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1. EXECUTIVE SUMMARY

This annual report describes 30-day mortality after intrathoracic transplantation for patients
who received a first heart, lung or heart-lung transplant between 1 July 1995 and 31 March
2011 in the UK. Ninety-day mortality is reported for transplants between 1 July 1995 and 31
December 2010, as 90-day outcomes were awaited for a significant proportion of
transplants in the last 3 months of the reporting period.

Centre specific results are reported for the most recent periods, April 2008 to March 2011,
and April 2010 to March 2011. Mortality rates at 1, 3, 5 and 10 years are also presented.
One, three and five-year outcomes are reported for (a) the period as a whole, (b) April 2007
to March 2010, (c) April 2005 to March 2008 and (d) April 2003 to March 2006. Ten year
results are reported for the whole period only. Centre specific survival curves to 10 years
are presented. Curves are constructed for the cohort as a whole and for the subsets of
patients who survived beyond 30-days and beyond 1-year.

The results are presented separately for adult heart transplantation, paediatric (<16 years)
heart transplantation, and lung transplantation in adults. A brief report on lung
transplantation in children is also included.

As previously, 30 and 90-day mortality is compared with and without case-mix adjustment
for major risk factors for adult heart and adult lung transplantation. One-year outcomes
after adult heart transplantation are also presented with adjustment for case-mix. For the
first time, one-year outcomes after adult lung transplantation are also presented with
adjustment for case-mix. Paediatric heart and lung transplant outcomes continue to be
presented without case-mix adjustment, as there are insufficient data to develop risk
models for these groups. In addition to reporting results by transplant centre, we also
report early mortality by retrieval centre.

The “centre-effect” measure used to compare outcomes across centres remains unchanged
from our previous annual reports: we have continued to use the ratio of (observed-expected
deaths)/expected deaths. We also compare centres by showing risk-adjusted mortality
rates at 30 and 90-days on a funnel plot with 95% and 99% confidence limits.

The report shows cumulative observed-expected 30 and 90-day mortality after heart and
lung transplantation, without risk adjustment (all transplants) and with risk-adjustment
(adult transplants only) for transplants in the period January 2004 to March 2011 (30-day
mortality) or December 2010 (90-day mortality). Tabular CUSUM charts for this period are
also reported. As previously, overall cumulative mortality rates, and moving average rates
based on six months data are presented.

The case-mix adjustments for the adult heart and lung transplant programmes have been
used in an attempt to take account of differences in risk between patients treated at
different centres. The datasets have relatively small numbers of cases on which to base the
adjustment; so there may be important factors that have not been included because there is
insufficient power to be able to detect them. Risk adjustment is an approximation; it is
always incomplete and inadequate.



As last year the use and outcome of ventricular assist devices (VAD) as a bridge to
transplantation and as short-term support after heart transplantation is described.

For paediatric heart transplantation, the additional subgroup analyses included in the last
three reports have been updated.

Adult heart transplantation: During the study period 2369 transplants were reported, 90
more than included in our last annual report, which reported on transplants to March 2010.
Overall, the unadjusted 30 and 90-day mortality remained stable at 12.2% (95%CI 10.9% to
13.6%) and 14.8% (95%Cl 13.4% to 16.3%) respectively. 30-day mortality in the period since
April 2008 was 13.1% (95%Cl 9.3% to 17.7%) and 16.7% (95%Cl 12.2% to 21.9%) died within
90-days.

In recent years, centres have carried out more “high risk” transplants than previously, due
to increasing use of organs from older donors and longer ischemia times. The recipients
themselves are also sicker, as evidenced by an increase in the numbers transplanted under
the urgent heart allocation scheme (29% in the year to March 2008 vs. 54% in the year to
March 2011). However, this has not translated into a notable increase in mortality.

For the period since April 2008, Harefield reported significantly more early deaths (within
30-days and within 90-days) than expected after adjustment for differences in case-mix.
This increase in mortality caused the continuous monitoring chart to signal in August 2008
for both 30-day and 90-day mortality and in June 2009 (90-day mortality). During the last
audit year Harefield continued to have more deaths than expected after adjustment for
differences in case-mix but the number of transplants is few and was not sufficient to cause
further signalling of the continuous monitoring chart.

The 1-year survival for the whole cohort was 80.8% (95%Cl 79.1% to 82.3%); 75.6% (95%Cl
73.8% to 77.3%) survived to 3-years and 70.8% (95%Cl 68.8% to 72.6%) survived to 5-years.
These survival rates are slightly lower than those reported by the United Network for Organ
Sharing (UNQS) in the United States (87%, 79% and 72% at 1, 3 and 5 years respectively)

The report on VAD activity and outcome shows that 86% (95%Cl 82% to 90%) of 303
patients given a long-term VAD were alive at 30-days and 30% went on to receive a
transplant. In patients given mechanical support post transplantation for primary graft
failure the VAD was implanted for a median of 8 days. These observations are based on
small numbers and we are currently unable to adjust for case-mix both because of the small
number of events and the limitations of the data available. A more comprehensive dataset
has recently been introduced which will allow such analyses in the future.

Paediatric heart transplantation: 421 paediatric patients received a first transplant during
the study period, 39 more than included in our last annual report, which reported on
transplants to March 2010. The 30-day mortality rate for the entire cohort was 4.3% (95%ClI
2.6% to 6.7%) and 6.6% (95%Cl 4.4% to 9.5%) died within 90-days. Since April 2008, three
children (2.9%, 95%Cl 0.6% to 8.3%) died within 30 days and six (6.7%, 95%Cl 2.5% to 13.9%)
died within 90-days.



Overall, 92.0% (95%CI 89.0% to 94.3%) of children were alive at 1-year; 86.1% (95%Cl 82.1%
to 89.2%) were alive at 3-years and 81.4% (95%Cl 76.8% to 85.2%) were alive at 5-years.
Both short and long-term survival has improved over time.

Adult lung transplantation: 2103 adult lung transplants were identified, 166 transplants
have been accrued in the year to March 2011, since our last annual report. The 30-day
mortality rate for the whole audit period was 10.1% (95%Cl 8.9% to 11.5%). In all, 98
patients died between 30 and 90-days, giving a 90-day mortality of 15.1% (95%Cl 13.6% to
16.8%). Early mortality has continued to fall with time; since April 2008, the 30-day
mortality rate was 6.8% (95%Cl 4.6% to 9.5%) and 9.9% (95%CI 7.2% to 13.3%) died within
90-days. In 2010/11 there were 13 deaths within 30-days (7.8%) and 15 (13.2%) deaths
within 90-days.

In contrast to the adult heart transplant programme, the transplant “risk” for lung
transplantation has declined over time. Previous analyses of the audit cohort have shown
that this is due, at least in part, to the increased use of bilateral sequential lung
transplantation in preference to single lung and heart lung transplantation, a change which
has contributed to the reduction in mortality.

For the period since April 2008, Birmingham reported significantly more deaths within 30-
days than expected after adjustment for differences in case-mix. This was sufficient to
trigger a signal on the continuous monitoring chart in 2009, but only retrospectively after
the target mortality rates were changed. The prior period had included a short run of
deaths in 2008 that had already been investigated internally. In the last audit year, there
have been no deaths within 30-days in the eleven patients transplanted at Birmingham.

Overall, 76.0% (95%Cl 74.1% to 77.8%) recipients were alive one year after their operation;
61.8% (95%Cl 59.5% to 64.0%) were alive at 3 years and 51.7% (95%Cl 49.2% to 54.0%) were
alive at 5 years. Again these survival rates are slightly lower than those reported by UNOS
(83%, 68% and 55% at 1, 3 and 5 years respectively. However, at 10-years unadjusted
survival is higher in the UK (32% vs. 26%).

Paediatric lung transplantation: The paediatric lung transplant programme is very small
with just 100 grafts reported since the audit began. The majority of children had cystic
fibrosis and received a heart-lung transplant (38, 38%), although this is changing; only two
heart-lung transplants have been carried out since April 2007. The 30-day mortality for the
group as a whole was 9.0% (95%Cl 4.2% to 16.4%) and 83.7% (95%Cl 74.8% to 89.7%) were
alive at 1-year. Of the transplants carried out since August 2000 there have been three
deaths within 90-days of surgery.

Finally, the interpretation of results presented in this report is not straightforward. There
are several caveats: (1) some of the analyses are unadjusted for risk factors and case-mix,
(2) risk adjustment (when present) is always incomplete and inadequate, (3) there were
multiple comparisons, which incorporates dangers related to performing multiple statistical
tests, and risks obtaining ‘chance’ findings (4) we cannot take account of differences in the



management of patients on the waiting list for intrathoracic transplantation or differences
in post-transplant management with the data currently available.

Where results are unadjusted for risk factors interpretation should proceed with extreme
caution, as should comparisons with data from other registries, which may not have
rigorous data validation procedures. Furthermore, in many analyses the number of
transplants considered is relatively small and estimates will necessarily be imprecise. An
analysis of the potential causes of the differences between the centres can only be done
within a collaboration of the audit and cardiopulmonary transplant centres. This has not
been undertaken, so it would be inappropriate to go beyond the conclusions that are
presented in this report.



2. INTRODUCTION

In this report 30-day, 90-day, 1-year, 3-year, 5-year and 10-year mortality after first
intrathoracic transplantation at all cardiopulmonary transplant centres in the United
Kingdom is presented. Centre-specific 30-day and 90-day mortality is reported for the more
recent cohorts (a) April 2008 to March 2011 (December 2010 for 90-day mortality) and (b)
April 2010 to March 2011 (December 2010 for 90-day mortality). One-year outcomes are
reported for the period as a whole and for the period April 2007 to March 2010, 3-year
outcomes are reported for the period as a whole and for the period April 2005 to March
2008 and 5-year outcomes are reported for the period as a whole and for the period April
2003 to March 2006. Ten-year mortality rates are reported for the whole period only.

Results for adult (age > 16 years at transplant) heart and lung transplants and paediatric
heart and lung transplants are reported separately. All lung transplants are considered
together. Centre-specific outcome results are not presented separately for heart-lung,
single and bilateral sequential lung grafts as the number of grafts accrued to each sub-
programme each year is few. A report on the paediatric lung programme is also included.

The results for 30-day, 90-day and 1-year mortality after adult heart transplantation and 30-
day and 90-day mortality after adult lung transplantation are presented both with and
without adjustment for case-mix. The risk models used for case-mix adjustment have all
been developed specifically for this audit.

Continuous monitoring charts for 30 and 90-day mortality (cumulative observed-expected
mortality and tabular CUSUM) are presented for data accrued since January 2004. For the
adult transplant programmes the cumulative observed-expected mortality is shown with
and without adjustment for risk. Paediatric recipient outcomes are unadjusted for risk.

The additional subgroup analyses of the cohort undergoing paediatric heart transplantation
added to the 2008 report at the request of the transplant team from Great Ormond Street
have been updated.

For the fifth year the report also includes data on the use and outcomes of ventricular assist
devices (VAD).

UK Cardiothoracic Transplant Audit

The UK Cardiothoracic Transplant Audit is a multi-centre prospective cohort study. The
audit has donor, recipient and outcome data on all cardiothoracic transplants undertaken in
the UK since April 1995. Information is submitted to NHSBT when the patient is registered
on the national transplant waiting list, at transplantation, and three months post transplant
and annually thereafter until death. These data are transferred to UK Cardiothoracic
Transplant Audit team based at the Clinical Effectiveness Unit (CEU) of the Royal College of
Surgeon’s of England (RCS) on a monthly basis. At 31 March 2011, 5166 transplants had
been registered with the Audit (see Figure 1). This dataset is subjected to on-going
computer-based validation for missing and inconsistent data and a number of validation



checks against case notes have been undertaken. Results of the last case note validation
exercise can be found in our 2008 report to NSCT.

The content of this report has been extended to include

e risk adjustment for 1-year mortality after adult lung transplantation
e 5-year mortality for the three-year period April 2003 to March 2006

The audit is undertaken by a project team, overseen by a steering group, comprising the
directors of all cardiopulmonary transplant centres in the UK, the director of the CEU, and
representatives from NHSBT and the National Commissioning Group. The Steering Group
approves all output from the audit prior to publication. All units received a draft of this
report and feedback received has been incorporated in this final report.

Key issues in the analysis and interpretation of data

The key issue in the interpretation of possible differences in mortality amongst centres is
that of trying to explain variability. There are 3 possible sources of variability:

(1) Differences between patient and donor risk factors (“case-mix”
(2) Differences between centres in the process of care
(3) Random variation

Adjustments for case-mix where possible and the quantification of the uncertainty in the
mortality estimates are therefore essential elements in the comparison of transplant
centres.  Adjustment for case-mix is an approximation; it is always incomplete and
inadequate. Case-mix can never be excluded as a source of differences between centres,
even when risk adjusted estimates are available. This is due to what is sometimes referred
to as “residual confounding”. Residual confounding can affect the size of the adjustment
but not its direction (i.e. whether the risk adjusted estimates are higher or lower than the
unadjusted estimates).

Ventricular assist device audit

The UK ventricular assist device (VAD) service was provisionally designated and
commissioned by NCG from April 2001 as a method to bridge patients with severe heart
failure to heart transplantation. Detailed data were collected on all patients implanted with
VADs between April 2002 and December 2004 as part of the Evaluation of Ventricular Assist
Device Program UK (EVAD) study, funded by the NHS R&D Health Technology Assessment
(HTA) programme. Following the EVAD study, Papworth Hospital continued to record VAD
activity at Papworth, Harefield and Newcastle for VADs that were funded by NCG for the
purposes of bridge to transplant. From January 2007, it was agreed that the responsibility
for data collection and reporting would transfer to NHS Blood and Transplant.



Data collection had been limited and focused on basic outcome and demographic
information. A more extensive audit was launched in Autumn 2009, which will enable more
detailed data collection and analysis of risk factors and outcomes.

Real time monitoring of early mortality following transplantation

In addition to the CUSUM monitoring presented in this report, real-time CUSUM monitoring
has been performed on a monthly basis since October 2006 and is ongoing. Unadjusted
observed — expected (O-E) mortality charts, with any signals resulting from a tabular CUSUM
superimposed, and tabular CUSUM charts are sent to centres and show performance since
January 2004 (see section 3 for further details). Real-time monitoring provides a tool for
internal auditing and enables the prompt detection of any significant changes in mortality
rates. The expected rate used to monitor for changes differs between the centres. For
centres with previous mortality rates higher than the national rate, the national rate is used
as the expected rate while for centres with mortality rates below the national rate a centre-
specific rate is used. Expected rates have been calculated based on transplants performed
between 2000 and 2003, with more recent transplants given greater weight.

Details of adult heart transplant signals at Papworth and Glasgow in 2007, and Harefield in
2008 were presented in the 2008 audit report. Details of an adult lung transplant signal at
Birmingham and a paediatric heart transplant signal at Great Ormond Street Hospital were
subsequently presented in the 2010 audit report.



3. METHODS

Patients

All patients who received their first heart and/or lung transplant between July 1995 and
March 2011 inclusive were considered. Multi-organ transplants (e.g. combined heart and
kidney grafts), re-grafts, heterotopic heart transplants and living donor lobar-lung
transplants were excluded. In total 173 transplants were excluded, 3.3% of the transplant
cohort (see Figure 1). The last reported heterotopic transplant was carried out in September
2003. There have been 4 re-transplants in the last year (2 heart and 2 lung).

Figure 1 Data cohort for the report

Transplants reported
1 July 1995 — 31 March 2011

N=5166
| 1
Heterotopic Lobar lung ) Re-transplant Multi-organ*
heart from a living First transplant N=91 N=36
N=40 donor N=4393
N=9

| |
Adult Paediatric
N=4472 N=521
| |
| |

| |
Heart Lung Heart Lung
N=2369 N=2103 N=421 N=100

* includes 3 re-transplants

30-day follow-up

The 30-day outcome was known definitively for all but 3 eligible adults. These 5 patients
were discharged at 19, 27 and 29 days after the transplant and no follow-up data has been
reported since then. For this report these patients were assumed to be alive at 30 days.



90-day follow-up

The 90-day outcome was known definitively for 98.0% of transplants. For the remaining 55
transplants, the three month follow-up visit took place before the three-month anniversary
(median 81 days). For this report the 48 patients followed for at least 60 days were assumed
to be alive at 90 days. The other seven transplants were omitted due to insufficient follow-

up.
1-year follow-up

Twelve month data had been returned for all but 18 eligible transplants (i.e. transplants
carried out before April 2010). The 1-year outcome was known definitively for 96.7% of
these transplants. For the remaining 162 transplants, the 12-month follow-up visit took
place before the first anniversary (median 338 days).

3-year follow-up

Three-year data had been returned for all but 56 transplants carried out before April 2008.
The 3-year outcome was known definitively for 96.3% of transplants.  For the remaining
182 transplants, the 36 month follow-up visit took place before the third anniversary
(median 1034 days).

5-year follow-up

Five-year data had been returned for all but 72 transplants carried out before April 2006.
The 5-year outcome was known definitively for 96.7% of transplants.  For the remaining
165 transplants, the 5 year follow-up visit took place before the fifth anniversary (median
1738 days).

10-year follow-up

Ten-year data had been returned for all but 55 transplants carried out before April 2001.
The 10-year outcome was known definitively for 97.5% of transplants. For the remaining
123 transplants, the 10 year follow-up visit took place before the tenth anniversary (median
3523 days; 9.6 years).

Adult heart transplantation

A total of 2369 adults received their first orthotopic heart transplant at one of the nine
transplant centres. Fourteen adults were transplanted at the paediatric unit at Great
Ormond Street.

Eight-two cases were excluded from the risk-adjusted analyses due to missing registration
data (79 cases, 67 registered before the audit began) or missing transplant data (3). Of the
excluded cases, only 11 were transplants since April 2001, the remaining 71 transplants
were carried out earlier, 46 in the first audit year.



Paediatric heart transplantation

A total of 421 paediatric (< 16 years) first heart transplants were undertaken between July
1995 and March 2011 inclusive. All but five were undertaken at one of three transplant
centres: Newcastle, Harefield and Great Ormond Street. The other five transplants, in
children aged 12-15 years, were carried out at three different centres: Glasgow (2),
Papworth (1), Manchester (1) and Birmingham (1). Harefield ceased transplanting paediatric
patients in March 2001. In May 2005 one further paediatric transplant in a 15-year old was
reported.

Adult lung transplantation

A total of 2103 adults (> 16 years) received their first lung transplant at one of the eight lung
transplant centres. Twenty-four adults were transplanted at the paediatric unit at Great
Ormond Street.

One hundred and eleven cases were excluded from the risk-adjusted analyses due to
missing registration data (107 cases, 98 registered before the audit began) or missing
transplant data (4). Of the excluded cases, only 10 were in transplants since April 2001, the
remaining 101 transplants were carried out earlier, 50 in the first audit year.

Paediatric lung transplantation

One-hundred children (<16 years) received their first lung transplant (all types) during the
study period.

Patient waiting lists

At 31 March 2011, a total of 355 patients were waiting for a cardiothoracic transplant, 37
fewer than at the same time in 2010. The greatest number of patients were waiting for a
lung transplant (Table 1).

Patient mortality

Unadjusted mortality at 1-year and beyond is estimated using the Kaplan-Meier method,
thereby allowing all recipients to be included, irrespective of the duration of follow-up.

Patients who remain alive at the end of follow-up are treated as censored observations.

All estimates of mortality are reported with 95% confidence intervals.
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Table 1 Patients on the cardiothoracic transplant lists at 31 March 2011 (2010) in the UK,

by centre
T e
Centre Heart Heart/lung Lung All organs
Non-urgent Urgent

23 (18) 7 (3) 1 (1) 64  (78) 95  (100)
Papworth 30 (24) 1 (1) 6 (6) 27 (26) 64 (57)
Harefield 30 (31) 0 (0) 2 (2) 57  (77) 89  (110)
Birmingham 8 (14) 2 (0) 2 (3) 20  (21) 32 (38)
10 (17) 1 (1) 0 (0) 34 (45) 45 (63)
Glasgow 6 (7) 0 (0) 0 (0) 0 (1) 6 (8)
9 (7) 3 (3) 2 (0) 10  (6) 24 (16)

116 (118) 14 (8) 13 (12) 212 (254) 355 (392)

! Adult and paediatric patients on the transplant list

Risk adjustment

Sufficient data have been accrued to the audit database to allow for the assessment of risk
factors for early mortality after heart and lung transplantation in adults, and the calculation
of risk adjusted estimates of mortality. The numbers of paediatric transplants undertaken
remains insufficient to enable risk adjustment, so results from these programmes are
unadjusted for potential risk factors.

The 30-day risk model for adult heart transplantation was described in our 2003 annual
report. Validation of the heart model in a cohort of 386 transplants was reported in the
2004 annual report. For this report the 30-day model for adult heart transplantation was
extended to include adjustment for transplants in patients with congenital heart disease, as
this risk-factor reached statistical significance at the 10% level (p=0.09) after adjustment for
the factors previously identified. The 30-day risk model for adult lung transplantation was
reviewed and updated for this report. Factors considered for inclusion in the risk
adjustment model were (a) those identified previously from this audit and (b) those
identified from the International Society for Heart and Lung Transplantation Registry®.
Factors which reached statistical significance at the 10% level were retained in the final
model, which included diagnosis group, transplant type, ischemia time, recipient pre-
transplant bilirubin, difference between donor and recipient height and era of transplant.

As many of the factors pertinent to 30-day survival will also be relevant for 90-day survival
for this report we have again used a model with the same risk factors as the 30-day models.

! Christie, JD et al. J Heart Lunt Transplant, 2011, doi:10.1016/j.healun.2011.08.004
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For this report the coefficients (relative importance of each factor) for both 30 and 90-day
mortality were estimated using data to March 2008.

The risk models for 1-year mortality after adult heart and lung transplantation use the Cox
proportional hazards regression model, rather than the logistic regression model, which was
used for our early outcome models. The Cox model was chosen for two reasons: firstly it
considers actual survival times and so distinguishes between patients who die soon after
their transplant and those who survive several months, the logistic model would not
distinguish between a death at 10 days and a death at 10 months; and secondly it allows all
recipients to be included, irrespective of the duration of follow-up. As the time since
transplant increases the patient’s follow-up appointments often fail to coincide with the
audit follow-up points. By analysing the actual time from transplant, patients whose follow-
up appointment falls short of the anniversary of their transplant are not excluded. All
patients who remained alive at 1-year or at the end of follow-up (if less than 1 year) are
treated as censored observations. Details of the risk factors considered and included in the
model for adult heart transplantation were given in the 2005 annual report.

For this report a risk model for 1-year mortality after lung transplantation was developed.
Factors considered for inclusion in the risk adjustment model were (a) those included in the
30-day mortality model and (b) those identified from the International Society for Heart and
Lung Transplantation Registryz. Factors which reached statistical significance at the 10%
level were retained in the final model, which included recipient age at transplant. forced vital
capacity (FVC) at listing, pre-transplant bilirubin, diabetes, ventilated pre-transplant,
diagnosis group, transplant type, ischemia time, donor CMV positive and recipient CMV
negative and era of transplant.

Missing data

Missing data for specific risk factors were treated as follows: for risk factors with fewer than
2% missing data, cases with missing data were assigned to the most prevalent risk category.
For recipient risk factors with 2% or more missing data, missing values were imputed, where
it was felt that there was sufficient clinical data available on which to base the imputation.
For other recipient variables and all donor variables with 2+% missing data, a specific “data
missing” category was created. The imputation methods used were described in our 2003
annual report.

Centre comparisons: the centre effect

The standardised difference between the observed and expected number of deaths at each
centre, as estimated from the risk models, was used as a basis for the comparison between
centres. A negative value for the standardised difference (centre effect) indicates fewer
deaths than expected and a positive value more deaths than predicted. If no deaths are
observed during the study period the standardised difference reduces to —1.

2 Christie, JD et al. J Heart Lunt Transplant, 2011, doi:10.1016/j.healun.2011.08.004
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For completeness, centre effects, unadjusted for patient risk, are also reported for all
transplant programmes. Expected mortality rates are derived from the audit. Expected 30-
day mortality rates for transplants in adults have been set at 12.38% for heart
transplantation and 5.04% for lung transplantation. The corresponding expected rates for
90-day mortality are 14.24% and 9.01% respectively. These figures correspond to the
mortality rates in the UK for the 3-year period April 2005 to March 2008. These are the
same rates as used in previous reports (December 2005 onwards) and were chosen to
reflect recent practice. For heart transplantation the national mortality rate has fairly
remained stable over the 15-years of the audit but for lung transplantation there has been a
notable reduction in early mortality in recent years.

For paediatric heart transplantation activity is much lower and the estimates much less
precise. In previous reports in order to use as precise an estimate as possible the expected
mortality rate was derived from the full audit period. However, using an estimate based on
15-years of activity did not acknowledge that mortality rates have reduced in recent years.
To better reflect current practice for this report mortality rates in the UK for the 3-year
period April 2002 to March 2005 were chosen. For heart transplantation the expected 30
and 90 day mortality rates are set at 2.86% and 4.29% respectively. Centre effect estimates
are not given for the paediatric lung programme as only 2 early deaths have occurred since
April 2005.

For outcomes at 1-year and beyond the expected number of deaths was calculated from the
cumulative hazard.

Risk-adjusted estimates of mortality

In this report, risk-adjusted estimates of early mortality reported. For 30 and 90-day
mortality the risk-adjusted estimates are compared across centres using a funnel plot.> The
risk-adjusted mortality estimate for a centre is defined as the overall (unadjusted) expected
mortality rate for the period x (observed number of deaths + expected number of deaths
after risk adjustment). Centre estimates which fall outside the confidence intervals are
considered outliers.

Continuous monitoring of mortality
In this report we present two types of cumulative sum (CUSUM) chart: the ‘Observed minus

Expected’ (O-E) mortality chart and the tabular CUSUM to monitor 30-day and 90-day
patient mortality.

? Spiegelhalter, DJ Statist. Med.2005 24:1185-1202.
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The monitoring charts consider first transplants since January 2004. NHS Group 2* patients
are excluded from the charts (none in this period), but lung transplants from donors after
circulatory death (60 cases) are included.

The O-E mortality chart plots the cumulative difference between the observed and expected
patient mortality. For the continuous monitoring programme, expected mortality rates are
based on the national average mortality rate for transplants performed between 2000 and
2003, with more recent transplants given more weight. A downward trend in the O-E chart
indicates a lower than expected mortality rate whereas an upward trend points to an
observed mortality rate that is higher than expected.

The tabular CUSUM chart is used to signal when a significant increase in mortality rate has
been observed. The chart limit is set to signal when there is sufficient evidence to indicate
that the mortality rate is double the pre-specified rate. Signals from the tabular CUSUM are
superimposed on the O-E charts presented and are identified by the associated transplant
date. A signal may indicate divergence from the national average.

After a signal and a review of local practice the tabular CUSUM is reset at a point half-way
between zero and the chart limit. This enables closer monitoring of centre performance
following a signal.

The O-E mortality charts for early mortality for transplants in adults are presented with and
without risk adjustment. The risk factors are those reported previously (30-day mortality
model following adult lung transplantation is described in the September 2002 audit report
and the 30-day mortality model following adult heart transplantation is described in the
September 2003 audit report). Coefficients for both models have been re-estimated using
transplants performed between 2000 and 2003.

As risk factors relating to 30-day mortality are also considered relevant for 90-day mortality
the same risk models have been used with re-estimated coefficients.

No risk-adjustment is performed for paediatric transplantation.

Ventricular assist devices

VAD data are collected for all long-term devices used for the purposes of bridging and for all
short-term devices used for bridging or in the treatment of primary graft failure. Devices
used post-cardiotomy are excluded. Results are reported between 9 May 2002 and 31
March 2011, with follow-up until 30 June 2011.

% Patients are not entitled to NHS funded treatment. A person in Group 2 cannot receive an
organ if there is a clinically suitable person who is entitled to NHS funded treatment (NHS
Group 1).
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4. RESULTS - ADULT HEART TRANSPLANTATION

Transplant activity

Heart transplantation in adults rose from 86 to 90 transplants in 2010/11. The current
activity level remains less than half that reported in the early audit years (average 197
transplants per year between 1996 and 2002) (Figure 2).

Unadjusted mortality rates
Overall mortality

The 30-day mortality rate for the whole cohort is 12.2% (95%Cl 10.9% to 13.6%). In total,
290 patients died within the first 30 days after transplantation. 30-day mortality in the
period April 2008 to March 2011 was 13.1% (95%Cl 9.3% to 17.7%) and in the most recent
period, April 2010 to March 2011, 20.0% (95%Cl 12.3% to 29.8%) of transplant recipients
died within 30-days (Table 2).

The 90-day mortality rate for the whole cohort is 14.8% (95%Cl 13.4% to 16.3%). Overall, 61
died between 30 and 90 days. 90-day mortality for transplants between April 2008 and
December 2010 was 16.7% (95%Cl 12.2% to 21.9%). For the cohort from April 2010 to
December 2010, the 90-day mortality rate was 26.5% (95%Cl 16.5% to 38.6%, Table 3).

The trend in early mortality is seen in Figure 3, which shows the moving average estimates
of overall mortality based on 90 transplants.

The 1-year survival for the whole cohort was 80.8% (95%Cl 79.1% to 82.3%,, Table 4).
Overall, 75.6% (95%Cl 73.8% to 77.3%) of recipients survived to 3-years after their
transplant; 70.8% (95%Cl 68.8% to 72.6%) survived to 5 years and 56.5% (95%Cl 54.2% to
58.8%) survived to 10 years (Table 5 to Table 7).

Mortality rates by transplant centre

Centre specific mortality rates, unadjusted for patient risk are shown in Table 2 to Table 9.
For completeness, the transplants in patients aged 16 or over carried out at Great Ormond
Street are included. Thirty-day mortality rates over the period April 2008 to March 2011 at
centres ranged from 0% to 30.3%, but statistically there was no evidence of significant
variation between centres (Fisher’s exact test, p=0.052). Over the last 12 months the 30-day
mortality rate showed greater variability ranging from 0% to 44.4% across the 7 adult
centres, but activity rates were low and these differences were not statistically significant
(Fisher’s exact test, p=0.45).
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Adult heart transplant activity by audit year

Figure 2
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Figure 3 Mortality after adult heart transplantation over time

a) 30-day
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Note: Vertical lines represent the start of each audit year
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90-day mortality rates showed a similar pattern. Statistically there was no evidence of
significant variation between centres for the period since April 2007 (Fisher’s exact test,
p=0.12).

Post-transplant survival to 10-years in all adult UK centres for the whole audit period is
shown in Figure 4(a). As previously, analyses of the complete cohort found evidence of
significant variation in the unadjusted survival rates across centres, with St George's
reporting lower survival and Sheffield higher survival than other centres. These centres
closed in September 2000 and September 2002 respectively. Amongst the active adult
centres survival at 10-years ranged from 45.3% to 62.9% (17.6% difference, p<0.01, Table
7).

For the recent cohort of 274 transplants between April 2007 and March 2010, there was no
evidence to suggest significant variation between centres at 1-year (p=0.11). Similarly, for
the cohort, April 2005 and March 2008 (323 transplants), there was no evidence to suggest
significant variation between centres in 3-year survival (p=0.48).

In Figure 4(b) and Figure 4(c) survival curves for the subset of patients who lived beyond 30-
days and beyond 1-year are shown. As for the overall unadjusted survival, there was
evidence of significant variation between centres for the cohort surviving beyond 30-days
(p<0.01 at 1year, p=0.015 at 3 years and p=0.06 at 5 years), but for the cohort surviving
beyond 1-year, survival to 3-years was showed less variation across centres (p=0.07).
Amongst 30-day survivors there was a 16.5% difference between the centres with the
highest and lowest 3-year conditional unadjusted survival and 8% difference between the
active adult centres (Table 8).

Mortality rates by retrieval centre

Mortality rates at 30 and 90-days by retrieval centre, unadjusted for patient risk, are shown
in Table 10. Manchester, Glasgow and Harefield were the only centres in the last three
years to use fewer than half the hearts they retrieved for a local recipient; Manchester used
38.2% of hearts retrieved for a local recipient, Glasgow used 28.6% and Harefield used
44.1%. Overall, 51.1% of hearts retrieved were used locally and 47.8% of all hearts
transplanted were given to an urgent patient listed under the Urgent Heart Allocation
Scheme (UHAS).

The unadjusted 30-day mortality rate over the period April 2008 to March 2011 was similar
for hearts retrieved by the different centres (Fisher’s exact test, 30-day: p=0.86). 90-day
mortality rates showed a similar pattern (Fisher’s exact test, p=0.50).

Over the last audit year 30 and 90-day mortality rates by retrieval centre ranged from 0% to
50%, but activity rates were low and these differences were not sufficient to suggest
statistically significant between-centre variation (Fisher’s exact test, 30-day, p=0.50; 90-day;
p=0.38).
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Table 2 30-day mortality after adult heart transplantation by centre unadjusted for
patient risk

a) April 2008 — March 2011

Mortalit Cent
Centre No deaths . 95%Cl SHEe 95%Cl
rate effect

6.7 to 149 -0.46 -0.83 to 0.26

Harefield ----------

35 56 w0 258 009 056 to 124

21 61 o 456 070 058 o 335

to 17.7

b) April 2010 — March 2011

Mortalit Cent
Centre No deaths . 95%Cl SHEe 95%Cl
rate effect

30 28 0 B6 005 078 o 208

Harefiel ----------

2330 w0 %3 015 076 o 237

3375 0 701 169 04 w0 6E

123 to 29.8

! a) p=0.052; b) * p=0.45
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (12.38%)
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Table 3 90-day mortality after adult heart transplantation by centre unadjusted for
patient risk

a) April 2008 — December 2010

Mortalit Cent
Centre No deaths . 95%Cl SHEe 95%Cl
rate effect

7.2 to 161 -0.50 -0.84 to 0.17

Harefiel ----------

88 89 o 26 02 040 o 150

Glasgow 5.0 to 524 0.7 -0.52 to 3.50

16.7 122 to 21.9

April 2010 — December 2010

Mortalit
Centre No deaths y 95%Cl Sl 95%Cl
rate’ effect’

76 38 o 434 017 076 o 242

----------

355 68 to 499 065 055 to 323

0.0 118 to 882 251 -0.28 to 9.26

16.5 to 38.6

! a) p=0.002; b) 2 p=0.51
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (14.24%)
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Table 4 One-year survival after adult heart transplantation by centre unadjusted for
patient risk

a) Whole audit period

effect

Sheffield 2.2 849 to 9.0 -061 -0.83 to -0.23

---------

741 to 819 014 -008 to 040

---------

79 10 B4 007 018 o 03

Glasgow 712 to 824 0.2 -0.09 to 0.62

2369 79.1 to 823

April 2007 — March 2010

effect

796 to 950 -040 -0.76 to 0.23

---------

63 10 B2 04 028 to 157

M9 o 1 0§ 045 w0 29

781 to 87.1

! a) p<0.01; b) p=0.11
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Table 5 Three-year survival after adult heart transplantation by centre unadjusted for
patient risk

a) Whole audit period

Centre % survival’ 95%Cl Centre 95%CI
effect

Sheffield 80.2 to 931 -055 -0.77 to -0.21

-_-------

723 to 803 -0.02 -0.20 to 0.19

-_-------

73 to 779 009 014 t 037

58 o 778 019 010 o 053

2369 73.8 to 773

b) April 2005 — March 2008

Cent
Centre % survival' 95%Cl SNEE 95%Cl
effect

70.4 to 87.7 -0.13 -0.50 to 0.41

Harefield ---------

@26 10 4 003 050 to 0%

157 10 B4 05 034 w20

73.0 to 821

'a) p<0.01; b) p=0.48
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Table 6 Five-year survival after adult heart transplantation by centre unadjusted for
patient risk

a) Whole Audit Period

Cent
Centre % survival' 95%Cl SNEE 95%Cl
effect

Sheffield 73.5 to 885 -044 -0.67 to -0.12

---------

Harefield 68.3 to 769 -005 -022 to 0.14

---------

613 to 728 011 -011 to 0.37

60.5 to 734 017 -009 to 048

2369 68.8 to 72.6

April 2003 — March 2006

Cent
Centre % survival' 95%Cl SNEE 95%Cl
effect

63.4 to 799 -015 -042 to 0.21

---------

550 to 795 -001 -042 to 0.59

440 to 803 026 -042 to 140

64.2 to 73.6

! a) p<0.01; b) p=0.74
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Table 7 Ten-year survival after adult heart transplantation by centre unadjusted for
patient risk

Centre % survival® 95%Cl Centre 95%Cl
effect

Sheffield 528 to 717 -0.23 -046 to 0.06

---------

576 to 677 -013 -0.27 to 0.03

---------

78 1 25 02 002 o 04

09 o 559 023 001 1o 050

All Centres 2369 54.2 to 58.8

! p<0.01
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Table 8 One, three and five-year survival after adult heart transplantation by centre unadjusted for patient risk, for the subset of patients
surviving beyond 30-days

I T S N S

-——————

88.2 to 785 to 871 734 to

[z
-_-l-_-l-_---

295 o 226 o 89 71 0

-_-l-_-l-_---

766 1o 99 1o 859 55 o

-_-l-_-l-_---

92.2 to 97.7 8.3 833 to 919 73.0 to 84.2
-_-l-_-l-_---
W 53.9 to 98.8 1.5 435 to 951 28.2 to 88.8

! p<0.01; * p=0.015; * p=0.06
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Table 9 Three and five-year survival after adult heart transplantation by centre
unadjusted for patient risk, for the subset of patients surviving beyond 1-year

I S ™ S E S

No cases % Survival' 95%Cl % Survival' 95%Cl
m 266 90.6 864 to 93.6 85.6 80.5 to 89.5
m 94 95.7 89.1 to 98.4 89.4 81.1 to 94.1
441 93.4 90.5 to 95.4 87.9 843 to 90.8
326 97.8 95.5 to 99.0 93.0 89.5 to 95.4
86 93.0 85.1 to 96.8 88.3 79.4 to 93.5
208 92.3 87.6 to 95.3 85.3 79.3 to 89.7
m 214 92.3 87.7 to 95.2 82.8 76.6 to 87.5
162 93.5 88.2 to 964 87.1 80.6 to 91.6
m 10 88.9 433 to 984 74.1 289 to 93.0
m 1807 93.6 924 to 94.7 87.6 85.9 to 89.1

10=0.07;* p=0.14

Figure 4 Kaplan-Meier survival curves after adult heart transplantation by centre

a) Overall survival
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Figure 4 continued

b)

Proportion surviving
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Table 10 30 and 90-day mortality after adult heart transplantation by retrieval centre unadjusted for patient risk

a) April 2008 — March 2011

30 days 90 days

Retrieval % used % used for

| 36 52 o 274 75 o Bs 500
-------------_
Harefield to 345 21.9 to 40.0

to 345 41 10.3 to 435

-------------_

-------------_
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Table 10 continued

b) April 2010 — March 2011

30 days 90 days
Retrieval % used for

0,
f; ::ﬁd UHAS
Centre v patient

5.0 to 8.5 to 38.

----l-----l---

Harefield 5.0 to 6.0 to

----l-----l---

11.8 to 0.0 18.7 to

----l-----l---

'a) p=0.86; b) p=0.79

% a) p=0.50; b) p=0.38

3 Republic of Ireland or other overseas centre
* Transplants to December 2010
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Mortality rates by audit year

There was no evidence to suggest any significant variation in the overall 30-day mortality
rate across the fifteen-year study period (p=0.15). Similarly, no significant variation in 90-
day mortality was found (p=0.11). Longer-term survival to 1, 3, 5 and 10 years has also not
changed significantly (log-rank test for trend, 1-year, p=0.89; 3-year, p=0.83; 5-year, p=0.64;
10-year, p=0.58). Survival to 10 years by audit era is shown in Figure 5.

Figure 5 Kaplan-Meier survival curves after adult heart transplantation by era

Proportion surviving
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Risk profile for 30 day and 1-year mortality

Figure 6 plots the average risk score for 30-day and 1-year mortality over time as a moving
average based on 90 transplants. As a result of the trend towards increased ischemia times
and the change in the donor age profile the risk score for early mortality has increased
steadily in recent years but this increased risk has not translated into a notable increase in
early mortality. In contrast to the 30-day model, risk scores for 1-year mortality have
shown less variability.

The distribution of risk profiles (including adjustment for adult congenital heart disease,
ACHD) is broadly similar for patients transplanted at the different centres, as shown in
Figure 7. The trend towards higher risk scores for transplants in the most recent era is seen
for most adult centres. Factors included in the risk adjustment are given in Appendix 1.
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Risk-adjusted mortality
Centre specific mortality

Table 11 shows the risk adjusted 30-day mortality rates and centre effect estimates
following heart transplantation for the periods April 2008 to March 2011 and April 2010 to
March 2011. The corresponding estimates for 90-day mortality for transplants to December
2010 are shown in Table 12. These fixed centre effects are estimated independently for
each centre and express the difference between the observed and expected number of
deaths as a proportion of the total number of expected deaths.

Figure 6 Risk scores for 30-day and 1-year mortality after adult heart transplantation over
time
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Figure 7 Distribution of risk scores derived from risk model for 30-day mortality after

adult heart transplantation
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After risk adjustment, Harefield had significantly higher than expected mortality at 30 and
90 days during the period since April 2008 and during the last year to March 2011, as
indicated by the positive centre effect estimates. These data are further illustrated in Figure
8, which shows the risk-adjusted mortality estimate for each centre with the 95% and 99%
confidence intervals.

Risk adjusted centre effect estimates for 1-year mortality following heart transplantation for
the whole audit, and for the period April 2007 to March 2010 are shown in Table 13. Over
the whole audit period four centres are identified as divergent, Sheffield, Papworth, St
George’s and Manchester. The centre effects for Sheffield, Papworth and Manchester are
negative indicating significantly fewer deaths than expected, while the estimate for St
George’s is positive, suggesting the converse. Over the period April 2007 to March 2010 no
centre was identified as divergent.

Table 11 30-day mortality after adult heart transplantation by centre adjusted for patient
risk

a) April 2008 — March 2011

Centre ha Ll 95%Cl S 95%Cl
rate effect
m 49 89 31 to to

18.6 -0.31 -0.78 0.62

Papworth 75 8.6 29 to 17.9 -0.34 -079 to 0.54
Harefield 30 26.8 143 to 41.0 1.59 0.18 to 3.91
Birmingham 52 12.8 56 to 23.2 0.04 -0.58 to 1.14
34 8.6 19 to 215 -034 -086 to 094

Glasgow 18 17.6 55 to 35.3 0.51 -0.59 to 2.86
3 0.0 0.0 to 48.1 -1.00 -1.00 to 5.55

April 2010 — March 2011

b)
Centre ha Ll 95%Cl S 95%Cl
rate effect

13.1 35.2 0.07 -0.87 2.85

Papworth 23 14.6 34 to 333 021 -0.75 to 2.54
Harefield 8 378 142 to 60.8 3.29 0.17 to 10.00
Birmingham 21 11.8 2.7 to 28.1 -0.05 -080 to 1.77
11 16.4 23 to 415 039 -0.83 to 4.02

Glasgow 8 28.9 7.7 to 54.2 1.87 -041 to 7.39
1 0.0 0.0 to 76.2 -1.00 -1.00 to 21.7
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Table 12 90-day mortality after adult heart transplantation by centre adjusted for patient
risk

a) April 2008 — December 2010

Mortalit Cent
Centre ortality 95%Cl ShEre 95%Cl
rate effect

8.6 to 18.0 -0.43 -0.82 to 0.33

---------

76 89 o 288 02 041 to 143

Glasgow 9.4 to 38.1 0.4 -061 to 2.71

b) April 2009 — December 2010

Centre hidai 113 95%Cl Centre 95%CI
rate effect

75 42 o W3 02 07 w0 27

Harefiel ---------

07 63 o 6 048 060 to 278

Glasgow 53 101 to 61.4 2.2 -0.32 to 8.60
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Figure 8 Risk-adjusted estimates of early mortality after adult heart transplantation, April

2008 to March 2011
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Table 13 1-year survival after adult heart transplantation by centre adjusted for patient
risk

a) Whole audit period

Cent
Centre % survival 95%Cl SALIE 95%Cl
effect

Sheffield 2. 834 to 97.3 -0.63 -0.88 to -0.14

---------

Harefield 8.0 741 to 81.7 0.21 -0.04 to 0.50

---------

79.1 745 to 833 0.13 -0.14 to 047

8.0 72.7 to 828 0.21 -011 to 0.61

b) April 2007 — March 2010

effect

0.0 814 to 5.7 -0.44 -0.77 to 0.16

Harefiel ---------

8.5 67.1 to 8.0 039 -031 to 1.48

7. 59.1 to 1.2 050 -0.51 to 2.50

Continuous monitoring of mortality
Observed — expected mortality
Observed — expected mortality charts, with and without risk adjustment, for 30-day and 90-

day mortality after adult heart transplantation are shown in Figure 9 and Figure 10
respectively.
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Tabular CUSUM charts

Tabular CUSUM charts, unadjusted for risk, for 30-day and 90-day mortality are shown in
Figure 11 and Figure 12 respectively.

The CUSUM charts illustrate that recent 30- and 90-day mortality rates following adult heart
transplantation have been as expected at Newcastle, Birmingham and Manchester.

Papworth and Glasgow experienced more deaths than expected in 2007 and Harefield
experienced more deaths than expected in 2008. In all cases, the CUSUM charts signalled
and the centres underwent an external review of their service. Since the signals, the 30-day
mortality rates have returned to the expected level at each centre. After the signal in 2008,
Harefield continued to experience more deaths within 90 days than expected and the 90-
day CUSUM chart signalled again twice. Centres are monitored more closely after a signal
and so the charts are more sensitive.

Figure 9 Cumulative (observed - expected) 30-day mortality after adult heart
transplantation, January 2004 to March 2011
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Figure 10 Cumulative (observed — expected) 90-day mortality after adult heart
transplantation, January 2004 to December 2010
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Figure 11 Tabular CUSUM for 30-day mortality after adult heart transplantation
unadjusted for patient risk, January 2004 to March 2011
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Figure 12 Tabular CUSUM for 90-day mortality after adult heart transplantation
unadjusted for patient risk, January 2004 to December 2010
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Ventricular assist devices
Long term devices used for bridging

Long-term left ventricular assist devices (LVADs) were implanted for 319 patients at six
implant centres in the UK. Since the last report, Birmingham have implanted their first long-
term device. Fourteen patients received a short-term device and two patients received a
short period of ECMO support prior to a long-term device. They are excluded from this
section and reported in the short-term bridging section. Of the remaining 303 patients, 136
devices have been implanted by Harefield, 79 by Papworth, 79 by Newcastle, 6 by
Manchester and 3 by Glasgow.

Forty-three of these patients also received long-term right ventricular assist devices (RVADs)
and 34 received short-term RVADs. Two patients on a long-term VAD for bridging received a
short period of ECMO support concurrently. Two BiVAD patients received a third device that
was in place at the same time as the BiVAD. Eight patients had their long-term device
replaced, and five patients had a short-term VAD implanted shortly after explant of the
long-term device.

Of the patients who received a long-term device, dilated cardiomyopathy (67%) and
ischemic heart disease (21%) were the most frequently reported cardiac diseases. The
median age at implant was 46 years (inter-quartile range: 35-55 years) and the majority of
recipients (81%) were male.

39



Figure 13 shows the cumulative number of VADs implanted each month, overall and by
centre. VAD activity has been broadly consistent across the time period. Newcastle activity
has increased considerably since 2008.

Figure 13 Cumulative long-term VAD activity by month and implant centre, May 2002 to
March 2011

Number of implants

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-
02 03 04 05 06 07 08 09 10 11

Month

’—Total — — Harefield - - - -Papworth — - - Newcastle — - - Others‘

Table 14 shows the long-term VAD outcome of recipients, by centre. Nationally, 89 patients
were transplanted, 20 survived explantation of the VAD, 96 died on support, two died
within a month of explantation and 96 were still on support on 30 June 2011. Thirteen
people had their VAD replaced; eight received a second long-term device and five received a
short-term device shortly after explant of the first device.

Long-term VAD duration ranged between 0 and 2,261 days (six years). Using the Kaplan-
Meier estimation method, median long-term VAD duration for all patients was estimated to
be 253 days (95% Cl: 197 to 309 days).

Table 15 shows Kaplan-Meier estimates of patient survival from time of first implant to
death. Patients still alive were censored at 30 June 2011. Other events, such as device
explantation or transplantation were not censored. Centre-specific survival rates for
Manchester and Glasgow are not presented due to small numbers of implants performed.
Overall survival rates are higher in the most recent three years.
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Table 16 compares patient survival for patients receiving an LVAD only with those receiving both an LVAD and an RVAD (BiVAD). There is
evidence of a difference in survival between the two groups for the whole cohort (log-rank test, p=0.01), and for those implanted after April
2008 (log-rank test, p=0.01). However, treatment has not been randomised and it is likely that the pre-implant illness was more severe in the
BiVAD group.

Table 14 Outcome of long-term VADs by implant centre, May 2002 to March 2011

L N % N % N % N % N %
7 9% 34 43% 25 18% O 0% O 0% 66% 22%
1 1% 1 1% 18 13% 0 0% 0 0% 20 7%
41 52% 14 18% 34 25% 6 100% 1  33% 96" 32%
49  62% 49 @ 62% 77 57% 6 100% 1 33% 182> 60%
7 9% 4 4% 11 8% 0 0% 1 33%  23%° 8%
0 0% 1 1% 1 1% 0 0% 0 0% 2 1%
23 29% 25 32% 47 35% 0 0% 1 33% 96"  32%
30 38% 30 38% 59  43% 0 0% 2  67% 121%° 40%
79 100% 79 100% 136 100% 6 100% 3 100% 303*° 100%

Superscripts indicate the number of patients receiving a second device, e.g. > indicates two patients received a second long term device and one patient received a short
term device after explantation of a long-term device
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Long-term VAD duration ranged between 0 and 2,261 days (six years). Using the Kaplan-
Meier estimation method, median long-term VAD duration for all patients was estimated to
be 253 days (95% Cl: 197 to 309 days).

Table 15 shows Kaplan-Meier estimates of patient survival from time of first implant to
death. Patients still alive were censored at 30 June 2011. Other events, such as device
explantation or transplantation were not censored. Centre-specific survival rates for
Manchester and Glasgow are not presented due to small numbers of implants performed.
Overall survival rates are higher in the most recent three years.

Table 16 compares patient survival for patients receiving an LVAD only with those receiving
both an LVAD and an RVAD (BiVAD). There is evidence of a difference in survival between
the two groups for the whole cohort (log-rank test, p=0.01), and for those implanted after
April 2008 (log-rank test, p=0.01). However, treatment has not been randomised and it is
likely that the pre-implant illness was more severe in the BiVAD group.

Table 15 Patient survival after implant of long-term VAD by implant centre, May 2002 to
March 2011

a) May 2002 - March 2011

No. at % patient survival (95% confidence interval)
Centre risk on

day 0 30 days 90 days 1 year 2 years 3 years
| Newcastle [T 86 (76-92) 80 (69-87) 60 (47-70) 55 (42-66) 55 (42-66)
79 89 (79-94) 73 (62-82) 65 (54-75) 60 (48-71) 59 (47-69)
Harefield 136 85 (78-90) 78 (70-84) 68 (59-75) 55 (45-63) 53 (43-61)
m 303 86 (82-90) 78 (72-82) 65 (60-71) 56 (50-62) 54 (48 -60)

b) April 2008 - March 2011

% patient survival (95% confidence interval)

88 (78-94) 87 (76-93) 67 (52-77) 61 (46-73) 61
Papworth 91 (69-98) 78 (55-90) 74 (50-87) 59 (25-82) 59
Harefield 90 (78-95) 84 (72-92) 78 (65-87) 56 (38-71) 56
8 (83-93) 85 (78-90) 72 (64-79) 58 (47-68) 58
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Table 16 Patient survival after implant of long-term VAD by LVAD/BiVAD, May 2002 to
March 2011

a) May 2002 - March 2011

% patient survival (95% confidence interval)

30 days 90 days 1 year 2 years 3 years

LVAD only 88 (84-92) 82 (77-87) 69 (63-75) 61 (53-67) 59 (51-66)

BiVAD 77

b) April 2008 - March 2011

% patient survival (95% confidence interval)

LVAD only 91 (84-95) 88 (81-93) 76 (66-83) 64 (51-74) 64

BiVAD 83 (63-92) 69 (49-82) 55 (36-71) 39 (19-58) 39
89 (83-93) 85 (78-90) 72 (64-79) 58 (47-68) 58

Short term devices used for bridging

Eighty-four patients received a short-term device for bridging at six implant centres in the
UK. Thirty-five patients received devices at Harefield, 19 at Papworth, nine at Birmingham,
nine at Manchester, eight at Glasgow and four at Newcastle. Fifty patients received a BiVAD
(short-term device in both ventricles), 20 an LVAD only, one an RVAD only and 13 received
ECMO only support. Fourteen of the 84 patients were bridged from a short-term device to a
long-term device (bridge-to-bridge patients) and two further patients were bridged from
ECMO only support to a long-term device. Three patients on short-term VADs for bridging
received ECMO support concurrently.

In addition, five patients had a short-term VAD implanted after the explant of a long-term
VAD. These five VADs are excluded from this section and are included in the long-term VAD
activity section. An additional patient received a short-term VAD at a non-transplant unit
and was subsequently transplanted at Newcastle. This patient is excluded from this section.

Of the patients who received a short-term device for bridging, dilated cardiomyopathy
(64%) and ischemic heart disease (20%) were the most frequently reported cardiothoracic
diseases. The median age at implant was 38.5 years (inter-quartile range: 26-50 years) and
the majority of recipients (62%) were male.

Table 17 presents the short-term VAD outcome of recipients, by centre and devices
received. Nationally, 21 were transplanted, 13 survived explantation of the VAD, 33 died on
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support, 16 were bridged to a long-term device and one died shortly after explantation.
When combining activity across the short-term device only and bridged to long-term device
groups, the overall number of patients alive at the time of analysis was 39 out of 84 (46%).

Short-term VAD duration for bridging ranged between 0 and 104 days. Using the Kaplan-
Meier estimation method, median VAD duration was estimated to be 18 days (95% Cl: 11 -
24 days). For those who were bridged onto a long-term VAD, long-term VAD duration
ranged from 33 to 1,030 days.

Table 18 shows patient survival from time of first implant to death for the patients receiving
a short-term VAD. Patients still alive were censored at 30 June 2011. Other events, such as
device explantation or transplantation were not censored. The two patients bridged from
ECMO only support to a long-term device are included in the bridged to long-term device
group. There is no statistical comparison of the outcomes due to a selection bias in the
bridged to long-term device group, as the patients must have survived until the device was
replaced.
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Table 17 Outcome of short-term VADs used for bridging by implant centre, May 2002 to March 2011

a) Short-term device only

 vome [ eweote | Papwartn | vt | ormingram | sscveer | gon | ol
P N % N % N % N % N % N % N %

Alive (post transplant) 1 25% 3 33% 4 18% 3 43% 3 37% 0 0% 14 25%

Alive (post explant) --------------

Alive with VAD 0% 0% 0% 0% 0% 0% 0%

--------------

Died (post transplant) 0 0% 1 11% 0% 1 14% 1 13% 0% 5%

Died (post explant) --------------

Died with VAD 75% 3 33% 11 50% 2 29% 3 37% 6 86% 28 49%

--------------

Total 4 100% 9 100% 22 100% 7 100% 8 100% 7 100% 57 100%
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Table 17 continued

b) ECMO

T ovome [ ewct | Papworn | vt | ormingram | sacreser | Gimgow | Tom—
_--------------

Alive (post transplant) 0 0% 2 22% 0% 1 100% 1 100% 0% 36%

Alie (post explant) --------------

Alive with VAD 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0%

--------------

Died (post transplant) 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0%
CETCECTITINN (0| o% 01wk o1 % [0 w0 s 00k 0wk

Died with VAD 0% 5 56% 0 0% 0 0% 0 0% 0 0% 5 45%

TG --------------

Total 0% 100% 0% 1 100% 1 100% 0% 11 100%
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Table 17 continued

c) Bridged to long-term device

T owame [ ever | papwori | rornta | oimingtom | moncheter | Gtmgow | ot
_--------------

Alive (post transplant) 0 0% 0% 23% 0% 0% 0% 19%

Alie (post explant) --------------

Alive with VAD 0% 0 0% 1 8% 1 100% 0 0% 1 100% 3 19%

--------------

Died (post transplant) 0 0% 1 100% 0 0% 0 0% 0 0% 0 0% 1 6%
CETCECTITIN (o051 (01061141 ok1 010k 10k 10k [0k
Died with VAD 0% 0 0% 6 46% 0 0% 0 0% 0 0% 6 38%

TG --------------

Total 0% 1 100% 13 100% 1 100% 0% 1 100% 16 100%
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Table 18 Patient survival after implant of short-term VAD, May 2002 to March 2010

% patient survival (95% confidence interval)

Device

group 30 days 90 days 1 year 2 years 3 years

i’;lillewce 57 58 (44-69) 46 (32-58) 44 (31-56) 42 (29-54) 42 (29-54)
Eﬁ:\co 11 73 (37-90) 55 (23-78) 55 (23-78) 55 (23-78) _

Bridged 16 100 (-) 81 (52-94) 68 (39-85) 68 (39-85) 39 (13-64)
to LTD
overall_JRRE

68 (57-77) 54 (42-64) 50 (39-60) 48 (37-58) 42 (31-53)

Short-term devices used post-heart transplant

Sixty-nine patients received short-term devices for primary graft failure (PGF) post heart-
transplant at six centres in the UK. Thirty-two patients received devices at Harefield, 16 at
Papworth, 13 at Manchester, five at Newcastle, two at Birmingham and one at Glasgow.
Thirty-nine devices were implanted as BiVAD (short-term device in both ventricles), 14 as
RVAD only, 10 as ECMO only and six as LVAD only. Twelve patients implanted with short-
term VADs post-transplant received a short-period of concurrent ECMO support.

Of the patients who received a short-term device for PGF, dilated cardiomyopathy (65%)
was the most frequently reported cardiac disease. The median age at implant was 48 years
(inter-quartile range: 35-55 years) and the majority of recipients (74%) were male. One of
the short-term devices for PGF was implanted 15 days post-transplant, one 12 days post-
transplant and one seven days post-transplant, but all the rest were implanted within four
days of the transplant taking place.

Table 19 presents the short-term VAD outcome of recipients treated for PGF, by centre.
Nationally, eight were re-transplanted, 22 survived explantation of the VAD, 34 died on
support and five died shortly after explantation.

Short-term VAD duration for PGF ranged between 0 and 84 days. Using the Kaplan-Meier
estimation method, median VAD duration was estimated to be 8 days (95% Cl: 6 — 10 days).

In addition to the 69 patients above, one patient at Papworth and two patients at Newcastle
were implanted with short term devices following acute rejection several years post-
transplant; two patients died on support and one patient was successfully re-transplanted.
Finally, one patient at Newcastle was implanted with an RVAD Biomedicus device post-
transplant and was explanted four days later.
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Table 19 Outcome of short-term VADs used for primary graft failure by implant centre, May 2002 to March 2011

 ouome [ Weweote | papworn | vt | ovmingrom | onchotr | oimgon | ool
—--------------

Alive (post transplant) 0% 2 13% 2 6% 0% 1 8% 0% 7%

Alie (post explant) --------------

Alive with VAD 0% 0% 0% 0% 0% 0% 0%

--------------

Died (post transplant) 0% 0 0% 3 9% 0 0% 0 0% 0 0% 3 4%

Died (post explant) ------ B U R

Died with VAD 100% 10 63% 14 44% 1 50% 3 23% 1 100% 34 49%

TG --------------

100% 16 100% 32 100% 2 100% 13 100% 1 100% 100%
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5. RESULTS - PAEDIATRIC HEART TRANSPLANTATION

Transplant activity

Following a decline in activity in 2004/5 heart transplantation activity in children in the five
years from April 2006 to March 2011 returned to the level seen over the seven years
between April 1998 and March 2005 (Figure 14).

Unadjusted mortality rates

Overall mortality

Eighteen paediatric patients died within 30 days of their transplant, giving an overall 30-day
mortality rate of 4.3% (95%Cl 2.6% to 6.7%). A further nine patients died between 30 and
90-days, giving an overall 90-day mortality rate of 6.6% (95%Cl 4.4% to 9.5%). Since April
2008 three patients have died within 30 days of their operation, giving an overall 30-day
mortality rate of 2.9% (0.6% to 8.3%) for this period. Three children died between 30 and
90-days between April 2008 and December 2010 (Table 20 and Table 21).

Overall, 92% (95%Cl 89.0% to 94.3%) of children who had a heart transplant were alive 1-
year later, 86.1% (95%Cl 82.1% to 89.2%) were alive at 3-years, 81.4% (95%Cl 76.8% to
85.2%) at 5 years and 68.4% (95%Cl 61.6% to 74.2%) at 10 years (Table 22 to Table 25).

Mortality rates by transplant centre

Mortality rates by centre, unadjusted for patient risk are given in Table 20 to Table 25.
There was no evidence to suggest that the 30 or 90-day mortality rate varied significantly
between centres over the period since April 2008 (Fisher’s exact test, p>0.99).

Focusing on outcomes for the three centres each reporting over 30 transplants during the
full audit period, there was evidence of significant variation in the 1+ year unadjusted
mortality rates across centres (p=0.06, p=0.022, p=0.056 and p=0.027 for 1, 3, 5 and 10-year
survival respectively, log rank test, Figure 15(a)). In Figure 15(b) and Figure 15(c) survival
curves for the subset of patients who lived beyond 30-days and 1-year respectively are
shown. For the subsets of recipients surviving beyond 30-days and beyond 1-year, there is a
6%+ difference between the highest and lowest 5-year conditional unadjusted survival
respectively (Table 26 and Table 27, 30-day survivors, p=0.46; 1-year survivors, p=0.18).

In 2001, Harefield stopped their paediatric heart transplant programme and Great Ormond
Street instituted a number of changes to their transplant programme. For the cohort of
transplants since 2001 the survival outcome to 5 years for patients transplanted at
Newcastle and Great Ormond Street is similar (p=0.93, Figure 15 (d)).
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Paediatric heart transplant activity by audit year

Figure 14
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Table 20 30-day mortality after paediatric heart transplantation by centre unadjusted for
patient risk

a) April 2008 — March 2011

No Mortality Centre
Cent 95%ClI 95%CI

Birmingham to 97.5 -1.00 -1.00 to 156.0

b) April 2010 — March 2011

Centre i el 95%Cl Centre 95%Cl
deaths rate effect

0.0 to 975 -1.00 -1.00 to 156.0

1
a) p=0.27
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (2.35%)

Table 21 90-day mortality after paediatric heart transplantation by centre unadjusted for
patient risk

a) April 2008 — December 2010

Mortalit
Centre Y 95%Cl centre 95%Cl
deaths rate! effect’

to 17.2 1.6 -045 to 6.77
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Table 21 continued

b) April 2010 — December 2010

Mortallty Centre
Cent 95%CI 95%CI

to 285 -1.00 -1.00 to 13.3

'a) p>0.99 b) p>0.99
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (2.35%)

Table 22 One-year survival after paediatric heart transplantation by centre unadjusted for
patient risk

a) Whole audit period

effect

100.0 -1.00 -1.00 to 43.49

Harefiel ---------

Birmingham

Glasgow to 91.0 6.47 -0.81 to 40.60

b) April 2001 — March 2010

Cent
Centre % survival 95%Cl SALIE 95%Cl
effect

Harefield 100.0 -1.00 -1.00 to 72.02

5.1 915 to 97.2
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Table 22 continued

c) April 2007 — March 2010

Centre % survival 95%Cl Centre 95%Cl
effect

80.1 to 96.9 0.03 -0.72 to 1.64

a) p=0.06; b) p=0.64; c) p=0.93 (excluding centres with <5 cases)

Table 23 Three-year survival after paediatric heart transplantation by centre unadjusted
for patient risk

a) Whole audit period

effect

100.0 -1.00 -1.00 to 23.6

Harefiel -_-l-----

Birmingham

Glasgow 0.6 to 91.0 3.98 -0.87 to 26.7

b) April 2001 — March 2010

Cent
Centre % survival' 95%Cl SNEE 95%ClI
effect

Harefield 100.0 -1.00 -1.00 to 443

2.2 87.1 to 953
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Table 23 continued

c) April 2005 — March 2008

Cent
Centre % survival' 95%ClI SNEE 95%ClI
effect

Harefield 100.0 -1.00 -1.00 to 419

1.7 834 to 96.0

! a) p=0.022; b) p=0.42; c) p=0.37 (excluding centres with <5 cases)

Table 24 Five-year survival after paediatric heart transplantation by centre unadjusted for
patient risk

a) Whole Audit period

Cent
Centre % survival' 95%Cl SNEE 95%ClI
effect

100.0 -1.00 -1.00 to 17.0

---l-----

Birmingham

0.6 to 291 -090 to 20.8

76.8 to 85.2

April 2001 — March 2010

Cent
Centre % survival' 95%Cl SNEE 95%ClI
effect

Harefield 100.0 -1.00 -1.00 to 29.0

811 to 93.0

55



Table 24 continued

c) April 2005 — March 2010

Centre % survival’ 95%Cl Centre 95%Cl
effect

m 20 90.0 65.6 to 97.4 -0.24 -091 to 1.76

Harefield 1 100.0 -1.00 -1.00 to 25.4
49 85.1 71.2 to 92.6 0.12 -0.55 to 1.31
70 86.9 76.2 to 92.9

! a) p=0.08; b) p=0.91; c) p=0.63 (excluding centres with <5 cases)

Table 25 Ten-year survival after paediatric heart transplantation by centre unadjusted for
patient risk
I e e N =
effect
m 149 80.9 708 to 8738 -0.38 -0.63 to -0.03
Papworth 1 0.0 3.52 -0.89 to 24.2
Harefield 34 59.1 399 to 740 0.48 -0.21 to 1.53
Birmingham 1
1 100.0 -1.00 -1.00 to 8.73
Glasgow 2 0.0 589 -0.17 to 23.9
233 62.8 520 to 71.9 0.12 -0.17 to 0.46
421 68.4 61.6 to 74.2

! p=0.027 (excluding centres with <5 cases)

Mortality rates by retrieval centre

Mortality rates at 30 and 90-days by retrieval centre, unadjusted for patient risk are shown
in Table 28. Over the period April 2008 to March 2011 Great Ormond Street and Newcastle
used a similar proportion of the hearts they retrieved for a “local” recipient (90% & 89%
respectively). Overall, 50% of hearts retrieved were used for a “local” recipient. Three
recipients died within 30-days in the three-year period to March 2011. Data for the last
audit year are not reported separately.
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Table 26 One, three and five-year survival after paediatric heart transplantation by centre unadjusted for patient risk, for the subset of
patients surviving beyond 30-days

I S A S N S T

-——————

90.7 to 2.8 86.5 to 96.2

-_-l-_-l-_---

Harefield 6.4 77.2 to 5.6 66.0 to 943 66.0 to

-_-l-_-l-_---

100.0 100.0 100.0

-_-l-_-l-_---

933 to 984 89.2 839 to 928 2.7 76.0 to 87.7

! p=0.86 (excluding centres with <5 cases)
2 p=0.53 (excluding centres with <5 cases)
: p=0.46 (excluding centres with <5 cases)

57



Table 27 Three and five-year survival after paediatric heart transplantation by centre
unadjusted for patient risk, for the subset of patients surviving beyond 1-year

I T T T R
cases % Survival® 95%Cl % Survival® 95%Cl
m 111 97 90.9 to 99 93.1 85.2 to 96.9

Papworth 1 100.0 100.0
27 88.7 69 to 96.2 88.7 69 to 96.2
m 1 100.0 100.0
L 1000 1000
m 194 92.2 871 to 953 85.5 788 to 90.2
m 335 93.5 90.1 to 95.8 88.5 84.1 to 91.8

' 1=0.18 (excluding centres with <5 cases) * p=0.18 (excluding centres with <5 cases)

Figure 15 Kaplan-Meier survival curves after paediatric heart transplantation by centre

a) Overall survival
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Figure 15 continued

b)

c)
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Figure 15 continued

d) Overall survival (transplants since April 2001)

Proportion surviving
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Mortality rates by audit year

There was evidence of significant variation in the overall 30-day and 90-day mortality rate
across the 16-year study period (Fisher’s exact test, 30-day, p<0.01; 90-day, p<0.01).
Longer-term survival to 1, 3, 5 and 10 years has also changed over time (log-rank test,
p<0.01, p=0.01, p=0.01 and p=0.01 at 1, 3, 5 and 10-years respectively). Survival to 10 years
by audit era shown in Figure 16 shows clearly the high early mortality for transplants in the
first two audit years (shown by the solid line) and the much reduced mortality for the more
recent patient cohorts transplanted since April 2001.
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Table 28 30 and 90-day mortality after paediatric heart transplantation by retrieval centre unadjusted for patient risk

April 2008 — March 2011

30 days 90 days

EEE] % used

89.2

-------------
Harefield

-------------
-------------

! p=0.62

p=0.79

* Republic of Ireland or other overseas centre

* Retrieved by the centre who carried out the transplant
> Transplants to December 2010
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Figure 16 Kaplan-Meier survival curves after paediatric heart transplantation by era

0.90 1.00
! !

0.80
|

Proportion surviving
0.70
|

0.60
|

50

1 |——— 1995-1997 1997-1999  ----------- 1999-2001
—-—:- 2001-2003 ——— 2003-2005 2005-2007
----------------- 2007-2009 2009-2011

0.

0.40
!

2 3 4 5 6 7 8 9 10

S
90 days
H

30

Time since transplant (years)

Continuous monitoring of mortality

Observed — expected mortality

Observed — expected mortality charts, for 30-day and 90-day mortality after paediatric heart
transplantation are shown in Figure 17 and Figure 18 respectively.

Tabular CUSUM charts

Tabular CUSUM charts for 30-day and 90-day mortality are shown in Figure 19 and Figure 20
respectively. Thirty day mortality rates after paediatric heart transplantation at Newcastle
are consistent with the national average. However, in 2010, Newcastle experienced more
deaths within 90 days than expected and the CUSUM chart signalled. The centre then
conducted an internal review of their service.

Great Ormond Street Hospital also experienced more deaths than expected in 2009 and the
CUSUM chart signalled. The centre then conducted a review of their service with an external
expert. Note that the expected mortality rate for Great Ormond Street Hospital is very low
due to no deaths after transplants between 2000 and 2003.
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Figure 17 Cumulative (observed — expected) 30-day mortality after paediatric heart
transplantation unadjusted for patient risk, January 2004 to March 2011
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Figure 18 Cumulative (observed — expected) 90-day mortality after paediatric heart
transplantation unadjusted for patient risk, January 2004 to December 2010
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Figure 19 Tabular CUSUM for 30-day mortality after paediatric heart transplantation
unadjusted for patient risk, January 2004 to March 2011
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Figure 20 Tabular CUSUM for 90-day mortality after paediatric heart transplantation
unadjusted for patient risk, January 2004 to December 2010
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6. RESULTS - ADULT LUNG TRANSPLANTATION

Transplant activity

Lung transplantation activity in the UK increased in 2010/11 with 166 transplants reported,
26 more than the previous year (Figure 21). Overall, there have been 1,081 bilateral
sequential lung grafts (51.4%), 649 (30.9%) single lung and 323 (15.4%) heart-lung
transplants reported. The remaining 48 transplants were double lung grafts. Since April
2006 the number of bilateral sequential lung grafts has increased to 72.3% of the total
activity (494 transplants) while the heart-lung transplant programme has decreased (24
transplants, 3.5%). In the last year just 6 heart lung procedures were carried out.

Unadjusted mortality rates

Overall mortality

The overall 30-day and 90-day mortality rates for the whole cohort are 10.1% (95%Cl 8.9%
to 11.5%) and 15.1% (95%Cl 13.6% to 16.8%). Overall, 213 patients died within the first 30
days after transplantation and a further 98 died between 30 and 90 days. 30-day and 90-
day mortality in the period since April 2008 was 6.8% (95%Cl 4.6% to 9.5%) and 9.9% (95%ClI
7.2% to 13.3%) respectively. There were 30 deaths within 30 days and 10 reported deaths
between 30 and 90 days respectively (Table 29 and Table 30).

Over the last year, April 2010 to March 2011, mortality rates were 7.8% (95%Cl 4.2% to
13.0%) at 30-days and 13.2% (95%Cl 7.6% to 20.8%) at 90-days (transplants to December
2010 only). The trend in early mortality over time is shown in Figure 22, which shows the
moving average estimates of overall mortality based on approximate 6 months activity.

The 1-year survival for the whole cohort was 76.0% (95%Cl 74.1% to 77.8%), with 81.5%
(95%Cl 77.2% to 85.0%) of the April 2007 to March 2010 cohort surviving to 1 year. Overall,
61.8% (95%Cl 59.5% to 64.0%) of recipients survived to 3-years after their transplant and
51.7% (95%Cl 49.2% to 54.0%) survived to 5 years. 31.8% (95%Cl 29.1% to 34.6%) were
alive at 10-years (Table 31 to Table 34).
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Adult lung transplants by audit year

Figure 21
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Figure 22 Mortality after adult lung transplantation over time
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Note: Vertical lines represent the start of each audit year
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Mortality rates by transplant centre

Centre specific mortality rates, unadjusted for patient risk are shown in Table 29 to Table
36. For completeness, the transplants in patients aged 16 or over carried out at Great
Ormond Street are included. Centre specific 30-day mortality rates since April 2008 varied
across centres (Fisher’s exact test, p=0.0.075), with mortality rates ranging from 0.0% to
18.5%. Centre effect estimates highlight Birmingham as the divergent centre, with a
significantly higher mortality rate than expected, based on the overall mortality for the
three years 2005 to 2008. Over the 12-months to March 2011 the mortality rate was 7.8%
across all centres (Fisher’s exact test, p=0.622).

90-day mortality rates since April 2008 varied across centres (Fisher’s test, p=0.086). In
contrast, the variability in the 90-day mortality rate for transplants in the 9-months to
December 2010 was similar across the centres (p=0.58).

Table 29 30-day mortality after adult lung transplantation by centre unadjusted for
patient risk

a) April 2008 — March 2011

Mortalit
rate effect

14.5 0.67 -0.17 to 1.98

Papworth 92 7 7.6 3.1 to 15.1 0.51 -0.39 to 2.11
Harefield 125 6 4.8 1.8 to 10.2 -0.05 -0.65 to 1.07
Birmingham 27 5 18.5 6.3 to 38.1 2.67 0.19 to 7.57
65 1 1.5 0.0 to 8.3 -0.69 -099 to 0.70
4 0 0.0 00 to 60.2 -1.00 -1.00 to 17.3

444 30 6.8 46 to 9.5
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Table 29 continued

April 2010 — March 2011

Mortalit
Centre No deaths y 95%Cl Centre 95%Cl
rate’ effect’

29 365 o 98 15 030 o 55

----------

0.0 to 285 -1.00 -1.00 to 5.65

to 84.2 -1.00 -1.00 35.6

! a) p=0.075; b) p=0.622
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (5.04%)

Table 30 90-day mortality after adult lung transplantation by centre unadjusted for
patient risk

a) April 2008 — December 2010

Mortalit Cent
Centre No deaths . 95%Cl SHEe 95%Cl
rate effect

o6 43 o 181 006 05 w0 108

Harefiel ----------

08 71 to 422 131 025 w0 44

to 60.2 -1.00 -1.00 to 9.24
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Table 30 continued

b) April 2010 — December 2010

Mortalit Cent
Centre No deaths y 95%Cl SAtre 95%ClI
rate! effect’

82 52 o 403 053 047 o 39

Harefield ----------

0.0 to  36.9 -1.00 -1.00 to 4.12

to 84.2 -1.00 -1.00 19.5

! a) p=0.086; b) p=0.58
2 expected mortality based on overall mortality for the period April 2005 to March 2008 (9.01%)

Table 31 One-year survival after adult lung transplantation by centre unadjusted for
patient risk

a) Whole audit period

Centre % survival’ 95%Cl Centre 95%Cl
effect

Sheffield 584 to 89.8 -0.09 -0.67 to 0.98

---l---l-

733 to 80.8 -0.04 -0.22 to 0.16

---l---l-

06 o 753 03 002 w0 077

65.0 to 95.7 -049 -090 to 0.49
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Table 31 continued

April 2007 — March 2010

effect

819 713 to 889 -0.05 -048 to 0.60

Harefiel -_-l---l-

56 352 to 718 191 050 to 4.08

100.0 -1.00 -1.00 to 5.02

! a) p<0.01; b) p=0.004

Table 32 Three-year survival after adult lung transplantation by centre unadjusted for
patient risk

a) Whole audit period

Cent
Centre % survival 95%Cl SALIE 95%ClI
effect

Sheffield 473 to 81.8 -0.18 -0.62 to 0.56

---l---l-

58.8 to 68.1 -0.05 -0.19 to 0.11

-_-l---l-

439 to 60.2 0.3 0.04 to 0.69

415 to 824 -0.20 -0.68 to 0.64
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Table 32 continued

b) April 2005 — March 2008

Cent
Centre % survival 95%Cl SALE 95%ClI
effect

12 14 o 618 051 006 to 108

---l---l-

29 31 w0 9 059 009 w0 157

m 0.0 52 to 753 0.84 -0.62 to 4.38

! a) p<0.01; b) p<0.011

Table 33 Five-year survival after adult lung transplantation by centre unadjusted for
patient risk

a) Whole Audit Period

Cent
Centre % survival 95%Cl SALIE 95%ClI
effect

Sheffield 0.7 404 to 76.0 -0.22 -0.61 to 0.39

---l---l-

57 505 to 60.5 -0.08 -0.21 to 0.06

-_-l---l-

414 329 to 4938 0.3 0.05 to 0.65

29.7 to 734 -0.15 -0.61 to 0.62
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Table 33 continued

b) April 2003 — March 2006

effect
to to

m 134 57.0 47.7 65.3 -0.09 -0.32 0.20

Papworth 91 47.9 372 to 57.8 0.20 -0.12 to 0.59
Harefield 73 53.4 414 to 64.1 0.03 -0.29 to 044
Birmingham 40 50.0 33.8 to 64.2 0.13 -031 to 0.74
49 60.9 458 to 73.0 -0.21 -0.53 to 0.23
4 75.0 128 to 96.1 -049 -0.99 to 1.84
391 54.1 489 to 59.0
'p<0.01; b) p=0.61
Table 34 Ten-year survival after adult lung transplantation by centre unadjusted for
patient risk
A e T =
effect
m 572 414 354 to 472 -0.21 -0.31 to -0.11
Sheffield 28 393 217 to 56.5 -0.17 -0.52 to 0.32
Papworth 518 273 225 to 323 0.17 0.04 to 0.31
Harefield 492 374 31.7 to 431 -0.11 -0.22 to 0.02
St George’s 47 22.5 11.7 to 353 0.43 0.00 to 0.97
Birmingham 157 20.6 11.2 to 31.9 0.31 0.06 to 0.60
265 20.1 135 to 27.8 0.12 -0.06 to 0.31
24 24.1 47 to 51.6 -0.05 -0.51 to 0.65
2103 31.8 29.1 to 34.6

! p<0.01

For the cohort as a whole, there was evidence of significant variation in the 1, 3, 5 and 10-
year unadjusted mortality rates across centres (p<0.01 for 1, 3, 5 and 10-year survival, log
rank test). The centre effect estimates highlight Newcastle, St George’s, Papworth and
Birmingham as the divergent centres; Newcastle with a higher than expected survival and St
George’s, Papworth and Birmingham with a low survival rate; however, these estimates are
not adjusted for risk. St George’s last transplant was in September 2000 (Figure 23(a)).
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For the recent cohort transplanted between April 2007 and March 2010 (392 transplants)
there was evidence to suggest 1-year unadjusted survival rates differed between adult
centres (p=0.004), with Birmingham identified as the divergent centre with a higher than
expected unadjusted mortality rate. In contrast, the analysis the 3-year survival rate for the
cohort transplanted between April 2005 and March 2008 (357 transplants), identified
Papworth and Newcastle as the divergent centres, with a higher and lower than expected
unadjusted mortality rates respectively.

Survival curves for the subset of patients who lived beyond 30-days and beyond 1-year are
shown in Figure 23(b) and Figure 23(c) respectively. There was evidence of significant
variation between centres for all subsets (post 30-day survivors, p=<0.01 for 1, 3 and 5
years). There was a 18.4% and a 16.9% difference between the centres with the highest and
lowest 5-year conditional unadjusted survival estimates for the post-30-day and post-1-year
survivors respectively (Table 35 and Table 36).

Figure 23 Kaplan-Meier survival curves after adult lung transplantation by centre
a) Overall survival
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Figure 23

b)

c)

continued
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Table 35 One, three and five-year survival after adult lung transplantation by centre unadjusted for patient risk, for the subset of patients
surviving beyond 30-days

I S A S N S T
CITM e st o s o0 e we

86.5 to 6.9 725 to 80.7

E=CN 05
-_-l-_-l-_---

09 769 1o 21 572 10 66

-_-l-_-l-_---

03 528 to 823 95 420 to 73.2 54.1 369 to 684

-_-l-_-l-_---

m 829 775 to 872 6.6 59.8 to 726 52.4 450 to 593
m 1887 4.6 828 to 88 664 to 710 7.5 549 to 60.0

! p<0.01 * p<0.01 ? p<0.01
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Table 36 Three and five-year survival after adult lung transplantation by centre unadjusted for
patient risk, for the subset of patients surviving beyond 1-year

I T T S R

Centre cases % Survival 95%Cl % Survival® 95%Cl
384 85.9 81.7 to 89.2 73.0 67.5 to 77.7
22 86.4 634 to 95.4 77.3 53.7 to 89.8
Papworth 337 76.8 71.7 to 81.1 62.1 56.2 to 67.3
Harefield 309 82.4 774 to 86.3 72.0 66.2 to 77.0
St George’s 26 846 64.0 to 93.9 76.9 55.7 to 88.9
Birmingham 98 764 66.4 to 838 60.4 49.0 to 70.0
177 80.3 733 to 85.7 63.2 548 to 70.5
19 76.0 480 to 90.3 62.2 341 to 81.1
1372 813 79.0 to 83.4 67.9 65.1 to 70.6

! p=0.04 * p<0.01

Mortality rates by retrieval centre

Mortality rates at 30 and 90-days by retrieval centre, unadjusted for patient risk are shown in
Table 37. A greater proportion of lungs were used locally compared to the adult heart
programme (64.9% vs. 51.1%). Birmingham was the only lung transplant centre in the last three
years to use less than half the lungs they retrieved for a local recipient.

Of the six centres retrieving lungs from more than five adults, the unadjusted 30-day mortality
rate since April 2008 was lowest for lungs retrieved by the Manchester team (3.8%) and greatest
from those retrieved by Glasgow (12.9%). 90-day mortality rates showed a similar pattern.
Neither the 30 nor 90-day mortality rate varied significantly by retrieval centre (Fisher’s exact test,
30-day: p=0.75; 90-day: p=0.43). Mortality rates in the last year also showed no statistically
significant variation by retrieval centre (Fisher’s exact test, 30-day: p=0.66; 90-day: p=0.20).

Mortality rates by audit year
As indicated in Figure 22 30-day mortality has changed significantly over time (p<0.001). Similarly
significant variation in 90-day mortality was found (p<0.001). Longer-term survival to 1, 3, 5 and

10 years has also changed significantly over time (trend test, p<0.01). Survival to 10 years by audit
era is shown in Figure 24.
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Mortality rates by lung type
Survival to 10-years by type of transplant is shown in Figure 25. Survival was highest for patients given a bilateral sequential lung transplant

and lowest for those who had a single lung. Survival varied significantly across the four patient groups (p<0.001), but the differences may
decrease when patient risk is accounted for.

Table 37 30 and 90-day mortality after adult lung transplantation by retrieval centre unadjusted for patient risk

a) April 2008 — March 2011

‘ 90 days
Retrieval % used % DCD

to 13 0 to 20.0 73.8

--------------

Harefield to 12.1 to 16.4

--------------

to 13.2 to 16.2

--------------

to 84.2 to 975
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Table 37 continued

b) April 2010 — March 2011

‘ 90 days
Retrieval % used % DCD
16

Neweastle | .1 o 219 w 4 757
----

Harefield to 24.2 to 30.7

--------------

to 219 to 247

--------------

! a) p=0.75; b) p=0.43

% a) p=0.66; b) p=0.20

* Republic of Ireland or other overseas centre

* Retrieved by the centre who carried out the transplant
>Transplants to December 2010

® Donation after circulatory death
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Figure 24 Kaplan-Meier survival curves after adult lung transplantation by era
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Figure 25 Kaplan-Meier survival curves after adult lung transplantation by lung type
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Risk profile for 30-day and 1-year mortality

Figure 26 plots the average risk score for 30-day and 1-year mortality over time as a moving
average based on 66 transplants. Despite the trend towards increased ischemia times in the
recent period (data not shown) the risk score for early mortality has declined over time.
After allowing for established risk factors, including ischemia time, one of the strongest
predictors of early mortality was transplant era, with a much reduced risk in the period since
2005 compared with transplants prior to this, as shown by the significant decline in risk
during 2005/6. Factors included in the risk adjustment are given in Appendix 1.

The distribution of risk profiles is broadly similar for patients transplanted at the different
active adult centres, as shown in Figure 27. The trend towards lower risk scores for
transplants in the most recent era is seen across all centres.

Risk-adjusted mortality

Centre specific mortality

Table 38 shows the risk adjusted 30-day mortality rates and centre effect estimates
following lung transplantation for the periods April 2008 to March 2011 and April 2010 to
March 2011. The corresponding estimates for 90-day mortality are shown in. Table 39 (for
transplants to December 2010). These fixed centre effects are estimated independently for
each centre and express the difference between the observed and expected number of
deaths as a proportion of the total number of expected deaths.

After risk adjustment, Birmingham had significantly higher than expected mortality at 30
days during the period since April 2008, as indicated by the positive centre effect estimates,
In contrast, 90-day mortality at Manchester was significantly lower than expected during
the same period. These data are further illustrated in Figure 28, which shows the risk-
adjusted mortality estimate for each centre with the 95% and 99% confidence intervals.

Risk adjusted centre effect estimates for 1-year mortality following lung transplantation for
the whole audit, and for the period April 2007 to March 2010 are shown in Table 40. Over
the whole audit period one centre, St George’s is identified as divergent; the centre effect
estimate is positive indicating significantly more deaths than expected. Over the period
April 2007 to March 2010 Birmingham was identified as divergent, with more deaths than
expected after risk adjustment.
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Figure 26 Risk scores for 30-day and 1 —year mortality after adult lung transplantation over
time
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Figure 27 Distribution of risk scores derived from risk model for 30-day mortality after
adult lung transplantation by centre
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Table 38 30-day mortality after adult lung transplantation by centre adjusted for patient
risk

a) April 2008 — March 2011

rate effect
Neweste DL 70 33 1o to

12.5 0.42 -0.35 1.70

Papworth 92 8.1 34 to 154 0.66 -0.33 to 242
Harefield 125 5.3 20 to 10.8 0.05 -0.62 to 1.28
Birmingham 25 18.2 6.8 to 34.2 3.20 037 to 8381
65 14 00 to 7.2 -0.74 -099 to 047

4 0.0 0.0 to 53.7 -1.00 -1.00 to 20.9

April 2010 — March 2011

b)
EEEEEE
rate

95%ClI 95%ClI
effect
1.6 to to

18.8 0.49 -0.69 3.35
Papworth 31 14.3 44 to 29.9 2.14 -0.14 to 7.05
Harefield 57 6.2 13 to 16.2 0.25 -0.74 to 264
Birmingham 10 0.0 0.0 to 30.2 -1.00 -1.00 to 7.13
21 4.6 0.1 to 21.2 -0.09 -0.98 to 4.06
2 0.0 0.0 to 62.9 -1.00 -1.00 to 31.0

Table 39 90-day mortality after adult lung transplantation by centre adjusted for patient

risk

a) April 2008 — December 2010
Centre 1 95%Cl centre 95%Cl
rate effect

11.5 18.2 0.32 -0.30 1.25
Papworth 84 10.3 47 to 185 0.16 -0.50 to 1.29

Harefield 111 9.5 48 to 16.2 0.06 -049 to 0.96
Birmingham 22 17.5 6.4 to 331 1.14 -0.31 to 3.99
55 1.7 0.0 to 8.8 -0.83 -1.00 to -0.03

4 0.0 0.0 to 57.7 -1.00 -1.00 to 12.8
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Table 39 continued

b) April 2010 — December 2010

Centre hidai 113 95%Cl Centre 95%Cl
rate effect

15.6 32.2 0.87 -0.49 3.79
Papworth 23 17.9 56 to 358 1.20 -0.40 to 4.63
Harefield 43 9.6 2.8 to 213 0.07 -0.71 to 1.73
Birmingham 7 0.0 0.0 to 335 -1.00 -1.00 to 4.08
11 8.0 0.2 to 326 -0.12 -0.98 to 3.89
2 0.0 0.0 to 69.7 -1.00 -1.00 to 223
Figure 28 Risk-adjusted estimates of early mortality after adult lung transplantation, April
2007 to March 2010
a) 30-days
L _|
N

o |
N
To)
2]
©
=
o
S
(=)
o
> =
® Papworth
® Newcastle
0 - WHarefield

® Manchester

———
—— —

O 4 @GtOrmond St
T T T

T T T T T
0 20 40 60 80 100 120 140
Number of transplants

85



Figure 28 continued

b) 90-days (transplants to December 2010)
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Table 40 1-year survival after adult lung transplantation by centre adjusted for patient
risk
a) Whole audit period
o [mom [son || | mo
effect
m 544 78.9 754 to 821 -0.15 -0.31 to 0.03
m 26 81.4 65.2 to 93.1 -0.27 -0.76 to 0.69
497 73.6 70.2 to 769 0.13 -005 to 0.34
450 76.7 729 to 80.3 -0.04 -0.22 to 0.18
47 58.3 478 to 69.3 126 040 to 2.46
m 150 70.9 64.7 to 76.9 0.30 -0.05 to 0.73
256 79.5 747 to 83.8 -0.18 -0.39 to 0.07
m 22 88.4 679 to 984 -0.59 -0.95 to 0.49
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Table 40 continued

b) April 2007 — March 2010

effect

83.3 76.4 89.1 -0.12 -0.46 0.36
Papworth 81 81.3 72.2 to 88.8 0.01 -045 to 0.70

Harefield 97 84.1 75.6 to 90.9 -0.17 -0.56 to 0.42
Birmingham 26 62.3 48.6 to 76.2 166 038 to 3.65
62 83.7 74.6 to 90.9 -0.14 -0.56 to 0.50

3 100.0 33.7 to 100.0 -1.00 -1.00 to 7.66

Continuous monitoring of mortality

Observed — expected mortality

The observed — expected charts, with and without risk adjustment, for 30-day and 90-day
mortality after adult lung transplantation are shown in Figure 29 and Figure 30 respectively.

Tabular CUSUM charts

Tabular CUSUM charts for 30-day and 90-day mortality are shown in Figure 31 and Figure 32
respectively. Mortality rates following adult lung transplantation have been consistent with
the national average at all centres apart from Birmingham in recent years. Birmingham
signalled in 2009, following 5 deaths in an 18-month period, including the short run of
deaths in 2008 identified in the real-time monitoring when the expected rates were
updated, and investigated internally at the time.
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Figure 29

Cumulative observed-expected deaths

Figure 30

Cumulative observed-expected deaths
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Figure 31 Tabular CUSUM for 30-day mortality after adult lung transplantation unadjusted
for patient risk, January 2004 to March 2011
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Figure 32 Tabular CUSUM for 90-day mortality after adult lung transplantation unadjusted
for patient risk, January 2004 to December 2010
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7. RESULTS — PAEDIATRIC LUNG TRANSPLANTATION

Transplant activity

One-hundred children (<16 years) have received a lung transplant in the period since the
audit started; the majority had cystic fibrosis. The youngest child transplanted was two
years old and the median was 13 years. The total number of transplants reported by audit
year is shown in Figure 33. Since April 2001, 59 paediatric lung grafts using lungs from
cadavers have been carried out, 25 since April 2007. Unlike the adult programme, many of
children received a heart-lung graft (38, 38%), although the number of heart-lung grafts is
falling, only one heart-lung transplant has been reported in the last three years. All the
remaining grafts were bilateral sequential lung procedures.

Unadjusted mortality rates

Overall mortality

Nine recipients died within 30 days of their transplant, giving an overall 30-day mortality
rate of 9.0% (95%Cl 4.2% to 16.4%) for the whole audit period. There were a further 2
deaths between 30 and 90-days giving a 90-day mortality for transplants to December 2010
of 11.1% (95%Cl 5.7% to 19.0%). Of transplants carried out since August 2000, there have
been three reported deaths within 30 days of the operation and no deaths between 30 and
90-days (Table 41 and Table 42).

Overall, 83.7% (95%Cl 74.8% to 89.7%) of children were alive 1-year after their transplant;
73.8% (95%Cl 63.4% to 81.7%) survived to 3-years; 62.9% (95%Cl 51.1% to 72.6%) to 5-years
and 43.3% (95%Cl 29.0% to 56.8%) were alive after 10-years (Table 43 to Table 46).

Mortality rates by transplant centre

Mortality rates at 30-days and 90-days by centre, unadjusted for patient risk, for the period
April 2008 to March 2011 (30-days) or to December 2010 (90-days), are given in Table 41
and Table 42. As there was only one reported early death over this period centre effect
estimates are omitted.

Focusing on the three centres with more than 5 transplants in there was no evidence to
suggest that 1, 3, 5 and 10-year survival differed significantly between centres (p=0.09,
p=0.39, p=0.48 and p=0.95 for 1,3, 5 and 10 year survival respectively) (Figure 34). The
centre effect estimates also indicate that survival rates were similar across centres; all 95%
confidence intervals encompass O (Table 43 to Table 46).
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Paediatric lung transplant activity by audit year

Figure 33

Overall
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Table 41 30-day mortality after paediatric lung transplantation by centre unadjusted for
patient risk

a) April 2008 — March 2011

0.1to 28.7

b) April 2010 — March 2011

' a) p>0.99;
Table 42 90-day mortality after paediatric lung transplantation by centre unadjusted for

patient risk

a) April 2008 — December 2010

0.2t0 30.2

b) April 2010 — December 2010

0.8 to 84.2

! a) p>0.99;
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Table 43 One-year survival after paediatric lung transplantation by centre unadjusted for
patient risk

a) Whole audit period

Cent
Centre % survival 95%ClI SNEE 95%Cl
effect

S0 128 to %61 041 09 to 688

---------

m 6.3 760 to 924 -0.16 -0.60 to  0.55

b) April 2007 — March 2010

Cent
Centre % survival 95%ClI SNEE 95%Cl
effect

95 641 to 973 0. -0.87 to 3.00

a) p=0.09 (excluding centres with < 5 cases); b) p=0.64

Table 44 Three-year survival after paediatric lung transplantation by centre unadjusted
for patient risk

a) Whole audit period

Cent
Centre % survival 95%ClI SNEE 95%ClI
effect

00 58 o m5 085 07 o 56

Harefiel ---------

63.6 to 84.7 -0.10 -0.48 to 0.47
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Table 44 continued

b) April 2005 — March 2008

Cent
Centre % survival 95%ClI SNEE 95%Cl
effect

65.0 to 99.1 -0.44 -0.99 to 2.14

! a) p=0.39 (excluding centres with <5 cases); b) p=0.08

Table 45 Five-year survival after paediatric lung transplantation by centre unadjusted for
patient risk

a) Whole Audit Period

Cent
Centre % survival 95%ClI SNEE 95%ClI
effect

00 58 o E5 043 08 to 417

Harefiel ---------

50.6 to 75.9 -0.06 -042 to 0.44

b) April 2003 — March 2006

Centre % survival® 95%Cl Centre 95%Cl
effect

714 443 to 87 -0.05 -069 to 1.21

a) p=0.48 (excluding centres with <5 cases) b) p=0.72
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Table 46 Ten-year survival after paediatric lung transplantation by centre unadjusted for

patient risk
. 1 Centre
Centre % survival 95%Cl 95%ClI
effect
m 12 43.7 117 to 726 -0.11 -0.71 to 1.08

Papworth 4 50.0 58 to 845 -0.06 -0.89 to 2.40

Harefield 10 48.0 16.1 to 745 0.11 -0.64 to 1.59
74 354 154 to 56.1 001 -034 to 047
100 433 29.0 to 56.8

! p=0.95 (excluding centres with <5 cases)

Mortality rates by retrieval centre

Mortality rates by retrieval centre, for the period April 2008 to March 2011 are shown in
Table 47. Of the remaining 16 transplants carried out at Great Ormond Street, 4 used lungs
retrieved by the local team and 12 were retrieved by another centre. One of the two
recipients at Newcastle had lungs which were retrieved by the local team.

Mortality rates by audit year

30-day mortality after paediatric lung transplantation has not changed significantly over
time (Fisher’s exact test, p=0.40). 90-day mortality has declined (Fisher’s exact test, p=0.09).
Survival to 1 and 3-years has also changed over time, (p<0.01 and p=0.054 respectively) but
longer-term survival was similar (5-year, p=0.11; 10-year, p=0.18). Survival to 10 years by
audit era is shown in Figure 35.

Mortality rates by lung type
Survival to 10-years by type of transplant is shown in Figure 36. Four single lung transplants

have been omitted. Survival was highest for patients given a bilateral sequential lung
transplant. Unadjusted survival to 10-years varied across the three patient groups (p=0.08).
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Table 47 30 and 90-day mortality after paediatric lung transplantation by retrieval centre unadjusted for patient risk

April 2008 — March 2011

30 days 90 days
% used

Retrieval

to 7038 to 7038 33.3

-------------

Harefield 0.0 to 70.8 0.0 to 70.8
----I-----I--
to 97.5 to 97.5

00 00

5.3 0.1 to 26.0 5.6 to 27.3

' p=0.74

?p>0.99
* Retrieved by the centre who carried out the transplant

*Transplants to December 2010
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Figure 34 Kaplan-Meier survival curves after paediatric lung transplantation by centre
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Figure 35 Kaplan-Meier survival curves after paediatric lung transplantation by era
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Figure 36 Kaplan-Meier survival curves after paediatric lung transplantation by lung type
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Continuous monitoring of mortality

Observed — expected mortality

The observed — expected charts for 30-day and 90-day mortality after paediatric lung

transplantation are shown in Figure 37 and Figure 38 respectively.

Tabular CUSUM

Tabular CUSUM charts for 30-day and 90-day mortality are shown in Figure 39 and Figure 40
respectively. Paediatric mortality rates after lung transplantation are consistent with the

national average.
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Figure 37 Cumulative (observed — expected) 30-day mortality after paediatric lung
transplantation unadjusted for patient risk, January 2004 to March 2011

Newcastle Great Ormond St
2 2
1%2]
ey
IS
[}
©
e}
5 01— 0 \/\/\
Q
[
o
x
@
el
g -2 -2
@
%]
Q
o
g
= -4 -4
E
IS
>
(&)
-6 -6

Transplant number

Figure 38 Cumulative (observed — expected) 90-day mortality after paediatric lung
transplantation unadjusted for patient risk, January 2004 to December 2010
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Figure 39 Tabular CUSUM for 30-day mortality after paediatric lung transplantation
unadjusted for patient risk, January 2004 to March 2011
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Figure 40 Tabular CUSUM for 90-day mortality after paediatric lung transplantation
unadjusted for patient risk, January 2004 to December 2010
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8. DISCUSSION OF RESULTS

8.1 ADULT HEART TRANSPLANTATION

The overall number of adult heart transplants rose from 86 transplants to 90 transplants in
2010/11. On the whole, the results remain consistent with previous reports; the point
estimate for the overall unadjusted 30-day mortality rate for the complete cohort increased
from 11.9% to 12.2% and at 90-days the overall rate increased by 0.2% from 14.6% to
14.8%. Since April 2008, there has been an upward trend in both 30-day and 90-day
mortality; 13.1% of patients died within 30-days and 16.7% died within 90-days of their
transplant. Early mortality remains higher than that reported by the US United Network for
Organ Sharing (UNOS) who report a 90-day mortality of between 6.0% (18-34 years) and
9.2% (65+ years) for adults receiving transplants in the period 2006-2007. However,
excepting Harefield, all centres encompassed the 10% 30-day mortality rate, advised by the
British Transplantation Society, within their 95% confidence intervals.

Over the 3-year period since April 2008, 30 and 90-day mortality, estimated with and
without adjustment for differences in case mix, varied significantly between transplant
centres, with Harefield reporting higher than expected mortality.

Following signals on the continuous monitoring charts for three centres between October
2007 and August 2008 (reported previously) the target mortality rates on which the charts
are based were revised to better reflect the most recent transplant practice.

Patients given mechanical support post heart transplantation for primary graft failure had a
VAD implanted for a median of 8 days. At the time of analysis, 27 of these patients (39%)
were alive.

No differences in early mortality by retrieval centre were found.

The results for 1, 3, 5 and 10-year unadjusted survival rates have not changed significantly
with time. Rates for the UK are lower than those reported by UNOS, although the difference
lessens as the follow-up increases (83% vs. 87% at 1 year, 78% vs. 80% at 3 years, 69% vs.
74% at 5-years and 56% vs. 54% at 10-years).

Risk-adjusted centre-specific results at 1-year for the whole audit period continued to
highlight Papworth, Sheffield and Manchester as reporting significantly fewer deaths than
expected, with more deaths than anticipated at St George’s. Analyses of survival to 1-year
for the period April 2007 to March 2010 suggested that mortality was in line with that
expected at all centres, this is in contrast with our last report when for transplants between
April 2006 to March 2009 Manchester had fewer deaths in the first transplant year than
expected.

The report on VAD activity and outcome shows that 86% of patients given a long-term VAD

were alive at 30-days and 65% were alive at 1-year. Data shows a 3-year survival of 54% for
the whole study period and 58% in the most recent era. We are currently unable to adjust
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for case-mix both because of the small number of events and the limitations of the data
available. A more comprehensive dataset is now being introduced.

8.2 PAEDIATRIC HEART TRANSPLANTATION

Following a decline in activity in 2004/5, heart transplantation in children between 2005 and
2011 returned to the previous activity level. Thirty-day mortality was 2.9% for transplants
since April 2008, which is lower than reported previously (4.4% for the three years from
April 2007).  Unadjusted survival to 1, 3 and 5-years is also consistently better than
reported worldwide.

8.3 ADULT LUNG TRANSPLANTATION

Lung and heart-lung transplantation is reported as a single entity as in previous reports. In
contrast to the heart transplant programme, lung transplant activity increased with 166
transplants reported in the last year (140 in 2009/10), the highest annual total for 7 years.
The overall 30-day mortality for the adult lung transplant programme as a whole is 10.1%,
0.1% lower than the overall rate reported in the last annual report. Overall 90-day mortality
also declined from 15.6% to 15.1%.

For the period since April 2008 Birmingham has had more deaths within 30-days than
expected after adjustment for differences in case-mix. This was sufficient to trigger a
retrospective signal on the continuous monitoring chart in 2009 after the target mortality
rates were changed. Prior to the signal, there had been an internal investigation and the
situation was discussed with NHSBT. In the last audit year, there were no deaths within 30-
days in the eleven patients transplanted at Birmingham.

In line with the decline in early mortality, the 1, 3, 5 and 10-year unadjusted survival rates
have also changed over time. However, overall rates for the UK remain lower than those
reported by UNOS, although the difference lessens as the follow-up increases (81% vs. 83%
at 1 year, 66% vs. 68% at 3 years, and 54% vs. 55% at 5-years). At 10-years unadjusted
survival is higher in the UK (32% vs. 26%).

Long term un-adjusted survival following lung transplantation varied significantly across
centres. Amongst the active adult centres Newcastle was identified as having significantly
higher survival (i.e. fewer deaths than expected) at 1, 3, 5 and 10-years, while Papworth and
Birmingham had lower than expected survival rates at 3, 5 and 10 years. Reasons for this
apparent variability across centres are unclear but is likely due to a combination of case-mix
and organs transplanted, neither of which have been accounted for in these analyses.
Differences in survival to 1-year, for the cohort as a whole, were no longer apparent after
adjustment for case-mix. However, for transplants in the period April 2007 to March 2010
1-year survival at Birmingham was lower than expected, after adjustment for case-mix.
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8.4 PAEDIATRIC LUNG TRANSPLANTATION

The paediatric programme in the UK continues to be very small with just 100 transplants (4
more than the last report) in the under 16s, too few to draw any robust conclusions
regarding performance at the different centres. There have been only two reported deaths
within 90 days of transplantation since July 2000. Overall longer term survival to 5-years
compares well with that of adult lung transplantation.
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9. PRESENTATIONS AND PUBLICATIONS OF THE UKCTA

9.1 PRESENTATIONS

Presentations given on behalf of the Steering Group of the UK Cardiothoracic Transplant
Audit in the last audit year:

31" Annual meeting of the International Society for Heart and Lung Transplantation, April
2011, San Deigo

e US-derived quantitative donor risk score predicts mortality after orthotopic heart
transplantation in the UK CA Rogers, A Emin, RS Bonser, NR Banner

e Use of Long-term Ventricular Assist Devices in Bridging to Heart Transplantation —
A UK National Survey A Emin, CA Rogers, HL Thomas, S Tsui, G MacGowan, J
Parameshwar, NR Banner

Annual Meeting for the Society of Cardiothoracic Surgery of Great Britain and lIreland,
Annual Meeting, March 2011, London

e US-derived quantitative donor risk score predicts mortality after orthotopic heart
transplantation in the UK A Emin, CA Rogers, RS Bonser, NR Banner

e Donor Biomarkers Associated with Primary Graft Dysfunction (PGD) in the Heart
Transplant (HTx) Recipient V Dronavalli, D Ward, W Wei, P Johnson, RB Bonser

Annual Meeting for the British Cardiovascular Society, Annual Meeting, June 2011,
Manchester

e Management of Advanced Heart Failure in the UK: Trends in Heart Transplantation

and Mechanical Circulatory Support A Emin, CA Rogers, HL Thomas, S Tsui, S
Schueler, G MacGowan, A Simon, RS Bonser, J Parameshwar, NR Banner
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9.2 PUBLICATIONS

Manuscripts published since our last annual report:

1. A Emin, CA Rogers, RS Bonser, NR Banner on behalf of the Steering Group of the UK
Cardiothoracic Transplant Audit. Antithymocyte globulin induction therapy for adult
heart transplantation. Heart Lung Transplant. 2011 Jul;30(7):770-7. Epub 2011 Mar 27

2. HL Thomas, VB Dronavalli, J] Parameshwar RS Bonser, NR Banner on behalf of the
Steering Group of the UK Cardiothoracic Transplant Audit. Incidence and outcome of
Levitronix CentriMag support as rescue therapy for early cardiac allograft failure: A UK
national study. Eur J Cardiothorac Surg. 2011 Dec;40(6):1348-1354. Epub 2011 Apr 14

3. Q Wang, CA Rogers, RS Bonser, NR Banner, N Demiris, LD Sharples on behalf of the
Steering Group of the UK Cardiothoracic Transplant Audit. Assessing the relative
benefit of accepting a single lung now or waiting for a double lung in patients with
Idiopathic Pulmonary Fibrosis and Chronic Obstructive Pulmonary Disease.
Transplantation. 2011 Apr 27;91(8):921-6
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10. INDEPENDENT VALIDATION OF VAD DATA

Data validation procedures were undertaken at 3 centres; Newcastle, Papworth and
Harefield. Five VAD patients were selected from the cohort who had a record on the VAD
database. These patients were selected to maximise representation across the VAD cohort
and to include a case mix of both retrospective and prospective patients. Key fields were
examined within the database for errors in data input.

Starred (*) fields were selected from each page of the dataset and cross checked with
patient records. Incorrect fields were highlighted and centres notified of areas where
improvement in data input were required. Starred fields represent the most important
variables within each section of the dataset and were selectively examined. Subsequent
reports may examine all fields within the dataset.

All centres were accurate and precise in data collection and entry showing approximately
95% correctness of data fields entered within the database; Harefield - 23 incorrect fields
identified out of 456, Newcastle — 18 incorrect fields identified out of 420, Papworth — 16
incorrect fields identified out of 319.

Only 3 centres have been assessed thus far, but these represent the majority of VAD
implanters in the UK. Other centres data input will be validated for future reports.
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APPENDIX 1 FACTORS INCLUDED IN RISK ADJUSTMENT MODELS

Adult heart transplantation

30 and 90-day model 1-year model

Recipient ventilated pre transplant Recipient gender

Recpientdiabetes  Recplentdiagnoss
Recipient creatinine clearance Recipient vascular disease

Previousopenheartsugery  Recpientventiated pretransplant
Adult congenital heart disease Recipient in hospital pre transplant

Donorage  Recplentdiabetes
Ischemia time Recipient creatinine clearance

Recipient body mass index

Recipient acid

Donor age

Donor cause of death

Donor history of drug abuse

Donor: recipient size mis-match

Ischemia time
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Adult lung transplantation

30 and 90-day model 1-year model

Recipient diagnosis Transplant type

Donr:recipient height mis match Recipient bilirubin

Era of transplant Recipient forced vital capacity (FVC) at listing

Donor CMV+:recipient CMV-

Era of transplant
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APPENDIX 2

STEERING GROUP MEMBERS

Professor Robert Bonser
Director, Cardiopulmonary
Transplantation

Queen Elizabeth Hospital
Edgbaston

Birmingham B15 2TH

Professor Paul Corris

Director, Cardiopulmonary
Transplantation

Freeman Hospital

Freeman Road

Newcastle upon Tyne NE7 7DN

Mr Peter Braidley
Director, Cardiopulmonary
Transplantation

Northern General Hospital
Herries Road

Sheffield S5 7AU

Mr Steven Tsui

Director, Cardiopulmonary
Transplantation

Papworth Hospital
Papworth Everard
Cambridgeshire CB3 8RE

Mr Andre Simon

Director, Cardiopulmonary
Transplantation

Harefield Hospital
Harefield

Middlesex UB9 6JH

Dr Nicholas Banner (Chairman)

Consultant in Cardiology, Transplant

Medicine and Circulatory Support
Harefield Hospital

Harefield

Middlesex UB9 6JH

Professor Nizar Yonan
Director, Cardiopulmonary
Transplantation
Wythenshawe Hospital
Southmoor Road
Manchester M23 9LT

Dr Mike Burch

Director, Cardiopulmonary
Transplantation

Great Ormond Street Hospital for
Children

Great Ormond Street

London WCIN 3JH

Dr Mark Petrie

Director, Cardiopulmonary
Transplantation

Golden Jubilee National Hospital
Agamemnon Street

Clydebank Glasgow G81 4DY

Professor Jan van der Meulen
Director, Clinical Effectiveness Unit

Royal College of Surgeons of England

London WC2A 3PN

Dr Imogen Stephens
Medical Advisor to NSCT
Southside

105 Victoria Street
London SW12 6QT

Professor Dave Collett
Statistics and Clinical Audit
NHS Blood and Transplant
Fox Den Road

Bristol BS34 8RR



Dr Jayan Parameshwar
Transplant Physician
Papworth Hospital
Papworth Everard
Cambridgeshire CB3 8RE
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