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Abstract In the era of managed healthcare, the measuring and reporting of surgical
outcomes is a universal mandate. The outcomes should be monitored and reported
in a timely manner. Methods for measuring surgical outcomes should be continuous,
free of bias and accommodate variations in patient factors. The traditional methods
of surgical audits are periodic, resource-intensive and have a potential for bias.
These audits are typically annual and therefore there is a long time lag before any
effective remedial action could be taken. To reduce this delay the manufacturing
industry has long used statistical control-chart monitoring systems, as they offer
continuous monitoring and are better suited to monitoring outcomes systematically
and promptly. The healthcare industry is now embracing such systematic methods.
Radical cystectomy (RC) is one of the most complex surgical procedures. Systematic
methods for measuring outcomes after RC can identify areas of improvements on an
ongoing basis, which can be used to initiate timely corrective measures. We review
the available methods to improve the outcomes. Cumulative summation charts have
the potential to be a robust method which can prompt early warnings and thus initi-
ate an analysis of root causes. This early-warning system might help to resolve the
issue promptly with no need to wait for the report of annual audits. This system
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Score for the
enUmeration of
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analysis
can also be helpful for monitoring learning curves for individuals, both in training or
when learning a new technology.

ª 2015 ArabAssociation of Urology. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

The Institute of Medicine described the quality of care
as ‘the extent to which health services are provided to
individuals and patient populations, to improve the desired
health outcomes, the care should be based on the strongest
clinical evidence and provided in a technically and cultur-
ally competent manner with good communication and
shared decision making’ [1]. Individual surgeons and sur-
gical departments have always taken pride in the quality
of care they offer, and increasingly they are now man-
dated to report them to peer-review organisations and
third-party payers. The objective measurement of qual-
ity is a routine practice in manufacturing industries,
but is not an easy task, especially for a service industry
such as healthcare. Methods for measuring outcomes
are critically dependent on the quality of reporting sys-
tems. It is fundamental for these systems to be free of
bias and be able to endure rigorous statistical analysis.

In medical science these stringent methods should not
only be able to accommodate variations in patient fac-
tors, but should also be able to identify the disparities
among different surgeons and institutions. In many sit-
uations this problem is compounded by a lack of con-
sensus on defining ‘a complication’, and furthermore,
there is little agreement on the comparative benchmarks.
The traditional methods of surgical audits are periodic
and for most procedures are typically annual.
Therefore, there is a long time lag before any effective
remedial action could be taken. To reduce this delay,
manufacturing industry has used statistical control-
chart monitoring systems, as they offer continuous
monitoring and are better suited for monitoring out-
comes systematically and promptly.

The healthcare industry is also beginning to use these
methods to improve outcomes. The first report of the
application of control charts in assessing surgical proce-
dures was in cardiac surgery [2]. Radical cystectomy
(RC) is one of the most complex procedures in urologi-
cal surgery. During the course of treatment and recovery
after RC, a patient uses many hospital services. An
uncomplicated course is a reflection of the quality of
all the services provided in an integrated and efficient
manner, including the surgical technique, which is a
critical component and is potentially responsible for
many complications. The expertise in this procedure
might be used to reflect on the surgical abilities and
the learning curve of an individual surgeon. Systematic
methods for measuring the outcomes after RC can iden-
tify areas of improvements on an ongoing basis, which
can be used to initiate timely corrective measures. We
review the currently available methods used to improve
the outcomes after RC.

Mortality and morbidity (M&M) meetings

The proceedings of M&M meetings have been tradition-
ally used to evaluate the quality of surgical care. These
meetings determine the quality of management before,
during and after surgery, the main objective being edu-
cational, but they lack a systematic process of initiating
effective corrective measures to improve any system
errors. High-risk surgical procedures like RC are often
the focus of debate in these meetings. There are lengthy
discussions on events around surgical operations, where
negative or adverse outcomes are debated. Due to the
sensitive nature of the discussion most of these meetings
are not multidisciplinary. These meetings are often criti-
cised as being ‘incestuous’ and hence are limited in the
scope of the outcomes open for debate [3]. These meet-
ings are also resource-intensive, as input is required
from highly trained individuals. The value of this tradi-
tional M&M method is questionable in current times, as
the bar of measuring ‘quality’ has been raised by other
industries.

Surgical audits

Surgical audits determine the incidence of postoperative
complications. These periodic audits are either initiated
on demand or are ongoing, and they help to determine
the ‘point prevalence’ of an outcome. The incidence of
complications is used as a surrogate marker of quality.
Sometimes there can be some disagreement on the def-
inition of a ‘complication’ and these definitions might
be variably used at different centres. In urology there
are no standard guidelines or criteria to report outcomes
[4]. To acquire credible evidence a standardised system is
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needed to objectively report outcomes, as this is the
backbone of any systematic method. The Clavien–
Dindo grading system for characterising and grading
morbidity is a comprehensive system which has gained
popularity in the reporting on quality of care [5]. It
allows an objective comparison of surgeons and can be
used to compare the performance of institutions. The
graded complications can be used to illustrate to
patients the anticipated course after a urological
procedure [6].

In 2012, the European Association of Urology
published guidelines on the reporting and grading of
complications after urological procedures [7]. If these
guidelines are implemented, with the help of statistical
testing it will be possible to define factors affecting the
outcomes. The frequency of adverse outcomes could
also be used to define benchmarks for reporting the
quality of care. However, this method is periodic and
there is a long lag before any effective remedial actions
could be taken.

Predictor equations: POSSUM

The main challenges in assessing the quality in healthcare
are the variability in individual characteristics, risk fac-
tors, the ability to tolerate stress, and recuperation.
However, the attempt is to produce similar outcomes
for all. The crude morbidity and mortality frequency val-
ues have little meaning, as two different institutions or
individuals might be providing care for patients with
completely different risk factors. This variability was
elaborated by Sommer et al. [8], who assessed the out-
comes of two urologists, who were performing similar
urological procedures, including RC. Although one of
them had a higher crude morbidity rate, the risk-
adjusted prediction was similar. This highlights the
importance of risk stratification for assessing outcomes.
One of the risk-adjusted predictor equations commonly
used is termed ‘POSSUM’ (Physiological and
Operative Severity Score for the enUmeration of
Mortality and morbidity). POSSUM was first described
by Copeland et al. in 1991 [9], and uses 12 physiological
and six operative variables to predict morbidity and the
30-day mortality. However, it was observed that
POSSUM over-predicted postoperative mortality, par-
ticularly in patients at low risk, and this led to a revision
by Whitely et al. [10], known as the Portsmouth modi-
fication (P-POSSUM). Although risk-adjusted equations
are better than crude incidences, they have the same lim-
itations of periodicity, which renders them less effective
for the timely institution of corrective measures.
Variable life-adjusted display (VLAD)

The VLAD is a longitudinal and systematic method of
continuous monitoring [11]. Complications can be
monitored by displaying the difference between the
expected and observed outcomes against the total num-
ber of patients. If wound infection is assessed as an out-
come, then each observed outcome, i.e., wound
infection, assumes the value of 1, or 0 for an uneventful
outcome. The expected outcome (E) assumes the value
of p0 and an adverse outcome is calculated as
(1 � p0). The chart will therefore try to balance a nega-
tive outcome with a positive one. The limitation of this
system is that with this method all patients are assumed
to have equal surgical and medical risks. VLAD does
not incorporate a threshold and hence cannot trigger
an alarm when unacceptable levels are approached.

Cumulative mortality plots

These plots are a simple continuous-monitoring chart
system. The observed outcome is assumed to be 0 and
death is scored as 1. If all outcomes are uneventful the
graphical chart will show a flat line, and if all are
‘mortality’ then it will be a 45� curve [12]. These plots
also lack the capacity to raise an alarm, as benchmarks
are not incorporated.

Funnel plots

These plots use benchmarks defined by CIs, and are
commonly used in meta-analyses. The CI is set for
surgeons or centres and outcomes falling beyond the
limits are depicted [13]. The construction of Funnel
plots is time-consuming and their use in quality assur-
ance is limited. They are more suited for periodic
reviews.

Cumulative summation (CUSUM) charts

The CUSUM (cumulative sum control chart) is a sta-
tistical tool for quality control, designed to monitor a
change in real time. This systematic method was first
reported to be used in the healthcare industry in 1950
[14]. CUSUM has been used effectively for quality
assurance in diagnostic laboratories. It was later intro-
duced to monitor outcomes for surgical procedures,
the first surgical application being in cardiothoracic sur-
gery [15]. This system has also been used to monitor the
learning curve for a new technology, e.g., robotic
prostate surgery [16].

CUSUM charts can monitor any binary outcomes,
and warning signals are initiated as they approach the
predetermined benchmark. To construct CUSUM
charts, the type 1 and type 2 error limits are set. For
each outcome to be measured, benchmark thresholds
for acceptable and unacceptable outcomes are deter-
mined. For example, RC has a mortality of 1–3% [17],
so if this benchmark is breached the CUSUM generates
a warning.
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This continuous-monitoring system performs a sta-
tistical analysis after each procedure is recorded, the null
hypothesis being that the outcome is as expected and the
alternative hypothesis is that the adverse outcome has
occurred. The odds ratio is calculated, control limits
are set, and if they are breached an alarm is initiated.
Simulation-based calculations are made for control
average-run lengths. The out-of-control average run
length is the average number of patients required to
prompt CUSUM charts to initiate a signal when an
unacceptable level of adverse outcome is reached by
the calculation of the odds ratio. By fine tuning the con-
trol average-run lengths it is possible to increase the
sensitivity to initiate a warning and detect even smaller
differences.

A major limitation of this method is that all cases are
treated as having the same risk of having complications,
but the risk stratification can be used to modify the
Figure 1 Cumulative log-likelihood ratio charts for (A) death withi

failure chart for pulmonary embolus. (D–F) cumulative log-likelihood

myocardial infarction, respectively.
weight of adverse outcomes. However, due to the diver-
sity of the covariates in a patient population, this risk-
adapted CUSUM system is unable to assign weights
for all outcomes.

Most of the outcomes that are used to assess the qual-
ity of care for RC are binary outcomes, and include
wound infection, sepsis, wound dehiscence, myocardial
infarction, pulmonary embolism, deep vein thrombosis,
pneumonia, blood transfusion, unplanned re-operation,
prolonged ileus, rectal or bowel injury, and anastomotic
leaks, including the ileo-ileal and uretero-ileal
anastomosis. Death is another binary outcome that
can be easily monitored.

Chalasani et al. [18] reported the outcomes for 150
consecutive RCs performed by one surgeon, using
CUSUM charts. We used the method described by
Rogers et al. [19] and show the results in both formats,
i.e., cumulative-failure charting and the cumulative
n 30 days of RC, and (B) pulmonary embolus. (C) A cumulative

ratio charts for uretero-intestinal leak, unplanned re-operation and
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log-likelihood ratio. Fig. 1A, shows the 30-day mortal-
ity for RC. The benchmarks are shown, and if the graph
crosses the bottom control line then the performance is
confirmed to be acceptable, and if it overshoots the
upper limit then it is unacceptable. Another example,
that of pulmonary embolism as an outcome, is shown
Fig. 1B and C, where the information on pulmonary
embolism is shown in both formats. There were three
cases of pulmonary embolism in this series. The bound-
ary lines were set with an acceptable pulmonary embo-
lism rate of 0.4% and an unacceptable rate of 2%; as
the plot has not yet crossed both the upper and lower
limit, no conclusions can be drawn, and monitoring is
recommended to continue. Fig. 1D–F shows CUSUM
graphs for leakage of the uretero-ileal anastomosis,
unplanned re-operations and postoperative myocardial
infarctions. These clearly show that CUSUM charts
can be effectively used for monitoring all outcomes after
RC.

Once an outcome crosses the bottom line, as shown
for the mortality rate in this report, it can be less rigor-
ously followed. Similarly, surgeons with an overall mor-
bidity rate approaching the upper limit might be selected
for audits and resources diverted to an in-depth root-
cause analysis (RCA) of their outcomes. These RCAs
should include risk stratification of the patients, to avoid
undue penalisation for surgeons operating on high-risk
patients.

Another limitation of this method is that if
complications are encountered earlier in the monitoring
process, the CUSUM charts will raise the alarm of unac-
ceptable complication rates. Like all other systems this
requires careful interpretation.

Risk-adjusted CUSUM charts (RA-CUSUM)

The basic difference in the method of calculating the
RA-CUSUM is that points are allocated to the high-risk
group which are redeemed at the time the plots are con-
structed. For example, a patient is classified as having a
high risk of death, e.g., 30%. If he or she survives, then
0.30 points are rewarded in addition. But if he or she
dies, then instead of having a score of �1 for mortality,
the risk-adjusted CUSUM subtracts 0.30 and calculates
it as 0.70. This theoretically adjusts the slope of the
curve.

Although the basic concept is not difficult, the con-
struction of RA-CUSUM chart control limits involves
many statistical nuances, making it a complex task.
Various models for making these calculations have been
proposed, but despite the potential advantage of the
RA-CUSUM compared to the unadjusted analysis, the
statistical model for risk adjustments is not perfect and
cannot eliminate all confounding variables [12,20].
Forbes et al. [21] used a three-tier risk-stratification sys-
tem, classifying the risk as low, intermediate or high, to
compare the observed vs. predicted mortality. This type
of system helps to choose control limits for each group.
The use of a validated risk-stratification system is the
cornerstone in constructing objective and unbiased con-
trol limits. In unpublished data from our centre, we used
the surgical mortality probability model to calculate the
risk of mortality, and the Gupta Score for calculating
perioperative cardiac events [22,23]. We analysed 50
patients undergoing RC, and found no difference in true
event rates and mean calculated risks. In our experience,
the RA-CUSUM is an efficient and effective technique
for the dynamic monitoring of outcomes after RC.

Conclusion

There is no disagreement on the need for effective sys-
tematic methods for measuring the outcomes after a
high-risk surgical procedure such as RC. Systematic
methods have the potential to address gaps in the man-
agement of bladder cancer in particular and all urologi-
cal procedures in general. We reviewed previous reports
of the currently available systematic and non-systematic
approaches. CUSUM charts have been shown to longi-
tudinally monitor the outcomes after RC. This is a
robust method which can be designed to monitor any
outcome of interest. Alarms are set taking into account
the established benchmarks, and if they are violated a
timely warning is generated to initiate a RCA. The early
detection of unwanted outcomes might help to resolve
these issues in a timely manner, with no need to wait
for the report of an annual audit. This system can
also be helpful in monitoring the learning curves of
individuals, both in training or when learning a new
technology.
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