woyy

89 2/AMLPWSEIO/ASNPZ LT HaIqU/INZ L PUZHZJAEE+EAHIDIGD AUMY LXOMADUOINX OHISABZIUIMH+YNJOI L WNOTZ L AR HJBSINAUE Aq

6102/€0/60 Uo

Developing CUSUM Charts for Monitoring
Transplant Outcomes: Varied Goals and Many

Possible Paths to Success
Jon J. Snyder, PhD,"? Nicholas Salkowski, PhD,"? and Andrew Wey, PhD"?

he field of organ transplantation, which is often regu-

lated within each country, is fairly unique as a medical
specialty in the amount of standardized data available for
nearly all procedures performed. As such, we can observe
vast improvements in allograft outcomes, including an
80% or greater reduction in kidney allograft failure rates
from 1988 to 2014 across Australia, New Zealand, the
United Kingdom, and the United States." Even with these
improvements, unexplained variation remains among
countries, suggesting that improvements can and should be
sought. Standardized data collection across multiple trans-
plant hospitals allows for detailed monitoring of patient
and allograft outcomes, with the ability to risk-adjust for
varying case mix across programs. In the United States,
the Organ Procurement and Transplantation Network/
Scientific Registry of Transplant Recipients (SRTR) Annual
Data Report publishes up to 10-year trends in patient and
allograft outcomes,” and program-specific reports are pub-
lished semiannually showing risk-adjusted outcomes for
every transplant program.

While national or program-level statistics are helpful
for tracking progress in a broad sense, programs need as
near real-time data as feasible to support quality improve-
ment efforts and seek continued gains. Statistical process
control charting methodologies, originally developed in
the field of manufacturing, have recently been applied
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in transplantation to support near-real-time outcomes
monitoring.” In the United States, since 2014, SRTR has
produced program-specific cumulative sum (CUSUM)
charts allowing programs to monitor patient and allo-
graft survival,” following a recommendation stemming
from a consensus conference to “provide transplant cent-
ers ... with tools such as the cumulative sum (CUSUM)
technique and tools to allow subgroup analysis to facili-
tate quality assessment and performance improvement.”®
SRTR has also begun to supply CUSUMs for organ
offer acceptance to allow programs to benchmark their
offer accept/decline practices relative to their peers. In
the United Kingdom, CUSUM charts are supplied to all
transplant programs to monitor 30-day allograft failure
rates.

In this edition of the journal, Alexandrine et al® pre-
sent a proposed CUSUM methodology to be imple-
mented in the French transplantation system. Many
variations of CUSUM methodology can be used, so crit-
ical thinking about each decision is imperative. Critical
questions to guide the choice of appropriate methodol-
ogy include:

e Will charts be used by regulators/payers? If so, how?

e How are signal thresholds determined? What are the con-
sequences of a false-positive signal? What are the conse-
quences of a false-negative?

e Should the timescale be the transplant number or calendar
time?

e How is risk adjustment performed to account for case-mix?

e What statistical methodology should be used? Will the risk
adjustment gain acceptance among the providers being
monitored?

¢ Are programs compared with their peers nationally or with
their own historical standard?

e Upon a signal, should charts reset to resume monitoring
from scratch, or reset to a “head-start”value?

This list presents only examples of the types of questions
chart sponsors should consider. Table 1 summarizes dif-
ferences in how these questions have been addressed in
the United States, United Kingdom, and proposed French
systems.

Perhaps the most important question to be addressed
when choosing the appropriate methodology is how
the reports will be used. If used for regulatory review,
the consequences of a signal should be developed in
advance. The scope of the regulatory action will inform
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TABLE 1.
Comparison of CUSUM methodologies used in the United States, the United Kingdom, and the proposed French methodology

Used for
regulatory
review?

No

Out of control
hazard/

Within center or

Statistical modeling national reference

Signal threshold (h) and reset methodology

odds ratio

2

Timescale

Outcome monitored

Sponsor
HRSA

Country

5% false-positive rate determined through Markov

Calendar time

National

Cox proportional

1-y patient and allograft

United States®

simulation; CUSUM resets to 0 upon a signal

hazards

survival; organ offer

acceptance
30-day mortality and graft

Average run length; CUSUM resets to h/2 upon a signal  Yes

Transplant number 1.5

Within center

Logistic regression

NHS Blood and

United

(a “head-start” reset)
“Optimal” defined as maximizing sensitivity and

failure
3-m graft failure

Transplant
Agence de la

Kingdom’

France®

Yes

Transplant number 1.5

National

Logistic regression

specificity based on underlying event rates and pro-
gram volume. CUSUM resets to 0 upon a signal

biomédicine

CUSUM, cumulative sum; HRSA, Health Resources and Services Administration; NHS, National Health Service.
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the choice of an appropriate signaling methodology
and subsequent threshold placement. For example, if
the regulatory body will sanction or, in the extreme
case, close a transplant program after a signal, a very
low false-positive rate would be appropriate. However,
a low false-positive rate necessarily means a higher
false-negative rate, or, in other words, a higher likeli-
hood that true changes in outcomes would be missed
or take longer to detect. If, on the other hand, a signal
simply initiates an internal review to identify whether
changes are necessary, the program may be willing to
accept a higher false-positive rate to increase the chance
of detecting problems early.

The United Kingdom initiates a detailed review pro-
cess upon a signal and notes that, “this approach makes
it possible to use a chart with relatively high sensitivity
(probability of a signal when performance has changed),
so that the possibility of missing genuine changes in fail-
ure rates is minimized.”® Similarly, the French system
proposes to use an “optimal” signal threshold determined
by attempting to maximize chart sensitivity and speci-
ficity for programs of differing volumes. This threshold
has a relatively higher false-positive rate (10% to 40%),
which the authors consider acceptable: “Performance
of the optimal threshold, with sensitivity and specificity
always exceeding 60% for all centers, and the resulting
frequency of signals makes this threshold appropriate
for the monitoring of French transplant centers.” Here,
the authors point out that resources, of the program and
of the sponsoring agency, are also an important consid-
eration. A methodology that results in too many signals
coupled with a high false-positive rate is not a viable
system. The proposed French system also will implement
a peer review process upon initial signal, so a slightly
higher false-positive rate was deemed acceptable to the
report sponsor.

CUSUM charts have played an increasing role in
monitoring transplant outcomes. Increasing data avail-
ability and standardized data collection practices have
enabled various countries to implement strategies that
allow for interprogram or intraprogram benchmark-
ing and have allowed regulatory agencies near real-time
performance-monitoring capabilities. The current study
by Alexandrine et al® highlights the types of decisions
that report sponsors should consider in developing sys-
tems that meet the stated goals of the agency and coun-
try in which the charts will be used. As SRTR has begun
to release CUSUM charts for internal monitoring of
organ offer acceptance practices in the United States, the
application of these types of statistical process control
charting methodologies can be expanded to other areas
of transplantation as data allow, for example, surgical
failure rates, rehospitalizations, or other adverse event
rates. These advances will ultimately serve to improve
transplant program processes, with the goal of ulti-
mately saving and healing more lives through the gift
of transplant.
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