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Abstract

Background: Few large, systematic, prospective studies have documented the char-
acteristics and clinical outcomes of patients awaiting cardiac catheterization
and the delays that they experience. The primary objective of this study was to
quantify the waiting times, morbidity and mortality of patients waiting for
catheterization. A secondary objective was to identify predictors of cardiac
events that occur while patients are waiting.

Methods: A computerized, prospective, central waiting list registry was developed
at a regional centre in Hamilton, Ont., serving 2.2 million people in southern
Ontario. Between Apr. 1, 1998, and Mar. 31, 2000, 8030 consecutive patients
(4725 outpatients and 3305 inpatients) were referred for cardiac catheterization.
Major cardiac outcomes while on the waiting list (death, myocardial infarction
and congestive heart failure) were documented prospectively and related to re-
quested versus actual waiting time.

Results: Most of the referrals (7345 [91.5%]) were for a primary diagnosis of sus-
pected coronary artery disease. The median waiting time was 6 (interquartile
range [IQR] 4) days for inpatients and 60 (IQR 68) days for outpatients. Actual
waiting times correlated with the waiting times requested by the referring physi-
cians. However, only 37% of the procedures overall were completed within the
requested waiting time. Of the 8030 patients, 50 (0.6%) died, 32 (0.4%) had a
myocardial infarction and 41 (0.5%) experienced congestive heart failure. Over-
all, 109 patients (1.4%) had a major cardiac event, namely, death, myocardial in-
farction or congestive heart failure. These events occurred over a median wait of
27 days (2 days for inpatients and 35 days for outpatients), and over half (57%)
occurred within the waiting time requested by the referring physician. In the mul-
tivariate analysis, predictors of the composite of death, myocardial infarction or
congestive heart failure were increasing age (relative risk [RR] 2.39, 95% confi-
dence interval [CI] 1.52–3.75) and New York Heart Association class III/IV symp-
toms (RR 2.86, 95% CI 1.11–7.33) in inpatients, and increasing age (RR 1.36,
95% CI 1.12–1.66), aortic stenosis (RR 3.70, 95% CI 1.93–7.08) and left ventric-
ular ejection fraction less than 35% (RR 4.35, 95% CI 2.48–7.61) in outpatients.

Interpretation: Patients awaiting cardiac catheterization may experience major ad-
verse events, such as death, myocardial infarction and congestive heart failure,
which may be preventable. Our findings provide a benchmark by which to
measure the effect of increased capacity and prioritization schemes that allow
earlier access for patients at higher risk, such as those with aortic stenosis and
reduced left ventricular function.

Cardiac catheterization is a key diagnostic procedure, providing information
about coronary anatomy and structural cardiac abnormalities that is critical
to making appropriate choices in the management of patients with heart

conditions.1 It is one of the most frequently performed hospital-based procedures in
adults. Owing to the combination of aging of the population and recent trends to-
ward more aggressive investigation and treatment of heart disease, the demand for
cardiac catheterization is expected to increase significantly over the next decade.2,3
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surgery, have been reported,4–7 but there is very little sys-
tematic information on the nature of waiting lists for car-
diac catheterization and the rates of clinical events during
the wait. The few previous reports are limited to physician-
reported estimates or studies limited by small numbers and
retrospective chart review.8–13

In this report, we describe the characteristics of a
prospective waiting list registry of consecutive patients re-
ferred for cardiac catheterization over a 2-year period to a
tertiary care regional centre serving 2.2 million people in
southern Ontario. The specific aims of the study were to
(1) document the mortality and morbidity associated with
waiting for cardiac catheterization and (2) identify predic-
tors of cardiac events that occur while patients are awaiting
the procedure.

Methods

The Hamilton Health Sciences Corporation — General Site,
Hamilton, Ont., is the sole provider of cardiac catheterization for
most patients residing in the Central-South Region of Ontario. As
of Apr. 1, 1998, all referrals for cardiac catheterization to our in-
stitution were done with a standardized referral form completed
by the referring physician and sent by facsimile to the booking of-
fice. The information was edited with the Datafax system and in-
cluded demographic information (including postal code), clinical
variables that could relate to prognosis and the referring physi-
cian’s requested waiting time for the patient (< 48 hours, < 7 days,
< 14 days, < 42 days or < 90 days). Recent myocardial infarction
(MI) was defined as any MI occurring within the 3 months before
referral. The priority rating of patients in hospital at the time of
referral (inpatients) who needed an urgent in-hospital procedure
was determined by the booking office based on clinical urgency
with advice from one of the angiographers. Patients at home (out-
patients) were allocated to individual angiographers’ offices if a
specific angiographer was requested by the referring physician; if
no such request was made, patients were assigned to the angiogra-
phers on a rotational basis. These patients were then scheduled
for the procedure by the individual angiographers’ offices.

All patients were followed until they underwent the procedure
or it was cancelled or until the patient died. Additional events dur-
ing the waiting period were captured in a standardized outcome
form completed by the referring physician. These events included
cancellation of the procedure, death, MI, congestive heart failure
(CHF) and other hospital admission for a primary cardiac diagno-
sis. MI was defined as symptoms consistent with cardiac ischemia
with either new electrocardiographic changes (Q waves, ST seg-
ment elevation, persistent ST segment depression) or elevation of
cardiac enzyme levels.14,15 CHF was defined as symptoms and signs
consistent with pulmonary edema (requiring admission to hospital
for outpatients), with supporting radiologic findings if available.
We assessed all reported major cardiac events (death, MI and
CHF) through review of the medical chart or discussion with the
referring physician where appropriate. The protocol was ap-
proved by the Hamilton Health Sciences Research Ethics Board.

Baseline data are expressed as means and standard deviations or
proportions where appropriate. Given their highly skewed distrib-
ution, the data related to waiting times are presented as box plots
with medians with 25th and 75th percentiles (interquartile range
[IQR]). We compared groups using χ2 tests for categorical vari-

ables. We used Spearman’s coefficient of rank to compare differ-
ences between actual and requested waiting times, and we used the
Cox proportional hazards model to identify independent predic-
tors of major cardiac events (death, MI and CHF). Variables in-
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Table 1: Baseline characteristics of patients referred for
cardiac catheterization

No. (and %) of patients

Characteristic
Inpatients
n = 3305

Outpatients
n = 4725

Male sex 2082 (63.0) 3128 (66.2)
Indication for catheterization
  Suspected coronary disease 3129 (94.7) 4216 (89.2)
  Valvular disease 355 (10.7) 822 (17.4)
  Aortic stenosis 101   (3.0) 335   (7.1)
  Aortic insufficiency 54   (1.6) 114   (2.4)
  Mitral regurgitation 156   (4.7) 279   (5.9)
  Mitral stenosis 23   (0.7) 66   (1.4)
  Other cardiac disease 80   (2.4) 165   (3.5)
Recent MI (within 90 d) 1613 (48.8) 704 (14.9)
Previous CABG 299   (9.0) 368   (7.8)
Previous PTCA 346 (10.5) 381   (8.1)
Previous CHF 440 (13.3) 396   (8.4)
Diabetes mellitus 703 (21.3) 895 (18.9)
Hemodialysis 36   (1.1) 112   (2.4)
CCS class III/IV angina 2904 (87.9) 675 (14.3)
NYHA class III/IV symptoms 551 (16.7) 422   (8.9)
Resting ECG changes 1799 (54.4) 1320 (27.9)
LVEF < 35% 218   (6.6) 311   (6.6)
Underwent graded stress test
or nuclear perfusion study 794 (24.0) 3007 (63.6)
At high risk on graded stress
test or nuclear perfusion study* 512 (64.5) 1867 (62.1)

Medications†
  ASA 2029 (80.5) 2545 (73.6)

  β-blocker 1761 (69.9) 2095 (60.5)

  Calcium channel blocker 910 (36.1) 1385 (40.0)
  Nitrates 1875 (74.4) 1906 (55.1)

  ≥ 2 antianginals 1621 (64.3) 1910 (55.2)

  Lipid-lowering agent 1153 (45.7) 1846 (53.4)
  ACE inhibitor 1190 (47.2) 1306 (37.7)
Hamilton city postal code 1276 (38.6) 1762 (37.3)
Referring physician performed
catheterization procedure 226   (6.8) 581 (12.3)
Requested waiting time
< 48 h 692 (20.9) 4   (0.1)
< 7 d 2531 (76.6) 85   (1.8)
< 14 d 50   (1.5) 753 (15.9)
< 42 d 26   (0.8) 2652 (56.1)
< 90 d 6   (0.2) 1231 (26.0)

Note: MI = myocardial infarction, CABG = coronary artery bypass graft surgery, PTCA =
percutaneous transluminal coronary angioplasty, CHF = congestive heart failure, CCS =
Canadian Cardiovascular Society, NYHA = New York Heart Association, ECG =
electrocardiogram, LVEF = left ventricular ejection fraction, ACE = angiotensin-converting-
enzyme.
*Expressed as a percentage of patients in whom the test was performed.
†Data available for 2521 inpatients and 3460 outpatients. Expressed as a percentage of
patients for whom data are available.



cluded in the univariate analyses were chosen for clinical impor-
tance and relevance. The multivariate analyses included all the
variables to provide magnitude of effect adjusting for each variable.
Symptoms classified according to the Canadian Cardiovascular So-
ciety functional classification16 and the New York Heart Associa-
tion functional classification17 were handled as class III/IV versus
class I/II based on a previous report that patients with higher
grades of symptoms may be at higher risk for adverse events.18

Results

Between Apr. 1, 1998, and Mar. 31, 2000, 8030 patients
(4725 outpatients with a mean age of 63.3 years and 3305
inpatients with a mean age of 64.4 years) were referred for
cardiac catheterization. Most of the referrals (7345
[91.5%]) were for a primary diagnosis of suspected coro-
nary artery disease (Table 1). Valvular disorders were sus-
pected in 1177 cases (14.7%). Compared with outpatients,
inpatients had higher rates of severe angina (Canadian Car-
diovascular Society class III/IV) (87.9% v. 14.3%), New
York Heart Association class III/IV symptoms (16.7% v.
8.9%), recent MI (48.8% v. 14.9%) and previous CHF
(13.3% v. 8.4%). Noninvasive stress testing (exercise stress
test or nuclear perfusion study) was performed in 3801 pa-
tients (47.3%), of whom 2379 (62.6%) were reported to be
at high risk. Details of medications were collected after
September 1998 and were available for 5981 consecutive
patients. ASA was used in 4574 patients (76.5%), β-
blockers in 3856 (64.5%), calcium channel blockers in 2295
(38.4%), nitrates in 3781 (63.2%) and 2 or more antiangi-
nal medications in 3531 (59.0%).

Angiography showed that 183 patients (2.5%) had more
than 50% left main artery stenosis, 1939 (26.0%) had 3-
vessel disease, 1347 (18.1%) had 2-vessel disease, 1480
(19.9%) had 1-vessel disease, 760 (10.2%) had mild disease
and 1735 (23.3%) had normal coronary arteries (Table 2).
Angiograms were coded as completely normal studies (i.e.,
no cardiac problem identified) for 1195 patients (16.0%).

The number of referrals and the number of procedures
performed increased over the study period (Fig. 1). During
this period, the median waiting time was 20 (IQR 16) days
for the overall population, 6 (IQR 4) days for inpatients
and 60 (IQR 68) days for outpatients. There was a de-
crease in both the waiting times and the number of pa-
tients on the waiting list over the 2 years. These changes
were coincident with an increase in the number of proce-
dures because of the opening of a third catheterization
suite, on Apr. 1, 1998, which became fully operational in
September 1998.

Actual waiting times correlated with requested waiting
times (r = 0.87), with shorter waiting times for more ur-
gent requests (Fig. 2). However, only 37% of the proce-
dures overall were completed within the requested waiting
time. Table 3 shows the median waiting times and propor-
tion of patients who waited longer than the requested
waiting time by baseline characteristics. Among outpa-

tients, those with Canadian Cardiovascular Society class
III/IV angina, those with recent MI and those with aortic
stenosis had the shortest median waits; among inpatients
there were no major differences among the various base-
line variables. The median wait for patients referred by a
physician who also performed cardiac catheterization was
shorter for both inpatients (4 v. 6 days) and outpatients
(38 v. 64 days). However, waiting times were similar for
patients living within the city limits of Hamilton versus in
surrounding communities (as determined through the
postal code) (6 v. 6 days for inpatients and 64 v. 57 days for
outpatients). Among inpatients, waiting times were similar
at all hospitals whether comparisons were done by hospital
size (median wait 6 days for hospitals with fewer than 100
acute care beds and those with 100–250 acute care beds,
and 5 days for hospitals with more than 250 acute care
beds) or number of patients referred per hospital (median
wait 5 days for hospitals with fewer than 100 referrals, and
6 days for those with 100–250 referrals and those with
more than 250 referrals).

Waiting for cardiac catheterization
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Table 2: Angiographic findings

No. (and %) of patients

Variable
Inpatients
n = 3101

Outpatients
n = 4342

Right coronary artery dominance 2641 (85.2) 3699 (85.2)

≥ 50% left main artery stenosis 71   (2.3) 112   (2.6)

3-vessel disease 843 (27.2) 1096 (25.2)
2-vessel disease + stenosis of the
proximal LAD artery 195   (6.3) 276   (6.4)
Other 2-vessel disease 368 (11.9) 508 (11.7)
1-vessel disease 688 (22.2) 792 (18.2)
Mild coronary artery disease 274   (8.8) 486 (11.2)
Normal coronary arteries 662 (21.3) 1073 (24.7)
Normal study* 502 (16.2) 693 (16.0)

Note: LAD = left anterior descending.
*Study reported as completely normal by the angiographer.

Fig. 1: Trends in numbers of patients referred for cardiac
catheterization (squares), numbers who underwent the proce-
dure (diamonds) and numbers on the waiting list (triangles) in
quarter-year intervals, Apr. 1, 1998, to Mar. 31, 2000.
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Cancellation requests were made for 586 patients
(7.3%), of whom 47 underwent the procedure elsewhere
(Table 4). Of the 8030 patients, 50 (0.6%) died, 32 (0.4%)
had an MI and 41 (0.5%) experienced CHF. Overall, 109
patients (1.4%) had a major cardiac event, that is, death,
MI or CHF (33 inpatients [1.0%] and 76 outpatients

[1.6%]). Two deaths were reported as due to noncardiac
causes. Most of the remaining 48 deaths were sudden unex-
pected events and were considered most likely to have been
secondary to cardiac causes. The median time from referral
to a major adverse cardiac event was 2 (IQR 3) days for in-
patients and 35 (IQR 46) days for outpatients (Fig. 3). In

the multivariate analysis, predictors of
the composite of death, MI or CHF
were increasing age (relative risk [RR]
2.39, 95% confidence interval [CI]
1.52–3.75) and New York Heart Associ-
ation class III/IV symptoms (RR 2.86,
95% CI 1.11–7.33) for inpatients, and
increasing age (RR 1.36, 95% CI
1.12–1.66), aortic stenosis (RR 3.70,
95% CI 1.93–7.08) and left ventricular
ejection fraction less than 35% (RR
4.35, 95% CI 2.48–7.61) for outpatients
(Table 5).

Interpretation

In this prospective registry of over
8000 patients referred for cardiac
catheterization in 1998–2000 in the
Central-South Region of Ontario, the
median waiting time was 6 days for inpa-
tients and 60 days for outpatients. Only
37% of patients received the procedure
within the time requested by the refer-
ring physician. The overall incidence of
major cardiac events was 1.4%, with 50
deaths during a median wait of 27 days.

In a retrospective study of 871 pa-
tients in Manitoba referred for cardiac
catheterization in 1981–1982, the inci-
dence rates of cardiac arrest, acute MI,
death and emergency admission during
a mean waiting time of 4.2 weeks were
0.5%, 0.9%, 0.4%, and 3.7% respec-
tively.10 In an observational cohort study
of 381 adult outpatients placed on a
waiting list at a public hospital in Galve-
ston, Tex., in 1993–1994, 36 patients
(9.4%) experienced adverse events, in-
cluding 6 deaths (1.6%), 4 MIs (1.0%)
and 26 admissions to hospital (6.8%) for
angina or CHF, over a mean follow-up
period of 8.4 months.13 In a single-centre
prospective cohort study of 357 adult
patients referred for cardiac catheteriza-
tion in 1997, 22 patients (6.2%) experi-
enced adverse events: 4 patients (1.1%)
died, 2 (0.6%) had an MI, and 16 (4.5%)
required a more urgent procedure or
hospital admission.11 Finally, in a retro-
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Fig. 2: Median number of days from referral to cardiac catheterization or cancella-
tion of procedure, by requested waiting time, for inpatients and outpatients. The
bottom of each box represents the 75th percentile; thus, the height of the box is
the interquartile range (IQR). The white line represents the median. Values that lie
more than 1.5 IQRs beyond the top or bottom of the box (outliers) are shown as
individual lines. The square brackets connected by dotted lines to the top and bot-
tom of the box represent the most extreme values not more than 1.5 IQRs beyond
the box. For inpatients, the median waiting time and proportion who underwent
catheterization within the requested waiting time were as follows: < 48 hours: 3
(IQR 4) days, 48%; < 7 days: 6 (IQR 4) days, 50%; < 14 days: 7 (IQR 7) days,
82%. The corresponding values for outpatients were: < 14 days: 21 (IQR 18) days,
28%; < 42 days: 56 (IQR 44) days, 29%; < 90 days: 133 (IQR 88) days, 29%.

< 48 h < 7 d < 14 d
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spective study of 696 inpatients referred in the greater
Toronto area in 1997–1998, the adverse event rate was
1.6%, with 6 deaths (0.9%) and 3 nonfatal MIs (0.4%) dur-
ing a mean wait of 5.7 days.12 Our finding of a major cardiac
event rate of 1.4% is consistent with these data.

Most of the deaths reported in our study were sudden
unexpected events that were probably secondary to cardiac
causes. The death rate observed in our study was on aver-
age 6 times higher than the expected procedural death rate
of less than 0.1%.1 Furthermore, about one-third of pa-
tients undergoing cardiac catheterization will need to join
the waiting list for bypass surgery and face a waiting list
mortality risk of 0.4% in Ontario.6

We found left ventricular ejection fraction less than
35% and aortic valve stenosis to be strong predictors of ad-
verse outcomes in outpatients. These findings are consis-
tent with previous analyses of mortality risk in patients
waiting for cardiac surgery.6 They are also consistent with
the data from randomized studies of cardiac surgery versus
medical therapy, which showed that left ventricular dys-
function was a predictor of adverse events in patients who
received medical therapy.19 It is therefore possible that
some of the deaths in our study could have been prevented
with earlier catheterization and expedited referral for surgi-
cal revascularization.

In our study, half of the adverse events occurred within
2 days of referral for inpatients and within 35 days of refer-

ral for outpatients, with a substantial number of these events
occurring within the waiting time requested by the referring
physician. These findings are consistent with a previous re-
port demonstrating that a substantial number of adverse
events occurred within 3 to 13 weeks after referral.13 The

Waiting for cardiac catheterization
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Table 3: Median waiting time and proportion of patients who waited longer
than the requested waiting time (RWT), by baseline variables

Inpatients
n = 3305

Outpatients
n = 4725

Variable

Median
waiting
time, d

% who
waited

longer than
RWT

Median
waiting
time, d

% who
waited

longer than
RWT

Overall 6 49 60 71
Age > 65 yr 6 52 56 71
Male sex 6 47 57 71
Coronary artery disease 6 49 59 71
Valvular disease 6 57 57 71
Aortic stenosis 7 62 51 67
Recent MI 5 46 49 74
Previous CABG 7 57 55 72
Previous PTCA 6 50 52 68
Previous CHF 6 49 55 72
Diabetes 6 51 62 76
CCS class III/IV angina 6 49 46 73
NYHA class III/IV symptoms 6 52 53 70
LVEF < 35% 6 49 64 75
At high risk on graded stress
test or nuclear perfusion study 6 52 57 73
Hamilton city postal code 6 46 64 71
Referring physician performed
catheterization procedure 4 33 38 45

Table 4: Frequency of events while waiting for cardiac
catheterization

Event
Inpatients
n = 3305

Outpatients
n = 4725

Procedure cancelled 204 (6.2)* 382 (8.1)
Procedure performed elsewhere 17 (0.5)* 30 (0.6)
Patient died 14 (0.4)* 36 (0.8)
Hospital admission 126 (3.8)* 250 (5.3)
MI 8 (0.2)* 24 (0.5)
CHF 14 (0.4)* 27 (0.6)
Unstable angina 25 (0.8)* 131 (2.8)
Other cardiac event 44 (1.3)* 54 (1.1)

Other urgent request† 45 (1.4)* 105 (2.2)
Death, MI or CHF 33 (1.0)* 76 (1.6)
Death, MI, CHF or any hospital
admission 128 (3.9)* 273 (5.8)

Any event‡ 132 (4.0)* 341 (7.2)

*Initially referred as inpatient, then discharged, then readmitted.
†Request for earlier catheterization date without hospital admission.
‡Death, MI, CHF, admission to hospital or urgent request for earlier catheterization date.



categories that we adopted for requested waiting time relate
closely to previously published urgency rating categories for
coronary revascularization in Ontario and other jurisdic-
tions.20–23 In the absence of formal queuing criteria and stan-
dards for maximal acceptable waiting times, the requested
waiting time may serve as an estimate of urgency.

Addition of catheterization suites alone may not reduce
the number of adverse events during the wait for this pro-
cedure.24–28 Other important goals would be to develop
booking systems that (1) specify minimal acceptable clini-
cal criteria by which patients are placed on a waiting list
for cardiac catheterization,22 (2) can reliably identify and
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Fig. 3: Box plots of median number of days from referral to a major cardiac
event (death, myocardial infarction [MI] or congestive heart failure [CHF])
for inpatients (n = 33) and outpatients (n = 76). For interpretation of box
plots refer to Fig. 2. The median time and proportion of events that oc-
curred after the requested waiting time were 2 (IQR 3) days, 30% for inpa-
tients and 35 (IQR 46) days, 49% for outpatients.
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Table 5: Odds ratios for death, MI or CHF while awaiting cardiac catheterization

Odds ratio (and 95% confidence interval)

Univariate analysis Multivariate analysis

Variable Inpatients Outpatients Inpatients Outpatients

Age by 10-yr interval 2.31 (1.48–3.64) 1.41 (1.14–1.76) 2.39 (1.52–3.75)* 1.36 (1.12–1.66)*
Male sex 0.64 (0.30–1.38) 1.58 (0.96–2.59) 0.75 (0.34–1.65) 1.43 (0.85–2.38)
Suspected CAD —† 0.95 (0.49–1.84) —† 1.62 (0.77–3.45)
Valvular disease 1.01 (0.30–3.56) 2.13 (1.33–3.41) 0.51 (0.07–3.84) 1.33 (0.61–2.90)
Aortic stenosis 2.18 (0.51–9.24) 3.44 (1.99–5.94) 1.20 (0.25–5.67) 3.70 (1.93–7.08)*
Recent MI 1.55 (0.71–3.38) 1.20 (0.66–2.17) 1.66 (0.73–3.77) 1.11 (0.60–2.06)
Previous CABG 0.75 (0.18–3.18) 1.36 (0.66–2.82) 0.80 (0.18–3.44) 1.07 (0.51–2.28)
Previous PTCA —† 0.67 (0.24–1.82) —† 0.82 (0.30–2.27)

Diabetes 0.96 (0.40–2.30) 1.38 (0.86–2.22) 1.12 (0.46–2.72) 1.25 (0.75–2.08)
Previous CHF 1.78 (0.72–4.46) 2.41 (1.38–4.22) 0.78 (0.25–2.43) 0.81 (0.41–1.63)
CCS class III/IV angina 0.63 (0.24–1.68) 1.03 (0.53–2.01) 0.61 (0.21–1.74) 1.06 (0.54–2.11)
NYHA class III/IV symptoms 2.93 (1.33–6.47) 2.79 (1.64–4.76) 2.86 (1.11–7.33)* 1.58 (0.84–2.90)
LVEF < 35% 1.20 (0.28–5.08) 4.94 (3.03–8.06) 0.66 (0.15–2.93) 4.35 (2.48–7.61)*
At high risk on graded stress test
or nuclear perfusion study 1.64 (0.66–4.08) 1.03 (0.66–1.60) 2.05 (0.81–5.23) 1.03 (0.64–1.65)
Resting ECG changes 1.57 (0.70–3.53) 1.44 (0.92–2.28) 1.20 (0.52–2.78) 1.07 (0.66–1.72)
Procedure performed by
referring physician —† 0.67 (0.27–1.67) —† 0.84 (0.34–2.12)

Note: CAD = coronary artery disease. For the odds ratios shown, the comparison group consists of all other study subjects without the variable of interest. In the case
of CCS class III/IV angina and NYHA class III/IV symptoms, the comparison groups consist of study subjects with all other classes of angina or symptoms. In the case
of LVEF, the comparison group is study subjects with greater ejection fractions, and for high risk on stress testing, the comparison group is study subjects with all
other categories of risk. For resting ECG changes, the comparison group consists of study subjects with a normal resting ECG.
*p < 0.05.
†No events were seen in this subgroup.



prioritize patients at high risk, ensuring timely access to
the procedure for them, (3) can effectively monitor and
adapt to the changes in patients’ status and (4) specify
maximal waiting times for patients at low risk to avoid un-
due suffering.

In our study, 16.1% of patients had normal angiograms.
Clarification of coronary anatomy in a timely manner may
offer benefits related to patient management, such as selec-
tion of medical therapy, issues surrounding return to work
and improved quality of life. In addition, the rate of normal
studies may serve as a measure of appropriateness of case
selection, referral patterns and resource use.29–32

Possible limitations to our study include the following.
First, our study documented only patients referred to our
centre for diagnostic catheterization. During the study pe-
riod, patients from our region were also referred to other
centres outside our region. However, the consecutive na-
ture of referrals and the longitudinal cohort design in
which each patient was followed until a prespecified end
point (i.e., procedure, cancellation or death) provide suffi-
cient validity for interpreting the results.33,34 Second, it is
possible that the clinical severity of patients’ conditions was
overestimated by the referring physicians in the hope of
shortening the wait. To reduce bias we limited our analyses
of outcomes to major end points, such as death, MI and
CHF. Third, it is possible that the true number of events
during the wait for cardiac catheterization was underesti-
mated. We relied on reporting of events by the referring
physicians. We increased the accuracy of determination of
events by interviewing the patients on the day of the proce-
dure. Fourth, factors other than angiographic capability
may have influenced waiting times. Significant differences
between angiographers, such as amount of time available
for procedures, size of clinical practice, length of waiting
list and productivity, were not systematically documented.
Finally, medical consequences are only part of the overall
burden of the wait. Other consequences of waiting, such as
effect on quality of life and potentially wasteful use of re-
sources (e.g., emergency departments visits, unscheduled
family doctor visits and unnecessary noninvasive testing)
during the wait were not systematically measured.

Our findings provide a benchmark by which to assess
ongoing initiatives to increase capacity and reduce maximal
waiting times for all patients. They can also guide the de-
velopment of formalized systems for managing waiting lists
for cardiac catheterization that offer more rapid access for
patients at higher risk, as well as flexibility to accommodate
periodic shifts in caseload and urgency.

References

1. Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ, Eagle KA, et al.
ACC/AHA guidelines for coronary angiography. J Am Coll Cardiol 1999;33:
1756-824.

2. Higginson LA, Cairns JA, Keon WJ, Smith ER. Rates of cardiac catheteriza-
tion, coronary angioplasty and open-heart surgery in adults in Canada. CMAJ
1992;146(6):921-5.

3. Higginson LA, Naylor CD. Rates of cardiac catheterization, coronary angio-
plasty and coronary artery bypass surgery in Canada. Can J Cardiol 1997;13
(Suppl D):47D-52D.

4. Naylor CD, Morgan CD, Levinton CM, Wheeler S, Hunter L, Klymciw K,
et al. Waiting for coronary revascularization in Toronto: 2 years’ experience
with a regional referral office. CMAJ 1993;149(7):955-62.

5. Naylor CD, Sykora K, Jaglal SB, Jefferson S. Waiting for coronary artery by-
pass surgery: population-based study of 8517 consecutive patients in Ontario,
Canada. The Steering Committee of the Adult Cardiac Care Network of On-
tario. Lancet 1995;346:1605-9.

6. Morgan CD, Sykora K, Naylor CD. Analysis of deaths while waiting for car-
diac surgery among 29 293 consecutive patients in Ontario, Canada. The
Steering Committee of the Cardiac Care Network of Ontario. Heart 1998;79:
345-9.

7. Naylor CD, Szalai JP, Katic M. Benchmarking the vital risk of waiting for
coronary artery bypass surgery in Ontario. CMAJ 2000;162(6):775-9.

8. Ryan TJ. International comparisons of waiting times for cardiovascular proce-
dures: a commentary on the long queue. J Am Coll Cardiol 1995;25(3):564-6.

9. Bengtson A, Herlitz J, Karlsson T, Hjalmarson A. The epidemiology of a
coronary waiting list. A description of all of the patients. J Intern Med 1994;
235:263-9.

10. Morris AL, Roos LL, Brazauskas R, Bedard D. Managing scarce services. A
waiting list approach to cardiac catheterization. Med Care 1990;28(9):784-92.

11. Alter DA, Basinski ASH, Cohen EA, Naylor CD. Fairness in the coronary an-
giography queue. CMAJ 1999;161(7):813-7.

12. Singh N, Gupta M, Fell D, Gangbar E, on behalf of the Greater Toronto
Area Community Cardiologists Organization. Impact and inequity of inpa-
tient waiting times for advanced cardiovascular services in community hospi-
tals across the greater Toronto area. Can J Cardiol 1999;15(7):777-82.

13. Rosanio S, Tocchi M, Cutler D, Uretsky BF, Stouffer GA, deFilippi CR, et
al. Queuing for coronary angiography during severe supply–demand mis-
match in a US public hospital analysis of a waiting list registry. JAMA 1999;
282(2):145-52.

14. Organisation to Assess Strategies for Ischemic Syndromes (OASIS-2) Investi-
gators. Effects of recombinant hirudin (lepirudin) compared with heparin on
death, myocardial infarction, refractory angina, and revascularisation proce-
dures in patients with acute myocardial ischaemia without ST elevation: a
randomised trial. Lancet 1999;353:429-38.

15. CURE Study Investigators. The Clopidogrel in Unstable Angina to Prevent
Recurrent Events (CURE) Trial programme. Eur Heart J 2000;21:2033-41.

16. Campeau L. The Canadian Cardiovascular Society grading of angina pectoris
revisited 30 years later. Can J Cardiol 2002;18:371-9.

17. Liu P, Arnold M, Belenkie I, Howlett J, Huckell V, Ignazewski A, et al. The
2001 Canadian Cardiovascular Society consensus guideline update for the
management and prevention of heart failure. Can J Cardiol 2001;17(Suppl
E):5E-25E.

18. Naylor CD, Baigrie RS, Goldman BS, Basinski ASH. Assessment of priority
for coronary revascularisation procedures. Revascularisation Panel and Con-
sensus Methods Group. Lancet 1990;335(8697):1070-3.

19. Yusuf S, Zucker D, Peduzzi P, Fisher LD, Takaro T, Kennedy JW, et al. Ef-
fect of coronary artery bypass graft surgery on survival: overview of 10-year
results from randomised trials by the Coronary Artery Bypass Graft Surgery
Trialists Collaboration. Lancet 1994;344:563-70.

20. Cheitlin MD. 23rd Bethesda conference. American College of Cardiology:
access to cardiovascular care. Introduction and general principles. J Am Coll
Cardiol 1992;19:1441-8.

21. Basinski ASH, Almond DG, James RGG, Naylor CD. Rating the urgency of

Waiting for cardiac catheterization

CMAJ • NOV. 26, 2002; 167 (11) 1239

Acknowledgements: We thank Cheryl Christmas for her assistance with data man-
agement, Dr. Tef Kalamparambath and Dr. Jeffrey Pang for reviewing the coro-
nary angiograms, and Dr. John B. Gill and Dr. Charanjit S. Rihal for reviewing the
manuscript.

This study was supported by grant RCI-0240-06 from the Canadian Health
Services Research Foundation in partnership with the Ontario Ministry of Health
and the Hamilton Health Sciences Cardiac and Vascular Program.

Competing interests: None declared.

quisition and interpretation and revision of drafts of the manuscript. Mr. Afzal
contributed to data analysis and interpretation and drafted portions of the manu-
script. Dr. Teo contributed to data analysis and interpretation and revision of
drafts of the manuscript. Dr. Yusuf contributed to study conception and design,
and data analysis and interpretation, and drafted portions of the manuscript.

Contributors: Dr. Natarajan was the principal investigator and was involved in
study conception, data acquisition, analysis and interpretation, and drafting the
manuscript. Dr. Mehta contributed to data analysis and interpretation and critical
revision of drafts of the manuscript. Dr. Holder contributed to study conception
and design and critical revision of drafts of the manuscript. Dr. Goodhart con-
tributed to the design of the case report forms, data acquisition and revision of
drafts of the manuscript. Dr. Gafni contributed to study conception, data interpre-
tation and revision of drafts of the manuscript. Mr. Shilton contributed to data ac-



coronary angiography: results of an expert panel process. Ontario Coronary
Angiography Panel. Can J Cardiol 1993;9(4):313-21.

22. Hadorn DC, Holmes AC. The New Zealand priority criteria project. Part 2:
coronary artery bypass graft surgery. BMJ 1997;314:135-8.

23. Cox JL, Petrie JF, Pollak T, Johnstone DE. Managed delay for coronary
artery bypass graft surgery: the experience at one Canadian centre. J Am Coll
Cardiol 1996;27:1365-73.

24. Hadorn DC. Setting priorities for waiting lists: defining our terms. Steering Com-
mittee of the Western Canada Waiting List Project. CMAJ 2000;163(7):857-60.

25. Tu V, Pashos CL, Naylor CD, Chen E, Normand S, Newhouse JP, et al. Use
of cardiac procedures and outcomes in elderly patients with myocardial in-
farction in the United States and Canada. N Engl J Med 1997;336(21):1500-5.

26. Every NR, Larson EB, Litwin PE. The association between on-site cardiac
catheterization facilities and the use of coronary angiography after acute my-
ocardial infarction. N Engl J Med 1993;329:546-51.

27. Blustein J. High-technology cardiac procedures. The impact of service avail-
ability on service use in New York State. JAMA 1993;270(344):344-9.

28. Lewis S, Barer ML, Sanmartin C, Sheps S, Shortt SE, McDonald PW. End-
ing waiting-list mismanagement: principles and practice. CMAJ 2000;
162(9):1297-300.

29. Anderson G, Pinfold SP, Hux JE, Naylor CD. Case selection and appropri-

ateness of coronary angiography and coronary artery bypass graft surgery in
British Columbia and Ontario. Can J Cardiol 1997;13:246-52.

30. Ayanian JZ, Landrum MB, Normand SL, Guadagnoli E, McNeil BJ. Rating
the appropriateness of coronary angiography — Do practicing physicians agree
with an expert panel and with each other? N Engl J Med 1998;338:1896-904.

31. Mathew V, Farkouh M, Grill DE, Urban LH, Cusma JT, Reeder GS, et al.
Clinical risk stratification correlates with angiographic extent of coronary
artery disease in unstable angina. J Am Coll Cardiol 2001;37:2053-8.

32. Lindahl B, Diderholm E, Lagerqvist B, Venge P, Wallentin L, the FRISC II In-
vestigators. Mechanisms behind the prognostic value of troponin T in unstable
coronary artery disease: a FRISC II substudy. J Am Coll Cardiol 2001;38:979-86.

33. Lee A, Don B, Goldacre MJ. Waiting list statistics. II: an estimate of inflation
of waiting list length. BMJ (Clin Res Ed) 1987;295:1197-8.

34. Sykes PA. DHSS waiting list statistics — A major deception? BMJ 1986;
293:1038-9.

Natarajan et al

1240 JAMC • 26 NOV. 2002; 167 (11)

Correspondence to: Dr. Madhu K. Natarajan, Hamilton Health
Sciences – General Site, 237 Barton St. E, Hamilton ON
L8L 2X2; fax 905 527-2337; natarajm@ccc.mcmaster.ca

CMAJ Essay Prize
Deadline: Dec. 15, 2002

CMAJ is offering a single open-category prize of $1000 for the best piece of writing submitted to the 2002
CMAJ Essay Prize contest. We welcome entries from physicians, students, residents and nonphysicians. We
are looking for reflective essays of up to 2000 words on topics of interest to a general medical readership. 

The winner will be selected by a committee appointed from CMAJ’s Editorial Board. The judges will make
their decision on the basis of originality of thought and quality of writing. The winning manuscript must be suit-
able for publication in CMAJ. All papers submitted will be considered for publication. The journal reserves the
right not to award a prize. Prospective entrants are encouraged to read the description of the selection of winners
for the 2000 Essay Prize in our June 26, 2001, issue (available at www.cmaj.ca/cgi/content/full/164/13/1859). 

Authors should submit their papers with a cover letter stating that they would like their manuscript to be
considered for the 2002 CMAJ Essay Prize. We welcome submissions by mail (CMAJ, 1867 Alta Vista Drive,
Ottawa ON  K1G 3Y6), fax ( 613 565-5471) or email (pubs@cma.ca) until the deadline of Dec. 15, 2002. 

Prix de rédaction du JAMC
Date limite : le 15 décembre 2002

Le JAMC offre un seul prix de 1000 $, catégorie ouverte, pour le meilleur texte présenté à l’édition 2002 du
concours de rédaction du JAMC. Nous accueillons avec plaisir la participation des médecins, des étudiants,
des résidents et des non-médecins. Nous sommes à la recherche de dissertations d’au plus 2000 mots qui
présentent des réflexions sur des sujets d’intérêt pour les lecteurs médicaux généraux. 

Le texte primé sera choisi par un comité constitué de membres du conseil de rédaction du JAMC. Les juges
fonderont leur décision sur l’originalité de la réflexion et la qualité du texte. Le manuscrit primé doit pouvoir
être publié dans le JAMC. On envisagera de publier tous les documents présentés. Le Journal se réserve le droit
de ne pas décerner de prix. Nous encourageons les participants éventuels à lire la description des lauréats de
l’édition 2000 du Prix de rédaction dans notre numéro du 26 juin 2001 (version électronic :
www.cmaj.ca/cgi/content/full/164/13/1859).

Les auteurs doivent joindre leur texte à une lettre d’accompagnement indiquant qu’ils
aimeraient soumettre leur manuscrit à l’édition 2002 du Prix de rédaction du JAMC. Nous ac-
cepterons les documents présentés par courrier (JAMC, 1867 promenade Alta Vista, Ottawa
ON  K1G 3Y6) télécopieur (613 565-5471) ou courriel (pubs@cma.ca) jusqu’à la date
limite du 15 décembre 2002.


