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Regional differences in use of endoscopic ultrasonography
in Ontario: a population-based retrospective cohort study
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Background: Endoscopic ultrasonography is a safe and accurate modality for evaluating and managing hepatobiliary and gastroin-
testinal conditions (malignant and nonmalignant); its use is increasing. The aim of this study was to describe regional trends in the
use of endoscopic ultrasonography in Ontario.

Methods: We conducted a population-based retrospective cohort study using health administrative databases. We identified all
patients who underwent an endoscopic ultrasound procedure in Ontario from 2003 to 2011 using physician billing data. Patient, physician
and institution characteristics were examined. The primary outcome was use of endoscopic ultrasonography.

Results: We identified 9076 endoscopic ultrasound procedures performed in 8001 patients (3858 women [48.2%]; median patient
age at first procedure 59 years). A total of 3066 procedures (33.8%) involved fine-needle aspiration. Use of endoscopic ultrasonog-
raphy increased 17-fold over the study period. In 2011, people living in the health region with the highest rate of use of endoscopic
ultrasonography were more than 4 times more likely to undergo the procedure than people living in the health region with the lowest
rate of use (standardized rate 61.6 v. 12.9 per 100 000). About 7 in 10 endoscopic ultrasound procedures were performed in an
academic institution or regional cancer centre. All 17 endoscopists performing endoscopic ultrasonography during the study period
practised in urban areas.

Interpretation: Although the use of endoscopic ultrasonography increased over time in Ontario, there were marked regional differ-
ences in use. Provincial needs- and evidence-based initiatives may be needed to narrow the regional gaps in provision of endoscopic
ultrasound services in the province.

ince its introduction, in the 1980s, endoscopic ultraso-

nography has been shown to be a safe and effective diag-

nostic and therapeutic tool for the evaluation of hepato-
biliary and gastrointestinal conditions."* Endoscopic
ultrasonography allows for high-resolution imaging of the
gastrointestinal tract and adjacent structures, is minimally
invasive and has a low risk of complications.’ It is often used
as a complementary procedure to computed tomography and
magnetic resonance imaging for the evaluation of suspected
malignant disorders, as its high-resolution imaging enables it
to detect small lesions that would be difficult to discriminate
with either of these 2 other imaging modalities.’ Fine-needle
aspiration guided by endoscopic ultrasonography is routinely
used to obtain histological samples of pancreatic lesions, sub-
mucosal tumours and lymph nodes.*® In concert with the ris-
ing burden of gastrointestinal and hepatobiliary conditions in
Canada and elsewhere,”'? the applications of interventional
endoscopic ultrasonography continue to increase and cur-
rently include drainage of pancreatic fluid collection, biliary
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drainage, celiac plexus nerve blockade and radiologic place-
ment of fiducial markers.” Multiple investigations have shown
that endoscopic ultrasound evaluation can alter patient manage-
ment in up to 74% of cases, including those of gallstone disease
or pancreatitis as well as esophageal, pancreatic, stomach and
rectal cancers. For most patients, endoscopic ultrasound evalua-
tion leads to less invasive and costly treatments.'*!¢

Single- and multicentre studies have shown an increase in
the application of endoscopic ultrasonography over time;!”!8
however, these findings may not be generalizable to broader
populations. Furthermore, little is known about regional
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trends in use. The aim of this study was to describe regional
trends in the use of endoscopic ultrasonography in Ontario.
Our principal objective was to determine whether regional
variation in the use of this modality exists in Ontario and, if
so, whether there are patient, provider or institutional factors
that may be contributing to regional differences.

Study design and setting

This was a retrospective cohort study set in Ontario using
health administrative data on endoscopic ultrasound proce-
dures performed between Jan. 1, 2003 and Dec. 31, 2011. We
selected this time window based on the fact that endoscopic
ultrasonography codes were introduced in Ontario in 2001
and allowing for a 2-year lead-in period for data capture. At
the time of data collection, 2011 was the most recent year
with complete and accurate data available.

The study was conducted at the Institute for Clinical Evalu-
ative Sciences, Toronto, which houses the health records of all
13.5 million residents of Ontario. Health administrative data-
bases within the institute are linked by an encrypted version of
each resident’s provincial health number.

Data sources

Institute for Clinical Evaluative Sciences data sources
included the Ontario Cancer Registry, which captures inci-
dent cancer cases diagnosed in Ontario since 1964. Ontario
Cancer Registry diagnostic codes for malignant conditions
have been validated and have been shown to be over 95%
complete and over 90% accurate.!” The Ontario Health
Insurance Plan (OHIP) database contains information as of
1991 on claims billed for physician and laboratory services,
including endoscopic procedures. OHIP database diagnostic
codes have been shown to have a high positive predictive rate
(> 90%)?*2 and high specificity (> 85%)**?” but somewhat
limited sensitivity (35%—85%).2+*” The Registered Persons
Database is a roster of OHIP beneficiaries and maintains
information on age, sex, postal code and vital statistics for all
Ontarians with a valid OHIP number. The ICES Physician
Database provides demographic and practice-related informa-
tion on all practising physicians in Ontario. The Canadian
Institute for Health Information (CIHI) includes information
for all patients admitted to a hospital (Discharge Abstract
Database) and those receiving hospital-based procedures on an
outpatient basis (Same-Day Surgery) in Ontario since Apr. 1,
1988. Finally, the CIHI National Ambulatory Care Reporting
System contains data on all hospital-based and community-
based ambulatory care, including emergency department visits,
for the period 1997-2012. CIHI diagnostic code sensitivity
ranges from 46%—76%, specificity is 99%, positive predictive
value 94%-98% and negative predictive value 55%.20-%

Study cohort

Using the OHIP database, we identified all adults over
18 years who had undergone endoscopic ultrasonography in
Ontario between Jan. 1, 2003 and Dec. 31, 2011. The primary
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outcome was use of endoscopic ultrasonography, defined by
means of procedure-specific fee codes (Appendix 1, Supple-
mentary Table 1, available at www.cmajopen.ca/content/5/2/
E437/suppl/DC1) billed by the endoscopist who performed
the procedure. Before Sept. 1, 2011, endoscopists in Ontario
performing endobronchial ultrasound procedures may have
also used the same fee codes. Transbronchial fine-needle aspi-
ration is performed in over 95% of endobronchial ultrasound
procedures.?’ Therefore, we identified and excluded possible
endobronchial ultrasound procedures using the fee codes
unique to transbronchial fine-needle aspiration (E638, E677,
EB837) and all procedures performed by respirologists as we
assumed that they had performed endobronchial ultrasonog-
raphy and not endoscopic ultrasonography.

Variables examined

Patient characteristics

We collected data regarding patient age, sex, health region,
comorbidity and neighbourhood income quintile at the time of
the first (index) endoscopic ultrasound procedure. We deter-
mined comorbidity using the Johns Hopkins Adjusted Clinical
Groups case-mix system.’* We used Ontario inpatient (CIHI)
and outpatient (OHIP) diagnosis codes from the year before
the index date to estimate the Aggregated Diagnosis Groups
using the Johns Hopkins algorithm.!® Comorbidity was cate-
gorized according to the number of Aggregated Diagnosis
Groups (£ 5, 6-10 or > 10). We determined patient socioeco-
nomic status using median neighbourhood income quintile.
The quintiles are derived from Statistics Canada census tract
rankings based on the proportion of the population within
each tract living below the national low-income cut-off.*!

Physician and institution characteristics

We examined the health region of primary practice and main
specialty of physicians who performed endoscopic ultrasound
procedures. In addition, we determined whether the institu-
tion where endoscopic ultrasonography was performed quali-
fied as an academic hospital (based on its membership in the
Council of Academic Hospitals of Ontario) or as a regional
cancer centre (as listed by Cancer Care Ontario).*

Health regions

We defined health regions using Ontario’s Local Health Inte-
gration Networks (LHINS), geographical regions assigned by
postal code that plan, manage and fund local health care by
improving access and patient experience.”>** LHINs prioritize
and allocate resources according to the health care needs of the
region. Ontario is divided into 14 LHINs: North West, North
East, Champlain, South East, Central East, North Simcoe
Muskoka, Central, Central West, Waterloo Wellington,
Toronto Central, Mississauga Halton, Hamilton Niagara,
South West and Erie St. Clair (Figure 1).

Statistical analyses
We determined counts of endoscopic ultrasound proce-
dures by year. Proportions of procedures associated with
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fine-needle aspiration were computed as percentages.
Medians and interquartile ranges were calculated for age.
We calculated crude rates by dividing the number of endo-
scopic ultrasound procedures performed in a given time
(numerator) by the total number of people living in the
province or health region (denominator). We performed
direct age and sex standardization of rates of endoscopic
ultrasound procedures using the 2006 Canadian popula-
tion. We conducted data and statistical analyses using SAS
version 9.13 (SAS Institute). Results are presented as bar
graphs or linear plots.

OPEN

Ethics approval
The Research Ethics Board at Sunnybrook Hospital, Toronto,
approved this study.

Use

A total of 9076 endoscopic ultrasound procedures were per-
formed in 8001 patients in Ontario between 2003 and 2011,
3066 (33.8%) of which were fine-needle aspiration biopsy
procedures guided by endoscopic ultrasonography. The use
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Figure 1: Age- and sex-standardized rates of use of endoscopic ultrasonography in the 14 Local Health Integration Networks in Ontario, 2011.
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of endoscopic ultrasonography increased 17-fold from 2003
to 2011 (Figure 2). The proportion of procedures that
involved fine-needle aspiration increased from 9% in 2003 to
40% in 2011.

Patient characteristics

The median age of the 8001 patients undergoing their first
endoscopic ultrasound procedure was 59 years, and 3858
(48.2%) were women. A total of 4733 patients (59.2%) were
assigned 6-10 morbidity groups (Table 1). There was an
equal distribution of endoscopic ultrasound procedures
among income quintile groups. Most patients (7057
[88.2%]) lived in urban areas. There was no difference in
age- and sex-standardized rates of use of endoscopic ultraso-
nography between urban versus rural residence or among
income quintile groups over time (Appendix 2, Supplemen-
tary Figure 1, available at www.cmajopen.ca/content/5/2/
E437/suppl/DC1).

Institutional and endoscopist characteristics
Seventeen endoscopists performed endoscopic ultrasonogra-
phy in Ontario during the study period. They practised in 6 of
the 14 LHINS; 6 endoscopists practised in the same LHIN
(Toronto Central) (Table 2). No endoscopist performing
endoscopic ultrasonography practised in the 4 LHINs with
the lowest rates of use of endoscopic ultrasonography (North
West, North East, Waterloo Wellington and Hamilton Niag-
ara). About 7 in 10 procedures were performed in academic or
regional cancer centres. All 17 endoscopists practised in an
urban area. T'welve endoscopists (70%) were gastroenterolo-
gists, and 3 (18%) were thoracic surgeons.

Regional trends in use

There was substantial regional variation in the use of endo-
scopic ultrasonography (Figure 1). For instance, in 2011,
after adjustment for population age and sex distribution, peo-
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Figure 2: Age-standardized rates of use of endoscopic ultrasonography
in Ontario by sex, 2003-2011.
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ple living in the South West LHIN were more than 4 times
more likely to undergo an endoscopic ultrasound procedure
than those living in the North West LHIN. Figure 3 pres-
ents the changes in the standardized rates of endoscopic
ultrasound procedures over time for the 2 LHINs with the
highest, lowest and median rates of use. Use increased in all
6 LHINSs over time; however, there was a notable difference
in the rate of uptake between the LHINs. The gap in use
between the LHINSs with the highest and lowest rates
increased over time.

This population-based study shows that the number of endo-
scopic ultrasound procedures performed in Ontario increased
17-fold from 2003 to 2011. We also found notable differences
in rates of use of the modality between health regions across
Ontario. Furthermore, the gap in use of endoscopic ultraso-
nography between the regions with the highest and lowest
rates of use increased over time.

The observed overall increase in use of endoscopic ultraso-
nography is consistent with previous findings in the United
States!” and parallels the emergence of evidence-based indica-
tions for endoscopic ultrasound procedures as well as the ris-
ing availability of endoscopic ultrasound services.*® Little is
known about regional variation in overall use of endoscopic
ultrasonography at the population level, although a recent
study by Schmocker and colleagues'® showed that use of the
modality in patients with pancreatic cancer in the US was
associated with geographical, temporal and institutional, but
not clinical, factors.

Table 1: Patient characteristics at the time of the index
endoscopic ultrasound procedure in Ontario, 2003-2011
No. (%) of patients*
Characteristic n = 8001
Median age (IQR), yr 59 (51-67)
Female sex 3858 (48.2)
Urban residence 7057 (88.2)
Income quintile
1 (lowest) 1539 (19.2)
2 1533 (19.2)
3 1531 (19.1)
4 1656 (20.7)
5 (highest) 1707 (21.3)
Unknown 35 (0.4)
No. of morbidity groupst
0-5 1924 (24.0)
6-10 4733 (59.2)
>10 1344 (16.8)
Note: IQR = interquartile range.
*Except where noted otherwise.
tJohns Hopkins Adjusted Clinical Groups case-mix system.



http://www.cmajopen.ca/content/5/2/E437/suppl/DC1
http://www.cmajopen.ca/content/5/2/E437/suppl/DC1

Several factors may account for the observed regional dif-
ferences in use of endoscopic ultrasonography in Ontario. For
instance, the lowest rates of use were observed in health
regions with no endoscopists performing endoscopic ultraso-
nography. On the other hand, there was notable variation in
use in the health regions with multiple endoscopists perform-
ing endoscopic ultrasonography. This suggests that factors
beyond endoscopist availability contribute to regional differ-
ences in use. One such factor is resource allocation. Currently
in Ontario, endoscopic ultrasound programs are funded at the
hospital level. Local fundraising initiatives are often required
to generate the capital needed to purchase endoscopic ultra-
sound equipment. Academic and cancer care institutions are
better suited to support such initiatives, which may explain the
observation by us and others' that most endoscopic ultra-
sound procedures are performed at these types of facility.

Our finding of regional differences in use of endoscopic
ultrasonography in Ontario has important implications. First,
the need to travel a great distance to receive an endoscopic
ultrasound service is a barrier affecting accessibility in the
province. This may be particularly relevant to the North East
and North West LHINSs, where facilitated transportation to
centres with endoscopic ultrasound services or implementa-
tion of local endoscopic ultrasound centres can improve geo-
graphic access to endoscopic ultrasonography. Second, health

Table 2: Institution and endoscopist characteristics in

Ontario, 2011

Characteristic No. (%)

Institution (n = 8001 patients)

Academic centre 3193 (39.9)

Regional cancer centre 2401 (30.0)

Other/missing data 2407 (30.1)

Endoscopist* (n = 17)

Practising specialty
Gastroenterology 12 (70)
Thoracic surgery 3(18)
Othert 2 (12)

Health region practice locationt
Toronto Central 6 (35)
Central West 2 (12)
Champlain 2(12)
South East 2 (12)
South West 2(12)
Mississauga Halton 1(6)
Central East 1(6)
Hamilton Niagara 1(6)

*Active endoscopists during 2011 only.

1One endoscopist’s main specialty was listed as “unknown,” and 1 endoscopist’s

main specialty was listed as “general surgery.”

1None of the endoscopists practised in the following health regions: North West,

North East, Waterloo Wellington, Hamilton Niagara, Erie St. Clair, North Simcoe

Muskoka or Central.
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care providers practising in regions with limited access to
endoscopic ultrasonography may elect to use less accurate
imaging modalities to support their medical decision-making,
which can lead to compromised medical care for patients liv-
ing in these regions. Third, within a province with universal
health care coverage, we have identified inconsistencies in
access to an important service that are not based on patient
socioeconomic status but, rather, on location of residence.
The Ontario government has implemented programs such as
the Wait Times Strategy*® to improve efficiency of access to
computed tomography and magnetic resonance imaging. This
has resulted in increased availability of these modalities in pre-
viously underserviced health regions as well as for people liv-
ing in less affluent neighbourhoods.’” Similar provincially
based initiatives may be required to decrease the regional gap
in access to endoscopic ultrasound services in Ontario.

Strengths and limitations
The main strength of this study is our ability to capture a
large population-based cohort of patients encompassing
almost all Ontario residents who underwent an endoscopic
ultrasound procedure over a 9-year period. This allowed us to
evaluate use of the modality across diverse clinical settings.
Furthermore, population-based databases are less affected by
referral patterns and other sources of bias observed in single-
and multicentre studies. Finally, we were able to combine data
from multiple sources in order to characterize patient, institu-
tional and endoscopist factors to describe delivery of endo-
scopic ultrasound services at the community level.

The main limitation of our study relates to the use of
Ontario health administrative data. The accuracy of OHIP
billing codes for endoscopic ultrasound procedures has not

o 70
o
g
T 60 1 .
Q .
g VZa
o .-
c 40 - . 7
‘g / 7 -7
* 30 - af v z )/
° , — P4 . p
®» . ’ /7 s
5 20 /' . <
< e
‘b N : l'lh-/\/
=] ° e T -
—Y < 0
< o e
O 3 ) © QA 3 9 Q N
Q O Q N Q N \) N N
O S S S S S S
Year
Waterloo Wellington = = =« South East
= . South West = « = Champlain
North West = = = = Mississauga Halton

Figure 3: Age- and sex-standardized rates of use of endoscopic
ultrasonography in the 2 Local Health Integration Networks with the
highest, lowest and median rates of use in Ontario, 2003—2011.
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been assessed. However, OHIP billing data have been shown
to be highly accurate for other procedures.’®?” We
attempted to maximize the specificity of the endoscopic
ultrasonography codes by excluding procedures not per-
formed by physicians in related health care specialties; how-
ever, future validation studies are needed. Second, it is possi-
ble that endoscopic ultrasound procedures performed in the
earlier years of this cohort were not captured by OHIP bill-
ing codes; however, as the study period was designed to
begin 2 years after codes for endoscopic ultrasonography
were introduced in Ontario, we feel that this is unlikely.
Third, the retrospective nature of this study entails a risk of
bias. Unfortunately, large prospective population-based
studies are resource intensive and may not be feasible.
Fourth, patients living in health regions with low rates of
endoscopic ultrasonography use may have travelled out of
province to access this service, and this could not be cap-
tured in our data set. However, as 2 health regions with low
rates of use (Waterloo Wellington and Hamilton Niagara)
are not located near interprovincial geographic borders, we
do not feel that this alone could explain our findings.

Conclusion

Although the use of endoscopic ultrasonography has increased
over time in Ontario, there exist significant regional differ-
ences in rates of use. An evidence-based and provincially cen-
tralized approach to provision of endoscopic ultrasound ser-
vices could help ensure that this imaging modality is available
for patients whom it would benefit the most, regardless of
their place of residence.
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