
  AGChC(15)20 
 

1 
 

NHS BLOOD AND TRANSPLANT 
 

ORGAN DONATION AND TRANSPLANTATION DIRECTORATE 
 

ADVISORY GROUP CHAIRS COMMITTEE  
 

PUBLICATION OF REAL TIME SEQUENTIAL MONITORING OF OUTCOMES  
FOLLOWING ORGAN TRANSPLANTATION 

  
 
BACKGROUND 
 

1. NHSBT monitors 30/90 day patient and graft outcomes following organ 
transplantation through centre specific cumulative sum (CUSUM) analyses.  These 
are undertaken monthly for liver and cardiothoracic transplantation and quarterly for 
kidney and pancreas transplantation. These ‘within centre’ analyses enable prompt 
detection of any changes in mortality or graft failure rates, providing external 
assurance and enabling centres to compare current outcomes with their own past 
performance to assist in internal auditing. An example of a CUSUM chart is given in 
Appendix I. 
 

2. Outcomes ‘across centres’ are analysed on an annual basis and results are 
presented in funnel plots showing one and five year risk-adjusted graft and/or patient 
survival for all organs and centres.  These enable centre comparisons to be made 
and present outcomes in an intuitive way, clearly identifying any outliers.  These 
results are published on the ODT website as part of the organ specific reports. An 
example chart is shown in Appendix II. 
 

3. Currently, no transplant centre CUSUM reports are being routinely published on the 
ODT website, although the most recent liver and cardiothoracic CUSUM reports 
have been included at the time of annual organ specific reports of activity and 
outcomes. 
 

4. The question has arisen at a recent Advisory group meeting as to whether CUSUM 
analyses should be routinely published by NHSBT.  While NHSBT is committed to 
support transparency and provide all relevant information on its website and in 
reports, there are concerns that the publication of CUSUM analyses may lead to 
misleading conclusions. 
 
CUSUM ANALYSES 
 

5. CUSUM charts sequentially monitor post-transplant outcomes and, with the 
exception of kidney transplant reports, are not risk-adjusted.  They are designed to 
‘signal’ when the tabular CUSUM crosses a pre-defined threshold known as the 
chart limit.  Threshold levels have been determined from simulations and have been 
selected to enable the quick detection of a significant change in mortality or failure 
rate whilst minimising the number of false-positive signals.   
 

6. The nature of CUSUM analyses is that false signals (that is, a signal when there is 
no underlying cause identified) are expected.  In the case of liver CUSUMs, a single 
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centre can, on average, expect two false signals in a 10-year period.  Higher volume 
centres may experience slightly more false signals.  The thresholds set for kidney 
transplantation are more liberal and there is a notional false signal rate of 5%. 
 

7. Such ‘signals’ may be due to one of a number of different reasons.  A signal may be 
due to transplantation of patients of higher risk than previously, deterioration in the 
centre’s performance, a short run of adverse events, or it may occur just by chance 
with no underlying cause (ie a false positive result).  Some signals have also 
occurred as a result of erroneously reported data.   
 

8. In all cases, a signal leads to an investigation by the centre concerned. The 
investigation is reviewed by NHSBT, the Chair of the appropriate Advisory Group (or 
deputy in case of conflict) and a representative from NHS England (on behalf of all 
the commissioners of all four UK nations).  

 
9. Appendix III shows a description of the methodology used to produce the CUSUM 

charts and Appendix IV the protocol in place to respond to a signal.  
 
CONCLUSION 

 
10. In considering whether or not to publish CUSUM charts, the following points were 

noted: 
 
Reasons to publish Reasons not to publish 
  
Provide information on trends in short 
term performance 
 
Transparency 
 
Reports would have to be made available 
in response to a Freedom of Information 
request 
 
 

CUSUM monitoring is designed to detect 
any early post-transplant signs of specific 
problems within centres, while funnel 
plots (which NHSBT will continue to 
provide), provide centre comparisons of 
short and long term outcomes  
 
Many signals are false (have no 
underlying cause) and the level is set 
with the expectation that a significant 
proportion of centres will signal when 
performance remains good 
 
Results are draft until data are validated 
– data errors have led to false signals  
  
CUSUM charts are not risk-adjusted 
(except kidney) 
 
Potential reputational damage to centres 
with CUSUM charts that are close to 
signalling a deterioration in performance 
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11. After consideration of the points outlined, NHSBT have made the decision not to 

publish CUSUM charts.  Their primary purpose is to act as a warning system to 
centres about short term outcomes and by their nature there are false signals. The 
data are treated as provisional until the centres validate results following a signal and 
outcomes are short term and not risk-adjusted.  Funnel plots enabling ‘across centre’ 
comparisons of one and five year outcomes provide clear information about 
outcomes in the short and longer term and are risk-adjusted.  These will continue to 
be published on www.odt.nhs.uk on an annual basis. 
 
 
Rachel Johnson 
Head of ODT Studies 
Statistics and Clinical Studies June 2015 

http://www.odt.nhs.uk
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APPENDIX I  EXAMPLE CUSUM CHART 
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APPENDIX II  EXAMPLE FUNNEL PLOT 
 

 
 
 
APPENDIX III  CUSUM METHODOLOGY 
 
A centre-specific analysis is presented to enable centres to compare current outcomes with their 
own past performance.  We hope that this may assist in internal auditing and enable prompt 
detection of any changes in mortality rates. 
 
Data and endpoints 
For each liver transplant centre, 90-day patient mortality has been monitored for all first liver 
transplants since 1 January 2012.  Multi-organ transplants are excluded from the analysis, as 
well as transplants from living donors.  Patient mortality is defined as patient death within 90 days 
of first liver transplant.  Outcomes following adult and paediatric, elective and super-urgent liver 
transplants are presented separately. 
 
Methodology 
The continuous monitoring performed combines the use of two types of cumulative sum 
(CUSUM) chart; the ‘Observed – Expected’ (O-E) chart and the tabular CUSUM. 
 
The O-E chart plots the cumulative difference between the observed and expected patient 
mortality.  Expected mortality has been determined from an unadjusted centre-specific average 
mortality rate based on transplants in the baseline period (between 2008 and 2011), with more 
recent transplants given greater weight.  The chart is not reset but continues to monitor each 
successive transplant in the monitoring period.  For transplants with a positive 90-day outcome 
the chart goes down a small step (p), while for each patient death the chart goes up by a larger 
step (1-p).  The step sizes reflect that there is a small probability of death (p).  For example, if the 
expected death rate in the centre is 10%, each transplant that is functioning at 90 days will cause 
the chart to go down by 0.1 and each patient death within 90 days will cause the chart to go up 
by 0.9. 
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The tabular CUSUM chart is used to identify when a significant increase in mortality rate has 
occurred.  The tabular CUSUM chart plots the cumulative sum of a statistic that reflects the 
extent to which the current outcomes are out of line with the baseline value.  The larger the value 
of this statistic the stronger the evidence that there has been a change in the underlying rate.  
The chart is designed to signal when the tabular CUSUM crosses a pre-defined threshold known 
as the chart limit.  The choice of threshold has been determined from simulations and has been 
selected to enable the quick detection of a significant change in mortality rate whilst minimising 
the number of false-positive signals.  In a similar way to the O-E CUSUM chart, the tabular 
CUSUM chart decreases by a small step for a positive outcome and increases by a larger step in 
the event of a patient death.  In order to prevent a centre accruing ‘credit’ following a long run of 
successes the tabular CUSUM is constrained to be non-negative.  Following a signal the tabular 
CUSUM is reset.  Signals are apparent where the tabular CUSUM crosses the limit and are 
superimposed on the O-E charts at the transplant where the signal occurred.  Newly identified 
signals are marked by a star and previously observed signals are marked by a dot.  The relevant 
transplant date at which the signal occurred is also shown.  
 
An analysis of the properties of the CUSUM charts being used indicates that if mortality rates 
after adult elective liver transplantation are consistent with the expected rates, a centre can, on 
average, expect two false signals in a 10-year period.  Naturally, high volume centres may 
experience slightly more and low volume centres can expect fewer false signals.  CUSUM charts 
monitoring the number of deaths following adult super-urgent transplants are expected to signal, 
on average, once in a 10-year period.  Due to the low numbers and lower mortality rates both 
elective and super-urgent paediatric CUSUM charts are expected to signal even less frequently. 
 
In order to provide real time monitoring an attempt has been made to collate missing outcome 
data at the time of analysis.  The data collected is minimal and un-validated by standard NHS 
Blood and Transplant validation rules.  Consequently, all the analyses presented have not been 
adjusted for risk factors. 
 
Interpretation of the charts 
The O-E chart is a useful tool for observing centre performance over time.  A downward trend 
indicates a lower than expected rate of mortality compared with the baseline period (i.e. 
improved performance), whereas an upward trend points to an observed mortality rate that is 
higher than expected (i.e. inferior performance). 
 
From the O-E chart, it is not possible to determine when a significant change in the mortality rate 
has occurred.  To identify statistically significant changes the tabular CUSUM chart is used to 
complement the O-E chart.  A significant shift in the underlying mortality rate is evident when the 
chart crosses the limit and generates a signal.  The tabular CUSUM chart can be used to 
forewarn of possible future signals as the chart approaches the limit.   
 
Such ‘signals’ may be due to one of a number of different reasons.  A signal may be due to 
transplantation of patients of higher risk than previously, deterioration in the centre’s 
performance, a short run of adverse events, or it may occur just by chance with no underlying 
cause (ie a false positive result).   
 
Response to a signal  
All signals arising from the analysis will be dealt with according to the protocol agreed by ODT 
Transplant Policy Review Committee in June 2013 and reproduced overleaf. 
 
If a specific change in clinical practice is anticipated, for example with regard to taking on higher 
risk cases, the Steering Group Chairman, Advisory Group Chairman and the Associate Medical 
Director of Organ Donation and Transplantation should be informed in advance to aid in the 
assessment of any future signals.  
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APPENDIX IV  RESPONSE TO A SIGNAL 
 

1 In the response to a signal a nominated representative from NHS England 
(subsequently referred to as ‘the nominated representative’) will act not only on 
behalf of NHS England but also the Commissioners in the other three UK nations and 
all four national Departments of Health and will be responsible for ensuring that all 
these interested parties are kept informed as necessary where relevant.   

 
2 When a monitoring report has been produced, the Associate Medical Director (AMD) 

for Organ Donation and Transplantation (ODT), and the Associate Director for 
Statistics and Clinical Studies will be notified of any signals. 

 
3 Following a signal, the AMD will inform the nominated representative and the Chair of 

the relevant Organ Advisory Group or National Retrieval Group (or nominated deputy 
if there is an actual or potential conflict of interest), and a timely response requested 
from the Head of the centre involved. If a response is not received within an agreed 
time frame (usually 4 weeks), a reminder will be sent and if no response is received, 
then the issue will be escalated within the relevant hospital Trust/Board. 
 

3.1 If it is agreed by the AMD, nominated representative and Chair of the Advisory 
Group (or deputy) or National Retrieval Group that the signal represents inherent 
variation and that there is no underlying cause for concern: 

• The reasons for considering that the signal does not indicate a possible 
cause for concern will be documented. 

• The AMD will be responsible for informing all interested parties and ODT 
Clinical Audit, Risk and Effectiveness (ODT CARE) Group and, for signals 
relating to organ retrieval, informing the National Retrieval Group, of the 
reasons for the decision not to investigate further. This will be recorded in 
the minutes of the ODT CARE meeting or, in the case of signals relating to 
organ retrieval, in the minutes of the National Retrieval Group. 
 

3.2 In all other circumstances: 
3.2.1 For signals relating to outcomes after transplantation: 

• The nominated representative will be responsible for liaising with the 
appropriate commissioner of the service to ensure that there is appropriate 
investigation and, where indicated, that remedial action has been identified 
and taken. 

• Any investigation will be led by the appropriate commissioner of that service. 
NHSBT will support any such investigation as requested. 

• The monitoring process for that centre may subsequently be rendered more 
sensitive so that if a problem persists, this will be detected more quickly. 

 
3.2.2 For signals relating to organ damage 
o NHSBT commissions the National Organ Retrieval Service so will lead the 

appropriate investigation. 
o The investigation will be led by the National Clinical Lead for Organ Retrieval 

(or deputy if appropriate) with support from the Assistant Director for 
Commissioning and will co-opt one other independent expert. 
 

3.2.3 The nominated representative will be responsible for ensuring that all 
relevant interested parties, including the clinicians, the transplant centres, 
the Trust/Board, the Commissioners (where relevant), the Departments of 
Health, Regulators and NHSBT are kept informed as to the running and 
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outcomes of any investigation and will make a formal report to the AMD of 
ODT within 6 months of the signal occurring.  
  

3.3 Where specified by the relevant Commissioners, the ‘interested parties’ will include 
those Commissioners of transplant services for patients who travel to another UK 
nation for transplant  

 
3.4  NHSBT Statistics and Clinical Studies Directorate will work with the nominated 

representative to provide any additional data that are required, but the nominated 
representative may seek additional data from any directorate of NHSBT.   

 
 
Taken from Response to a signals policy document 
POL201/3 effective 26/1/15 
 
  

 
 


