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Abstract
After some well-publicised problems with paediatric cardiac surgery, there has been great interest
in England in monitoring clinical quality in specialised medical services. The National Commissioning
Group plans, funds and monitors a set of highly specialised services for the National Health Service
in England. We have developed systems for monitoring clinical quality that perform two
interrelated but distinct functions: performance measurement and performance improvement. The
aim is to collect information on all patients seen during each year – a 100% consecutive case series.
Generally, there is no conceptual difficulty identifying an appropriate outcome for surgical
interventions: the indication for surgery usually defines the outcome to monitor. This is not so for
the medical and psychiatric services, where the relevant outcome to monitor is sometimes not
obvious. There are a number of problems in interpreting, and acting on, outcome data for rare
conditions and treatments. These problems include statistical problems due to small numbers, the
need to risk adjust data and coding problems.

Introduction
After some well-publicised problems with paediatric car-
diac surgery in Bristol [1], there has been great interest in
England in monitoring clinical quality in specialised med-
ical services. The National Commissioning Group [2]
plans, funds and monitors a set of highly specialised serv-
ices for the National Health Service in England. These
services fall into three groups: surgical interventions; med-
ical or psychiatric care; and diagnostic procedures. We
have developed a system of monitoring these services
which we describe and discuss in this paper.

In developing and implementing systems for monitoring
clinical quality we have appreciated that they perform two
interrelated but distinct functions: performance measure-

ment and performance improvement. The purpose of per-
formance measurement is to ensure that all the centres
involved in providing a service are offering equivalent
quality. Promoting performance improvement through
review of outcome data is equally important.

In rare disease services we are dealing with complex multi-
component interventions. The number of patients is so
small that learning is unlikely to occur spontaneously
[3,4]. This is true even if we network at a health system
level. Therefore, we need mechanisms to actively drive
learning [3,4]. Learning will not happen passively, partic-
ularly in isolated single centres. The aim of our process for
monitoring outcomes is to contribute to developing
expertise and quality.
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Methods
For the surgical and medical group of services, the aim is
to collect information on all patients seen during the year
– a 100% consecutive case series. For each service, specific
outcome measures are chosen based on the characteristics
of the disease and the service. The main measures are set
out in Tables 1, 2, 3. When collecting outcome data we use
the following definitions:-

• Deaths – actual number of patients who died within a
set time period after the intervention e.g. three months.

• Survival – number and/or % of patients surviving within
a set time period after the intervention

• Mortality – number and/or % of patients dying within a
set time period after the intervention

• Median survival – the time period that 50% of patients
survive after the intervention

The data collected must be important to the centres them-
selves. They must regard data as a means to ensure they are
aware of their own performance related to the national
service as a whole. In practice, services usually become
aware of an unexpected run of worse outcomes before
data is formally analysed, but at a minimum the data col-
lection is necessary in case a centre does not recognise a

worsening of results. Collection and analysis of outcome
over time is particularly important to put into context
newly arisen concerns about performance at an individual
centre.

We do not impose outcome measures unilaterally, but
agree them with clinicians who provide the services.
Imposition of measures without agreement may impair
the constructive relationship between commissioners and
the services, reduce compliance, become a mechanical
exercise resented by the services and possibly lead to per-
verse incentives, such as not treating high-risk patients.
Agreement on outcomes also involves reassurance about
how we will interpret and use data on small numbers of
patients. A sceptic might argue that it is harmful to collect
outcome data because of the risk of misinterpretation. On
the other hand, data may, in spite of all its limitations,
suggest a possible difference in outcomes that needs fur-
ther exploration. The important thing is that the services
trust us to use the data sensibly.

In surgical services, the commonest outcome monitored is
survival, though sometimes another measure is more
appropriate: for example, visual acuity after an eye proce-
dure, or local recurrence after surgery for bone sarcoma.

Generally, there is no conceptual difficulty identifying an
appropriate outcome for surgical interventions: the indi-

Table 1: Clinical outcomes used as indicators to assess the performance of surgical services

Condition or Intervention Outcome measure

Bladder exstrophy Immediate complications
Bone cancer Three-year local recurrence
Adult Ventricular Assist Devices (Bridge to heart transplant) Survival
Child Ventricular Assist Devices/Extracorporeal Membrane 
Oxygenation (ECMO) (Bridge to heart transplant)

Deaths

Complex tracheal disease Deaths, Re-intervention, Stents, Repeated outpatient attendances, 
Repeated inpatient attendances.

Craniofacial surgery Appropriate measure not clear
Extracorporeal Membrane Oxygenation (ECMO) (adult) Survival without severe disability at 6 months
Extracorporeal Membrane Oxygenation 
(ECMO) (neonate & infants, children)

Survival to discharge

Malformation of female genital tract Research study published: 20-year outcome on sexual function [22].
Ocular oncology Loss of eye (primary and secondary enucleation); Local recurrence.
Oculo-odonto-kerato-prosthesis Visual acuity
Pseudomyxoma of peritoneum Complications, median survival
Pulmonary thromboendarterectomy In-hospital mortality
Retinoblastoma Deaths; Loss of eye (primary and secondary enucleation); Metastasis.
Severe Combined Immunodeficiency Deaths
Transplant – heart Mortality at 30 days after transplant; Survival one and five years after 

transplant
Transplant – liver Mortality at 90 days after transplant; Survival five years after transplant
Transplant – lung Mortality at 90 days after transplant; Survival one and five years after 

transplant
Transplant – pancreas Mortality at 90 days after transplant; Survival five years after transplant
Transplant – small bowel Mortality at 90 days after transplant; Survival five years after transplant
Vein of Galen malformation Deaths and disability
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cation for surgery usually defines the outcome to monitor.
This is not so for the medical and psychiatric services,
where the relevant outcome to monitor is sometimes not
obvious. In one or two services, a well-validated scale is
available to track improvement in the patient's disease.
Thus the Yale-Brown Obsessive Compulsive Score
(YBOCS) [5-7] meets this requirement. Before and after
treatment scores can be used to monitor the effectiveness
of treatment in the service for obsessive compulsive disor-
der (Figure 1).

Although all services aim to improve quality of life for
patients, two problems arise where no disease-specific val-
idated scale exists. Firstly, a generic measure may not be
sensitive to the type of change one can realistically expect,
even from a high quality service, in a condition with no
option for disease modifying treatment. Epidermolysis
bullosa provides an example of this. Secondly, generic
quality of life scores are expensive (many are protected by
copyright) and time consuming to administer. Hence bio-
chemical proxies, though imperfect, may have to do duty
as measures of the quality of medical care. Indices of gly-
caemic control in Alstrom syndrome are an example [8,9].

In the diagnostic services, the 'outcome' is a correct diag-
nosis. But since these are the national diagnostic centres,
the diagnosis they make is, in one sense, the 'correct' diag-
nosis by definition. Hence, our focus in these services is to

ensure participation in external quality assurance (EQA)
schemes, together with a laboratory inspection system.

So far we have discussed outcome in patients who have
attended a specialised service. But in a national system of
care, we need also to check that the centres are serving the
entire population of the country, and not just those who
live nearby, since distance between referrer and special-
ised centre can be a barrier to care [10,11]. To examine
this we use geo-spatial maps created in MapInfo©.

Results
Within this section we will use, as examples, data from
several services we commission. Outcome data collection
and analysis should also be used more broadly as part of
joint national audit involving all the centres for a particu-
lar service. The centres involved in each service are
expected to meet as a whole at least once per year in a for-
mal audit day. Here they present individual centre and
joint national audits, share experiences and discuss the
outcome data on all patients seen during the most recent
year (or years if the numbers are very small) – the 100%
consecutive case series (Figure 1 and Table 4). In this proc-
ess, centres compare outcomes, discuss apparent differ-
ences and learn from each other (Table 5). This is vital in
services involving small numbers of patients and impor-
tant but rarely seen complications [3,4,12].

Table 2: Clinical outcomes used as indicators to assess the performance of medical treatment and mental health

Condition or Service Outcome measure

Alstrom syndrome Appropriate measure not clear, there are biochemical markers of quality of care.
Chorioncarcinoma Deaths
Epidermoloysis bullosa Appropriate measure not clear, there are biochemical markers of quality of care.
Intestinal failure Annual mortality
Lysosomal storage disorders Quality of life scales currently in development
Mental health service for deaf adolescents Global function score
Obsessive compulsive disorder Yale-Brown Obsessive Compulsive Score
Paediatric liver disease Heterogeneous category: five marker conditions are under consideration; 

Hepatoblastoma, Biliary atresia, Tyrosinaemia, Autoimmune sclerosing cholangitis, 
Bile acid disease. For all of these survival is the outcome indicator.

Paediatric pulmonary hypertension Survival
Persistent Hyperinsulinemic hypoglycaemia of infancy (PHHI) Survival and disability
Secure forensic mental health service: for young people Health of the Nation Outcome Scales for Children and Adolescents (HONOSCA) 

and; Health of the Nation Outcome Scales (HONOS) Secure plus global function

Table 3: Clinical outcomes used as indicators to assess the performance of diagnostics

Condition Outcome measure

Amyloidosis External Quality Assurance Services (EQAS) plus external inspection
Mitochondrial disorders External Quality Assurance Services (EQAS) plus external inspection
Ophthalmic pathology External Quality Assurance Services (EQAS) plus external inspection to be arranged
Primary ciliary dyskinesia To be determined
Rare neuromuscular disorder External Quality Assurance Services (EQAS) plus external inspection
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The true prevalence and spatial distribution of many very
rare diseases is not known. When examining the geo-
graphical access to services, our working assumption is
that case ascertainment is likely to be most complete near
a specialised centre where awareness is high (Figure 2);
and that low rates distant from the centre are evidence of
poor access until proven otherwise (Figure 3).

Poor access may be a result of travel difficulties or failure
by local clinicians to recognise patients in need of highly
specialised care. Where a clear geographical inequity in
service use is found, options for action include the devel-
opment of collaborative arrangements with a local hospi-

tal, the commissioning of a new specialised centre or,
where appropriate, increasing awareness in non-referring
regions.

Discussion
There are a number of problems in interpreting, and act-
ing on, outcome data for rare conditions and treatments.
The first group of issues are statistical. For some services,
even though the National Health Service in England has a
population base of 50 million patients, there are too few
patients for meaningful statistical analysis. Examples
include congenital hyperinsulinism, bladder exstrophy
and the Vein of Galen malformation.

A further problem, particularly when centres are com-
pared with each other, is interpretation of crude outcome
data that are not adjusted for risk. This is especially diffi-
cult for conditions such as retinoblastoma, where on aver-
age there are only 50 new patients in the UK each year,
two types – bilateral and unilateral – with different under-
lying genetics, and four clinical grades relevant to treat-
ment and preserving vision.

Graph showing change in YBOC scoreFigure 1
Graph showing change in YBOC score. Patients with OCD/BDD admitted to Heather Ward, South West London and St 
George's Mental Health NHS Trust April 2007 to April 2008, with YBOC score at admission and at discharge or dropout.

Table 4: Visual acuity results after Osteo-Odonto-
Keratoprosthesis (OOKP) surgery

Result Number of Patients

> 6/12 19
6/18 – 6/60 9
< 6/60 2
No Improvement 6

Source: [23]
Page 4 of 8
(page number not for citation purposes)



Orphanet Journal of Rare Diseases 2008, 3:23 http://www.ojrd.com/content/3/1/23
Where numerical analysis is possible, other issues arise.
One example is the alert threshold at which further inves-
tigation is needed. This could be a relative or an absolute
threshold, for example a 10% difference in death rates or
an excess of 5 deaths above expectation. Setting such
thresholds is arbitrary and needs to be agreed with the
services. We have little experience of making these judge-
ments for outcomes other than mortality – it is not clear
what difference in quality of life outcomes, for example,
should trigger further action.

In services with more than one centre we look to see that
there are no statistically significant differences in outcome
between the centres (Table 5). For services with one centre
we can determine whether or not the centre meets an
agreed outcome threshold. In the Osteo-Odonto-Kerato-
prosthesis (OOKP) surgery service (Table 4) the agreed
threshold is a post-operative visual acuity of 6/12 or better
in at least 50% of patients.

'Expectation' may be set against the unit's own historic
performance, using a sequential test analysis such as the
variable life adjusted display (VLAD) [13,14], or the com-
parator may be based on the overall performance of all
units providing the same service [15]. In practice these
analyses are performed only for transplant services where
the volume of data is large enough, for example, for adult
liver and cardiothoracic transplant. These analyses are per-
formed by our colleagues at the national transplant organ-
isation [16] and by an academic unit within the Royal
College of Surgeons [17]. Whatever expectation is chosen,
problems of Type I and Type II errors remain in judging
the true meaning of any statistically significant difference
from expectation. There are other statistical techniques for
examining rare adverse events that may be useful, such as
g-type statistical control charts [18,19], but as yet we have
no experience of using these.

Ideally, we would like also to compare results at UK cen-
tres with the best international centres. This is rarely pos-
sible. Publications in the international literature are
almost always focused on selected subsets of the centre's

caseload rather than a 100% consecutive case series. Fur-
thermore, problems of comparability remain because the
centres in England, unlike those elsewhere, have responsi-
bility for all cases arising in England whereas specialised
centres in other health systems almost always have
selected caseloads. In addition, case-mix and threshold for
intervention may not be the same.

Our generic approach for investigating apparent change or
differences in outcome is to initiate a case note audit. If
problems are detected, the centres may change their clini-
cal practice appropriately. For example a transplant centre
may change its donor or recipient eligibility criteria; or a
surgical service may change its anticoagulant regime. If
problems persist and are clearly intractable, then we may
as a last resort request or require a centre to stop providing
the service.

Mapping patient attendance at specialised centres has
been discussed above. More properly when we consider
mapping data, we should measure, not just access to the
specialised service, but health outcomes. This potentially
takes two forms. First is the relationship between distance
to treatment centre and health outcome. We have not yet
used the geospatial data for this purpose. The second way
to look at health outcomes is to examine data for the
whole population of England, whether or not the special-
ised service has been accessed. This is only feasible where
mortality, or perhaps median age at death, is a relevant
outcome. Median age at death has been used, for example,
to judge the success of national health systems in caring
for people with cystic fibrosis [20].

Where geographical inequities persist, there are a number
of possible actions. These include educational initiatives,
development of outreach or shared care arrangements
between local services and the specialist centre, and estab-
lishing a new centre.

For the very rare conditions in the English national com-
missioning system, coding is a major obstacle to retrieving
the necessary mortality data. Almost none have their own

Table 5: Patient mortality by liver transplant centre for all adult patients between 1st March 1994 and 31st March 2006 in England.

Centre Total 90-day mortality % (95% CI) 5-Year mortality % (95% CI)

A 342 9.1 (6.5 – 12.6) 27.0 (22.2 – 32.5)
B 908 10.8 (9.0 – 13.0) 31.2 (27.8 – 34.9)
C 663 6.5 (4.9 – 8.7) 24.8 (21.3 – 28.7)
D 616 11.5 (9.3 – 14.3) 30.1 (26.4 – 34.2)
E 1247 6.1 (4.9 – 7.6) 26.9 (24.1 – 30.0)
F 1268 10.6 (9.1 – 12.5) 24.5 (22.1 – 27.2)

Source: [24]
Patient mortality by transplant centre up to 5 years post liver transplant for all adult patients who received a first liver transplant as elective 
between 1st March 1994 and 31st March 2006 in England
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Map of new amyloid referrals per 1 million population by English Strategic Health Authority 2007–08Figure 2
Map of new amyloid referrals per 1 million population by English Strategic Health Authority 2007–08. This map 
of new amyloid referrals to the specialist service covers England only and not Scotland, Northern Ireland or Wales.
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Map of Transplants for Severe Combined Immunodeficiency per 1 million population by English Strategic Health Authority 2006–07Figure 3
Map of Transplants for Severe Combined Immunodeficiency per 1 million population by English Strategic 
Health Authority 2006–07. This map of transplants for severe combined immunodeficiency covers England only and not 
Scotland, Northern Ireland or Wales.



Orphanet Journal of Rare Diseases 2008, 3:23 http://www.ojrd.com/content/3/1/23
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

ICD code, but are included in larger categories (e.g. ICD-
10 E75.2 includes Fabry's, Gaucher, Krabbe, Niemann-
Pick, Farber's syndromes, metachromatic leukodystrophy,
sulfatase deficiency). Choriocarcinoma is an exception
with the ICD-10 code C58, but the number of deaths each
year is so small (one or two) that coding errors become an
important concern. Consequently, we have to ask the
services to provide activity data themselves. Routine hos-
pital data systems are unreliable because of the lack of
codes for highly specialised treatments.

Finally, we regularly monitor patients' compliments and
complaints about services. The UK literature suggests
patients do not reliably judge the technical quality of their
care against objective standards [21]. However, each cen-
tre is expected to carry out a patient satisfaction survey
every three years, because we believe this gives an indica-
tion of the quality of the process of clinical care.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
TDK participated in the design and coordination of this
article and drafted the manuscript. EGJ conceived of the
article, and participated in its design and helped to draft
the manuscript. WHG participated in drafting and revis-
ing the manuscript. All authors read and approved the
final manuscript.

References
1. Kennedy I: The Report of the Public Inquiry into children's

heart surgery at the Bristol Royal Infirmary 1984–1995.  The
Bristol Royal Infirmary Inquiry 2001.

2. National Commissioning Group for Highly Specialised Serv-
ices   [http://www.ncg.nhs.uk/]

3. Klein G: Sources of power: How People Make Decisions Cambridge, Mas-
sachusetts: MIT Press; 1999. 

4. Shanteau J: Competence in Experts: The role of task charac-
teristics.  Organisational Behaviour and Human Decison Processes 1992,
53:252-266.

5. Scahill L, Riddle MA, McSwiggin-Hardin M, Ort SI, King RA, Goodman
WK, Cicchetti D, Leckman JF: Children's Yale-Brown Obsessive
Compulsive Scale: Reliability and Validity.  Journal of the Ameri-
can Academy of Child & Adolescent Psychiatry 1997, 36(6):844-852.

6. Goodman WK, Price LH, Rasmussen SA, Mazure C, Delgado P,
Heninger GR, Charney DS: The Yale-Brown Obsessive Compul-
sive Scale. II. Validity.  Arch Gen Psychiatry 1989,
46(11):1012-1016.

7. Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL,
Hill CL, Heninger GR, Charney DS: The Yale-Brown Obsessive
Compulsive Scale. I. Development, use, and reliability.  Arch
Gen Psychiatry 1989, 46(11):1006-1011.

8. Maffei P, Boschetti M, Marshall JD, Paisey RB, Beck S, Resmini E, Collin
GB, Naggert JK, Milan G, Vettor R, et al.: Characterization of the
IGF system in 15 patients with Alstrom syndrome.  Clinical
Endocrinology 2007, 66(2):269-275.

9. Marshall JD, Beck S, Maffei P, Naggert JK: Alstrom Syndrome.  Eur
J Hum Genet 2007, 15(12):1193-1202.

10. Jordan H, Roderick P, Martin D, Barnett S: Distance, rurality and
the need for care: access to health services in South West
England.  International Journal of Health Geographics 2004, 3(21):.

11. Haynes R, Bentham C, Lovett A, Gale S: Effects of distances to
hospital and GP surgery on hospital inpatient episodes, con-

trolling for needs and provision.  Social Science and Medicine 1999,
49:425-433.

12. Crandall B, Getchell-Reiter K: Critical Decison Methods: A tech-
nique for eliciting concrete assessment indicators from the
"intuition" of NICU nurses.  ANS Adv Nurs Sci 1993, 16(1):42-51.

13. Lovegrove J, Valencia O, Treasure T, Sherlaw-Johnson C, Gallivan S:
Monitoring the results of cardiac surgery by variable life-
adjusted display.  Lancet 1997, 350(9085):1128-1130.

14. Sherlaw-Johnson C: A Method for Detecting Runs of Good and
Bad Clinical Outcomes on Variable Life-Adjusted Display
(VLAD) Charts.  Health Care Management Science 2005, 8(1):61-65.

15. Poloniecki J, Sismanidis C, Bland M, Jones P: Retrospective cohort
study of false alarm rates associated with a series of heart
operation: the case for hospital mortality monitoring
groups.  BMJ 2004.

16. Welcome to UK Transplant   [http://www.uktransplant.org.uk/
ukt/default.jsp]

17. Clinical Effectiveness Unit   [http://www.rcseng.ac.uk/
surgical_research_units/ceu]

18. Benneyan JC: Number-Between g-Type Statistical Quality
Control Charts for Monitoring Adverse Events.  Health Care
Management Science 2001, 4:305-318.

19. Benneyan JC, Lloyd RC, Plsek PE: Statisical Process Control as a
tool for Research and Healthcare Improvement.  Quality and
Safety in Health Care 2003, 12:458-464.

20. Fogarty A, Hubbard R, Britton J: International Comparison of
Median Age at Death From Cystic Fibrosis.  Chest 2000,
117(6):1656-1660.

21. Rao M, Clarke A, Sanderson C, Hammersley R: Patients' own
assessments of quality of primary care compared with objec-
tive records based measures of technical quality of care:
cross sectional study.  BMJ 2006, 333(7557):19-22.

22. Nadarajah S, Quek J, Rose G, Edmonds D: Sexual function in
women treated with dilators for vaginal agenesis.  Journal of
Pediatric and Adolescent Gynecology 2005, 18(1):39-42.

23. Liu C, Okera S, Tandon R, Herold J, Hull C, Thorpe S: Visual Reha-
bilitation in end stage inflammatory Ocular Surface Disease
with the Oesto-Odonto-Keratoprosthesis (OOKP): Results
from the United Kingdom.  British Journal of Ophthalmology 2008.

24. Charman S, Copley L, Meulen Jvd, Barber K, Pioli S, Collett D: UK &
Ireland Liver transplant Audit: Annual report to the
National Specialist Commissioning Advisory Group.  London:
Clinical Effectiveness Unit: Royal College of Surgeons of England;
2007. 
Page 8 of 8
(page number not for citation purposes)

http://www.ncg.nhs.uk/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2510699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2510699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2684084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2684084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17223998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17223998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17940554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15456514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15456514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15456514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8311424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8311424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8311424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9343500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9343500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9343500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15782513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15782513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15782513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14751918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14751918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14751918
http://www.uktransplant.org.uk/ukt/default.jsp
http://www.uktransplant.org.uk/ukt/default.jsp
http://www.rcseng.ac.uk/surgical_research_units/ceu
http://www.rcseng.ac.uk/surgical_research_units/ceu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11718462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11718462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10858398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10858398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16793783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16793783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16793783
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Competing interests
	Authors' contributions
	References

