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Abstract

Background: Long wait times for sched-
uled surgery are a major problem in
Canadian health systems. We sought to
determine the extent to which single-
entry referral models (next available
consultation), team-based care models
(next available surgery regardless of con-
sulting surgeon), or both could affect
wait times for consultations and surgery.

Methods: We performed a discrete-
event simulation study of wait times for
consultations and surgeries for knee
and hip joint replacement in Ontario’s
5 postal regions using prospectively col-
lected data on surgical wait times. We

simulated the effects of coordinated
referral models on the wait time for con-
sultation (wait 1) and surgery (wait 2).

Results: Coordinated models led to
larger reductions in high-outlier wait
times (as reflected by the 90th percentile
and the percentage of patients exceeding
wait-time targets) than on median wait
times when compared with the status
quo. Single-entry referral models largely
influenced wait 1, and team-based
models of care affected only wait 2. Fully
integrated models incorporating both
single-entry referral and team-based care
largely prevented patients from exceed-

ing both wait-1 and wait-2 targets; the
percentage of patients exceeding wait-1
targets in these models was 0% in all
regions, and the percentage exceeding
wait-2 targets was 0% except for Ontario
West (2.0%, from 35.7% at baseline), East
(1.1%, from 22.7% at baseline), and North
(1.0%, from 25.1% at baseline).

Interpretation: Coordinated referral
and practice models improve access to
scheduled surgery in Canadian health
systems. Implementation of these
models could largely eliminate pro-
longed wait times for joint replacement
surgery in Ontario.

Canada performs poorly in international comparisons of health sys-
tems, particularly owing to challenges with timely access to health
services.! Long wait times for scheduled surgery are a major policy
challenge that threatens public confidence in Canadian health sys-
tems.2* Whereas some Canadian provinces have been increasingly
experimenting with private for-profit delivery of services, such as
joint replacement and cataract surgery, in hopes of reducing wait
times,*® other policy approaches, such as single-entry referral
models® and team-based (shared) care,” could reduce surgical wait
times substantially and improve geographic and socioeconomic
inequities in wait times, which might worsen with other types of
interventions. If the potential benefit of these models of care were
better quantified, policy-makers and health authorities could more
persuasively champion their implementation, which faces stiff
resistance from some participants in the health system.

We sought to determine the extent to which single-entry
referral models and team-based care could affect wait times
for consultations and surgery, without the need for major
health-system changes such as increased funding to hospitals
or increased investment in private for-profit surgical facilities.

Methods

We performed a simulation modelling study of wait times for hip
and knee joint replacement surgery in Ontario using routinely
collected electronic wait time information. We investigated
3 models of care using discrete-event simulation to represent the
process of referrals arriving at a destination (either a surgeon in a
referral network or a central intake), subsequent distribution of
referrals to surgeons, surgical consultations, distribution of
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patients to surgeons according to the model of care, operating
room assignment, and surgical procedures. We chose discrete-
event simulation for its ability to capture the dynamic flow of
events over time, reflecting real-world variability in patient arriv-
als, wait times, and resource availability, ensuring a realistic
evaluation of each care model.?®

Data sources and linkage

We analyzed data from the Wait Time Information System (a pro-
spective registry of wait times for most non-urgent surgical
procedures maintained by Ontario Health) to identify pro-
cedures and surgeons, Ontario Health Insurance Plan physician
claims data to identify referring physician,!! and the Registered
Persons Database for patient demographic characteristics, such
as area of residence.’ These data sets were linked using unique
encoded identifiers and analyzed at ICES, a not-for-profit
research institute that brings together research, data, and clin-
ical experts, whose legal status under Ontario’s health informa-
tion privacy law permits it to collect and analyze health care and
demographic data without consent for the purposes of health
system evaluation and improvement.

Study population

We analyzed hip and knee joint replacement (arthroplasty) pro-
cedures; 88.5% of orthopedic surgeons in our data set performed
both hip and knee joint replacement.'® Joint replacement is com-
mon and substantially improves patients’ quality of life;***> pro-
longed wait times for these procedures can lead to worsening
pain, reduced mobility, and deteriorating overall health.

We included all procedures performed in patients who were
referred by a general practitioner or family physician to an ortho-
pedic surgeon for joint replacement surgery between Jan. 1,
2017, and Dec. 31, 2017, and subsequently underwent a non-
emergency operation, who had complete wait time information
in the Wait Time Information System and whose procedures
were categorized as priority 3 or 4 (the lowest level of urgency as
categorized by Ontario Health). We assumed that all such
patients had non-urgent conditions and that any variation in
wait times for these patients resulted from system factors and
random variation rather than clinical urgency. We selected this
referral period to include patients who underwent consultation
and non-urgent surgery before the COVID-19 pandemic. We
included procedures in Ontario’s 5 postal regions (Appendix 1,
Supplemental Figure, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.241755/tab-related-content) according to the
first letter of the postal code of the patient’s residence, grouped
as follows: East (K), Central (L), North (P), Toronto (M), and West
(N). We selected these regions because they closely approximate
Ontario’s current health regions, which did not yet exist as
administrative health areas during the study period.

Models of care

Most referrals from primary care providers to specialists in
Ontario occur by direct physician-to-physician referral, and most
surgeons work as independent practitioners who manage their
own queues for new patient consultations and surgeries.’* They

typically do not share the care of patients with other surgeons
once they have assumed responsibility for performing a surgery.

We explored the use of models of care that introduce a meas-
ure of coordination by managing the flow of patients to 1 or both
of the following: appointments for new surgical consultations;
and surgical procedure dates, after a decision to proceed with
surgery has been made. We analyzed 2 types of alternative
models, described in this study as single-entry referral (also
called “central intake,” whereby all referrals within each of
Ontario’s 5 postal regions are pooled, and patients are directed
in order of entry into the queue to the next available provider for
consultation), and team-based care (also called “shared care,”
whereby patients for whom surgery is recommended after con-
sultation are pooled into a single regional queue, and each
patient is scheduled into the next available surgical date with
any surgeon in the region, in order of entry into the queue). We
also examined a fully integrated model, whereby both single-
entry and team-based care are used: patients are pooled into a
single queue and are seen by the next available surgeon within a
region for a consultation, and after consultation patients enter
another queue and undergo surgery by the next available sur-
geon within the region.

Outcome measures

Ontario Health defines wait 1 as the time between the date a
primary care physician refers a patient to a specialist and the
date of the patient’s first appointment with that specialist, and
wait 2 as the interval from the date the surgeon and patient
decide to proceed with surgery to the date of the surgical pro-
cedure, subtracting any delays related to a patient’s readiness
for treatment.

In Ontario, wait-time benchmarks (the target time within
which 90% of patients are seen or treated) for priority-4 patients
undergoing hip and knee joint replacement surgery are 182 days
for wait 1 and 182 days for wait 2; for priority-3 patients, these
benchmarks are 90 days for wait 1 and 84 days for wait 2.

Statistical analysis

We used discrete-event simulation to represent the process of
referrals arriving at a destination (either a surgeon in a referral
network or a central intake), subsequent distribution of referrals
to surgeons, surgical consultations, and the distribution of
patients to surgeons according to the model of care, operating
room assignment, and the surgical procedures.

We created a simulation model of existing referral networks
within each region, based on each patient’s area of residence
and the observed network of referring physician-to-surgeon
and surgeon-to-hospital connections and their corresponding
service rates, excluding the 10% of surgeons connected to the
largest number of referring physicians and the 10% of sur-
geons connected to the fewest referring physicians; this exclu-
sion was necessary to achieve a stable simulation and is not
expected to have an impact on the effects of different models
of care. We simulated 3 alternative models: single-entry refer-
ral only, team-based care only, and fully integrated (single-
entry referral combined with team-based care). The observed
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(unmodelled) data reported include the top and bottom 10%
of connections.

We made the following assumptions in the simulation:
priority-3 and -4 patients were managed similarly without differ-
ential prioritization; all patients in coordinated models of care
followed their assigned destination (i.e., individual choice of pro-
vider was not available to patients or to referring providers);
referral markets were organized on a regional basis (based on
postal regions); the capacity of hospital operating rooms was
estimated based on the average number of procedures per day
that were performed during an 8-hour workday, excluding week-
ends; the network capacity, including the number of surgeons
and referring physicians, consultations, hospitals, surgical pro-
cedures, and the connection networks, remained constant
throughout the simulation period; and patient demand and
demographic characteristics remained constant.

To create a steady-state model, we started each simulation
with a 10-year warm-up period based on the existing (unco-
ordinated) referral network in 2017. Each simulation began
with an empty system, and patients were selected randomly
from the pool of eligible patients based on a Poisson distribu-
tion of the arrival rates of new patients. A 10-year period was
required for the simulated wait times to reach a steady state,
whereby additional cycles of the model did not change the
simulated wait times. Following this warm-up, each new
model of care was introduced and cycled over a 15-year period
to allow for a stable simulation. These models can be inter-
preted as reflecting what wait times would be observed,
assuming that the model of care under study had been in place
for a prolonged period and had achieved a steady state. We
estimated median and 90th percentile wait times, and ana-
lyzed the proportion of patients who received services beyond
the wait-1 and wait-2 benchmarks of 182 days. Additional tech-
nical information about the simulation model is included in
Appendix 2 (available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.241755/tab-related-content).

To explore the effect of baseline assumptions about the structure
of existing referral networks on our results, we performed sensitivity

Hip and knee replacement procedures with known
referral date between Jan. 1,2017, and Dec. 31, 2017

n=27863

analyses to measure the variation in key parameters (Appendix 1).
We processed data using Pandas and Spark”® in Python — a data-
processing engine designed for large-scale data analytics — to esti-
mate the inter-arrival times and time intervals between consulta-
tions and surgeries, which served as input parameters for the
simulation.’® We executed the simulation on the AnyLogic Profes-
sional platform 8.9.0 running on a Linux environment.

Ethics approval

The use of the data in this project is authorized under section 45
of Ontario’s Personal Health Information Protection Act and does
not require review by a research ethics board.

Results

The simulations were based on data from 17465 procedures
(Figure 1) involving 17 132 patients, 7783 referring physicians,
274 surgeons, and 71 hospitals in Ontario’s 5 postal regions (Table 1).

Simulated wait times for the referral networks and practice
models that existed in Ontario during the study period
(described as “uncoordinated” networks) were similar to the
observed wait times (Table 2). Figure 2 presents changes in
median (Figure 2A) and 90th percentile (Figure 2B) wait times.
Single-entry referral models led to modest reductions in
median wait 1 times in all regions, with a much larger effect on
attenuating the variation in wait-1 times, reflected in the sub-
stantial reduction in the 90th percentiles of wait 1 in each
region, ranging from a reduction of 53 days in Toronto (from
103 to 50 d) to a reduction of 82 days in Ontario West (from
186 to 104 d; Table 2 and Figure 2B). Single-entry referral
models in isolation did not consistently reduce wait-2 times,
and in 3 of the 5 regions the median and 90th percentile wait-2
times increased under a single-entry referral model. Team-
based models of care (without single-entry referral models)
reduced the median and 90th percentile of wait-2 times in all
the regions and had no effect on wait-1 times. Fully integrated
models resulted in substantial decreases in the 90th percentile
for total wait time (wait 1 and wait 2) in all regions, ranging

Excluded:

Procedures analyzed

n=17465

« Not referred by GP or FP n =7409
« Wait 2 priority levels 1 or 2, and records with missing priority levels n=412
» Top and bottom 10% of surgeon connections with GP or FP n=2577

Figure 1: Reasons for exclusion of procedures not included in the simulation model. Note: FP = family physician, GP = general practitioner. See Related

Content tab for accessible version.
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Table 1: Referral networks of patients who underwent hip and knee replacement surgery and were

referred by a primary care provider with a known referral date between Jan. 1, 2017, and Dec. 31, 2017,

stratified by Ontario postal region*

No. of No. of referring No. of
Region patients physicians surgeons
East 3502 1401 48
Central 4633 2344 91
North 1747 620 24
Toronto Bill55 1955 59
West 4095 1463 52
Total 17132 7783 274

No. of No. of knee No. of hip
hospitals procedures procedures
17 2171 1360
18 2919 1799
10 1176 641
11 1952 1242
15 2483 1722
71 10701 6764

*Patients who had surgery by the 10% of surgeons connected to the highest number of referring physicians and patients who had surgery by the
10% of surgeons connected to the lowest number of referring physicians were excluded.

from a reduction of 111 days in Toronto (from 257 to 146 d) to a
reduction of 281 days in Ontario West (from 536 to 255 d), with
a modest decrease in median total wait time in all regions
exceptin the Toronto region (Table 2 and Figure 2).

Figure 3 illustrates the effect of referral and practice models
on the proportion of patients who exceeded wait-1 and wait-2
targets. Single-entry referral models alone did not reliably lead
to reductions in the percentage of patients who exceeded wait
times, primarily owing to a limited impact on reducing wait-2
times. Team-based care models largely prevented patients from
exceeding wait-2 targets. Fully integrated models resulted in
few or no patients exceeding wait-time targets, even in regions
with a high proportion of patients who exceeded wait-time tar-
gets at baseline. The percentage of patients exceeding wait-1
targets in these models was 0% in all regions, and the percent-
age exceeding wait-2 targets was 0% except for Ontario West
(2.0%, from 35.7% at baseline), East (1.1%, from 12.8% at base-
line), and North (1.0%, from 25.1% at baseline).

Interpretation

Our findings provide important information about the effects of
different referral and practice models on wait times for joint
replacement surgery in Ontario. Although single-entry referral
models had a relatively small impact on overall wait times for
surgery, team-based care and fully integrated models (combin-
ing single-entry referral and team-based care) had a much larger
effect. The effects on high-outlier wait times was much greater
than the effect on median wait times: a striking finding of our
analyses was that implementation of fully integrated models
could effectively prevent patients from exceeding wait-time tar-
gets for joint replacement in Ontario, without any increase in
surgical capacity.

Although our findings are largely consistent with the results
of other research in Canadian settings,” the observation that
single-entry referral models — one of the most popular pro-
posed policy solutions to long wait times — had such a small
effect on overall wait times was unexpected. Our analysis pro-
vides insight into why this is the case. Much of the wait time for

surgical services such as joint replacement in Ontario occurs
during the wait-2 period (after a surgical consultation), and
single-entry referral models have a very limited impact on these
wait times. In fact, single-entry models unexpectedly led to
increased wait-2 times in some regional simulations, perhaps by
interfering with self-regulation mechanisms that surgeons may
apply in their own practices to redirect new referrals during
periods when their wait-2 times are very high (e.g., surgeons
with very long wait-2 times might temporarily stop accepting
new referrals until their wait times shorten again — a scenario
that would be exacerbated by a single-entry model referral
strategy that is agnostic to fluctuations in wait-2 times).

Our results provide strong support for the implementation of
both single-entry referral models and team-based care as a
regional solution to the problem of long wait times for sched-
uled surgery in Canadian health systems, as well as an effective
strategy to improve equity in access to health services. Adoption
of these models will require strong leadership among health-
system leaders and the active participation of surgeons. It will
also require some investment in system infrastructure, instead
of one-time investments to increase surgical volumes during
times of crisis. Unless surgeons believe that team-based models
of care are beneficial to them, as well as to other participants in
the health system, and do not threaten their autonomy or
opportunities for income and professional advancement, these
models of care are unlikely to be viable in Canadian health sys-
tems in which physicians are highly independent and autono-
mous participants.?!

Limitations

We studied only those patients whose priority level for joint
replacement surgery was known, we assumed that orthopedic
surgeons performed both hip and knee arthroplasty pro-
cedures, and we did not distinguish between priority-3 and
priority-4 patients (few patients having joint replacement were
categorized as priority 3). We assumed that all patients would
participate in a single-entry referral model, would be able and
willing to travel for surgery to any hospital within their region,
and would be agreeable to having surgery by a surgeon who
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Table 2: Surgical wait times for different referral and practice models, by Ontario postal region

Region; model of care

East
Uncoordinated (market-based)
Actual (observed)
Simulated
Coordinated
Single-entry referral only
Team-based care only
Fully integrated (single-entry referral and team-based care)
Central
Uncoordinated (market-based)
Actual (observed)
Simulated
Coordinated
Single-entry referral only
Team-based care only
Fully integrated (single-entry referral and team-based care)
North
Uncoordinated (market-based)
Actual (observed)
Simulated
Coordinated
Single-entry referral only
Team-based care only
Fully integrated (single-entry referral and team-based care)
Toronto
Uncoordinated (market-based)
Actual (observed)
Simulated
Coordinated
Single-entry referral only
Team-based care only
Fully integrated (single-entry referral and team-based care)
West
Uncoordinated (market-based)
Actual (observed)
Simulated
Coordinated
Single-entry referral only
Team-based care only

Fully integrated (single-entry referral and team-based care)

Days, median (90th percentile)

Wait 1*

64 (143)
64 (138)

51 (80)
64 (140)
51 (80)

50 (151)
50 (143)

40 (64)
50 (142)
40 (64)

51 (179)
48 (138)

40 (76)
48 (138)
40 (76)

36 (50)
43(103)
36 (50)

71 (189)
70 (186)

62 (104)
70 (186)
62 (97)

Wait 2t

87 (195)
81 (178)

89 (272)
30 (89)
47 (104)

89 (280)
81 (240)

81 (252)
64 (112)
75 (98)

81 (224)
77 (263)

93 (571)
44(101)
50 (110)

79 (180)
63 (77)
77 (96)

112 (385)
109 (350)

103 (393)
100 (100)
101 (158)

Total wait
(wait 1 + wait 2)

151 (338)
145 (316)

140 (352)
94 (229)
98 (184)

139 (431)
131 (380)

121 (316)
114 (254)
115 (162)

132 (403)
125 (401)

133 (647)
92 (239)
90 (186)

110 (265)
111 (257)

115 (230)
106 (180)
113 (146)

183 (574)
179 (536)

165 (497)
170 (286)
163 (255)

*Wait 1: the time between the date a primary care physician refers a patient to a specialist and the date of the patient’s first appointment

with that specialist.

tWait 2: the interval from the date the surgeon and patient decide to proceed with surgery to the date of the surgical procedure.
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Figure 2: (A) Change in median wait time (in days) for different referral and practice models, by Ontario postal region, compared with existing practice.
(B) Change in 90th percentile wait time (in days) for different referral and practice models, by Ontario postal region, compared with existing practice.

was not necessarily the same surgeon who performed the
initial consultation. Although people may have concerns about
limitations on personal choice in coordinated care models, evi-
dence shows that these models of care are highly acceptable
to patients?? and referring physicians.?® Central-intake strat-
egies that accommodate a choice of a specific surgeon are very
difficult to implement in real-world settings and result in sub-
stantially longer wait times.?* The simulations do not account
for variation in outcome between different surgeons. To the
extent that such variation exists, it is not clear how different
referral models might affect clinical outcomes either positively
or negatively. The accountability for providing a high quality of
care resides with clinicians and the clinical leaders who over-
see their practice. Although relying on existing referral markets

to ensure high-quality care is not necessarily a helpful
approach either, effects on surgical outcomes or quality of
care were beyond the scope of our study. Our analyses did not
account for changes in patient status while awaiting care,
demographic changes, population growth, or changes in sur-
geons’ workloads or compensation. The simulations reflect
only the outcomes that would occur in a steady state, and the
short-term consequences of changing models of care can have
unintended consequences, including an increase in the wait
times of patients already in the system as newly arriving
patients are prioritized for next-available appointments.
Nevertheless, our findings provide clear insight into the poten-
tial benefits of these models of care in a mature state of
implementation.
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Figure 3: Percentage of patients exceeding the 182-day wait-1 and wait-2 targets for different referral and practice models, by Ontario postal region.
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