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Several scoring systems have been used to predict mortality from major surgery. By
predicting risk in this way, the score can help select patients for surgery, or identify those
who need specific interventions to manage their risk [1,2]. Hitherto, it has not been suggested
that the very act of using a score either actually harms patients (akin to a curse) or protects
them (like a holy incantation). However, some recent data suggests that the former may be
the case: the act of performing a predictive score can be lethal, even if this score does not
influence subsequent management. How can this be, and what is the evidence?
Carlisle recently commented in an editorial [3] on data from de Buck van
Overstraeten et al., assessing the value of using the CR-POSSUM score in a Belgian cohort
[4]. The original study was well conducted with interesting conclusions, but those aspects are
not our concern here. In his editorial, Carlisle statistically analysed the results of applying
three other common scores (SORT [5], the UK audit model [6] and the Torbay model [7]) to
the Belgian data, in addition to the CR-POSSUM score [8] used by de Buck van Overstraeten
et al. Note that in this theoretical analysis, the management of patients was not dictated by the
score outcome, which was something only retrospectively applied at a distance. Carlisle’s
aim was to show that some predictive models (he concluded the UK audit tool and Torbay

model) were more consistent with the actual mortality rates published in the Belgian study.
However, the same data can be presented in different ways to address distinct issues. I was
interested in a completely separate question: what can be learned from plotting the mortalities
predicted by the various scoring systems?

So, I have plotted the same data used by Carlisle in a contrasting way (Figure 1). The
x-axis of Figure 1 (non-linear scale) represents the one month mortality predicted by each of
the four scoring systems for the 11 patients in the Belgian cohort who died. The y-axis is the
cumulative mortality of this group. Thus for each scoring system the lowest-scoring patient is
plotted first (lowest) on the y-axis, and each death represents ~9.1% of the total deaths. I have
then fitted a simple sigmoidal best fit relationship to each (least squares non-linear regression,
Sigmaplot for Windows Version 11.0, Systat Software Inc, CA, USA).

The result is something of a shock. Readers might immediately recognise that the
graph is rather like a set of drug dose-response relationships, where each scoring system can
be regarded conceptually as a drug that is ‘administered’, and the resulting ‘drug effect’ on
mortality presented on the y-axis. The position of the ‘drug’ relationship on the x-axis
represents its potency (toxicity). Clearly the most potent (toxic or harmful) ‘drug’ is that
which lies to the left of the graph, and the weakest (safest) is that which lies to the right. The
shock is that the very act of applying some scoring systems (here, the SORT) is lethal - even
when this score is itself not influencing subsequent management - whereas the act of applying
others (here, the CR-POSSUM) is potentially protective
To explain the graph a little more, predicting a mortality of 5% (0.05 on x-axis)
through verbally administering SORT at the bedside would result in a cohort mortality of
100%. At the other extreme, predicting exactly the same mortality of 5% through incanting
CR-POSSUM instead over the patient’s bed would result in nobody dying. In between these,
mortality predictions of 5% result in actual cohort death rates of ~80% for the UK audit
model and just ~20% for the Torbay model (Figure 1).
The frightening notion that actions unrelated to management or therapy may be highly
effective (or harmful) is not new. Counsel et al. reported on the miraculous effect of simply
rolling a dice on stroke outcomes [9]. Prayer has been reported as highly effective [10] - and
also harmful [11], where the recitation is possibly a curse. Anaesthetists may have hitherto
regarded the scoring systems available to us as highly sophisticated, quantitative and

objective tools. Yet Figure 1 demonstrates that there may be a direct effect of intoning the
scoring system itself. Clearly, we should be much more apprehensive about which scoring
system we employ, and what we predict remotely or at the bedside. It might be lethal.
Or: is the result in Figure 1 simply an illusion that teaches us to be more careful about
how we plot our data when analysing the utility of predictive scoring systems? Especially
concerned readers should quickly move on to the discussion presented as in the Appendix.
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Figure 1. Explanation in text. Cumulative mortality (y-axis) for 11 patients in the data cohort
analysed by Carlisle [1] based on a Belgian study [2]; plotted against (x-axis) the predicted
mortality (decimal fraction) of four scoring systems. The curves are best fit sigmoidal fitted
using non-linear least squares regression.
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Appendix: Resolving the graphical paradox
If some readers are disturbed by the content of the main accompanying article, it may
be important to offer some reassurance. Although the plot presented in Figure 1 is entirely
valid, some caution needs to be exercised in its interpretation. The last sentences of the main
article hint at the solution to the frightening paradox. The plot presented is rather like a
mathematical/statistical optical illusion. The graph is actually one way of plotting the
distribution of predicted mortality by different scoring systems, only for patients who die.
The cumulative nature of the y-axis allows us to define a median (amongst dead patients
only). The separation of the curves suggests a difference in calibration between the predictive
scores.
First, Figure 1 clearly shows the limits of quantitative mortality prediction of some
scoring systems as applied to this cohort of patients (ie, their calibration). In other words,
SORT never predicts a mortality >5%, while for example, CR-POSSUM does not predict any
mortalities <10%. The individual plots are therefore artificially constrained, and this creates
an inherent bias or skew that helps yield the dramatic message.
Second, the y-axis must be viewed as artificial. It only relates to the patients who died
in the cohort and does not include the scores for patients who did not die. Overall mortality
was 11/207 (~5.3%) in the original dataset, and not 100% as seemingly indicated on the yaxis. The cumulative nature of the plot creates the effect; the patient with the lowest score for
each scoring system is arbitrarily plotted first (lowest) on the x-axis. There is no a priori
reason to do this (eg, a different plot might instead have plotted the patient who died first,
lowest on the axis). In other words, all the patients presented in the plot unfortunately died.
So it makes no sense to say that, for example, that when the Torbay method predicts a
mortality of 5% about half the patients die – because in fact they all died.
Third, for any given patient each scoring system predicts a different mortality (Figure
2). Thus, the highest scoring patient by CR-POSSUM (who is then plotted at the very top of
the y-axis in Figure 1 on the black line and symbols) is in fact one of the lower-scoring
patients by SORT (and thus plotted low on the red line and symbols in Figure 1). This adds to
the artifice of the shocking result of Figure 1 (ie, when we look across from any point on the
y-axis, we are not looking at the same patient). Moreover as Carlisle concludes in his
editorial [1], the middle two methods (UK audit tool and Torbay model) yield actual
mortality data that better fit the data of de Buck van Overstraeten et al. [2]. The shock effect
is created by the outlier scoring systems.

Finally, as Carlisle stresses in his editorial, all data are based on 30-day mortality,
which itself is an artifice.
The above counter-points should all reassure that the plot of Figure 1 is nuanced. It
cannot be the case that a remote incantation influences mortality. However, the case
illustrates the care needed when using or interpreting results of scoring systems. Different
methods yield quantitatively different 30-day mortality estimates (itself a cut-off arguably
irrelevant). Some methods probably work better for some patient populations than others.
There are problems with scoring systems, and serial calibration plots over time would better
demonstrate that some scores fit some populations better than others. Scoring systems should
probably be regularly updated and calibrated to the population of interest in order to predict
outcomes more accurately, and allow for appropriate risk-adjustment. Figure 1 underlines the
caution needed if planning service delivery based on scoring systems for large patient
populations.

Figure 2. The mortality predicted by SORT vs that predicted by CR-POSSUM for the cohort
of 11 patients analysed by Carlisle [1]. Note the same patient is predicted different
mortalities, and this also applies if the other systems are examined.
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