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Objective. To determine whether the probability of undergoing coronary bypass
surgery within a certain time was related to the number of patients on the wait list at
registration for the operation in a publicly funded health system.
Methods. A prospective cohort study comparing waiting times among patients reg-
istered on wait lists at the hospitals delivering adult cardiac surgery. For each calendar
week, the list size, the number of new registrations, and the number of direct admissions
immediately after angiography characterized the demand for surgery.
Results. The length of delay in undergoing treatment was associated with list size at
registration, with shorter times for shorter lists (log-rank test 1,198.3, po.0001). When
the list size at registration required clearance time over 1 week patients had 42 percent
lower odds of undergoing surgery compared with lists with clearance time less than 1
week (odds ratio [OR] 0.58 percent, 95 percent, confidence interval [CI] 0.53–0.63),
after adjustment for age, sex, comorbidity, period, and hospital. The weekly number of
new registrations exceeding weekly service capacity had an independent effect toward
longer service delays when the list size at registration required clearance time less than 1
week (OR 0.56 percent, 95 percent CI 0.45–0.71), but not for longer lists. Every time the
operation was performed for a patient requiring surgery without registration on wait
lists, the odds of surgery for listed patients were reduced by 6 percent (OR 0.94, CI 0.93–
0.95).
Conclusion. For wait-listed patients, time to surgery depends on the list size at reg-
istration, the number of new registrations, as well as on the weekly number of patients
who move immediately from angiography to coronary bypass surgery without being
registered on a wait list. Hospital managers may use these findings to improve resource
planning and to reduce uncertainty when providing advice on expected treatment
delays.
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In the Canadian province of British Columbia (BC), priority wait lists (Nose-
worthy, McGurran, and Hadorn 2003) are commonly used to manage access
to elective procedures according to urgency of treatment. In particular, pa-
tients with coronary artery disease (CAD) are prioritized according to angina
symptoms, coronary anatomy, and left ventricular function impairment to
facilitate access to surgical revascularization within a clinically appropriate
time (Levy et al. 2005).

When wait lists are used to ration access to medical services, the length of
time that patients may be required to wait is usually uncertain (Sobolev,
Brown, and Zelt 2000). This is a natural product of random variations in
demand, in service time, and in the percentage of urgent cases. Previous
studies described time to surgery according to procedure, urgency, socioeco-
nomic status, emergency referrals, management practice, surgical cancella-
tions, and period (Clover et al. 1998; DeCoster et al. 1999; Sykora et al. 1999;
Pell et al. 2000; Mayo et al. 2001; Sobolev et al. 2001; Sobolev, Brown, and
Zelt 2001; Noseworthy, McGurran, and Hadorn 2003).

Describing waiting times for coronary artery bypass graft (CABG) in BC,
Katz, Mizgala, and Welch (1991) suggested that variation in the size of wait list
among individual surgeons may be an important factor as well. Indeed, if there
are patients on the list, then for a patient who just arrived to be admitted within
a certain time, all patients ahead must have been served. Surprisingly, little is
known on how the list size at registration affects waiting time for elective
surgical procedures. Without this, it is difficult to obtain accurate estimates of
how much service capacity is required to maintain short wait lists for surgery
(Thomas et al. 2001).

In this paper we determine whether the probability of undergoing sur-
gery within a certain time is related to the number of patients on the wait list at
registration. To examine the relationship between the size of a surgical wait list
and the length of delay before undergoing treatment, we study actual waiting
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times from a population-based database of patients registered for CABG sur-
gery between 1991 and 2000 in BC.

First, we compare the number of weeks required for specified propor-
tions of patients to undergo the operation by list-size categories. Then, we
estimate the effect of list size on waiting time using discrete-time survival
models. The next sections describe the patient journey for care, data sources,
study variables, and our findings on the impact of the list size.

The Clinical Research Ethics Board of the University of British Colum-
bia approved the study protocol.

PATHWAY TO SURGICAL REVASCULARIZATION

Patients presenting with symptoms of CAD are referred to the cardiologist to
assess the need for revascularization. If symptoms indicate the onset of an
acute coronary syndrome, patients are advised to seek urgent medical help.

The cardiologist evaluates the results of coronary angiography and de-
cides on treatment (Grech 2003). If coronary angioplasty is not indicated,
patients are referred to a cardiac surgeon, who assesses their need and suit-
ability for CABG. Cardiologists refer patients to several surgeons.

When urgent assessment is deemed necessary, patients are admitted to a
hospital cardiac ward directly from the catheterization laboratory. If deemed
suitable for surgery, such patients remain in the hospital until the operation.

Alternatively, patients are scheduled for an outpatient consultation with
the cardiac surgeon at a later date. Following the consultation in which surgery
is deemed necessary, surgeons register on their wait lists patients who require
CABG and decide to undergo the operation in one of four hospitals where
surgeons have admitting rights. A priority category is assigned to each patient
by urgency of treatment.

In each hospital, patient access to surgery is managed through sched-
uling operating room time. Patients are selected for scheduling both from
hospital cardiac wards and from the surgical wait lists based on allocated
operating room timeslots and priority.

Patients with a higher priority are selected for surgery ahead of those
with a lower priority, regardless of the date of registration. Patients in the same
priority category are selected in the order of their registration. The availability
of other hospital resources is another factor considered when selecting patients
for scheduling the operation (Hamilton and Breslawski 1994).
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Before being added to the operating room schedule, each patient is
assessed by an anesthesiologist as to suitability for surgery. The operation is
postponed if the patient is deemed unfit, or when the anesthesiologist requests
additional preoperative investigation. Emergency patients have preferential
access to hospital resources, which may cancel scheduled operations. On the
other hand, already scheduled patients may undergo surgery ahead of their
scheduled dates if an operating room timeslot becomes available.

Patients are removed from the wait lists after undergoing the operation
or if they die, reconsider the decision to undergo surgery, accept surgery from
another surgeon, move out of the province, or if their conditions deteriorate to
the point that the operation is no longer possible.

A diagram showing the patient path after presenting with symptoms of
CAD until CABG can be found in Figure 1.

DATA

Data Sources

The BC Cardiac Registries (BCCR) prospectively capture the time of regis-
tration for surgery, the time of surgery, or removal from wait lists without
surgery, for all patients accepted for surgery in the four tertiary hospitals
delivering adult cardiac care to four million residents of BC (Levy et al. 2005).
Each hospital has a catheterization laboratory. Offices of all cardiac surgeons
provide information weekly to the BCCR on registrations for surgery, oper-
ations performed, wait-list reconciliation (removals), and discharge summa-
ries.

Patients

There were 9,366 records of registration for isolated CABG added to BCCR
between January 1991 and December 2000. We excluded 135 records of
patients who were emergency cases (30), were removed on the registration
date (101), or who had missing operating room reports (4). The remaining
9,231 records had either the surgery date or the date and reason of removal
from the list without surgery.

The study period ended in December 2001 because of data availability,
allowing only 52 weeks of follow-up after the last patients were added to the
list. Therefore, we restricted the analysis to the first 52 weeks after registration
so that observations of 475 (5 percent) patients remaining on the lists that long
were censored. Of those, 167 eventually underwent surgery, 7 died, 78
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Figure 1: The Flow of Patients from Presenting with Symptoms to Coronary
Bypass Surgery

Regional Cardiac Care Coordinators wfacilitate physician-to-physician communication
to expedite surgical assessment, zmonitor patients at home until their procedures,
§oversee scheduling of patients whose surgeries were cancelled, and zhelp to provide
educational materials to patients and their families. The diagram was produced with the
support from SIMCARE.
OR, operating room.
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received medical treatment, 104 declined surgery, 17 were transferred to an-
other surgeon or hospital, and 102 were removed for other reasons.

As patients who moved from angiography to surgery on an expedited
basis were not added to the wait lists, they were not included in analyses of
wait-list times. These patients contributed to demand figures only.

Priority Categories

All cardiac surgeons in BC use a common guideline for prioritizing patients
and assigning a target time for surgery based on angina symptoms, affected
coronary anatomy, and left ventricular function impairment described in our
previous report (Levy et al. 2005). The suggested time to surgery is 3 days for
patients with left main coronary artery stenosis greater than 70 percent (Pri-
ority 1), 6 weeks for patients with persistent unstable angina, impaired left
ventricular function, and significant obstruction defined as left-main stenosis,
triple-vessel disease or double-vessel disease with significant proximal left
anterior descending stenosis (Priority 2), and 12 weeks for patients with in-
tractable chronic angina, normal left ventricular function, and single-vessel
disease or double-vessel disease with no lesion in the proximal left anterior
descending artery (Priority 3).

Demand for Surgery

For each calendar week during the study period, the demand for surgery was
characterized by (1) the existing list size, (2) the batch size of new arrivals, and
(3) the number of direct admissions immediately after angiography.

For each patient, the list size was a census of patients with higher or equal
priority present at registration on the list in a hospital. Patients contributed one
count to the list size for each week they remained on the list, except for the
week of arrival. As operations are scheduled a week in advance, patients who
underwent surgery are considered removed from the wait list in the week
previous to their admission dates. Patients, who remained on wait lists at 52
weeks, contribute to the list size for 52 weeks following registration. For each
patient, the batch size was a count of patients with higher or equal priority
registered on the list in the same week. The number of direct admissions was a
count of surgeries performed without wait-list registration during the week of
arrival.
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Comorbidity

Data on coexisting medical conditions were retrieved from the BC Linked
Health Database Hospital Separations File using diagnoses reported in dis-
charge abstracts within 1 year prior to registration for CABG.1 Each patient
was classified as (1) presenting with no coexisting conditions, (2) presenting
with congestive heart failure, diabetes, chronic obstructive pulmonary disease,
cancer, or rheumatoid arthritis, or (3) presenting with other coexisting chronic
conditions including peripheral vascular disease, cerebrovascular disease, de-
mentia, peptic ulcer disease, hemiplegia, renal disease, or liver disease
(Romano, Roos, and Jollis 1993).

STATISTICAL ANALYSIS

Waiting Time

Surgical wait lists are used to hold patient names until the operating room time
can be scheduled. As scheduling is done weekly, waiting time is computed as
the number of calendar weeks between registration and surgery or removal for
other reasons. The date at which a surgeon’s office submits the operating room
booking request for surgery serves as the date of registration on the list.

Cumulative and Conditional Probability of Surgery

Waiting times were analyzed as prospective observations that have been fol-
lowed up from registration, wait-list week 0, to removal, last week on the list.
We interpreted time to removal without surgery as a censored observation,
assuming that the actual wait would be larger otherwise. The cumulative
probability of undergoing surgery within a certain time was estimated using
the product-limit method (Bland and Altman 1998). By using the log-rank test,
access to surgery was compared among patient groups (Bland and Altman
2004).

Study Variables

The list size was categorized in relation to clearance time, that is, a hypothetical
time within which the list will be cleared at a maximum weekly service ca-
pacity if there are no new arrivals. We divided the list size into four categories:
(1) lists requiring less than a week of clearance time, (2) half a month, (3) a
month, (4) over 1 month. In three hospitals with the service capacity of 15
operations a week, the following numbers of patients on the list——0–14, 15–29,
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30–59, and over 60——correspond to clearance time of a week, half a month, a
month, over 1 month. In a hospital with the service capacity of 25 operations
weeks, the same clearance times correspond to 0–24, 25–49, 50–99, and over
100 patients on the list.

Batch size of arrivals was categorized as whether or not it exceeded the
weekly number of operating room slots allocated to patients on the wait lists.
Therefore, we divide the batch size into two batch-size categories: (1) the
arrival of one to six patients at the three hospitals, or one to 12 patients at the
other hospital; and (2) the arrival of seven and more patients at the three
hospitals, or 13 and more patients at the other hospital.

The weekly number of direct admissions was treated as a continuous
variable.

Regression Models

The effect sizes of study variables were estimated by the odds ratio (ORs) using
discrete-time survival regression models (Allison 1982). For the direct admis-
sions, we interpret the OR as a change in the weekly odds of elective surgery
associated with one additional surgery performed immediately after angio-
graphy.

In multivariate analysis we adjusted for age, sex, comorbidity, period,
and hospital. Although hospital-related factors were used to create variables
describing the demand for surgery, we entered an indicator variable for each
hospital in the models in order to obtain regression estimates for the study
variables adjusted for possible variations in access management. Hospital 1
was coded as referent.

RESULTS

Table 1 outlines the distribution of wait-listed patients by age, sex, period of
registration, hospital, priority, comorbidity, list size at registration, and size of
batch arrival. In the group of patients who underwent surgery without reg-
istration on wait lists, the distribution by age was similar to the listed patients,
with the majority (69 percent) undergoing surgery between 60 and 79 years.
Compared with the listed patients, the proportion of women (22 percent) was
slightly higher, Table 1.

Differences between these two groups in the distribution by priority
categories and coexisting medical conditions indicate that sicker patients were
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more likely to undergo the operation without delay. For example, less than 10
percent of wait-listed patients were assigned to priority category 1 compared
with over half of the patients who were admitted for surgery directly after

Table 1: Characteristics of 9,231 Registrations for Coronary Artery Bypass
Surgery and 10,467 Direct Admission Surgeries

Characteristics Wait-Listed Patients (%) Direct Admission Surgeries (%)

Age group (years)
o50 732 (7.9) 808 (7.7)
50–59 2,005 (21.7) 2,082 (19.9)
60–69 3,530 (38.2) 3,689 (35.2)
70–79 2,770 (30.0) 3,509 (33.5)
� 80 194 (2.1) 3,79 (3.6)

Sex
Women 1,634 (17.7) 2,313 (22.1)
Men 7,597 (82.3) 8,154 (77.9)

Period of registration/surgery
1991–1992 1,724 (18.7) 1,770 (16.9)
1993–1994 1,889 (20.5) 1,526 (14.6)
1995–1996 2,010 (21.8) 1,686 (16.1)
1997–1998 1,888 (20.5) 1,997 (19.1)
1999–2000 1,720 (18.6) 2,454 (23.4)
2001 1,034 (9.9)

Hospital at registration/surgery
1 1,902 (20.6) 1,590 (15.2)
2 3,137 (34.0) 2,522 (24.1)
3 2,123 (23.0) 4,362 (41.7)
4 2,069 (22.4) 1,993 (19.0)

Urgency at registration/surgery
Priority 1 664 (7.2) 5,353 (51.1)
Priority 2 6,553 (71.0) 4,536 (43.3)
Priority 3 2,014 (21.8) 523 (5.0)
Unknown 55 (0.5)

Comorbidity at registration/surgery
None 4,775 (51.7) 1,159 (11.1)
CHF, COPD, RA, diabetes, cancer 2,012 (21.8) 4,040 (38.6)
Other conditions 2,444 (26.5) 5,268 (50.3)

Wait-list size category
1 1,514 (16.4)
2 1,275 (13.8)
3 3,955 (42.8)
4 2,487 (26.9)

Batch size category
1 6,640 (71.9)
2 2,591 (28.1)

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; RA, rheumatoid
arthritis.
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angiography. Similarly, over half of the wait-listed patients had no identifiable
comorbid conditions, compared with only 11 percent in the other group.

There was a variation between hospitals in the number of patients who
stayed on the list longer than 52 weeks, from almost 0 in hospital 1 and 2 to 118
(3.8 percent) in hospital 4 to 332 (15.6 percent) in hospital 3. One-third of such
patients in hospital 3 were registered in 1993–1994.

Access to Surgery by Priority

As expected, priority had a major influence on waiting times, with shorter
times in higher priority groups (log-rank test 1,639.2, po.0001). For instance,
waiting times in priority-group 3 were such that 10 percent of the patients
underwent surgery within 6 weeks, 25 percent within 11 weeks, 50 percent
within 21 weeks, and 75 percent within 41 weeks, whereas half of priority-
group 1 patients underwent surgery within 2 weeks, and 75 percent did so
within 6 weeks (Figure 2). There was a corresponding gradient in average
surgery rate across priority groups, from 20.2/100 patients/week in group 1 to
6.7 in group 2 to 3.2 in group 3.

Access to Surgery by the List Size at Registration

There was a strong association between list size at registration and waiting
time, with shorter waits experienced by patients registered on shorter lists (log-
rank test 1,198.3, po.0001). When the list at registration had clearance time
exceeding 1 month (category 4), waiting times were such that 10 percent of the
patients underwent surgery within 3 weeks, 25 percent within 7 weeks, 50
percent within 16 weeks, and 75 percent within 33 weeks, whereas 50 percent
of patients registered on lists with clearance time less than 1 week (category 1)
underwent surgery within 4 weeks, and 75 percent did so within 9 weeks
(Figure 3).

Access to Surgery by List and Batch Size Combined

Batch size of arrivals in the week of registration was also a factor in the var-
iation of waiting times when wait lists had clearance time less than 1 week, with
shorter times when the batch size was smaller (log-rank test 6.6, p 5 .01).
Waiting times for patients who, when registered, had less than 1-week clear-
ance time worth of patients ahead of them (list-size category 1) and who
arrived in a batch bigger than the weekly capacity (batch-size category 2) were
such that 10 percent of the patients underwent surgery within 1 week, 25
percent within 3 weeks, 50 percent within 6 weeks, and 75 percent within 11
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weeks. In contrast, 50 percent of patients with list-size category 1 who arrived
in batches smaller than the weekly capacity (batch-size category 1) underwent
surgery within 4 weeks, and 75 percent did so within 9 weeks. The difference
in waiting times according to batch size was also significant in list-size category
2 (log-rank test 20.9, po.0001), category 3 (log-rank test 88.1, po.0001), and
category 4 (log-rank test 119.1, po.0001).

Regression Analysis

Table 2 shows the association between list size and the probability of surgery
as measured by OR derived from three regression models after adjustment for
age, sex, comorbidity, calendar period, and hospital.
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Figure 2: Estimated Probabilities of Undergoing Surgery by Priority Group

Does Wait-List Size at Registration Influence Time to Surgery? 33



In Model I, variables for list-size categories were coded so that category 1
(clearance time less than 1 week) was the referent. The odds of surgery were 42
percent lower in list-size category 2, OR (95 percent confidence interval
[CI]) 5 0.58 (0.53, 0.63), 57 percent lower in category 3, OR 5 0.43 (0.40,
0.46), and 67 percent lower in category 4, OR 5 0.33 (0.31, 0.36), compared
with category 1.

For Model II,2 Table 2 shows an additional comparison group corre-
sponding to list-size category 1 and batch-size category 2 combined, with the
referent group consisting of list-size category 1 in combination with batch-size
category 1. After adjustment for covariates, there was no difference between
the ORs for these two groups as measured by the Wald test (w2 5 0.01, p 5 .92).
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Figure 3: Estimated Probabilities of Undergoing Surgery by Wait-List Size
Categories
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Derived from Model II, the OR was 0.55 (0.44, 0.69) for combined list-
size category 1 and batch-size category 2, suggesting that the odds of surgery
were 45 percent lower compared with those in the referent group. The odds of
surgery were 45 percent lower in list-size category 2, OR 5 0.55 (0.50, 0.60), 59
percent lower in category 3, OR 5 0.41 (0.38, 0.44), and 68 percent lower in
category 4, OR 5 0.32 (0.29, 0.35), compared with the referent group.

Model III shows the effect of the number of weekly surgeries without
registration on waiting times of listed patients. Every time an additional patient
was operated without being registered on wait lists, for patients registered in
that week, the odds of surgery were reduced by 6 percent, OR 5 0.94 (0.93–
0.95). This effect was independent of the size of batch arrivals and list size at
registration.

DISCUSSION

In this paper we examined the relationship between the length of time before
treatment and the length of the wait list at registration for CABG surgery in a
publicly funded health system.

Our results provide evidence that list size had an effect on the length of
delay in undergoing treatment, with shorter times for shorter lists. Patients

Table 2: Association between the Conditional Probability of Surgery and
Wait-List Size as Measured by Odds Ratiosn Derived from Discrete-Time
Survival Regression Models

Surgery Demand

OR (95% CI)

Model I w Model II z Model III z

List-size category 1 1.0 —— ——
List-size category 1, batch-size category 1 —— 1.0 1.0
List-size category 1, batch-size category 2 —— 0.55 (0.44, 0.69) 0.56 (0.45, 0.71)
List-size category 2 0.58 (0.53, 0.63) 0.55 (0.50, 0.60) 0.56 (0.51, 0.61)
List-size category 3 0.43 (0.40, 0.46) 0.41 (0.38, 0.44) 0.40 (0.37, 0.43)
List-size category 4 0.33 (0.31, 0.36) 0.32 (0.29, 0.35) 0.31 (0.28, 0.33)
Direct admissions —— —— 0.94 (0.93, 0.95)§

nAdjusted for age, sex, comorbidity, calendar period, hospital, and week on the list.
wReference is clearance time less than 1 week.
zReference is clearance time less than 1 week, batch size less than weekly capacity (list-size
category 1, batch-size category 1).
§Associated with one additional surgery performed without wait-list registration.
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who were registered when the list size required clearance time exceeding 1
month had 69 percent lower odds of undergoing surgery at any week on the
list than those registered on a list with clearance time less than 1 week, after
adjustment for other factors.

The weekly number of new registrations exceeding weekly service ca-
pacity had an independent effect toward longer service delays when list size
required clearance time of less than 1 week, but not for longer lists. We also
found an independent effect of the number of surgeries delivered through
direct admissions.

The quality of information on dates of registration and removal is a
concern in this analysis. Although we used the date at which the surgeon’s
office sends operating room booking request as the date of registration on the
list, no audit has been conducted to verify the accuracy of coding dates in
BCCR records.3

Some evidence that procedure dates are recorded accurately comes
from further investigation in which we found that for 8,159 BCCR records
with surgery dates, 8,030 (98.4 percent) were found to have the operation date
recorded between admission and discharge dates in the Hospital Separations
File. An additional 76 records (0.9 percent) had their procedure dates either a
few days before the admission date or after the discharge date. Fifty-three
records (0.7 percent) could not be linked.

Retrieved from the registry, the priority category is a composite variable
based on clinical information. The observation that higher priority patients
were more likely to undergo CABG through direct admission indicates that
the degree of misclassification of priority was likely small.

Several studies have shown that, when compared with medical charts,
comorbid medical conditions are underreported in hospital discharge data-
bases among persons discharged with cardiovascular diagnoses or procedures
(Levy et al. 1999; Humphries et al. 2000; Austin, Daly, and Tu 2002; Quan,
Parsons, and Ghali 2002). However, this unlikely affected our results, as the
effect of study variables was similar before and after adjustment for comor-
bidity.

Our findings have implications for policies on access to elective cardiac
surgery in a network of hospitals. If queue length varies significantly from
hospital to hospital, policy makers may consider redistribution of cases across
hospitals with the aim of reducing treatment delays. From the patients’ per-
spective, as argued elsewhere, such a policy could infringe on the cardiologist’s
choice of a surgeon when referring a patient (Naylor 1991). Our results
suggest that in order to make an informed decision on choosing a surgeon,
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cardiologists and patients should use information about the likely extent of
treatment delay and associated risks. When projecting the expected time to
treatment for patients who will be placed on the wait list, hospital managers
should take into account the current list size as well as the weekly number of
patients who require CABG immediately after undergoing coronary angio-
graphy.

More research is needed to evaluate whether waiting times for elective
surgery vary because of chance alone after adjustment for clinical factors and
variation in demand. One important issue is preferential allocation of hospital
resources (Alter, Basinski, and Naylor 1998). It remains unclear whether di-
rectly admitting patients of low priority is done in order to circumvent long
wait lists, or to substitute for cancellations on the operating room schedule.
Other remaining questions include whether referral patterns across hospitals
depend on wait-list size.
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NOTES

1. Levy et al. (1999) found no evidence of differential coding in discharge abstracts
between teaching and community hospitals in Canada.

2. Before using Model II, we found that although the effect of larger batch size was
significant for list-size category 1, the ORs showed no significant differences be-
tween batch sizes for list-size categories 2–4 (data not shown). The Wald test of
equality of the ORs associated with batch size categories had a w2 value of 1.2
( p 5 .27, 1 df) for list-size category 2, 0.3 ( p 5 .57, 1 df) for category 3, and 2.0
( p 5 .16, 1 df) for category 4. Therefore, we estimated regression coefficients for
batch-size categories in list-size category 1 only.

3. Information is routinely verified only for patient ID.
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