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Abstract
Background: Modern day clinical practice demands evidence justifying our choice of treatment
methods. Cumulative sum techniques (cusum) are amongst the simplest statistical methods known.
They provide rapid analysis and identification of trends in a series of data. This study highlights use
of these techniques as an early performance indicator of a clinical procedure before its
implementation.

Methods: Twenty consecutive patients who underwent total hip or knee arthroplasty received a
simple dressing – blue gauze and Tegaderm. Cusum charting was used to assess the dressing with
regards to skin blistering. At an acceptable level of performance the curve would oscillate about
the horizontal axis and the overall trend therefore said to be flat. If performance is unacceptable,
the cusum slopes upward.

Results: The cusum plot for the twenty patients did not cross the specified control limits. This
showed that our simple dressing met specified standards with regards to wound blistering
postoperatively.

Conclusion: We recommend the use of this simple, yet versatile cusum technique in the early
evaluation of a clinical procedure before its implementation.

Background
The practice of medicine has evolved through time to the
current era of evidence based practice. Medical audit is
thus vital to any clinical practice. Systematic approaches
to peer review of medical care should be encouraged in
order to identify opportunities for improvement and pro-
vide a mechanism for realising them. Therefore, some
form of objective monitoring, or quality control, of prac-
tices or procedures is needed so that periods of subopti-
mal performance in relation to an agreed standard can be
recognised and, ideally, remedied.

The use of the cumulative sum (cusum) has been sug-
gested for both surveillance and quality control [1]. First

described by Page in 1954 [2], they were applied later to
medical problems, replicability of urea estimations and
cough remedies by 1965 [3], and were advocated for med-
ical use by Healy in 1968 [4]. Cusum plots may be per-
formed on any data gathered serially. Their main use is in
quality control in medical laboratories and industry.
Recent experience with this simple yet versatile and pow-
erful statistical technique has amply confirmed its utility,
and it is my hope that this study, as an example, will
encourage and lead to its wider use in orthopaedics.

We had noted a recent increase in postoperative wound
blisters following joint arthroplasty in our District Gen-
eral Hospital. There was a variable practice amongst each
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orthopaedic unit with regard to postoperative wound
dressings. A decision to develop a protocol was then
taken. A simple dressing consisting of blue gauze and
Tegaderm was used in a preliminary clinical trial as part of
a stepwise introduction. Our aim was to ensure that it was
at least as effective in early clinical outcome in reducing
postoperative wound blisters to acceptable levels, whilst
subjecting as few patients as possible should it prove to be
unsatisfactory.

Methods
Statistical analysis
Minitab 14 (Minitab version 14, Minitab Inc., State Col-
lege, PA, USA) was used for all statistical and graphical
analysis.

Cusum
A cusum chart is basically a graphical representation of the
trend in the outcomes of a series of consecutive proce-
dures performed over time. It is designed to quickly detect
change in performance associated with an unacceptable
rate of adverse outcome. At an acceptable level of per-
formance, the cusum curve runs randomly at or above a
horizontal line (no slope). However, when performance
is at an unacceptable level, the cusum slope changes.

For a series of observations X1, X2, ......... Xn, the cusum can
be defined as

Sn = Σ(X0 - Xi)

Where Xi = 1 for a success and Xi = 0 for a failure. X0 is a
reference or target value set for the level of performance. A
success of nine out of ten would have a target value of 0.9.

In practice, this means that for every failed attempt the
cusum increases by an increment of 0.9 and each success
reduces the cusum by 0.1 [6].

For example, in a series consisting of a success followed by
a failure and four successes, the cusum would take the val-
ues -0.1, 0.8, 0.7, 0.6, and 0.5. By summing the deviation
from the process target in this way, positive and negative
deviations will tend to cancel each other out and the
cusum plot will run horizontally when the system is sta-
ble. If the system average begins to change, the plot will
move increasingly upwards or downwards. The deviation
will become apparent quickly and this rapid response is a
feature of cusum charts and their use.

Although the cusum chart is inspected visually to detect
any change in slope, methods to decide when control lim-
its have been exceeded are well described and quite
straightforward. One such method involves the superim-
position of a (truncated) 'V-mask' [7].

A V-Mask is an overlay shape in the form of a V on its side
that is superimposed on the graph of the cumulative
sums. The origin point of the V-Mask (see Figure 1 below)
is placed on top of the latest cumulative sum point and
past points are examined to see if any fall above or below
the sides of the V. As long as all the previous points lie
between the sides of the V, the process is in control. Oth-
erwise (even if one point lies outside) the process is sus-
pected of being out of control.

From Figure 1, it is clear that the behaviour of the V-Mask
is determined by k (which is the slope of the both arms)
and the rise distance h. These are the design parameters of
the V-Mask. A detailed description of the construction of
the V-mask is beyond the scope of this article, but is math-
ematically outlined in the statistical literature [7-9].

In general, an appropriate value for the control limit, h, in
any specific example is based on the desired average run
length (ARL) of the cusum while the failure rate is accept-
able. The average run length is equal to the number of
patients seen before the cusum first exceeds the control
limit. Ideally if the surgical failure rate has not changed
(and is acceptable), the run length is long because signals
then would represent false alarms. On the other hand, if
the failure rate has increased substantially, short run
lengths are desirable to ensure remedial action is brought
about in a timely fashion. Thus, a narrow V-mask will
detect change more quickly but it will give more frequent
false alarms. On the other hand, we could reduce the fre-
quency of false alarms by widening the V-mask, but the
average run length for real changes would be increased.
Hence, h and k must be set so as to detect any real change
quickly but in such a way that an interruption is unlikely

A V-Mask demonstrating an out of control processFigure 1
A V-Mask demonstrating an out of control process.

A V-Mask demonstrating an out of control process. 
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if no real change has occurred [10] The ARL for differing
values of h and k is obtained from the use of a table or
nomogram. [11]

A general rule of thumb for the standard cusum is to
choose k to be half the amount of shift in the process
mean that we wish to detect, expressed as a multiple of the
standard deviation of the data points and h to be around
4 or 5. Commonly recommended alternatives to the
standard cusum scheme are (h = 8, k = 0.25) when a
higher sensitivity is required for very small shifts or slow
trends or if larger shifts or faster trends (h = 2.5, k = 1) is
desired. [12]

For the purpose of this study a standard V-mask was cre-
ated using Minitab software where h is equal to 5 standard
deviations and k is equal to 0.5 of a standard deviation of
the data points. The average run length for this was
around 465 when the dressing performance was accepta-
ble. Given the frequency of hip and knee joint arthro-
plasty our district hospital, this implies one false positive
signal from the monitoring procedure on average every 18
months. Differences greater than 1 standard deviation
gave an ARL of 10 which would be detected within a
period of one to two weeks. If surgical procedures were
more frequent, it might be desirable to select a longer
average run length while the surgical mortality rate is
acceptable.

Design of the trial
Twenty consecutive patients who underwent total hip or
knee replacement were studied. All operations were per-
formed by the same author. A simple dressing consisting
of blue gauze and Tegaderm was used. Each patient's
named nurse scored their wound. This was done at the
first change of dressing on the third post-operative day fol-
lowed by daily scoring thereafter by the same nurse on
each occasion until discharge.

The incidence of postoperative wound blistering has not
been previously reported in the literature [13]. Previous
audits on total hip replacement undertaken on our unit in
the past showed a 10% incidence of wound blisters. This
was therefore adopted as the acceptable rate of wound
blisters which gave a target value, X0 = 0.9. Hence, a suc-
cessful outcome i.e. a wound without a blister by the time
of discharge would score -0.1. A blistered wound scored
+0.9.

Results
The results for the twenty patients were recorded as shown
in Table 1 (see additional file 1). The cusum chart for this
is given in Fig. 2.

The first patient in the trial had developed a wound blis-
ter. Subsequent wound blistering occurred in the twelfth
and nineteenth patient respectively. However, the cusum
plot for the twenty consecutive patients was flat. This was
confirmed by the use of a standard V-mask generated by
Minitab software. This indicated that the performance of
our simple dressing, blue gauze and Tegaderm, met our
specified standards with regards to wound blistering post-
operatively.

Discussion
Clinical medicine still involves much guesswork with con-
sequences that may be fraught with drama and disap-
pointment for patient and practitioner alike. In our efforts
to improve this via clinical research too much emphasis
has been placed on randomised control trials. Some
believe that it is the only valid method for comparing
treatments. A closer look however, reveals many draw-
backs e.g. ethical considerations, duration of RCT's, sub-
stantial resources and funding, and difficulty in blinding,
just to highlight a few [14]. Hence, the need for study
types other than randomised trials should be recognised.

One of these, the plotting of cumulative sums (cusum)
has proved particularly valuable. Its use for examining
sequential measures or for detecting changes over time
has been described in the past [15]. It has also been used
for plotting temperature charts for assessing antimicrobial
treatment in neutropaenic patients [16]. More recently,
they have been applied as a means of assessing surgical
skills of trainees [6].

Our study demonstrates another possible use of the
cusum. It allowed us to assess the early performance of a
simple dressing in a preliminary trial before developing a
departmental protocol on wound dressings. A ran-
domised control trial may take at least four years for a sin-
gle surgeon to recruit enough patients for a trial of
reasonable power to compare two different dressings
(estimated 140 patients in each group). In addition RCT's
consume substantial resources and are therefore not justi-
fied for some questions about small modifications to
treatment.

Another, advantage for using a quality control procedure
is that after each observation it is possible to make one of
two decisions: to accept that the level of performance is
satisfactory or to conclude that it is not up to standard; a
decision made if the cusum rises above a certain boundary
line on the plot.

Choice of control limits needs careful consideration
because serious differences in outcomes may go undetec-
ted with inappropriate set limits. Similarly, performance
could be within acceptable standards yet false alarms are
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generated purely due to random variation in outcomes.
False alarms can be tolerated provided there is a mecha-
nism for doing so and provided that they are not too fre-
quent. If their frequency is a cause for concern, then the
control limits can be set higher, thereby increasing the
number of patients before a false positive signal. How-
ever, caution is needed, as this can mean longer delays
before a genuine signal, during which time unnecessary
patient injury may occur. Ideally, false alarm rates should
be low whilst true alarms are signaled early. In practice
this is difficult to achieve most times and a consensus on
what is acceptable for true and false alarm rate needs to be
agreed upon before setting control limits.

Although not much has been written about postoperative
wound blistering in the literature, there is an association
noted between the type of dressing used and the incidence
of wound blisters [13]. Our preliminary study utilising the
cusum allowed us to verify in a relatively short period that
the early performance of blue gauze and Tegaderm met
our criteria i.e. an acceptable rate of wound blisters of less
than 10 percent with regard to wound dressing. With such
evidence, we were thus able to incorporate blue gauze and
Tegaderm as part of our wound dressing protocol.

Continued surveillance using the cusum is important in
ensuring that this standard is maintained since it allows
early detection of problems that lead to an increased fail-
ure rate. This would lead to a review and possibly reme-
dial measures that could prevent unnecessary future
failures. In an era of evidence-based medicine, such qual-
ity control and objective and quantified recording of the
findings meet the recommended criteria for medical audit
[17].

Conclusion
We recommend that this simple cusum technique be con-
sidered as a means of evaluating, introducing or testing
any new procedure or practice. Early identification of
unacceptable standards would therefore be picked up
thereby exposing as few patients as possible to any unsat-
isfactory outcome.
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Table 1: Record chart for the results of the 20 patients studied.
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Cusum plot for joint replacement wound blisters using blue gauze and Tegaderm as the wound dressingFigure 2
Cusum plot for joint replacement wound blisters using blue 
gauze and Tegaderm as the wound dressing.
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