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ABSTRACT

Ontario Ministry of Health and Long-Term Care (MOHLTC) established the
Ontario Joint Replacement Registry (OJRR) in April 2000 to provide information needed
to assess waiting times for Total Joint Replacement (TJR) surgery on an ongoing basis.
Therefore a major concern of the OJRR is the quality of its waiting time data. The
primary objective of this study was to determine the quality of the OJRR waiting time
data by measuring the bias in these two waiting time periods: referral to surgery and
decision to surgery. The mean difference method was used to estimate bias in its waiting
times reported as a continuous variable and the McNemar test was used to estimate bias
in its waiting times reported as a dichotomous variable. In continuous form, bias in OJRR
waiting times was estimated as a relatively small point estimate (i.e. 0.13 and 0.66 weeks
for decision and referral to surgery, respectively); but with considerable variability
associated with these values (i.e. +/- half a year). As a binary variable, indicating if
surgery was received within a waiting time threshold, no bias was found. Our results
suggested that better definitions for waiting time date fields, especially for decision date

and referral date fields, may be in order.

Keywords: Waiting Time, Total Joint Replacement Surgery, Registry, Bias, Data

Quality
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Chapter One
Introduction

1.1 The Problem

Arthritis and related conditions are among the most prevalent chronic conditions
in Canada, and have a major impact on individuals and on society (Badley and
DesMeules, 2003). Of all procedures relevant to arthritis management, total hip and knee
joint replacement (TJR) surgery has perhaps commanded the most attention at public and
policy levels. These procedures have been shown to have a valuable place in the
management of end-stage arthritis, and a number of studies have shown them to be cost
effective (Perruccio et al., 2004; Bunker et al., 1994; Hawker et al., 1998; Chang et al.,

1996). However, the timely delivery of TJR surgeries is a growing concern in Canada.

The most recent Health Services Access Survey results have pointed out that
Canadians see referral to surgery waiting times as thel greatest barrier to accessing
specialized health care services. One in ten Canadians waiting for specialized care
reported that they had to cope with pain while waiting (The Daily from Statistics Canada,
2006). Consistent with this, there is some evidence that functional health status
deteriorates in patients who wait more than 6 months for TJR surgery (Mahon et al., 2002;
Ostendorf et al., 2004; Kili et al., 2003). Mahon et al. (2002) conducted a prospective
study to test whether a longer wait was associated with poorer postoperative health-
related quality of life. Outcome measures, including the Western Ontario McMaster
University (WOMAC) Osteoarthritis Index and the 6-minute walk test, were assessed at

baseline and every 3-6 months thereafter until at least 3 months after the surgery (i.e.



some subjects were followed longer than others). The results showed that patients who
undergo the procedure within 6 months after referral for surgery have greater disability at
the time of the referral, and realize greater gains in health-related quality of life (as
measured by the WOMAC) and mobility (as measured by the 6-minute walk test) after
surgery, than patients waiting more than 6 months (Mahon et al., 2002). Ostendorf et al.
(2004) conducted a prospective study to determine the effect of waiting times for total hip
arthroplasty in terms of loss in quality-adjusted life years and additional burden perceived.
Outcome measures, including the Oxford Hip Score, the WOMAC Osteoarthritis Index,
the SF-36, and the EuroQol health status instrument, were assessed when the patient was
placed on the waiting list, and 3 and 12 months after surgery. The disease-specific scores
showed a significant deterioration during the waiting time. Moreover, a considerable loss
of quality-adjusted life years occurred simply by postponing surgery (Ostendorf et al.
2004). Kili et al. (2003) conducted a prospective study to investigate the change in the
Harris Hip Score in patients waiting for a total hip replacement. The Harris Hip Score
was taken both at the time of the listing for surgery and at the pre-operative assessment
two weeks prior to surgery. The results showed that the Harris Hip Score decreased prior
to surgery. The authors concluded that waiting time should be as short as possible to
reduce unnecessary suffering (Kili et al. 2003). While the most common impacts of
waiting have been reported to be worry and stress (The Daily from Statistics Canada,
2006), some have shown that very long referral to surgery wait times (greater than 12
months) result in worse post-operative outcomes after TIR surgery (Ostendorf et al.,

2004).



Currently, there is variability across Ontario in referral to surgery and decision to
surgery waiting times for TJR surgery (Access to Health Services in Ontario: ICES Atlas).
The Ontario government has committed funding to improve access to TJR surgery in the
province, recommending that all Ontarians should have equitable access to TJIR surgery,
regardless of geographical location (Access to Services/Waiting Times, MOHLTC 2005).
To begin to achieve this goal, the Ontario Ministry of Health and Long-Term Care
(MOHLTC) established the Ontario Joint Replacement Registry (OJRR) in April 2000 to
provide information needed to assess wait times for TJR surgery on an ongoing basis.

Therefore, a major concern of the OJRR is the quality of its wait time data.

To measure waiting times, the OJRR adopted waiting time definitions from a
waiting time pathway developed by the Western Canada Wait List (WCWL) project (The
OJRR 2003 Report). The pathway identifies specific waiting time periods using the date
of occurrence from four key events that take place along the clinical pathway for TJR
surgery. These events and their corresponding dates are (1) the date that the referral for
consultation is received by the orthopaedic surgeon (referral date), (2) the date of the first
consultation with the orthopaedic surgeon (first consult date), (3) the date that the patient
and the surgeon decide to proceed with TJR surgery (decision date), and (4) the surgery
date. Two waiting time periods calculated using these dates are of interest in this thesis.
Referral to surgery waiting time is the time between referral date and surgery date.
Decision to surgery waiting time is the time between decision date and surgery date. This
is the waiting time that most people think of as the wait for surgery since the queue for

operating room availability commences at the decision for surgery. The primary objective



of this thesis was to determine the quality of the OJRR waiting time data by measuring

the bias in these two waiting time periods: referral to surgery and decision to surgery.



Chapter Two
Review of Literature

2.1 Arthritis Epidemiology

Arthritis is one of the most prevalent chronic health conditions in Canada and a
leading cause of morbidity, disability and health care utilization. It poses a major
economic and health burden in our society (Badley, 1995; Badley and Wang, 1998;

Badley et al., 1998).

According to the 2000 Canadian Community Health Survey (CCHS), arthritis
affects nearly 4 million Canadians aged 15 years and older, including over 1.6 million
Ontarians. With the aging of the “baby boomer” population, by 2026 the number of
Canadians with arthritis is expected to increase to more than 6 million aged 15 years and
older, including 2.8 million Ontarians (Badley and Glazier, 2004). Arthritis was reported
more frequently by women, older people, and people with lower levels of education and

lower incomes (Arthritis in Canada: An Ongoing Challenge, 2003).

Costs for arthritis have been estimated by Coyte (1998) to be $ 4.4 billion CDN
(1998 dollars). The economic burden of arthritis conditions in Canada accounted for

10.3% of the total economic burden of all illnesses (Arthritis in Canada: An Ongoing

Challenge, 2003).

Osteoarthritis is one of the most common forms of arthritis, commonly affecting

the hip and knee joints. Osteoarthritis may progress to the point where surgery is



necessary. Severely damaged joints can be removed surgically and replaced with artificial
ones. Joint replacement is major surgery and it is most often performed to replace

arthritic hip and knee joints (Arthritis in Canada: An Ongoing Challenge, 2003).

2.2 Total Hip and Knee Joint Replacement Surgery
2.2.1 Indication for Surgery

Patients with severe symptomatic osteoarthritis of the hip or knee joint who
experience significant pain and pain-related disability, loss of function and joint
deformity may be considered for surgical intervention. Total hip replacement (THR) and
total knee replacement (TKR) surgeries are the most common type of total joint
replacement (TJR) surgery, an orthopaedic procedure where the diseased or damaged
joint is removed and replaced with an artificial joint or prosthesis. The general aim of the
surgery is to decrease pain and stiffness and enable the new joint to move like a normal,

healthy joint.

2.2.2 Primary and Revision TJR

When a joint is replaced for the first time it is referred to as a primary total joint
replacement or arthroplasty. Despite good outcomes after a primary joint replacement,
the prosthesis can loosen and fail with time, often due to weakening of adjacent bone (a
process called osteolysis). When this occurs, revision arthroplasty surgery is required.
This entails removal of the old failed prosthesis and insertion of a new one. There are
several parts to a joint prosthesis. Often only a single part or component of the prosthesis

needs to be replaced. Revision arthroplasty is more costly than primary joint replacement



surgery due to a longer operating time, the use of special instruments, increased
complication rates, longer lengths of hospital stay, and longer rehabilitation (Lavernia et
al., 1999; Jorio et al., 1999). Nevertheless revision surgery has been shown to be effective

in improving function and quality of life (Porabeck and Murray, 1997).

2.2.3 Patient Outcomes

Primary TJR surgery appears to result in greater health improvement than revision
arthroplasty. As a group THR patients have better outcomes than TKR patients (Ethgen et
al., 2004). Many long-term follow-up studies have reported clinical success rates for
~ primary TJR surgery that were greater than 90% in terms of patient satisfaction, pain

reduction, functional improvement, and the absence of further surgery (Bourne et al.,

2004; Soderman et al., 2000; Chang et al., 1996; Hawker et al., 1998; Dleppe et al., 1999).

Furthermore, compared to other surgical and medical interventions, TIJR surgery has been
shown to be a highly effective intervention when one assesses its ability to impact on

patients’ health-related quality of life (Rorabeck et al., 1994).

2.2.4 Epidemiology
2.2.4.1 Canada

There were 68,746 total hip and total knee replacements performed in Canada
among Canadian residents in 2005-2006. For both types of joint replacements, more of
these surgeries were performed on women than men. With respect to age at the time of
surgery, the majority of surgical cases (57% for hip, 63% for knee respectively) were

done on patients from 65 - 84 years of age. From fiscal 2005 to fiscal 2006, 88% of THR



surgeries were primary procedures and 12% were revisions. Primary total knee
replacements accounted for 95% of all TKRs and revision surgeries accounted for the
remaining 5%. Increases in hip and knee replacement surgeries between 2003-2004 and
2005-2006 were mainly driven by primary procedures which increased by 52% and 78%
for THRs and TKRs, respectively. In contrast, revisions increased by only 37% and 58%,

for THRS and TKRs, respectively. (CJRR Annual Report, 2007).

2.2.4.2 Ontario

In Ontario, the age-standardized rates for total hip and knee replacement surgery were
_ higher for women than for men, regardless of the surgical joint. Over a ten year time
period, while the volume of TIR surgery has increased steadily, the growth in TKR
surgery has been greater than that for THR surgery. Between 1994/95 and 2004/05, the
annual number of total hip replacements grew by over 50 per cent, while the annual
number of total knee replacements grew by over 100 per cent. Age- and sex-adjusted
total hip and knee replacement surgeries increased nearly 20 per cent over the last three
years (2002/2003-2004/2005) (Access to Health Services in Ontario: ICES, 2006). The
demand for total hip and knee replacement surgeries is expected to increase with the
aging of the population and an associated increase in the number of people with arthritis

(CJRR Annual Report, 2006; Access to Health Services in Ontario: ICES, 2006).

2.3 Joint Replacement Registries
One major societal response to the growth in the demand for hip and knee

replacement surgery has been the development of hip and knee joint replacement



registries. Internationally, a number of countries have established joint replacement
registries. These registries capture information about recipients of hip and knee joint
replacement surgery with longitudinal follow-up to monitor revision rates and outcomes

at both regional and national levels.

2.3.1 International Joint Replacement Registries
2.3.1.1 Sweden

The Swedish National Knee Arthroplasty Registry is the oldest national
arthroplasty registry in the world. In 1975, at the annual meeting of the Swedish
~ Orthopedic Association in Uppsala, about 20 surgeons decided to start a voluntary multi-
center registration of knee arthroplasty cases. This initial effort has grown to the point
where all Swedish surgical units that routinely perform knee arthroplasty operations now
participate in the registry. Robertsson et al. (1999) published a validation study regarding
the accuracy of revision arthroplasty information provided by the Swedish knee
arthroplasty registry between 1975 and 1995. They found that one fifth of all revision
surgeries that were performed over this 20-year period had not been reported. Sweden has
used administrative data to determine case ascertainment. The Swedish Patient
Administrative System was used to identify unreported revisions, resuiting in an
estimated coverage of 94% of all revisions (Robertsson et al., 1999). In 2004, 9,170
primary arthroplasties were reported to the registry. This was a 10% increase over the

previous year. In the same time frame, the number of revisions increased by 3% to 603.
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The Swedish National Hip Arthroplasty Registry has been collecting and
analyzing data about all primary total hip replacements and revisions of hip implants
performed in Sweden since 1979. During the period 1979-2004, information from
242,393 primary hip arthroplasties and 22,840 revision arthroplasties has been collected
(Swedish National Hip Arthroplasty Registry 2004 Annual Report). In 2000, a validation
study was published, comparing the Swedish National Hip Arthroplasty Register, the
National Discharge Register, and the National Death Register. Nationally, no significant
differences were found between the registers with respect to frequency of primary
operations, gender and age. In large urban centers, there were differences regarding the
~ procedure incidence of revisions between the Swedish National Hip Arthroplasty
Register and the National Discharge Register. Nationally, there also were differences
between the registers regarding how many patients that were missing in one or the other
register. Of the patients missing in one or the other register, 5% were lost because of a
wrongly reported diagnosis or operation. Another reason for differences in the Swedish
Hip Arthroplasty Register and the Discharge register was different definitions for
revision (Soderman et al., 2000). While these two registries made efforts to evaluate their
data quality, neither reported waiting time data in their annual reports and consequently

no reports on waiting time data quality have been identified.

2.3.1.2 Norway
The Norwegian Arthroplasty Register (NAR) was started in 1987. Initially, only
THR patients were registered, but in 1994 knee, elbow, ankle, toe, finger, shoulder and

wrist joint replacements were also added to the data collection protocol. From 1987 to
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2004 information from 106,700 hip replacement surgeries, 21,500 knee replacement
surgeries and more than 6,600 prostheses in other joints has been submitted to the register.
The NAR published a data validation study in 2005. In this study even though the NAR
collected data from more than one local hospital, the validation was performed on one
site only. The study compared the number of hip replacements reported to the Register
with data recorded at a local hospital site. Of 5,134 operations performed at a local
hospital, 0.4% had not been reported to the NAR. Arthursson et al. (2005) also reported
the surgery date had been recorded incorrectly in 56 cases (1.1%), including 29 with the
incorrect day, 17 with a wrongly recorded month, and 10 with the incorrect year. After
investigation of these errors, typing errors and illegible writing were the two main causes
of incorrect registration (Arthursson et al., 2005). Reports on other waiting time data
quality except surgery date have not been identified in the register annual reports (The

Norwegian Arthroplasty Register Website).

2.3.1.3 Australia

In June 1998, the Australian Orthopaedic Association received government
funding to establish a national joint replacement registry. The registry captures data on
demographic and diagnostic characteristics of patients undergoing joint replacement
surgery. The main aim of this registry is to provide accurate information on the use of
different types of prostheses in primary and revision joint replacement surgery and the
evaluation of the effectiveness of different types of surgical techniques and prostheses.
The total number of TJR surgeries recorded by all state governments for the financial

year 2003-2004 (1/7/2003-30/6/2004) was 29,899 and 29,165, for TKR and THR,
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respectively (Australian National Joint Replacement Registry 2005 Annual Report). The
Registry validates data collected from individual hospitals by comparing them against
administrative data provided by state and territory health departments. This validation
process revealed that 90% of the surgical records were an exact match, with an additional
3% matching partially on the patient identifier, the procedure code for primary/revision
surgery, the admission date and the discharge date. No waiting time data have been
presented in this registry’s annual reports and no reports of waiting time data quality were

identified (Australian National Joint Replacement Registry 2005 Annual Report).

2.3.1.4 New Zealand

The New Zealand National Joint Register has been capturing data regarding joint
replacements for hip, knee, shoulder, elbow and ankle surgery since January 2000. In this
registry, all registered patients are sent a questionnaire to measure the outcome of their
surgery approximately six months following surgery. The total number of hip and knee
replacement cases registered to March, 31, 2004 was 29,492 and 17,390, respectively
(New Zealand National Joint Register Annual Report 2004). Neither waiting time data

nor waiting time data quality has been found in the register’s annual reports.

2.3.1.5 United Kingdom

The National Joint Registry (NJR) in the United Kingdom has collected
information on hip and knee replacement surgery since April 2003. The NJR seeks to
provide evidence of long-term effectiveness of TKR/THR surgery. The NJR also

monitors individual hospital performance. Patients are sent a questionnaire at 3 months
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and 12 months post-operatively to measure surgical outcome. The total number of knee
and hip replacements recorded for fiscal year 2003-2004 was 44,898 and 48,987,
respectively (UK National Joint Replacement Registry 2005 Annual Report). In February
2005, the NJR performed an internal audit of its data submission procedures, but results
have yet to be reported. Furthermore, the NJR has not reported on waiting time data nor
have they reported results of waiting time data quality analyses (UK National Joint

Replacement Registry 2005 Annual Report).

2.3.2 Canadian Joint Replacement Registry

The Canada Joint Replacement Registry (CJRR) captures information on hip and
knee joint replacements performed in Canada and follows joint replacement patients over
time to monitor their revision rates and outcomes. The purpose of the CJRR is to collect
and analyze summary data on hip and knee replacement procedures performed in Canada,
and support evidence-based decision making to improve the quality of care for joint
replacement recipients. Participation in the CJRR is voluntary and has been steadily
increasing since orthopaedic surgeons began submitting operative data in May 2001. As
of April 2006, 70% of orthopaedic surgeons who perform total hip and total knee
replacement surgery in Canada were participating in the registry (CJRR 2006 report). In
April 2005, the registry began collecting additional data to facilitate the calculation of
waiting times for primary joint replacement. To do this, the following new data elements
were added to the data collection protocol: referral date, first consult date and decision
date for surgery. By December 2005, these dates were available for 1,078 knee

replacement and 837 hip replacement patients (Waiting for Health Care in Canada, CIHI
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2006). CJRR has published data quality documents for a single fiscal year 2003-2004.
This document contains information on coverage issues, data limitations, and
comparability. As of June 2004, 67% of orthopaedic surgeons performing hip and knee
replacement surgery in Canada were participating in the registry. There is no other known
national source to compare or validate the exact rate of surgeon under-coverage in
Canada. It is therefore difficult to accurately ascertain the total number of hip and knee
replacement procedures performed in Canada and the total number of hip and knee
replacement procedures performed by the surgeons participating in CJRR. Data are
collected either by paper, via two distinct hip and knee replacement data collection forms,
or via electronic files. Data submission is voluntary on behalf of the providers. All the
paper forms for fiscal 2003-2004 were verified for completeness and data entry
verification was performed on approximately 80% of the data entered for fiscal 2003.
During fiscal 2003-2004, other than the national Hospital Morbidity Database (HMDB),
there are no other known national external sources of published information on hip and
knee replacements performed in Canada that can be used to validate information in CJRR.
However, the CJRR has not reported on waiting time data quality (Data Quality

Documentation, 2005).

2.3.3 Ontario Joint Replacement Registry

The Ministry of Health and Long Term Care funded the Ontario Joint
Replacement Registry (OJRR) in 2000 to providing information about access to and the
quality of total hip and knee replacements for people of Ontario. The OJRR’s vision is to

provide data that will result in a reduction of revision rates and improve access to joint
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replacement surgery in Ontario. The OJRR is the means by which the CJRR obtains TJR

data for the Province of Ontario.

In its 2004 Annual Report, the OJRR reported on patient characteristics as a
function of waiting time. The report discussed how waiting time periods may be viewed
differently by patients, surgeons and hospital administrators. For example, patients’ and
surgeons’ views of a ‘waiting time’ may include the total waiting time from referral to
surgery. From this perspective, OJRR data for referral to surgery waiting time indicate
that 48% of patients had their surgery within six months of referral while 22% of patients
had to wait more than one year from referral to surgery. Alternatively, a hospital
administrator’s view may only include the wait from decision to surgery because the
decision for surgery usually starts the wait for operating room availability and it is the
hospital that allocates operating room time. OJRR data for decision to surgery waiting
time showed that 69% percent of patients waited six months or less and only 6% waited
more than one year. Since both waiting time periods give different messages about and
insight into access to TJR surgery, any evaluation of waiting time data quality should
consider both waiting time periods (OJRR 2004 Annual Report). There was no report of
waiting time data quality in the OJRR Annual Report (2004). This is because the initial
stages of the analysis were taking place which formed the primary objective of this thesis:
to determine the quality of the OJRR waiting time data by measuring bias in referral to
surgery and decision to surgery waiting times. This evaluation of the waiting time data is

the first ‘reported’ evaluation of waiting time data quality among THR/TKR registries.
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2.4 Waiting Time

Many Canadians waiting for specialized care, such as orthopaedic assessment and hip
or knee replacement surgery, report that they have to cope with the pain, anxiety and
stress of waiting for health care (The Daily from Statistics Canada, Accessed March
2006). In one recent national survey (conducted in 2003, published in June, 2004), while
each respondent may have had a different definition of an acceptable waiting time, almost
one third of respondents reported that their waiting time for medical care was
unacceptable. In this section of the literature review, the effects of waiting for TJR

surgery are summarized as well as the methods of reporting waiting time.

2.4.1 Effects of Waiting for TJR Surgery

There is limited evidence indicating that a deterioration in functional health status
occurs in patients waiting more than six months for joint replacement surgery. Three
studies reported statistically or clinically relevant deterioration in health-related quality of
life (HRQL) while patients waited for surgery (Mahon et al., 2002, Ostendorf et al., 2004,

Kili et al., 2003).

There is even less evidence indicating that very long waits result in poorer post-
operative outcomes after joint replacement surgery. Hajat et al. reported that patients who
waited more than 6 months and more than 12 months from referral to consultation had
worse Oxford Hip Scores compared to patients who waited less than three months. Those
patients who waited 12-18 months from consultation to surgery had worse Oxford Hip

Scores compared to patients who waited less than 6 months (Hajat et al., 2002).
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2.4.2 How Waiting Times Are Reported

Since a potential barrier to reporting waiting times is the lack of standardized
definitions, the OJRR used waiting time definitions developed by the Western Canada
Wait List (WCWL) project (OJRR 2003 Report). These waiting time periods used the
date of occurrence from four time points along the clinical pathway from referral to
surgery until the surgery date. The key dates are (1) the referral date to the orthopaedic
surgeon, (2) the first consult date with the orthopaedic surgeon, (3) the decision date for
surgery by the patient and the surgeon, and (4) the surgery date. The waiting for TIR

surgery can be divided into three distinct time periods as illustrated in Appendix I

Referral to first consult is the time between the receipt of a referral by an orthopaedic
surgeon and the date of the first patient assessment by the orthopaedic surgeon. This
waiting time period is unique because (1) the patient is queuing for the orthopaedic
surgeon’s time as opposed to operating room time, and (2) the patient’s clinical status has

not yet been evaluated by the surgeon.

First consult date to decision date reflects the time between the first visit with the
orthopaedic surgeon and the date that both patient and surgeon decide to proceed with
TIJR surgery. The majority of patients often make their decision to proceed with surgery
at their first consult so this waiting time is usually equal to zero (OJRR Annual Report,
2004). Decision date to surgery date is the time that a patient waits for an available
operating room after both the surgeon and the patient have agreed to proceed with

surgery. This waiting time period is important because hospital factors can impact on the
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wait due to the availability of beds, surgical facilities and staff. This in turn can be

affected by budgetary restraints.

There are different ways of reporting waiting times. Some have reported average
waiting times (Waiting for Health Care in Canada, CIHI, OJRR 2004 Report), while
others have published median waiting times because the distributions are typically
skewed in a manner that is similar to length of stay. (Waiting for Health Care in Canada,
CIHI, OJRR 2004 Report). Based on data entered between April and December 2005, the
CJRR reported the median waiting time for decision to surgery was about four and a half
months for THR and seven months for TKR (Wait for Health care in Canada, CIHI).
ICES reported that in 2003/04, median waiting times for TIR in Ontario were 5-6 months
for hip replacement and 7-8 months for knee replacement (Access to Health Services in
Ontario, ICES 2006). The OJRR has indicated that older patients (75 years or more) had
shorter ‘median’ waiting times than younger people, with those in the 85+ category

having their TJR surgery the fastest. (OJRR 2004 Report).

Alternatively, the proportion of patients who recetved surgery within a given waiting
time threshold (e.g. three months, six months) can be calculated (Access to Health
Services in Ontario, ICES 2006). The OJRR indicated that 48 percent of patients had
their surgery within six months and 22% percent of patients had to wait more than one
year from referral to surgery. Sixty-nine per cent of patients waited six months or less
from decision to surgery and six per cent waited more than one year from decision to

surgery (OJRR 2004 report). This reporting method is relevant to the development of
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benchmarks for the maximum acceptable wait time (MAWT) for total hip and knee
replacement surgery, highlighting the contribution that joint replacement registries can

make to health policy.

In Canada, the Canadian Orthopaedic Association National Standards Committee
produced benchmarks for orthopaedic waiting times using the best available data from
Canada, the United States and other international sources (Rumble and Kreder, 2005).
The committee recommended that no patient referred to an orthopaedic surgeon should
be asked to wait longer than 3 months under any circumstance. Furthermore, no patient
should be asked to wait longer than 6 months after both the patient and the surgeon have
made the decision to operate (Noseworthy et al., 2005). In Saskatchewan, the Western
Canada Waiting List (WCWL) Project recently introduced a priority scoring system
(WCWL Project; Hadorn, 2003, Conner-Spady et al., 2004) for the Saskatchewan
Surgical Care Network (a province-wide surgical registry established in part to monitor
provincial waiting time). Target time frames are linked to six priority levels. A ‘priority
3’ level has a target waiting time of 90% of patients within 3 months. The target time

frame for all patients is within 18 months (Saskatchewan Surgical Care Network).

Reporting waiting times as means or medians as opposed to the proportion of surgical
cases performed within a waiting time threshold is relevant to this thesis because the two
reporting methods use different scales of measurement and there is a relationship between
the level of measurement and the appropriateness of various statistical procedures.

Scales of measurement are commonly broken down into four types: nominal, ordinal,
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interval and ratio. Mean and median waiting times are measured on the ratio scale, while
the proportion of patients receiving surgery within a benchmark time period uses the
nominal scale (Koval, 2004). Nominal scales with only two values are called
dichotomous scales. Waiting times defined as the proportion of patients that were
performed within a waiting time threshold could be treated as a dichotomous variable
because one either did or did not receive the TIR surgery within the specified waiting
time threshold. The next section identifies the appropriate statistics for evaluating bias in

waiting time data, in consideration of the scale of measurement.

2.5  Evaluation of Data Quality in Surveillance Systems

Population-based registries need extensive, high-quality data for evaluating disease
burden and medical resources planning. Data quality reflects the completeness and
validity of the data recorded in a public health surveillance system. A full assessment of
the completeness and validity of the system’s data might require a validity study

(Guideline for Evaluating Surveillance Systems, CDC, 1998).

2.5.1 Validity and Reliability

Validity refers to the closeness with which a measurement approaches the true
value. Lack of validity is referred to as "bias" or "systematic error." Most biases
(systematic error) related to surveillance data can be classified into three basic categories:
programming errors (such as data entry modules or extraction software), unclear
definitions for data items (such as the lack of a clear definition for data fields and

insufficient guidelines and training for data collection), and violation of the data
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collection protocol (Szklo and Nieto, 2000). Moreover, Sobolev et al. (2000) have shown
that retrospectively collecting waiting time data may cause bias since any patient
removed from the list before receiving the medical service would not be included to
measure waiting time in a retrospective study. This type of bias is not a problem for the

OJRR where waiting time data are captured prospectively.

Reliability refers to the extent to which multiple measurements agree. Reliability
studies assess the extent to which results agree when obtained by different approaches,

that is, different observers, study instruments, or procedures (Szklo and Nieto, 2000).

2.5.2 Indices of Validity

In this section, some of the most frequently used indices of validity are briefly
described. Sensitivity and specificity are the two traditional indices of validity when the
definitions of exposure and outcome variables are categorical. The study exposure or
outcome categorization is contrasted with that of a more accurate method (the “gold
standard,” which is assumed to represent the “true” value and thus to be free of error).
Sensitivity and specificity are also frequently used in the evaluation of diagnostic and

screening tools.

In real life, a true “gold standard” may not be available, thus sometimes making it
difficult to distinguish between validity and reliability measures. When a *“gold standard”

is not clearly identified, reliability estimates are often referred to as “validity” results.
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Therefore, Kappa is occasionally used for the assessment of validity when the definitions

of exposure and outcome variables are categorical (Szklo and Nieto, 2000).

The indices most frequently used to evaluate the validity of a given continuous
measurement are the 95% limits of agreement approach by Bland and Altman (1986).
They recommended the 95% limits of agreement be expressed as a mean difference
between two measurement methods, plus or minus 1.96 standard deviations. This would
tell how much the measurement by two methods were likely to differ for most
individuals. One could then say that 95% of the differences in measurement by two
methods will be laid between these limits. The limits of agreement approach is
fundamentally very simple and direct. It provides statistics that are easy to interpret in a

meaningful way (Altman and Bland, 2003).

When waiting times have been defined as the proportion of patients whose
sugeries were performed within a waiting time threshold (i.e. a dichotomous variable);
then McNemar’s chi-squared test is the appropriate statistic to evaluate the validity of
waiting time. This is because McNemar’s test pertains to proportions from matched
samples and the two methods of measuring wait times are matched because they both
independently measure the waiting time for the same surgical event. Thus, the
McNemar’s test examines the null hypothesis that the waiting time proportions estimated

from the two matched samples (i.e. methods) are the same (Bland, 2000).
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In recent publications different statistical methods have been chosen to evaluate
data quality for patient registries. The European liver transplant registry performed
validation audits by comparing the data contained in the database with data contained in
the hospital record. Cohen’s kappa value was used to assess the agreement between the
two data sources for each condition. And sensitivity and specificity of each condition
were calculated by designating the patient chart review data as the gold standard (Karam
et al., 2003). Some registries calculated the percent of errors to determine data quality
(Hakansson et al. 2001, Surawicz et al. 2000, Arthursson et al. 2005, Laustsen et al. 2004,
Hlaing et al. 2006, Olsson et al. 2006, Stevens et al. 2008). In others, data quality studies
were performed by using both kappa, sensitivity and specificity statistic methods

(Surawicz et al., 2000, Wang et al., 2001).

2.6 Summary of Literature Review

The literature review has established that waiting time for total joint replacement
surgery is an acknowledged issue in terms of access to care. Furthermore, given the
number of total joint replacement registries in the world, and the concern about the
negative effects of waiting time, very few registries report waiting time for surgery.
Reporting waiting times as a continuous variable as opposed to the proportion of surgical
cases performed within a waiting time threshold is relevant to this thesis because the two
reporting methods use different scalés of measurement and a relationship exists between
the level of measurement and the most appropriate statistical procedure. Finally, the
review of validity and reliability highlight the importance of choosing the statistic that is

best suited to the study question. For example, the most appropriate statistical analysis for
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determining waiting time data quality is using the mean difference method when waiting
time is treated as continuous variable and the McNemar test when waiting time is treated

as a dichotomous variable.
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2.7  Thesis Objectives

The primary purpose of this study was to determine the bias in two waiting time periods:
referral to surgery and decision to surgery, derived from the relevant dates collected by
the Ontario Joint Replacement Registry (OJRR). In doing so, four waiting time date
fields in the OJRR database were of interest: referral date, first consult date, decision date

and surgery date.

The specific objectives of the study were:

1. To determine the bias in the OJRR waiting time date fields by
a. describing the frequency of error in these date fields, and
b. estimating the mean difference and 95% limits of agreement between the
wait times derived from the OJRR database and those calculated with the
corresponding dates in the patients’ medical record.
2. To investigate the possible reasons for any difference in waiting times derived

from the OJRR database and the patients’ medical record.

A secondary objective was to compare the inference about waiting time bias obtained
from the 95% limits of agreement approach with that of the McNemar chi-squared

approach for dichotomous measures.
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Chapter Three
Methods

The project was approved by The Research Ethics Board for Health Sciences
Research Involving Human Subjects at the University of Western Ontario (see Appendix

IT) as well as the OJRR Research Subcommittee.

3.1 Study Population and Sampling Strategy

The study population of interest was composed of all THR and TKR surgical events
(n = 4,559) that (i) took place in Ontario during fiscal year 2003/2004, and (ii) had been
submitted to the OJRR and therefore were included in the analytic cohort used to

generate waiting time reports for the OJRR Annual Report, 2004.

Derivation of the sampling frame for this study is shown in Figure 1. The sampling
frame (n=4,259) was derived from the study population of interest by removing surgical
events that did not qualify for sampling (n=300) (Figure 1). Ineligibility for sampling was
defined in two categories: access to the medical record (n=190) and practical issues when
drawing the sample (n=110). More specifically, there was no ability to access the medical
records of one surgeon who was deceased, five who had retired, four who were no longer
participating with the OJRR and three who had moved outside of Ontario. For another
surgeon who practiced in a remote location in Northern Ontario, it was cost prohibitive
and geographically impractical to travel to the site to audit medical records for a single
case. The practical issue that evolved when drawing the sample arose from using a

stratified sampling method.



Figure 1. Derivation of Sample Frame:
OJRR Surgeries Performed
in Fiscal Year 2003/2004 by 151 Surgeons
N=4,559
Excluded: 14
Surgeons Who Left
OJRR
n= 190 records
Excluded: 28
Surgeons Who Had
Less Than 10
Records
v
Sampling Frame from 109 Surgeons
N=4,259 records

7% Randomly Selected Sample from
Each Strata (109 Surgeons)
n=306

27
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Each orthopaedic surgeon in the sampling frame was considered a stratum. Since
some surgeons had contributed small volumes to the study population (i.e. less than 10
surgical events in a fiscal year), the sampling procedure would identify less than one case
from these surgeons. Sampling one case would inflate the contribution of that surgeon’s
data to the waiting time comparisons that were to be made. A decision was made to
accept any bias related to omission of these 28 surgeons compared to the bias of over-
representing them in the sample. Of the 151 surgeons who were in the analytic cohort,
109 or 72% were actually in the sampling frame. A 7% random sample proportionate to
the number of surgical events submitted by a surgeon, was drawn from the surgical cases
of each surgeon in the sampling frame. In total, 306 subjects were drawn from the

sampling frame. Justification of sample size follows.
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3.2 Sample Size Justification

Estimation of the bias in OJRR waiting times was determined by calculating the mean
difference between the waiting time derived from the medical record and the waiting time
calculated using the OJRR database. A sample size was selected to give a narrow 95%
confidence interval + 1 week about that mean difference using the following formula

from Woolson and Clarke, 2002:

2
- o
95% confidence interval =d i1.96‘,—n— (1)

Where,

d = Mean difference between waiting times derived from the OJRR database and the
medical records

o = Standard deviation of the difference between OJRR waiting times and medical
records waiting times

n= Number of surgical events in the sample

0’(2%1.96)°
(Upper — Lower)®

Solving for n from equation (1), n =

2)

Where,

Upper-Lower = 2 weeks (i.e. a confidence interval of plus 1 week and minus 1 week)
?;f_ld= 8 weeks from OJRR internal pilot study for Referral to Surgery, thus, n = 246

an= 6 weeks from OJRR internal pilot study for Decision to Surgery, thus, n = 139
Therefore, n = 246 was chosen as a sufficient sample size to achieve the confidence
interval specified above. Then the sample size was adjusted for missing and invalid
records using results from an internal OJRR pilot study (DeGroot et al. 2005). This
assumed that missing and invalid records were random events and not related to the study

end-point (i.e. surgery date). Thus, nagjusea = 246 / 0.83 = 297. So, 297 surgical events

were required for this study. Drawing the sample yielded an additional 9 surgical events



30

(n = 306) because of rounding the required proportion of cases to be sampled within a

stratum.

3.3 Data Source and Data Elements of Interest
Two sources of data were used in this study. One was the OJRR database, the other

was the patients’ medical records.

As mentioned, the waiting time date fields of interest were referral date (date that the
surgeon received the referral for an orthopaedic consultation), first consult date (date of
the patients’ first consultation with the orthopaedic surgeon), decision date (date that the
patient and the surgeon decided to proceed with surgery) and surgery date (date of the
joint replacement surgery). Two waiting times were calculated from each of the two data
sources. Referral to surgery waiting time was obtained by determining the number of
weeks between the referral date and the surgery date. Decision to surgery waiting time

was calculated as the number of weeks between the decision date and the surgery date.

3.4 Data Collection Methods
3.4.1 Data Collection from the Medical Record

At the time of enrolment with the OJRR, all participating surgeons signed a
participation agreement that made provisions for OJRR staff to access patient’s medical

records to conduct random record audits for data validation purposes.
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OJRR Regional Field Coordinators (RFCs) participated in planning and training
sessions for the data collection protocol. The training sessions involved reviewing the
rules for obtaining the four date fields from the medical record. The rules were developed
from pilot work and revised after that field experience. Details of these rules can be found

in Appendix III.

In January 2005, a letter from the OJRR advised surgeons of the project (letter
details in Appendix IV). Data collection took place over a three month period
commencing in February 2005. All data from the medical records were collected by nine
OJRR RFCs. To identify the correct surgical case in the medical record, RFCs were
provided with the following information from the OJRR database: surgeon’s name,
patient’s first and last name, patient’s gender (male/female), joint of surgery (hip/knee),
side of surgery (left/right/bilateral), type of surgery (primary or revision), and surgery
date. The RFCs were blinded to the OJRR values for referral date, first consult date and

decision date for each surgical event.

RFCs reviewed the patient’s medical record that was maintained in the surgeon’s
office or in the hospital Medical Records departments to collect the following data:
referral date, date of first consult, decision date, date of surgery and an indication if the
initial surgery date had been delayed (ie. re-scheduled). Data were also collected to
ensure that dates retrieved from the medical record were (i) not interpreted incorrectly
because of ambiguous date formats and (ii) correctly assigned to the action/event

associated with the date (i.e. referral, decision and surgery). For example, for each date
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abstracted from the medical record, RFCs also collected the following information: an
indication if the date format was known (yes or no) (eg. can one tell from looking at the
date, which component is the day, which component is the month and which component
is the year?) and the format of the date field, if known (eg. day/month/year or
month/day/year, etc). To ensure that the correct date was associated with the action/event
of interest, the source of the date information was recorded (e.g. written referral for
referral date, clinic note for decision date, operating room note for surgery date). In
addition, for decision date, RFCs also recorded if an explicit statement of the context of
the decision date was found (eg. ‘decided to proceed with surgery’ or ‘will put on waiting

list for surgery’).

An open text field was provided to allow additional comments regarding data
collection for a given surgical event (eg. ‘ two referral dates are present, second date is
<datevalue>’ or ‘discrepancy in demographic or surgical information was found, the

medical record value is <value> for <variableName>’, etc.).

Data were recorded using secure laptop computers and custom software
developed for this study by OJRR staff. The custom software was developed from pilot
work and revised after that field experience. Software details can be found in Appendix
VII. Data collected from the patient’s medical record were transferred from RFC laptops

to the secure network at London Health Sciences Centre.
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3.4.2 Data Extraction from the OJRR Database

Data from the OJRR database were extracted by OJRR staff from the secure
server that housed surgical records after data cleaning. The following data fields were
included for each one of the sampled surgical events: referral date, first consult date,
decision date, surgery date, surgery type (primary/revision), surgical joint (hip/knee),
hospital teaching status (teaching/nonteaching), surgery date delayed (yes/no), ASA
Physical Status score (normal-healthy/mild systemic disease/severe systemic disease/life
threatening), gender (male/female), region (MOHLTC planning region), primary
diagnosis (osteoarthritis/all others) and Charnley category (AB/C). Details of these data
fields are summarized in Appendix V. A detailed description of data capture procedures

for the OJRR can be found in Appendix VI.

3.5 Confidentiality
The OJRR has been prescribed as a registry within Bill 31 and maintains
confidentiality of participants’ records and its data holdings by the following methods:
(1) a secure database with limited, controlled access rights.
(2) the OJRR physical office space is a controlled-access environment.
(3) all OJRR computers and software are password protected

(4) all OJRR personnel sign a statement of confidentiality.

As a graduate student working on this project Lili Liu signed a statement of
confidentiality and was categorized as a ‘third party researcher’. As such, she did not

have access to personal identifying information. All file manipulation and data analyses
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conducted by Lili Liu were done with de-identified data. OJRR staff with ‘read’ access to

record-level data performed all necessary de-identification of files.

3.6 Data Management
3.6.1 Data Entry and Verification

Data that were recorded and sent by RFCs using the OJRR secure custom
software were imported into a Microsoft Access 2000 database by OJRR staff and then
stored on the secure network at London Health Sciences Centre. For analysis an OJRR
staff also imported all data into Excel before de-identifying all records in the file. Lili Liu
performed date formatting for the following four date fields: referral date, first consult
date, decision date and surgery date. Using the SAS date9 format, the form ddmmmyyyy,

was used to perform statistical analysis for date variables.

Three components to a date field were defined. These components were the day
value, the month value and the year value that, when combined together to represent a
given day within a calendar year thus comprising the complete calendar date. The
relevance of the date components to the calculation of waiting times lies in the fact that
SAS statistical software uses all three date components to generate what is referred to as
an internal date value. This internal value is the number of days between the date of
interest and January 1, 1960. For dates after this date, the internal value is a positive

integer.
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Once all dates had been changed into the SAS date9 format, a portion (1.75%,
n=54) were randomly selected using SAS for verification of data entry accuracy. The
accuracy of data entry for the four date fields of interest was verified for values inputted
by Lili Liu and and an independent third party (i.e. M.Sc. student in the Department of
Epidemiology and Biostatistics). No data entry errors were identified in referral date, first

consult date, decision date and surgery date.

3.6.2 Data Analysis
3.6.2.1 Calculation of Waiting Time

Waiting times were calculated using the SAS internal value. To express waiting
time as a positive value, referral to surgery waiting time was equal to surgery date minus
referral date. Decision to surgery waiting time was equal to surgery date minus decision

date.

3.6.2.2 Comparison of the Sample with the Study Population

To determine the comparability of the two groups, characteristics of the surgical
events in the study population and in the sample were compared with the Chi-square test
for categorical variables (Woolson and Clarke, 2002) and the two sample ¢ test for
continuous variables (Woolson and Clarke, 2002). Since stratified sampling methods
were used to select the sample, a one-way ANOVA F-test and visual inspection of the
data were performed to test whether the mean of the waiting times differed among the
109 surgeon strata and to determine if it was reasonable to pool the data from each

surgeon .
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3.6.2.3 Description of Waiting Time Errors
Using the medical record values as the gold standard, the frequency of error in the
OJRR waiting time date fields (referral date, first consult date, decision date and surgery

date) was calculated.

3.6.2.4 Determination of Bias in Waiting Times

Bias was determined by calculating the mean difference between the waiting time
derived from the medical record and the waiting time calculated using the OJRR database.
Calculation of the difference between the two waiting times was performed so that
positive differences reflected OJRR over-estimates of waiting time and negative
differences expressed OJRR under-estimates of waiting time. Following Bland and
Altman (1986) the 95% limits of agreement were determined by calculating the mean
difference between the two measurements plus or minus 1.96 standard deviations of this

difference.

The 95% limits of agreement depend on two assumptions about the data (Bland
and Altman, 2003). First, the mean and standard deviation of the differences are constant
throughout the range of measurements. Second, the differences are from an
approximately normal distribution. To check the first assumption, the differences were
plotted against the average of the waiting time captured from the medical record and the
OJRR database. A histogram of the differences was created to check the second
assumption. When the first assumption was violated, the logarithm of the waiting time

difference was calculated following Bland and Altman (1986). Since the antilog of the
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difference between two values on a log scale is a dimensionless ratio, the limits of

agreement were then expressed in the form of proportions (Bland and Altman, 1986).

3.6.2.5 Investigation of Reasons for Bias in Waiting Times
Several hypotheses were tested, to investigate three possible reasons for any
difference in waiting times derived from the OJRR database and the patients’ medical

record. These are listed below with brief rationale.

Reason #1: A delay in surgery may affect the accurate recording of the true surgery date.

Rationale:

One common reason for delaying the initial date for surgery is a situation often described
as the ‘snowbird’ phenomenon. This occurs when a senior citizen who plans to travel
south for the winter is provided with a surgery date that conflicts with his/her travel plans.
Often, the patient declines the date, preferring to wait until after he/she returns to Canada.
In this case, the surgeon’s secretary would have to change the initial recording of the
surgery date. If this was not done, there would be an error in the recording of the surgery
date. This could potentially underestimate both referral to surgery and decision to

surgery wait times.

To determine if a delay in surgery was related to the accurate recording of the true

surgery date, the following hypotheses were tested.
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Hypothesis #1a: There is an association between the presence of a surgery date error and

the presence of a delayed surgery date.

For both data sources, the association between these two categorical variables was tested
using the chi-square test (Woolson and Clarke, 2002). The Fisher’s exact test was used
when at least one cell count in the 2 by 2 table was less than five (Woodward, 2005).
Odds ratios and 95% confidence intervals were calculated to test the hypothesized
association (Woolson and Clarke, 2002). If the interval failed to include the null value
(i.e. 1), then it was concluded that there was an association between the two variables.
Because this association could be related to how well a surgery delay was captured in the
medical chart and in the OJRR database, the Kappa statistic was used to determine the
agreement between the medical chart and the OJRR for documentation of a ‘delayed

surgery’(Szklo and Nieto, 2000).

Reason #2: A delayed decision to proceed with surgery may affect the accurate recording

of the true decision date.

Rationale:

Among OJRR surgeries performed in fiscal 2003/2004, for 80% of the surgical events,
the decision date for surgery was made on the first consult date (i.e. these surgical events
had the same decision date and consult date) (OJRR 2004 Annual Report). This may
increase the chances that the correct decision date was captured because the capture of

the decision date would take place at the point in time on the clinical pathway where this
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event usually occurs. Alternatively, the surgeon may advise surgery on that first consult
date, but the patient prefers to make the decision after returning home from this first visit
with the surgeon, wishing to think about it or confer with a spouse, family members or
friends. In this scenario, patients may phone the secretary at some point in time after the
first consult date to indicate they are ready to proceed with surgery. In this event, it is
possible that the surgeon’s decision about the appropriateness of surgery may be recorded
on the 1* consult date and the patient’s decision date may or may not be recorded,
increasing the chances of an error in the recording of the true decision date because the
patient agrees to proceed with surgery after the first visit with the surgeon. This could

potentially overestimate decision to surgery wait times.

To determine if a delayed decision to proceed with surgery may affect the accurate

recording of the true decision date, the following hypotheses were tested.

Hypothesis #2a: There is an association between the presence of a decision date error

and the presence of a delayed decision date by the patient.

For both data sources, the association between these two categorical variables was tested
using the chi-square test (Woolson and Clarke, 2002). Once again the Fisher’s exact test
was used when at least one cell count in the 2 by 2 table was less than five (Woodward,
2005). Odds ratios and 95% confidence intervals were calculated to test the hypothesized
association (Woolson and Clarke, 2002). Because this association could be related to

how well identical decision and first consult dates were captured in the medical chart and
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in the OJRR database, the Kappa statistic was used to determine the agreement between
the medical chart and the OJRR for the presence of identical first consult and decision

dates (Szklo and Nieto, 2000).

Reason #3: Use of a Fax machine date to obtain the referral date from a referral that was

faxed to a surgeon may affect the accurate recording of the true referral date.

Rationale: If referral date is recorded from the FAX machine, an additional source of bias
at data entry arises from the variability in date formats on FAX machines, plus the
possibility that the Fax machine date had not been correctly set up in the surgeon’s office.
This could potentially overestimate or underestimate referral to surgery wait times. To
determine if the use of a fax date as a proxy for referral date may affect the accurate

recording of the true referral date, the following hypotheses were tested.

Hypothesis #3: There is an association between the presence of a referral date error and

the use of a Fax machine date from the faxed referral to the surgeon.

As noted before, for both data sources, an association between these two categorical
variables was tested using the chi-square test (Woolson and Clarke, 2002). Again the
Fisher’s exact test was used when at least one cell count in the 2 by 2 table was less than
five (Woodward, 2005). Odds ratios and 95% confidence intervals were calculated to
test the hypothesized association (Woolson and Clarke, 2002). For all hypothesis testing

significance was set at the 0.05 level.
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3.6.2.6 Determination of Bias using Waiting Time Thresholds (secondary objective)
For the secondary objective, to compare the inference about waiting time bias
obtained from the 95% limits of agreement approach, the McNemar’s chi-squared test
(Bland and Altman, 2003) was performed to determine whether there were significant
differences between the OJRR database and patient medical records when waiting times
were defined as the proportion of cases that were performed within a waiting time
threshold or cut-off. Two waiting time thresholds were used. For decision to surgery
waiting time, the thresholds were six and nine months. For referral to surgery waiting
time, the thresholds were 9 and 12 months. The distribution of date component errors

across the four cells of the 2 by 2 table was examined descriptively.

All statistical analyses were performed with SAS, version 8.0 (SAS Institute, Cary,

NC).
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Chapter Four
Results

4.1 Sample Characteristics

Derivation of the analytic sample for this study is shown in Figure 2. After
sampling, 15 surgical cases (5%) were excluded from the analysis because the record
review indicated these cases were patient re-assessments, not new referrals to the
orthopaedic surgeon. In this instance, the referral date represents the time of referral for
the previous total joint replacement. Therefore a referral to surgery waiting time could
not be calculated for the upcoming index surgery. Another 22 cases (7%) were excluded
because of missing date fields in the medical record. Among these cases 13 had no
referral date, three had no first consult date, four had a missing decision date, one had no
referral date, no first consult date and no decision date, and one had no referral date and
no decision date. No cases had a missing surgery date. Of the 306 cases sampled, 269
cases were retained for the analysis.

Sample characteristics are shown in Table 1. The mean age of the sample was 68
(SD = 11) years. Consistent with the elective nature of most THR and TKR surgery, a
majority of cases were primary surgeries (94%) and 61% had an ASA Physical Status
Score equal to normal/healthy or mild disease. Consistent with the OJRR participation
rates across the province, more cases (71%) were performed in non-teaching hospitals.
The median decision to surgery waiting time for the sample was 17 weeks. The median
referral to surgery waiting time was 33 weeks. Table 1 also shows the comparison
between the analytic sample (n = 269) and the study population (n = 4,559). There were

no differences between the sample and the study population (all P values > .20).
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Table 1. Characteristics of surgical events in study population and analytic

sample,
Analytic Samples
Study Population (n=4559) (n=269)
Variables Frequency Percent | Frequency Percent
MOHLTC? Planning
Regions
A (North) 200 4 8 3
B (Central West) 465 10 22 8
C (Toronto) 940 21 54 20
D (Central South) 455 10 26 10
E (Central East) 719 16 47 17
F (South West) 1242 27 78 29
G (East) 538 12 34 13
Surgery type
Primary 4320 95 252 94
Revision 239 5 17 6
Surgical joint
Hip 2244 49 151 56
Knee 2315 51 118 44
Hospital Teaching Status
NonTeaching Hospital 3297 72 190 71
Teaching Hospital 1262 28 79 29
Primary Diagnosis
Degenerative Osteoarthritis 3982 87 228 85
All Others 577 13 41 15
Surgery Date Delayed
Delayed 453 10 34 13
No Delay 4106 90 235 87
Gender
Female 2739 60 162 60
Male 1820 40 107 40
ASA” Physical Status
Score
Normal/Healthy 277 6 13 5
Mild Disease 2526 55 151 56
Severe Disease 1653 36 100 37
Life Threatening 103 2 5 2
Charnley Category®
AB 4523 99 266 99
C 36 1 3 1

* All p values comparing proportions across study population and analytic samples
are greater than .20.

? Ontario Ministry of Health and Long Term Care

® American Society of Anesthesiologists

¢ Charnley category C is a patient who in the opinion of the surgeon would have
abnormal gait even if the hip and knee joints were normal.
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4.2 Bias in Waiting Time Date Fields

Since stratified sampling methods were used to select the sample, a one way
ANOVA F-test was performed to determine whether the mean of the waiting times
differed among the 109 surgeon strata. No significant differences were detected among
strata (p >.05). Visual inspection of box and whisker plots for both waiting times was
also performed to establish the similarity of waiting times across the surgeon strata.
Therefore all cases in each strata were combined for the analysis of waiting time bias
(n=269). Table 2 summarizes the waiting times for the two data sources: the medical

record and the OJRR.

4.2.1 Frequency of Error in Date Fields

Using the medical record as the gold standard, among all surgical cases in the
sample, the referral date had the highest frequency of date field errors (38%, n=102)
followed by the decision date (20%, n=53). First consult date was in error 14% of the
time (n=39), with surgery date errors found in only 10% of cases (n=28). Thirty-eight

percent of cases (n=102) had no errors in all four date fields.

4.2.2 Mean Difference between OJRR and Medical Record

The mean difference (SD) between the waiting time derived from the medical
record and the waiting time calculated using the OJRR database was 0.13 (11.32) weeks
for decision to surgery waiting time and 0.66 (9.64) weeks for referral to surgery waiting
time (Table 3). Using the 95% limits of agreement approach by Bland and Altman (2003),

95% of the time a decision to surgery waiting time calculated by the OJRR database
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could vary from 22 weeks ‘shorter than’ to 22 weeks ‘longer than’ the waiting time
calculated with date fields from the medical record. For referral to surgery waiting time,
the OJRR database could yield a value that varies from 18 weeks ‘shorter than’ to 20
weeks ‘longer than’ the waiting time calculated from the medical record. In other words,
the OJRR waiting times for decision to surgery and for referral to surgery could
overestimate or underestimate the true waiting time for surgery by as much as 42 to 5%2

months, assuming the medical record is the gold standard.

Figures 3 through 8 show the results from checking the assumptions about the
data when using the 95% limits of agreement. Figure 3 shows for decision to surgery
waiting time, a scatter plot of the difference between the two waiting time data sources
plotted on the y-axis against the average of the two waiting times obtained from the two
data sources plotted on the x-axis. While 97% (261/269) of the data points are contained
within the 95% limits of agreement, the figure shows that the variation in the differences
are not constant throughout the range of measured waiting times. There is less variability
in the difference between data sources when waiting times are shorter and more
variability when waiting times are longer. This violates the assumption that the
differences are constant throughout the range of measurements that were made. Figure 4
shows the log-transformed data of Figure 3. This scatter plot shows that the logarithms of
differences are constant throughout the range of the logarithm of the waiting time. The
mean difference is -0.019 on the log scale and the limits of agreement are -1.08 and 1.04.
If one takes the antilogs of these limits the values are 0.34 and 2.83, respectively.

However, the antilog of the difference between two values on a log scale is a
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dimensionless ratio. The limits in this form indicate that for about 95% of cases, the
OJRR waiting time will be between 0.34 and 2.83 times the medical record waiting time.
Therefore, the OJRR waiting time may differ from the medical record waiting time by
66% below to 183% above the medical record value. i.e. 95% of the time the OJRR
waiting time could differ from the medical record by 2/3rd’s lower than the medical
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