Commentaire

From the Department of Health Policy, Management and Evaluation, University
of Toronto, Toronto, Ont. (Baker) and the Department of Family Medicine, University of Calgary, Calgary, Alta. (Norton)

Competing interests: None declared.
Contributors: Dr. Baker wrote the initial draft of the paper, made revisions and approved the final version. Dr. Norton reviewed and critically revised the first draft
and approved the final version.

3.
4.
5.
6.

Meisel S, Sershon L, White D. Reducing adverse drug events and medication
errors using rapid cycle improvement. Qual Manage Health Care 1998;6(4):
15–25.
Vincent C, Neale G, Woloshynowych M. Adverse events in British hospitals:
preliminary retrospective record review. BMJ 2001;322:517–9.
Davis P, Lay-Yee R, Schug S, Briant R, Scott A, Johnson S, et al. Adverse
events regional feasibility study: indicative findings. N Z Med J 2001;114:203–5.
Thomas EJ, Studdert DM, Burstin HR, Orav EJ, Zeena T, Williams EJ, et al.
Incidence and types of adverse events and negligent care in Utah and Colorado [see comments]. Med Care 2000;38:261–71.

References
1.
2.

Forster AJ, Clark HD, Menard A, Dupuis N, Chernish R, Chandok N, et al.
Adverse events among medical patients after discharge from hospital. CMAJ
2004;170(3):345-9.
Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence
and severity of adverse events affecting patients after discharge from the hospital. Ann Intern Med 2003;138:161–7.

Correspondence to: Dr. G. Ross Baker, Health Policy,
Management and Evaluation, McMurrich Building, Rm. 2031,
12 Queen’s Park Cres. W, University of Toronto, Toronto ON
M5K 1A8; fax 416 978-7350; ross.baker@utoronto.ca

Death on the waiting list for cardiac surgery
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L

ong waiting lists for cardiac surgery are a problem
for national health care systems,1 and deaths among
those waiting to be treated are a special cause for
concern.2,3 Priority is usually given to patients who are at
above-average risk of dying.4 The impact of such a policy
can be illustrated by a simple compartment model (Fig. 1).
Suppose that N patients per year are added to the waiting list and S patients (some number less than N) are
treated each year. If N and S are constant, and patients remain on the waiting list until they are treated or die, then a
waiting list of size Q will result. Among patients on the
waiting list, there will be D = mQ deaths per year, where m
is the death rate per patient-year. In this steady state
(where inflow = outflow) N = S + D, D = mQ, and Q = (N –
S)/m. T, the average waiting time before death or surgery,
is Q/N.
For example, if N = 1000 patients per year, S = 960 patients per year, and m = 0.1 deaths per patient-year, then
Q = (1000 – 960)/0.1 = 400 patients, D = 0.1 × 400 = 40
deaths, and T = 400/1000 = 0.4 years or 146 days. From
these calculations we can see that even a small difference
between the number accepted for treatment and the number treated with available resources will result in a sizeable
waiting list, since in calculating the size of the waiting list,
the difference between N and S is multiplied by the reciprocal of m, a small number.
This model can be applied to any waiting list scenario that
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Fig. 1: A compartment model of a waiting list. N = the number
of patients accepted for surgery each year, Q = the number
waiting for surgery at any given time, S = the number who undergo surgery each year, m = the death rate per person-year
among those waiting for surgery, D = the number of deaths
each year among those awaiting surgery.

is in a steady state. Such steady states would occur in any large
health care system in which the value for N – S is constant.
Suppose now that the 1000 patients accepted each year
for surgery comprise 2 groups: N1 = 300 per year with mortality rate m1 = 0.24, and N2 = 700 per year with mortality
rate m2 = 0.04. The degree of priority given to one or the
other of these 2 groups is determined by the allocation of
the total available treatments, S per year, to each group, say
S1 and S2 (such that S1 + S2 = S). If complete priority is given
to the high-risk group, then all 300 high-risk patients will
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Table 1: Effect of priority allocation on deaths, size of waiting list and waiting
time*
Priority; no. (and %) of patients†
To high-risk
patients
Patients treated/year
High-risk group
Low-risk group
Deaths/year
High-risk group
Low-risk group
All patients
No. of patients on
waiting list
High-risk group
Low-risk group
All patients
Mean waiting time, days
High-risk group
Low-risk group
All patients

To neither group

To low-risk
patients

300 (100)
660 (94)

288 (96)
672 (96)

260 (87)
700 (100)

0
40 (6)
40 (4)

12 (4)
28 (4)
40 (4)

40 (13)
0
40 (4)

0
1000
1000

50
700
750

167
0
167

0
521
365

61
365
274

203
0
61

*The total number of patients accepted for surgery each year is 1000: 700 in the low-risk group (with mortality rate 0.04 per
patient-year) and 300 in the high-risk group (with mortality rate 0.24 per patient-year).
†Except where indicated otherwise.

be treated, leaving 960 – 300 = 660 treatments for the lowrisk group. Conversely, if complete priority is given to the
low-risk group, then all 700 low-risk patients will be
treated, leaving 960 – 700 = 260 treatments for the highrisk group. If no priority is given to either group (i.e.,
S1/S2 = N1/N2), then S1 = 288 and S2 = 672.
Table 1 shows the effect of these 3 scenarios on the
number of deaths per year, the size of the eventual waiting
list and the mean waiting time for each risk group and for
the patient group as a whole. Giving priority to the highrisk group yields a larger overall waiting list and a longer
mean waiting time, although the total number of deaths
per year is the same as under the other scenarios. The latter
must be so, since N1 – S1 + N2 – S2 = N1 + N2 – (S1 + S2) = N –
S, which is constant.
Thus, the natural clinical tendency to give priority to
the group with a higher mortality rate does not yield fewer
deaths among patients on the waiting list and leads to a
larger overall waiting list. To reduce the size of the waiting
list by giving priority to the group with lower mortality rate
(see Table 1) would probably be considered cynical and unethical, but it should be noted that such a policy would not
increase the overall number of deaths per year.
It can also be shown that these results hold where there
are more than 2 risk groups.
This analysis is not intended to be normative or to constitute a recommendation that priorities for surgery be

changed. However, there is anecdotal evidence that in Ontario “some access to specialized cardiovascular services occurs preferentially on the basis of facts other than clinical
needs.”5 Although rightly considered deplorable, such behaviour would not, according to the model, increase the
number of deaths on the waiting list.
This article has been peer reviewed.
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