increased to 1.5:1) for
patients nursed in a cubicle.

9.16  There should be 24 hour 7 day a week access to a senior nurse who is children’s trained (RSCN Part 8
of UKCC register or Diploma / Degree Nurse (Child) Part 15 of the UKCC register) and trained in
paediatric intensive care (ENB 415 or equivalent). This nurse’s continuing education should be assured by
a job plan that stipulates a programme of continuing education and liaison at and with the Lead Centre.

9.17  The nurses should have access to mutual support from nurses with adult and neonatal intensive care
skills

Equipment and facilities
9.18 Intensive care for children must be provided in a designated children’s intensive care facility with audio-
visual separation from adults receiving intensive care.

9.19 There should be facilities for parents / carers in close proximity to the intensive care unit including a
lounge, toilet and the facility to make hot drinks.

9.20 There should be accommodation facilities for parents / carers on-site.

Multidisciplinary team:
9.21 There must be an established multidisciplinary approach.

Environment and support for parents / carers and children:
9.22 The environment must be child / family friendly

9.23 Information for parents should include orientation (pre-admission where possible) and include an

explanation of the role and function of equipment and monitors and regular updates on the patients
condition.

Access to and provision of advice from the Lead Centre:
9.24 There must be 24 hour accessibility to medical and nursing advice from the Lead Centre.

Education and training:
9.25 There needs to be a training plan agreed for all staff involved in the care of critically ill children.

9.26 There needs to be a programme of continuing education for trained staff involved in the care of critically
ill children.
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Quality and Management of services:

9.27  Paediatric intensive care delivered undertaken outside a Lead Centre should be delivered in
accordance with these standards and according to protocols developed in liaison with the Lead Centre for
the treatment of all major conditions.

9.28  All hospitals that provide intensive care for critically ill children, must have a programme of clinical
audit in place pending the introduction of a national standard.

9.29  Each hospital that provides intensive care for critically ill children must have in place a critical
incident reporting system.

Operational Issues:

9.30  PICS recommends that no individual consultant practising in Paediatric intensive care should do so for
less than 25% of their clinical time. During their clinical intensive care time they should have no
additional commitments other than those to the PICU i.e. they should function as paediatric intensivists
during that time. For those consultant staff working part time in paediatric intensive care, the most
advantageous arrangement for the unit and the patients is for rotation of blocks of time rather than on the
basis of shorter sessions.

9.31 Trainees currently attain a certificate of completion of specialist training (CCST) in their parent
specialty and appointment committees must include a representative from the parent college(s) of each
applicant. Additionally all new consultants with a full time or sessional commitment to Paediatric
intensive care should have their training approved by ICTPICM on behalf of the Royal Colleges. It is
recommended that a representative or nominee from ICTPICM sits on the appointment committee. This
individual should also be involved in the shortlisting of candidates. It is agreed by the Royal Colleges that
to occupy a full time consultant paediatric intensive care post, a trainee must have received two years
training in a recognised training post. One years training in a recognised post may be sufficient for a part
time commitment.

9.32  ICTPICM also encourages broad based training with a wide exposure to the full range of paediatric
intensive care and specifically exposure to core training across specialties. Trainees with National training
numbers (NTN) in paediatrics should have gained at least six months training in anaesthesia at SHO level
prior to taking up their NTN and trainees with NTNs in anaesthesia should have had six months
experience in neonatology at SHO level. Special arrangements may have to be made for trainees who
decide to undertake paediatric intensive care training after appointment as specialist registrars. There is
also widespread belief that this period of training can be advantageously prolonged from the minimum of
six months to a year.
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10. Standards for Paediatric High Dependency Units.

Applicability:
10.1  All hospitals potentially admitting children who are, or who may become, critically ill must be able to
resuscitate and stabilise them.

10.2  The provision of paediatric high dependency care must include the ability to initiate Paediatric
Intensive Care prior to retrieval or transfer.

10.3  Paediatric High Dependency Care may be provided in a paediatric intensive care unit or in a
designated paediatric high dependency unit.

Medical Staffing:

10.4  Within hospitals providing paediatric high dependency care there must be a designated lead consultant
with responsibility for issues relating to the provision of paediatric resuscitation, paediatric high
dependency care and initiation of paediatric intensive care.

10.5  There must also be:
* 24 hour Consultant Paediatric cover by individuals with advanced resuscitation skills.
* 24 hour Consultant Anaesthetic cover by individuals with advanced paediatric resuscitation skills.
* 24 hour resident cover on-site by doctors with APLS / PALS or equivalent training.

Access on —site to other paediatric sub-specialties and services:
10.6  On the same hospital site there must be:
* ageneral paediatric in-patient unit
* A neonatal unit where babies are ventilated
* A general intensive care unit
* 24 hour availability of biochemistry, haematology, microbiology and radiology services.
* Paediatric physiotherapists, pharmacists and dieticians

10.7 It is desirable that Lead Centres for paediatric intensive care also have a HDU on-site for the care of
children not requiring acute intensive care but whose severity of illness, technical nursing requirements or
long term dependency upon technical support equipment mandates a nurse staffing ratio of <1:1 but
greater than 1:3.

Nurse Staffing:

10.8 A paediatric HDU must have 24-hour cover from a senior nurse (RSCN on Part 8 of UKCC register or
Diploma / Degree Nurse (Child) on Part 15 of the UKCC register) with an ENB 415 (or equivalent)
qualification.

10.9  All paediatric high dependency care should be provided by trained children’s nurses.

10.10 There should be at least one nurse per shift with APLS / PALS or equivalent skills.

10.11  The nurse-staffing ratio should be 0.5 to 1 child or 1:1 where the child is nursed in a cubicle.

Equipment and facilities:
10.12  The hospital must have a designated paediatric high dependency facility.

10.13 This area must be suitable for the child awaiting retrieval and its location and facilities should be
known to the Lead Centre.
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Environment and support services for parents / carers and children:
10.14 There must be parental access to the child 24 hours a day unless this is not in the interests of the child.

10.15 There must be a child friendly environment
10.16 Care must be multidisciplinary
10.17 There must be information and support for parents including access to social workers and a chaplain.

10.18 There must be a designated person responsible for ensuring the adequacy of parental support services

Advice from the Lead Centre:

10.19 There must be 24 hour accessibility to medical and nursing advice from the Lead Centre.

Education and training:
10.20 Each hospital potentially admitting children who are, or who may become, critically ill must have a
multidisciplinary training plan for their own staff that ensures:
* Access to APLS / PALS or equivalent training.
*  On-going professional training for all groups involved in the care of critically ill children.
* Access to RN Part 15 and ENB courses 415 (or equivalent).
* Access to a hospital-based basic life support training programme.

Quality and management of services:

10.21 Each hospital potentially admitting children who are, or who may become, critically ill, must develop
and use protocols for resuscitation, stabilisation, transfer, admission, discharge and treatment of all major
conditions that conforms with these standards.

10.22  All hospitals that potentially admit children who are, or who may become, critically ill, must have a
programme of clinical audit in place pending the introduction of a national standard.

10.23 Each hospital potentially admitting children who are, or who may become, critically ill must have in
place a critical incident reporting system.

Operational Issues:
10.24 Hospitals without a PICU but with in-patient paediatric facilities will require facilities to deliver high
dependency care on an intermittent basis with a seasonal increase in activity during the winter.

10.25 A hospital with a PICU also needs to have provision for delivering high dependency care. The creation
of a distinct high dependency area in such a hospital may increase rather than decrease the demand upon
intensive care beds depending upon the balance between their two principal functions:

* A “step up” area from ordinary wards where children requiring increased nurse:patient ratios (e.g.
0.5:1) may be nursed. Examples might include children requiring high fractional inspired oxygen
concentrations (>0.6), short term nasal CPAP, intermittent airway suction, nebulised adrenaline or
frequent / continuous administration of other nebulised bronchodilators, frequent boluses of
intravenous fluid or multiple medications by continuous infusion (particularly vasoactive
medications). Such children would be likely to need continuous ECG monitoring and pulse oximetry.

* A “step down” area from intensive care or theatre recovery areas, for children with similar
requirements for levels of observation.

10.26 When delivered in a hospital with a PICU, High dependency care is most efficiently practised with
medical and nursing input from the staff of the PICU.
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10.27 Patients receiving long term ventilation via tracheostomy or non-invasive methods should be looked
after by teams of named nurses who should have had specific training in that individual patient’s needs. It
is most likely that this training will have been performed in the Lead Centre.
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11. Guidelines for Referral to A PICU

Applicability

11.1  All purchasers and providers of health care and allied services should be aware of the guidelines for
PICU referral.

11.2  Duty managers and consultants in all hospitals should be aware of how to contact the Lead Centre for
paediatric intensive care.

Protocol
11.3 Intensive care admission must involve consultant to consultant referral between the consultant
responsible for the patient’s care in the referring centre and the consultant in charge of the PICU.

11.4  The duty consultant in charge of PICU at the Lead Centre must be available for consultation at all
times.

11.5 Consultation between referring unit and Lead Centre must remain possible irrespective of the
availability of an intensive care bed at the Lead Centre.

11.6  The management of patients discussed with the Lead Centre remains the responsibility of the referring
team until care is taken over by a retrieval team or, in other circumstances, after the patient has been
transferred.

11.7  Once discharged into the community from maternity, special care baby or neonatal units, babies
should not be readmitted to special care baby units or neonatal intensive care facilities for intensive care
except under extraordinary circumstances.

11.8  Institutions without intensive care facilities on site should, by default, make all their paediatric
intensive care referrals to a Lead Centre.

11.9 Institutions with a paediatric or general intensive care unit that are not Lead Centres for paediatric
intensive care should refer patients to the Lead Centre if intensive care:
* is likely to be required for more than 24 hours.
* s indicated because of failure or a need for support involving more than one organ system.

11.10 PICS regards the following “procedures” as being “intensive care dependent”. Under normal
circumstances when required they should usually be performed on children within a paediatric critical care
environment.

* Nasopharyngeal and endotracheal intubation,

* Endotracheal Continuous positive airway pressure (endotracheal CPAP) (acute short and medium term)
*  Artificial/mechanical ventilation (acute short and medium term)

* Continuous invasive cardiovascular monitoring (e.g. central venous or arterial line or Swan Ganz catheter),
*  Use of antiarrhythmic, inotropic or vasoactive drug infusions,

*  Acute renal support (haemodialysis, haemofiltration, plasmafiltration and peritoneal dialysis),

¢ Cardioversion or DC countershock,

* Acute or external cardiac pacing,

*  Mechanical circulatory support,

* Intracranial pressure monitoring,

*  Complex intravenous nutrition and drug scheduling,

* Complex anticonvulsant therapy

*  Frequent or pressurised infusions of blood products,

e  Active or forced diuresis,

* Induced hypothermia,

* Balloon tamponade of oesophageal varices,

*  Emergency thoraco- or pericardiocentesis.
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11.11 Paediatric intensive care admission is mandatory for patients likely to require advanced respiratory
support (i.e. acute, short, or medium term mechanical ventilation) but children should also be referred to a
PICU:

e Ifitis highly likely that they will need an intensive care dependent procedure.

*  Who have symptoms or evidence of shock, respiratory distress or respiratory depression.

*  Who have the potential to develop airway compromise.

*  Who have an unexplained deteriorating level of consciousness.

*  Who have required resuscitation or who are requiring some form of continuing resuscitation.

*  Who have received a significant injury.

* After prolonged surgery or any surgical procedure that is medium or high risk or of a specialist nature,
even if this surgery is elective.

*  Who have potential or actual severe metabolic derangement, fluid or electrolyte imbalance

*  Who have an acute organ (or organ-system) failure.

*  Who have established chronic disease (or organ-system failure) and who experience a severe acute
clinical deterioration or secondary failure in another organ-system.

*  Who require one to one nursing because of the severity of an acute or acute on chronic illness.

Bed Availability

11.12 A number of bed burecaux operate within the UK attempting to collate information about the
availability of intensive care beds. The intention is that at times when there is pressure upon beds this
information will ease and speed referrals. However the availability of beds changes rapidly and
information may not be up to date no matter how frequently the bureau is updated.

11.13 Bed bureaux must distinguish between paediatric intensive beds and other kinds of intensive care
beds.

11.14 The determination of available bed numbers and / or the likely availability of beds at the Lead Centre
for paediatric intensive care is the responsibility of the consultant in charge of the unit at that time.

11.15 When approached about a potential referral to paediatric intensive care, before seeking to find a
paediatric intensive care bed outside the local Lead Centre it is mandatory that bed bureaux confirm that:
* a consultant to consultant consultation has occurred with the duty consultant at the local Lead
Centre.
* abed has not become available since their last enquiry.

11.16 Any decision to refer a patient outside the normal referral region for paediatric intensive care should
involve consultation between the referring consultant and the consultant in charge of the Lead Centre.
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12. Standards for retrieval of critically ill children

Applicability:
12.1  Lead Centres should be funded for a retrieval service (24 hours a day seven days a week) for children
who require intensive care within the agreed catchment area whenever they have an available bed.

12.2  Supra-regional transfer services should be separately funded as part of the funding of the supra-
regional service as distinct from regional Lead Centre activity.

12.3  In the presence of a separate, centralised designated paediatric intensive care retrieval service the Lead
Centre should ensure / endorse the standard and training of the staff providing the service.

12.4  Centres providing supra-regional services should have protocols in place for the transfer of such
children from their referral centres.

12.5  Primary transport (by referring hospitals) will be necessary for some conditions such as expanding
intracranial haematoma and severe thoracic vascular trauma.

12.6  Standards for primary transport (by referring hospitals) should be agreed with the Lead Centre or
specialist unit and the circumstances in which they should be used should be clearly defined.

Availability:

12.7  Under normal circumstances Lead Centres are obligated to retrieve patients referred and accepted for
intensive care on their units. They are not obligated to transfer them elsewhere in the event of supra-
regional referral or lack of available beds.

12.8  The local Lead Centre retrieval service should be available on at least 95% of days with a back up plan
for those occasions when the service is not available.

12.9 In the presence of a separate, centralised designated paediatric intensive care retrieval service this
team should undertake the transfer of patients outside the normally served geographic region if required to

do so for reasons of supra-regional referral or lack of available beds.

12.10 There should be equity of access to the retrieval service.

Medical Staffing:

12.11 The retrieval service is staffed as a remote intensive care bed requiring 1:1 nursing and its own
medical staff member.

12.12  The service should be consultant led and where necessary consultant provided.

12.13 During a retrieval performed by a paediatric intensive care consultant, the PICU should be covered by
another paediatric intensive care consultant.

12.14 The Lead Centre paediatric intensive care consultants are responsible for deciding which medical staff
are appropriately trained and experienced to carry out retrieval and to agree the rota as appropriate.

12.15 Training in paediatric intensive care transport must include supervised transports (i.e. accompanied by
the trainer)

12.16 The decision as to what level of medical staff to despatch for retrieval should be made in consultation
with the referring consultant and assessed as part of the referral for intensive care.

24



12.17 Under normal circumstances if a primary transport is required (i.e. by staff from the referral hospital)
then the medical staff member involved must be appropriately trained with general intensive care and
paediatric airway expertise.

Nurse staffing:

12.18 The establishment for nursing at the Lead Centre should allow for a transport trained nurse to be
available to undertake retrieval duties 24 hours a day. They will therefore, not be included in this base line
establishment.

12.19 The lead nurse at the Lead Centre is responsible for deciding which nurses are appropriately trained
and experienced to carry out retrieval and to agree the rota as appropriate. These are expected to be ENB
415 (or equivalent) trained.

12.20 Training in paediatric intensive care transport must include supervised transports (i.e. accompanied by
the trainer).

12.21 If a primary transport is required (i.e. by staff from the referral hospital) then the accompanying staff
member involved must be a senior / experienced intensive care or A&E nurse or ODP.

Environment and support services:
12.22  Parents / carers should be given as much information about the retrieval service as early as possible in
the referring centre.

12.23 Parents / carers / guardians should be told that it is unlikely they will be able to accompany the child
during transfer

12.24 Referring hospitals are obligated to provide transport to the Lead Centre for parents of critically ill
children being transferred.

12.25 Advice about travel arrangements to the Lead Centre should be available for other family members.

12.26  Wherever possible the child should undergo one retrieval journey only.

Equipment and facilities:

12.27 The retrieval team should be able to retrieve the child from a designated critical care area within the
referring hospital, which should be agreed with the Lead Centre.

12.28 The retrieval team should be fully equipped and able to deal with children of all ages.

12.29 Retrieval teams should not need to rely upon paramedic ambulance services.

Quality and Management of Services:
12.30 Compatible protocols should be developed between the Lead Centre and referring hospitals.

12.31 Arrangements for contacting the retrieval team should be clearly displayed within critical care areas at
referring hospitals.

12.32 The Lead Centre must provide adequate information to referring hospitals.

12.33 The referring hospitals must undertake to provide full clinical information to the intended receiving
team.

25



12.34 The retrieval service should be continuously audited and data collected on all referrals and retrievals.
This includes referrals that do not result in transfer and records should include the nature of any medical or
nursing advice given by the Lead Centre.

12.35 Critical incident recording should be included in retrieval records and audit.

Operational Issues

12.36 Primary transport for emergencies such as neurosurgical intervention for an expanding intracranial
haematoma, should not be deferred or re-routed as a result of actual, declared or suspected availability of a
paediatric intensive care bed. The patient should be immediately transferred to the nearest centre capable
of performing the life saving procedure and a paediatric intensive care bed should then be sought when the
patient's condition has been stabilised, e.g. post-operatively.

12.37 By its very nature, retrieval exposes the staff (and patient) to additional personal and professional
hazards. The service must be appropriately insured and indemnified with written confirmation of such,
before retrieval is offered. Furthermore the establishment of a Paediatric intensive care retrieval service
has considerable implications for ambulance and other emergency services which must be consulted
during the planning and preparation phases of establishing a service. The likely modes of transport should
be determined in advance and their sources and availability identified and negotiated. Depending upon
local circumstances and the nature of the individual case, the choice of vehicle may be different for
outward and return journeys.

12.38 Under normal circumstances paediatric intensive care retrieval is a “secondary transfer” occurring
with less desperate urgency than in a primary transfer after the patient has been resuscitated and stabilised.
The retrieval service cannot provide timely assistance with the initial resuscitation. The onus of
responsibility remains with the referring hospital to initiate and continue competent resuscitation and
stabilisation from the outset until handing over to the retrieval team.

12.39 The referral of a patient to a PICU must be on the basis of a referring consultant talking directly to the
duty paediatric intensive care consultant.

12.40 There should be a dedicated phone line on the PICU for arranging retrievals, the telephone number of
which should be distributed to hospitals in the catchment area. Details of the patient's age, history, (likely)
diagnosis, vital signs and precise location should be documented along with a record of any advice given
and contact telephone numbers.

12.41 Transport / retrieval staff must be skilled Paediatric intensive care practitioners who have received
specific additional training in transport as well as intensive care.

12.42  The transport team should not be dependent upon paramedic support from the ambulance service.

12.43 A clear hierarchy is necessary amongst the retrieval team with a single team leader. This individual is
in charge of the patient, not the transport vehicle. Upon their arrival at the referring centre and after a
concise but comprehensive medical and nursing handover, the team take over clinical management and
assume responsibility for the patient who is then prepared for transport. The patient must not be moved
until the retrieval team leader is satisfied that preparation for transport has been adequate.
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13. Standards for the Reception of Critically Ill Children.

Applicability:

13.1  As stated in 10.1; All hospitals potentially admitting children who are, or who may become, critically
ill must be able to resuscitate and stabilise them.

13.2  Only A&E departments that are on the same hospital site as in-patient paediatric facilities should
accept children but all hospitals should have in place a protocol for use in the event of a critically ill (or
potentially critically ill) child presenting to them.

13.3  All hospitals which have on-site in-patient paediatric facilities must be able to:
* Receive, assess, resuscitate and stabilise the child and immediately refer to the HDU or paediatric
intensive care team on site
*  Or have the ability to initiate and maintain paediatric intensive care until the retrieval team arrives

Environment and support for parents and children:
13.4  There must be compliance with the published guidance for A&E departments in relation to children.

13.5  There must be a child and family focussed environment with audio-visual separation from adult
patients.

13.6  There must be parental access to the child at all times except when this is not in the interests of the
child. Written guidelines must be in place.

13.7  There must be information available to the parents on the child’s condition, care plan and retrieval (if
necessary).

13.8  There must be access to support services e.g. chaplain and social workers (see general standards for all
critically ill children

Medical Staffing:

13.9  Trusts must recruit a consultant with recognised training in paediatric A&E responsible for the
protocols, assessment and management of the critically ill child within each A&E department that accepts
children.

13.10 All A&E departments must have a named consultant with responsibility for protocols relating to the
management of critically ill children.

13.11 It is essential that there is 24-hour on-site cover by medical staff and always a doctor on duty with
APLS/PALS or equivalent training in the reception areas / amongst the receiving staff.

Access / Provision of advice between Lead Centre and referring hospital:
13.12  Advice must always be available from the local paediatric medical in-patient unit and the Lead Centre
for paediatric intensive care.

13.13 An agreed protocol should be in place for accessing advice 24 hours a day. The protocol must be
discussed, agreed and regularly reviewed by all the hospitals in the catchment area including the Lead
Centre and should conform to the standards for referral to paediatric intensive care.

Nurse Staffing:

13.14 There should be a senior nurse (RSCN on Part 8 of UKCC register or Diploma/Degree Nurse (Child)
on Part 15 of the UKCC register) responsible for ensuring that the care of children is appropriate and
undertaken in the correct environment. This nurse must ensure that there is ongoing training for the nurses
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in APLS / PALS skills and good liaison arrangements in place with hospital and community paediatric
services.

13.15 There should be at least one qualified nurse on duty at all times with APLS / PALS or equivalent
skills.

13.16 Nurse led minor injury units should not look after acutely ill children. However all shifts at such a unit
must include a staff member with:
* basic paediatric airway skills
* training in paediatric resuscitation
* access to local protocols for the management of an acutely ill child agreed and good liaison with the
Lead Centre.

Equipment and facilities:
13.17 There should be a separate (with audio-visual separation from facilities used for adults) designated and
equipped area for the resuscitation and stabilisation of critically ill children of all ages.

13.18 Critically ill children awaiting retrieval should be looked after in a high dependency area, the location
and facilities of which should be known by, and agreed with, the retrieval team.

13.19 There should be access to appropriate support services (e.g. chaplain, and social services) and facilities
for parents including a quiet room.

Quality and management of services:

13.20 There must be a system within the hospital alerting appropriate staff to the arrival of a critically ill
child.

13.21 There must be protocols in place covering the resuscitation, stabilisation, transfer, admission,
discharge and treatment of all major conditions for use in the A&E department. These need to be
developed in conjunction with the Paediatricians, the Lead Centre and other appropriate specialties.

13.22 A critical incident reporting system must be in place as part of the clinical governance audit system.

13.23 Cases referred on for intensive care must be subject to quality assurance and audit.

28



14. General Standards for all Critically ill children

The interests of the child:

14.1  Inall actions concerning children, the interests of the child shall be the paramount consideration.

14.2  The interests of children of all abilities, from all groups and socio-economic backgrounds should be
valued equally.

Children are different:

143  Staffing facilities, equipment and accommodation should be appropriate to the needs of children and
separate from those provided for adults.

144  Children under 16 years of age should not be treated on adult wards except under extenuating
circumstances (e.g. obstetric conditions).

14.5  All staff should be trained to work with children and should be familiar with their needs.
14.6  Each child should be admitted under the care of a Consultant paediatric specialist.

147  Each hospital should have a named Consultant paediatric specialist with an administrative
responsibility for critically ill children.

The Child’s right to be heard:

14.8  The consent of the parent / carer should wherever possible be obtained to treat children under 16 years
of age. Where a child has sufficient understanding and intelligence to give or withhold consent, a note
should be made in the medical records of the factors taken into account.

14.9  Children should receive such information about all aspects of their diagnosis and treatment as is

appropriate to their age, understanding, communication ability, and language. “Play techniques” should be
used where appropriate.

The importance of the family:
14.10 Adequate facilities should be available to enable parents / carers to stay with their child and help with
care for them in the location where the child is treated.

14.11 Visiting arrangements should allow contact with other family members such as siblings.

14.12 Parents / carers should be able to have access to their child, except where this is not in the interests of
the child. Guidelines for these circumstances must be in place and implemented.

14.13  All professionals must be trained in the skills necessary to work effectively with parents / carers.

14.14 All those with parental responsibility should be fully informed to enable them to be involved in
making decisions about the care of their children.

14.15 The views of parents, carers and children should influence the planning of services.

14.16 Interpretation services for children and families of different cultural and ethnic backgrounds should be
routinely available 24 hours a day.

Protecting children from harm:
14.17 Al staff have a duty to protect children.
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14.18 Policies and procedures should be in place to reduce the risk of harm. These should include safe
procedures for the selection and training of staff working with children, procedures for the prevention of
abuse and hospital security.

14.19 Where abuse is suspected, agencies should follow the procedures for working together produced by
their Area Child Protection Committee.

14.20 Procedures should be in place for investigating and reporting untoward incidents.

14.21 Health commissioners and providers should be aware of what is considered best practice, and have
access to sources of information and advice on effective health care.

14.22 A system of critical incident reporting should be in place.

Provision of the Service

14.23 Because of the nature of the specialty and the nature of medical and nursing training, many aspects of
the care of critically ill children must be delivered by senior nursing and medical (Consultant) staff.
Many aspects of these standards are written with that in mind.

14.24 The admission of children admitted to high dependency and intensive care areas must be under the

supervision of duty consultants who if they are not personally present should be expected to review the
patient soon after admission.
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15. Paediatric Intensive Care Unit Structure

15.1  General guidance for the design of PICUs can be found in published recommendations by the Society
of Critical Care Medicine, 1988, 1996; Committee on Hospital Care and Pediatric Section of the Society
of Critical Care Medicine, 1993; Intensive Care Society 1997 (Standards for Intensive Care Units);
Paediatric Intensive Care Society 1996 (Standards for Paediatric Intensive Care); and Health Building
Note 27 (HBN 27). The design should aim to create a critical care environment that allows health care
professionals to practise efficiently and effectively to achieve the best patient outcome. There are always
constraints on money and physical space available and compromises may have to be made in order to
achieve the best use of resources. All units must comply with all the relevant building, medical
engineering and health and safety regulations.

Location
15.2  For clinical reasons, the PICU should be easily accessible to elevators and to the departments from
which patients are usually admitted which include:
* High dependency units.
* Operating theatres and recovery suites
* Accident and emergency department
* Imaging department and laboratories
* Cardiac catheterisation laboratory
Those hospitals which receive or transfer patients to and from specialist units in other hospitals, or who
receive transfers from outside the hospital, must consider the position of the PICU in relation to
ambulance or helicopter access. It is most efficient if all critical care areas are in close proximity in
order to share core support services.

Size
15.3  Further to standards 8.2, 8.3 and 8.4, the size of each individual PICU will depend on the population it
serves and the number of regional and subregional services on site. Factors to be considered include:
* Previously calculated occupancies of ICUs, HDUs and other high care areas.
* Surgical specialties serviced and case mix (e.g. cardiac, neuro, maxillo-facial, transplant,
emergency, elective, urgent).
* Medical specialties (cardiology, oncology, haematology).
* Regional and subregional services (e. g. ECMO, renal transplant, cardiac surgery, burns).
* Number of operating theatres.
* Facilities for long-term ventilator-dependent patients.
*  Number of PICU transfers into the unit per year
*  Number of PICU admissions refused per year.
* Geographical location — motorways, airports, holiday resort, proximity of other PICUs
* Future developments.
There are advantages to adopting a design system that offers the maximum flexibility and allows step-
up and step-down facilities as the patient mix changes. Clinical admission and discharge criteria can
have a significant impact on the number of beds needed.

Accommodation

154  Accommodation should be planned and based upon an operational policy. The essential
accommodation consists of the patient care areas and management base, reception area, equipment and
consumables storage areas, utility rooms, laboratory, procedure room, workshop, cleaner’s room, doctor’s
bedroom, staff sitting room and kitchen, toilets, showers, and relatives' facilities. Other accommodation
required include a seminar room, computer room and offices for medical, nursing and secretarial staff. It is
important that patient areas and staff rooms should have access to natural lighting and an outside view.

15.5  All units should be capable of providing security for their staff and patients. High levels of staffing

tend to ensure security in the patient area. Other parts of the unit may be more vulnerable. Security
measures include a single entrance, with a variety of locking devices ( keys, codes, cards ) and video
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surveillance. Separate entrances for hospital staff and the public may be useful. Local advice should be
sought, balancing perceived threat against inconvenience and possible hazard to patients.

Patient care area

15.6  The patient area will contain a combination of open-plan areas and isolation cubicles. A general
recommendation is one isolation room for every 5-6 beds but this will vary considerably with each
institution’s patient mix. It is estimated by the Centre for Disease Control and Prevention that there will be
an increasing demand for isolation facilities in the future. New units should currently be planned using a
minimum ratio of one isolation cubicle for every 3-4 beds.

15.7 The manner in which the beds are grouped is based on the total number of beds and specialty sub-
groups. Duplicate pods of beds may be grouped around a service core. They may function as one unit or
each pod may be designed as a specialty unit. Various physical arrangements are possible. Rooms
arranged along long hallways is the least efficient configuration and should be avoided. Modified square,
triangular or radial plans are often more effective. Various sources recommend 20m’ per bed in an open
plan and 25m” per bed for cubicles. In the multi-bed areas, beds should be positioned to maximise patient
privacy. Hand washing facilities should be available for at least every other bed in the open plan areas. It
may be more cost effective to group beds in uneven numbers since odd numbers of beds usually require
less staff overall than those with even numbers.

15.8  Cubicles should be rectangular (not L-shaped) to maximise space available for therapeutic
interventions. Each cubicle requires hand washing and scrub facilities and should be plumbed for dialysis.
The ability to remove the partitions between adjacent cubicles allows more efficient use of nursing staff by
grouping patients with similar problems into 2 or 3 bed cubicles if necessary.

159 A fully equipped resuscitation trolley should be available for every 4-6 beds and a separate one for a
cubicled area. At least one defibrillator with pacing facility will be required for every 10 beds. Special
procedure trolleys should be readily available for most common interventions.

Central station

15.10 The management base/nurses' station must be sited in such a way that it commands a clear,
unobstructed view of the whole of the main patient area. An L or U shape works well. Alternately the
unit is divided into smaller pods ( 4-5 beds ), each served by a separate work station. This base serves as
the central communications area for all the clinical management of the patients. Adequate space will be
required for staff and equipment. Visual display units and other equipment should allow an overview of
bedside monitor activity, access to the hospital information system and local area networks. The base
will require at least 4 telephone extensions capable of receiving direct-dial incoming calls. For national
calls, no block requiring switchboard intervention should exist. At least two lines must be able to receive
e-mail or fax transmissions. Telephones fitted with lights rather than bells may significantly reduce
noise.

Bedside Layouts
15.11 A pivotal decision in bedside design is the way equipment, power outlets and gas or vacuum sources

are positioned around the patient. The two main approaches are head wall and free standing systems. Each
can be fixed or moveable, and can be on one or both sides of the patient. An important factor in selecting
bedside set-ups for doctors is rapid unobstructed access to the head of the bed during emergencies. For
nursing staff, access to the whole patient for various aspects of patient care without weaving through
tangled monitoring equipment may be more important. HBN 27 considers a number of bedhead designs in
terms of ergonomics. Each bedspace should be provided with sufficient electrical outlets, piped oxygen,
air and vacuum outlets. The following list includes the current recommendations per bed:

* 16-24 electrical outlets with dual-circuit supply

e  2-4 outlets for oxygen

*  2-3 vacuum outlets

*  2-3 compressed air outlets

. TV aerials and radio and telephone sockets
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. Emergency bell

15.12  All sockets and service outlets should be distributed on both sides of the bed. It is desirable that each
bedspace be self-contained for basic equipment to allow the nurse to spend the maximum amount of time
with the patient. The charts upon which the patient’s observations are recorded must be located at the
bedside. Paperless recording via visual display units and automated data acquisition require hard copy
back up.

Storage

15.13 Lack of adequate storage facilities is a common design fault in many intensive care units. Good design
should allow optimal use of available space. The best choice for any particular unit will be determined by
local needs and will depend on unit size and patient mix. Future requirements are difficult to predict,
therefore flexibility of design is advantageous.

15.14 It is important to first determine which supplies should be stored at the bedside, near the bedside,
elsewhere in the unit or outside the unit. Storage trolleys, shelves, cupboards, and rooms can be tailored
to specific needs. Those supplies used repeatedly and in emergencies should be readily available and
easy to find.

15.15 Storage should consist of:
* Consumable storage ( 5m”per bed )
 Equipment storage ( 5Sm” per bed )
e X-ray/ imaging equipment area (4.5m”)
* Dirty utility room ( 20m”)
* Clean utility room (10m?)
e Laboratory (10m”)
* Medical equipment workshop ( 15 m*)
* Procedures/treatment room ( 20m” )
* Clinical waste disposal area ( 8m”)
* Cleaners' room ( 8m”)

15.16 The area needed for storage and staff and relatives facilities is estimated to be an additional 100% of
the patient area.

Staff Accommodation
15.17 The area devoted to meeting the needs of staff is often inadequate as space is usually at a premium and

it is tempting to limit the support area in favour of larger patient rooms. Clever and creative planning of
multi-purpose rooms can make it possible for a large space to be either used for large groups or broken
into smaller units. Multipurpose seating, stackable or folding chairs can increase flexibility. The following
are the recommendations of the Intensive Care Society for staff accommodation:

* Clinical Director’s office (15m?)

* Nurse manager’s office (15m?)

* Consultants’ offices (10m” with an extra 5m” for each additional consultant )

* Medical staff office (15m?)

* Nurses office (15m?)

* Secretary’s office (15m”)

* Reception area (10-15m?)

* Audit office (10m?)

* Seminar/multipurpose room (30m>)

* Doctor’s on-call room/study, shower and WC (15m?)

* Female changing room, shower and WC (15.5m” ) minimum

* Male changing room, shower and WC (7.5m” ) minimum

* Staff rest-room with beverage bar and kitchen (21m?) minimum
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These areas should be segregated from the relative’s rooms and through routes to the main ward area.
Security precautions are necessary. The changing room requirements may be modified if the hospital has
centralised changing facilities for staff.

Facilities for relatives
15.18 There should be a comfortable environment within the PICU but away from the bedside. The area
should consist of a large communal room (with beverage bar, snacks, TV, telephone and easy chairs),
bedroom, shower, WC and 2 interview rooms. These facilities should be adjacent to the reception area
and will require an area of approximately 50m’. The relatives’ facilities should be outside the area of
medical and nursing accommodation and should be sited to prevent relatives from overhearing staff
conversations. Items of value (TV, video) should be securely fixed in place. More extensive parental
accommodation should be available elsewhere in the hospital where parents can stay for more prolonged
periods of time if necessary.

Communication Systems

15.19 Unit efficiency and patient safety depend on effective communication. Communication equipment
includes computers, telephones, fax machines, intercoms, beepers, visual locating systems and pneumatic
tubes. Computer information systems will eventually be standard in all intensive care units. New units
should be designed to accommodate future developments in technology. Paperless systems can increase
unit efficiency and quality of care as well as collecting and correlating information for later assessment.
Their use must be associated with patient confidentiality guarantees.

15.20 The number of telephones required are:
* The central station should have 4 telephones with direct dial facility for local and national calls. At
least two lines must be able to receive e-mail and fax transmissions
* 1 telephone at each bedside
* 1 telephone with direct dial facility in each office
* 1 telephone with direct dial facility in doctor’s bedroom/study
* 1 telephone with direct dial facility in bereavement/counselling room
* 2 extensions with direct dial facility in computer room
* 1 telephone and fax facility in workshop
* 1 payphone in relatives' sitting room and bedroom

15.21 The use of cellphones should be prohibited within the vicinity of the PICU because stray electronic
signals may interfere with medical equipment. Adequate radiopagers and cellphones should be provided
for parents and staff. The consultant on-call for PICU and transport should both be provided with an in-
house pager, a long-distance radiopager and a cellphone. At present, because of communication
blackspots and interference with electronic equipment, the cellphone cannot entirely replace the
radiopager. The on-call resident doctor must be provided with a personnel locator with 2-way
communication. This system will also function as a ‘crash bleep’ and avoid the need to carry multiple
pagers. Other doctors will require an in-house pager. Pagers can also be attached to drug cupboard keys to
allow rapid location of the keys in an emergency. All telephones should be equipped with controls that
allow the ringers to be turned down or off when appropriate.

15.22 Intercoms may be necessary, depending on the size and design of the unit. High quality equipment
that minimises static and voice distortion should be selected. Each unit should have a volume and on-off
control facility. It is important to consider their location carefully as they can add significantly to the noise
level in a unit.

15.23 Pneumatic tubes are getting renewed attention due to improvements in technology. They are capable
of transporting sealed specimens, small supplies, drugs and paperwork quickly and efficiently. They
must be strategically placed and have a good method for announcing the arrival of incoming tubes. A
light system to alert staff of the tube’s arrival is probably superior to an audible signal which adds to unit
noise level. The system should be located away from patient areas or on-call rooms.
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15.24 Patient monitoring systems will vary according to staff preference and the patient case mix of each
unit. Minimal monitoring standards for ICU’s can be found in Application for Recognition of Intensive
Care Units (Intercollegiate Board on Training for Intensive Care Medicine 1996) which is based upon
Guidelines for Purchasers of Intensive Care (Royal College of Anaesthetists, 1994). Provision should be
made in the design of new units for the installation of any likely future system. All electrical monitoring
systems must comply with the electrical safety regulations.

15.25 Physiological information derived from monitoring systems should be displayed at each bedside.
Wall or gantry mounted display units are preferable to free-standing units. The VDU should be readily
visible to staff and out of the patient’s line of vision. Slave VDU’s should be sited at the central station
and on-call room. Central hard copy recording, and down-loading of summarised information is
advantageous. It is useful to have compatible monitoring equipment for inter and intra-hospital transport
of patients, theatres and PICU.

Environment

15.26 The unit design should create a pleasant, safe environment that reduces stress for patients, families and
staff. Finishes, furnishings, lighting, heating, ventilation and views to the outside all contribute to
creating a healing environment. Negative influences such as noise, overcrowding, odours, and inadequate
heating and ventilation should be minimised.

15.27 Sophisticated computerised systems for variable setting and control of temperature, humidity,
ventilation and lighting are currently available and may be required for care areas likely to be used for
immunosuppressed patients or those with burns.

15.28 The concentration of technology, alarms and personnel all contribute to high noise levels in ICUs.
Sleep deprivation is a common finding in ICU patients and may have detrimental effects on the recovery
process. Reducing noise levels may reduce anxiety and stress levels in patients and staff and reduce sleep
deprivation. Much of what is accepted as necessary background noise is not and can be eliminated.
Every effort must be made to minimise noise. Consideration should be given to minimising noise by the
choice of sound absorbing materials, position of beds, doors, rest rooms, design of alarms and the use of
lights on telephones. Each device at the bedside and in the work areas should be evaluated for its
contribution to the unit’s noise level. The International Noise Council recommends that the noise level in
an ICU should be less than 45dBA in the daytime, 40dBA in the evening, and 20dBA at night (dBA is a
scale that filters out low frequency sounds and is more akin to the human hearing range than plain dB).
Research is in progress on the use of white sound to control environment noise.

General Services

15.29 All units must comply with relevant building, medical engineering and health and safety regulations.
Detailed structural and ergonomic design information for intensive care units is included in HBN 27 and
Hospital Technical Memoranda (HTM).. Fire safety regulations should comply with the Intensive Care
Society’s publication Fire safety in the Intensive Care Unit (1991) and Standards for Intensive Care
Units (199 ). Other sources of information include HTM 81, 82, 83, 85 and 87. Guidelines on other
services: electricity, ventilation, water supply and plumbing, heating, lighting, vacuum, oxygen,
compressed air, anaesthetic gases, nitric oxide, anaesthetic and toxic gas scavenging systems can also be
found in the above publications.
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16. Standards for Paediatric Intensive Care Audit

16.1  All hospitals providing intensive care or high dependency care for children are required to collect risk
adjusted ICU outcome data and data on patient volume and flow such as; length of stay, occupancy levels,
refused admission rates and to track the outcome of refusals. Nurse dependency levels and the occurrence
of interventions / therapeutic procedures should also be recorded along with an independent record of
critical incidents. Patients that were retrieved / transported by the paediatric intensive care retrieval team
and patients receiving particular interventions (such as extracorporeal support of various kinds, parenteral
nutrition or advanced modes of ventilation) should be recorded separately and in additional greater detail
for sub-group analyses. The Paediatric Intensive Care Study Group has a mandate to develop national data
returns for all children in intensive care along with specific datasets for children with respiratory failure,
head injury and meningococcal septicaemia respectively. The PICS transport sub-group has a similar
mandate for national data collection.

16.2  The onus upon clinical staff for data collection should be minimised for reasons of the quality of data
collection and transcription and in order to restrict the impingement of data collection responsibilities on
clinical care. Nevertheless the audit within each department should be the responsibility of a named
individual (and deputy) whose responsibilities include data quality and the writing of (annual) reports on
clinical performance in the care of critically ill children within the hospital. These individuals are also
encouraged to organise periodic peer review of their facility through PICS.

16.3  The risk adjustment tools used should be chosen to allow inter-unit and regional comparisons.
Assessment of disease severity must be independent of the effects of therapy (usually achieved by
restriction to admission or first contact data) and should include assessment of relevant premorbid
conditions. An assessment of post ICU morbidity and mortality are also recommended. Units should use
tools that have been validated for their in-patient population. When quoting their data they should
reference the validation or otherwise quote indices of discrimination and a calibration table for the index
that they have used. In practical terms this currently means:

* The use of the Paediatric Index of Mortality (PIM) for routine ICU audit and comparisons between
units or over time.

* Participation in the PICS Study Group’s collaboration with the Intensive care National Audit and
Research Centre (ICNARC) and the Sheffield School for Health and Related Research SCHARR in the
development of a morbidity prediction tool.

Data collection for PIM is included in the appendix.
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Appendix One

Required Bed Numbers

In the absence of a geographic imperative, a paediatric intensive care service should ideally be planned around
one Lead Centre per million children in the resident population. Admissions can be expected in the range of
1.2 per annum per 1000 children in the population and the average length of stay in British PICUs is about 4
days. This would make an average Lead Centre activity of 1200 admissions per year. To function at PICS
1996 standards (1 bed per 48,000 children) means Lead Centres 20 beds in size with about 60 admissions per
bed per year. Few PICUs in the UK function at this level of efficiency and to do so requires:

* Open access to all the intensive care beds for all patients (from whatever specialty) on the basis of need
and order of presentation.

* strict limits on level I activity within the PICU

* the ability to provide level I care outside the PICU (as is common in children’s hospitals)

* o bed congestion in the step-down wards

The number of PICU beds required for a given population has been modelled in more detail by Milne et al
(1994) by approximation to a Poisson distribution. Thus the number of beds necessary to satisfy demand 95%
of the time = X + 1.64vVX

Where X =

(N° of children in the population) x (rate of demand p.a.) x (mean length of stay)

365 x %occupancy

To use this model if more than one unit is envisaged, the population should be regarded as being divided in a
ratio matched by the relative size of each unit. In the worked examples below, the provision for a population
of 1 million children can be seen to be provided 95% of the time by four average performing, eight bedded
PICUs or one peak performing, 14 bedded PICU situated in a large children’s hospital.

Planning to provide cover for 95% of demand is however insufficient since it means that 1 in 20 referrals
cannot be accommodated and statistically such instances are likely to cluster during times of peak demand.
Significant case mix fluctuations occur throughout the year. Trauma is more common during school holidays
and particularly the summer months. Medical admissions and respiratory complications are more common in
the winter months leading to a seasonal increase in the average length of stay. A service designed to provide
sufficient capacity 95% of the time will particularly fail in the winter months. One way to alleviate the
problem is to plan to run the PICUs at a lower average occupancy than the 80% level used in the calculations
below. This leads to higher calculated bed requirement and an increased ability to accommodate peaks in
demand.

When services are divided into more than one PICU the overall number of beds required are increased, the

infrastructure is duplicated, the costs rise dramatically and the service is likely to become both less efficient
and less effective.
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Worked examples:

If one uses the model to determine the required numbers of beds for centralised and decentralised systems assuming that
both use beds as efficiently as each other then:

A population of 1 million children served by 4 PICUs with an average length of stay of 4 days (assuming 80%
occupancy) requires each PICU to have:

(250 * 1.2 * 4)/(365 * 0.8) = 4.1 beds to satisfy demand 50% of the time
and
4.1+ (1.64 *V4.1) = 7.4 ie 8 beds to satisfy demand 95% of the time

a total of 32 beds
A single ICU to serve the same population would require:

(1000 * 1.2 *4) / (365 *0.8) = 16.44 beds to satisfy demand 50% of the time
and
16.44 +1.64V16.44 = 23.01 ie 24 beds to satisfy demand 95% of the time

However the increased efficiency of a centralised system with a PICU in a specialist centre involves a shorter length of
stay. If we repeat the model and calculate the requirement taking this into account (lengths of stay taken from Lancet
1997 349: 1213 — 1217): a population of 1 million children served by one PICU with an average length of stay of 2.1 days
rather than 4 requires the PICU (assuming 80% occupancy) to have:

(1000 * 1.2 * 2.1) /(365 *0.8) = 8.63 beds to satisfy demand 50% of the time
and
8.63 + 1.64V8.63 = 13.4 ie 14 beds to satisfy demand 95% of the time
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Appendix Two: Nurse staffing

With accurate data relating to the spread of patient dependency, one can model nurse requirements as in PICS
standards 1996. The calculation is based upon staffing a unit with 5.5 WTE nurses per bed (an approximation
of 1 nurse per bed per shift) and then making a standard allowance for sick leave (x 1.22). Cover 95% of the
time requires staffing to this level plus two standard deviations in patient dependency (about the mean
dependency of 1 nurse per patient). This gives a figure of 6.4 WTE per bed.

It is possible to produce a variety of figures for different staffing structures using more complex algorithms but
practical experience has repeatedly endorsed the benchmark of 6.4 WTE per bed.

Worked example:

A PICU with 15 beds with nurses working a 3 shift roster (each nurse working 5 days per week). The mean dependency
on the unit is 1.5 nurses per patient per shift and the average occupancy is 80%. The unit uses nurse runners that is nurses
with no allocated patient who fetch and carry, or are used as a float assisting transiently more dependent patients and
covering for meal breaks.

Row |Category Formula Column B
No.

1 Mean dependency 15

2 Number of nursing shifts per day 3

3 Number of days worked per nurse per week 5

4 Allowance for sickness / annual leave 1.22

5 Number of beds in unit 15

6 Number of beds per runner 6

7 Occupancy 0.8

8 Number of bedside nurses (WTE/bed) B1*B2*(7/B3)*B4 7.69

9 Total number of nurses (includes 1 in charge per|(B8*B5)+(B8)+((B5/B6)*B8) |142.19

shift and runners)

10 Total number of bedside nurses B8/B5 115.29

11 WTE of bedside nurses per bed at capacity B10/B5 7.69

12 WTE of bedside nurses per bed at average|B7*B11 6.15
occupancy

13 Overall number WTE per bed at capacity|B9/B5 9.48
(includes 1 in charge per shift and runners)

14 Overall number WTE per bed at average|B7*B13 7.58
occupancy (includes 1 in charge per shift and
runners)

*  The unit requires 6.15 WTE bedside nurses per bed for its average occupancy.

*  When one includes the runners and the nurse in charge (who should not be providing bedside care or meal break
cover) this rises to 7.6 WTE per bed.

* Excluding runners the overall requirement (including a nurse in charge) is 6.6 WTE per bed at average occupancy).
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Appendix Three: Instructions for collecting PIM

See Intens Care Med 1997;23:201-7. PIM is calculated from information collected at the time a child is
admitted to your ICU. Because PIM describes how ill the child was at the time you started intensive care, the
observations to be recorded are those made at or about the time of first face-to-face (not telephone) contact
between the patient and a doctor from your intensive care unit (or a doctor from a specialist paediatric
transport team). Use the first value of each variable measured within the period from the time of first contact
to one hour after arrival in your ICU. The first contact may be in your ICU, or your emergency department, or
a ward in your own hospital, or in another hospital (eg on a retrieval). The pupils' reactions to light are used as
an index of brain function; do not record an abnormal finding if this is probably caused by drugs, toxins
or local injury to the eye. If information is missing (eg base excess not measured), record zero (except for
systolic blood pressure, which should be recorded as 120); PIM assumes that missing values are normal (eg
that the base excess is 0 if it is not measured). Variables 1-7 are descriptive variables that are not needed to
calculate PIM. Include all children admitted to your ICU.

Identifier (eg ICU admission number):

Age (months):

Diagnostic group (1=Resp, 2=CVS, 3=Postop, 4=Accident, 5=Neurol, 6=Other):

Date admitted to ICU (dd/mm/yyyy):

Days in ICU on this admission:

Endotracheal tube in situ at any time during this ICU admission (no =0, yes = 1):

Outcome of ICU admission (discharged from ICU = 0, died in ICU = 1):

Sl Ao S

Booked admission to ICU after elective surgery; or elective admission for a procedure (eg
insertion of a central line), or monitoring, or review of home ventilation (no =0, yes = 1):

9. Record the number in square brackets if the condition is present (if in doubt, record 0):

[0] none [5] cardiomyopathy or myocarditis
[1] cardiac arrest out of hospital [6] Hypoplastic left heart, <lmo, requiring
Norwood
[2] severe combined immune deficiency [7] HIV infection
[3] malignancy after completion of 1st induction [8] IQ <35, worse than Down's
[4] spontaneous cerebral haemorrhage from [9] a neurodegenerative disorder (progressive
aneurysm or AV malformation ongoing loss of milestones)

10. Response of pupils to bright light (>3mm and both fixed = 1, other = 0, unknown = 0):

11. Base excess in arterial or capillary blood, mmol/L (unknown = 0):

12. PaOy, mmHg (unknown = 0):

13. FiOy at time of PaOy if oxygen via ETT or headbox (unknown = 0):

14. Systolic blood pressure, mmHg (unknown = 120):

15. Mechanical ventilation at any time during the first hour in ICU (no =0, yes = 1):

Example of how to calculate PIM

Child has: pupils react (fixed = no = 0), myocarditis (specified diagnosis = yes = 1), emergency
admission (elective = no = 0), ventilated (= yes = 1), systolic blood pressure 40 mmHg, base excess -16.0
mmol/L, FiO3 1.00 and PaO5 60 mmHg.

PIM logit = (2.357x0) +(1.826 x 1) + (-1.552 x 0) +(1.342 x 1) + (0.021 x absolute(40 - 120)) + (0.071 x
absolute(-16.0)) + (0.415 x 100 x 1.00/60) - 4.873 = 1.803.

Predicted probability of death = el0it / (1 + elogity =2 71831.803 / (1 + 2.71831.803) = 0.8585, or 86%.

At <www.pedsccm.wustl.edu/clinical/pim-readme.html> there is a free programme that calculates PIM.
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Common mistakes in collecting PIM data

1.

10.

11.

Do not over-diagnose the specified conditions (number 7 on the form) - if there is any doubt, do not
record a specified condition. For example: do not code cerebral haemorrhage for intracerebral bleeding
associated with trauma; impaired cardiac function associated with sepsis or surgery should not be coded
as cardiomyopathy; Downs Syndrome should not be coded as 1Q <35; and a static disability should not
be coded as neurodegenerative (even if it is severe) unless there is progressive ongoing loss of milestones.
“Lymphoma/leukaemia after 1¥ induction” has been changed to “malignancy after 1* induction”.

You should record the first value of each variable from the time of first contact up to one hour after arrival
in your ICU (not the worst value).

If a variable is not measured within one hour of admission to ICU it should be coded as missing (for
example, if the first blood gas is not done until two hours after admission, the base excess and PaO, should
both be coded as missing). Missing data is treated as being normal when PIM is calculated.

The PIM equation is used to calculate the PIM logit. If any information is missing, that variable should
add nothing to the PIM logit. For example, if the PaO, or the F;0, is missing, the value of “0.415 x 100 x
Pa0,/FiO,” should be set to zero.

Record the FiO, being given at the same time that the first PaO, is measured (that is, both the FiO, and
PaO, that you record must relate to the same time).

Make sure that you are consistent about the PaO, units (all mmHg, or all kPa), and the FiO, (all between
0.0 and 1.0, not percentages between 0 and 100).

Read very carefully the definition, “booked [pre-arranged] admission to ICU after elective surgery; or
elective admission for a procedure (eg insertion of a central line), or monitoring, or review of home
ventilation”.

The pupils are only recorded as fixed if both are >3 mm, and both are fixed, and the finding is not caused
by drugs or toxins or direct injury to the eye.

If systolic blood pressure is not measured in the first hour, record 120 - do not record zero.

Randomly sample about every 20th admission to your ICU and get another person to collect the PIM data
independently a second time, so that you can check the accuracy of your data.

You should include all admissions to your ICU, not just selected cases.
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