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AbstrACt
Objectives Cardiovascular magnetic resonance (CMR) 
imaging is the gold-standard test for the assessment of 
heart function. Despite its importance, many jurisdictions 
lack specific billing codes that can be used to identify 
patient receipt of CMR in administrative databases, limiting 
the ability to perform ‘big data’ CMR studies. Our objective 
was to identify the optimal billing code combination to 
identify patients who underwent CMR using administrative 
data in Ontario.
Design Retrospective cohort study.
setting Quaternary care academic referral centre in 
Ontario, Canada.
Participants We tested all billing code combinations 
in order to identify the optimal one to determine receipt 
of CMR. The reference gold standard was a list of all 
cardiothoracic magnetic resonance scans performed at 
Sunnybrook Health Sciences Centre between 1 January 
2014 and 31 December 2016, verified by chart audit. We 
assessed the diagnostic performance (accuracy, sensitivity, 
specificity, positive predictive value and negative predictive 
value) for all code combinations.
results Our gold-standard cohort consisted of 2339 
thoracic MRIs that were performed at Sunnybrook Health 
Sciences Centre from 1 January 2014 to 31 December 
2016. Of these, 2139 (91.5%) were CMRs and 200 (8.5%) 
were chest MRIs. We identified the most accurate billing 
combination for the determination of patient receipt of 
CMR. This combination resulted in an accuracy of 95.3% 
(95% CI 94.4% to 96.2%), sensitivity of 97.4% (95% CI 
96.6% to 98.1%), specificity of 86.4% (95% CI 83.1% to 
89.6%), positive predictive value of 96.9% (95% CI 96.1% 
to 97.6%) and negative predictive value of 88.4% (95% CI 
85.4% to 91.5%).
Conclusions Our study is the first to verify the ability 
to accurately identify patient receipt of CMR using 
administrative data, facilitating more robust population-
based CMR studies in the future.

IntrODuCtIOn
Cardiovascular magnetic resonance 
(CMR) imaging is an increasingly used 
and important clinical imaging modality 
and is considered the gold standard in the 

assessment of the structure and function 
of the human heart.1–5 Despite the growth 
of CMR-related technology, there are no 
published population-based studies using 
CMR. Such studies are important in order 
to assess real-world outcomes related to this 
emerging technology as well as to under-
stand health services issues such as access 
and cost. The main barrier to conducting 
such studies is the lack of a reliable mech-
anism to track those who undergo CMR on 
a population basis. In Canada, for example, 
most jurisdictions lack a unique billing 
code for CMR, thus limiting the accuracy 
of tracking. One of those jurisdictions is 
Ontario, the largest Canadian province and 
home to approximately 14 million people. 
In Ontario, CMRs are billed with a generic 
code for ‘thoracic MRI’ which includes 
both CMRs and chest magnetic resonance 
scans.6 7 Further, there are two additional 
billing codes that are commonly used for 

strengths and limitations of this study

 ► Cardiovascular magnetic resonance (CMR) imaging 
is the gold-standard test to assess heart structure 
and function.

 ► Our study validated a combination of billing codes 
that can identify patient receipt of CMR in admin-
istrative databases in Ontario with an accuracy of 
approximately 95.3%.

 ► This validated combination of codes can be used by 
researchers in the future in order to identify those 
who underwent CMR and conduct CMR-related pop-
ulation-based ‘big data’ studies.

 ► Only data from a single centre in Ontario were used, 
thus potentially limiting generalisability. Further, the 
reported positive predictive values are very high due 
to 91.5% of the scans being true CMRs. If there was 
a setting in which there would be a higher preva-
lence of non-cardiac chest MRIs, the positive predic-
tive value would be expected to be lower.
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CMR scans; one for ‘cardiac gating’ (monitoring the 
patient’s ECG during the CMR scan) and the other for 
repeated MRI sequences that are sometimes performed 
as part of a comprehensive CMR scan.7 Administrative 
medical coding data are known to have inaccuracies. 
Therefore, it is important to validate these data using 
medical chart review as the gold-standard comparator. 
It is currently unknown if different combinations of the 
three billing codes can identify those who undergo CMR 
accurately. The objective of this paper was to identify the 
optimal billing code combination to identify patients 
who undergo CMR using administrative data in Ontario 
while using a gold-standard reference cohort composed 
of CMR scans that were confirmed based on a chart 
audit.

MethODs
Administrative databases
Given Ontario’s universal healthcare, administrative data-
bases in Ontario contain data on all patients in the popu-
lation who undergo assessment and billing by a physician. 
In fact, the Ontario Health Insurance Plan database 
captures approximately 98% of physician billings in the 
province.8

Candidate billing codes in for CMr imaging
As previously mentioned, there is no specific billing code 
for CMR imaging in Ontario. Candidate codes were 
selected based on examination of local billing patterns 
and after extensive consultation with CMR specialists in 
six large referral centres across Ontario. Since CMR is a 
niche cardiac diagnostic test in Canada, these six centres 
perform that vast majority of all CMR scans in the prov-
ince. All patients scanned are billed code X441 (‘MRI 
thorax-multislice sequence’). This is the generic code 
for thoracic MRI which includes both cardiovascular 
and chest MRIs. In addition, there are two other related 
billing codes that may also be billed. One of these is 
X445: (‘MRI thorax-repeat another plane, different pulse 
sequence’). This code is billed when scanning requires 
the performance of additional MRI sequences in different 
anatomical planes. This is often the case when the scan is 
performed to address clinical questions regarding cardiac 
anatomy. Finally, X486 (‘addition of cardiac gating’) may 
also be billed. This code is used when ECG recordings and 
gating are necessary while the patient is being scanned. 
In practice, this is required to improve image quality of 
movie images (cine images) of the beating heart and to 
monitor patients who may be at risk of arrhythmia. We 
sought to identify the diagnostic properties (accuracy, 
sensitivity, specificity, negative predictive value and posi-
tive predictive value) for the following combination of 
codes:
A. X441+X445.
B. X441+X486.

C. X441+X445+X486.

the gold-standard reference
All thoracic MRI (CMR and chest MRIs) scans performed 
during a 3-year period, between 1 January 2014 and 
31 December 2016, at Sunnybrook Health Sciences 
Centre were included in this study and were deemed the 
gold-standard reference. Scans were identified using a list 
obtained from the records of the department of medical 
imaging. Next, via chart review, each scan on this list was 
checked by the principal author (IR), a trained CMR 
specialist, to ensure that the characterisation of cardio-
vascular versus chest MRI was indeed correct. There were 
no discrepancies between the list obtained by medical 
imaging and the chart review. Note that individual 
patients may have been represented twice within this 
cohort if they had multiple thoracic MRI scans. The unit 
of analysis was individual MRI scans, not patients.

The approach we employed to ascertain the validity of 
administrative data definitions using data obtained from 
chart review as the gold standard is similar to that used 
to validate administrative data definitions and algorithms 
for a number of medical conditions including myocardial 
infarction, rheumatoid arthritis, Alzheimer’s disease and 
multiple sclerosis.9–13

statistical analysis
Sensitivity, specificity, accuracy, positive and negative predic-
tive values were then calculated for each of the three combi-
nation of codes listed above, using the validated list obtained 
from the Department of Medical Imaging as the gold-stan-
dard reference. Sensitivity was calculated as true positives/
true positives plus true negatives, specificity was calculated 
as false negatives/false negatives plus false positives, positive 

Table 1 Characteristics of the gold-standard patient 
cohort of patients undergoing cardiothoracic MRIs at 
Sunnybrook Health Sciences Centre from 1 January 2014 to 
31 December 2016

n 2339

Age in years (mean±SD) 59±17

Sex (% female) 36

Active smokers (%) 14

Diabetes mellitus (%) 23

Dyslipidaemia (%) 41

Hypertension (%) 53

Outpatient (%) 87

Indication for cardiovascular MRI (%)

Non-ischaemic cardiomyopathy 30

Viability 12

Arrhythmogenic right ventricular cardiomyopathy 11

Pulmonary veins 21

Aortic/vascular 16

Research (not included in the analyses) 9
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predictive value was calculated as true positives/true posi-
tives plus false positives and negative predictive value was 
calculated as false negatives/false negatives plus true nega-
tives. Accuracy was calculated as true positives+true nega-
tives/true positives+true negatives+false positives+false 
negatives. A 7-day window was allowed for lag time between 
the date of the scan on the gold-standard list and submis-
sion of billing codes to the ministry of health and long-term 
care, for payment. A sensitivity analysis using a window 
of <24 hours was also performed. Finally, subgroup analyses 
were performed according to inpatient/outpatient status. 
Binomial exact 95% CIs (by the Clopper-Pearson method) 
were calculated for all measures of diagnostic performance. 
All analyses were conducted using SAS V.9.4 (SAS Institute).

Patient and public Involvement
Patients were not involved in this study.

results
Our gold-standard cohort consisted of 2339 cardiotho-
racic MRIs that were performed at Sunnybrook Health 
Sciences Centre from 1 January 2014 to 31 December 
2016. Of these, 2139 (91.5%) were cardiovascular MRIs 
and 200 (8.5%) were chest MRIs. Patient characteristics 
of those undergoing cardiothoracic MRIs are summarised 
in table 1. All clinical patients undergoing cardiothoracic 
MRI (ie, excluding those with research scans) received 
code X441.

The results of our analyses are found in table 2. 
The optimal combination of codes was found to be 
X441+X486. This combination resulted in an accuracy of 
95.3%. The combination of all three codes (X441, X486 
and X445) had comparable results, with an accuracy of 

95.1%. In contrast the combination of X441 and X445 
produced inferior results with an accuracy of only approx-
imately 80.5% and unacceptably low specificity and nega-
tive predictive value numbers.

There was no substantive change when using a window 
of <24 hours between the billing of the individual codes 
with the best combination remaining X441+X486 and the 
worst performing combination remaining X441+X445 
(see table 3). There were also no clinically important 
differences when examining subgroups of patients by inpa-
tient/outpatient status with the best performing combi-
nation continuing to be X441+X486 (see table 4A,B).

DIsCussIOn
In the first study to examine the optimal mechanism to 
identify patients who underwent CMR using adminis-
trative data, we were able to identify the best and worst 
performing combinations of billing codes. The combi-
nation of the billing codes X441+X486 was optimal for 
identifying patients who underwent CMR, doing so with 
an accuracy of approximately 95.3%. This combination 
was marginally more accurate than the combination of 
X441+X445+X486, which provided an accuracy of 95.1%. 
In contrast, the combination of X441+X445 produced the 
worst results, with an accuracy of approximately 80.5%.

There has been a plethora of work validating diagnostic 
algorithms for a variety of cardiovascular indications 
including stroke, atrial fibrillation, cardiovascular proce-
dures and major adverse cardiovascular events using 
administrative data.4 8 11 12 14–19 In contrast, there has been 
relatively little work attempting to validate patient receipt 
of cardiovascular imaging using administrative data. A 

Table 2 Diagnostic performance of the different thoracic magnetic resonance code combinations for the identification of 
cardiovascular magnetic resonance scans

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive predictive 
value (95% CI)

Negative 
predictive value 
(95% CI)

Accuracy
(95% CI)

X441+X445 99.1 (98.7 to 99.6) 0.1 (0.0 to 0.1) 81.1 (79.4 to 82.7) 11.1 (0.0 to 25.6) 80.5 (78.9 to 82.1)

X441+X486 97.4 (96.6 to 98.1) 86.4 (83.1 to 89.6) 96.9 (96.1 to 97.6) 88.4 (85.4 to 91.5) 95.3 (94.4 to 96.2)

X441+X445+X486 97.2 (96.4 to 97.9) 86.4 (83.1 to 89.6) 96.8 (96.1 to 97.6) 87.6 (84.5 to 90.7) 95.1 (94.2 to 96.0)

All numbers are expressed as percentages.

Table 3 Diagnostic performance of the different thoracic magnetic resonance code combinations for the identification of 
cardiovascular magnetic resonance (CMR) scans: sensitivity analysis using a window of <24 hours between performance of the 
CMR and submission of billing code for payment

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive predictive 
value (95% CI)

Negative 
predictive value 
(95% CI)

Accuracy
(95% CI)

X441+X445 99.1 (98.7 to 99.6) 0.5 (0 to 1.1) 81.7 (80.0 to 83.2) 11.1 (0.0 to 25.6) 81.1 (79.5 to 82.7)

X441+X486 97.3 (96.6 to 98.1) 89.0 (86.0 to 92.0) 97.5 (96.8 to 98.2) 88.1 (85.0 to 91.2) 95.8 (95.0 to 96.6)

X441+X445+X486 97.1 (96.3 to 97.9) 89.0 (86.0 to 92.0) 97.5 (96.8 to 98.2) 87.3 (84.1 to 90.5) 95.6 (94.8 to 96.4)

All numbers are expressed as percentages
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recent study from Ontario demonstrated that in inpatients 
who suffered a stroke, administrative data alone were able 
to identify those who had MRIs or CTs of the brain in over 
90% of cases.17 In contrast, in that study, administrative 
data were only able to identify transthoracic echocardio-
grams in approximately 40% of inpatients.17

We are not aware of any studies that examined the 
validity of identifying CMR using administrative data. 
CMR is an increasingly used technology and is now 
considered to be the gold standard for the assessment 
of right and left ventricular function, viability and flow. 
However, despite this status, CMR does not have a unique 
billing code in Ontario or most other Canadian juris-
dictions.7 20 21 This has been perceived to be a barrier to 
identifying those who underwent CMR using administra-
tive data, thus limiting the extent of ‘big data’ popula-
tion-based CMR studies.

IMPOrtAnCe
Our study is the first to demonstrate that CMRs can be 
accurately tracked using a simple combination of billing 
codes with high accuracy. Given the similarity of billing 
codes for CMR across Canada, our approach will be trans-
latable to other jurisdictions. By using our validated coding 
combinations, one can identify patients who underwent 
this important diagnostic test in order to perform robust 
population-based outcomes studies related to CMR.

lIMItAtIOns
This study must be interpreted in the context of its limita-
tions. First, specificity and the related negative predictive 
value were modest even for the best performing of our 
algorithms. This is due to the fact that we have very few 
true and false negatives in our cohort. With that said, 
the accuracy for the best of our coding combinations 

exceeded 95% using the cohort of patients who under-
went thoracic MRIs. Second, the Institute for Clinical 
Evaluative Sciences has strict policies on data confidenti-
ality and minimising the risk of identification of subjects. 
In this context, patients who were analysed in a de-identi-
fied manner cannot be reidentified at a later time. Iden-
tification would allow us to access medical charts and 
determine the patients’ demographic characteristics. 
Due to these restrictions, we were unable to discern the 
patient characteristics of the approximately 5% of CMR 
scans in which the billing code combinations were inac-
curate. Third, the gold-standard cohort was obtained 
from a single centre in Ontario. However, this is unlikely 
to affect the validity of our results given the similarities 
in billing practices across the province and the fact that 
the billing codes themselves are identical across the 
province. Fourth, while these results are generalisable to 
Canada, they may not be generalisable to other countries 
who use different, more specific CMR codes. Fifth, the 
reported positive predictive values are very high due to 
91.5% of the scans being true CMRs. If there was a setting 
in which there would be a higher prevalence of non-car-
diac chest MRIs, the positive predictive value would be 
expected to be lower. Finally, miscoding of administrative 
data, transcription errors by physicians or clerical staff 
submitting billing claims and in the case of those physi-
cians who work under a salary model and ‘shadow bill’, 
improper documentation of diagnostic billing codes may 
all have affected the accuracy of the administrative data. 
Physicians in Ontario who are reimbursed under a salary 
structure often are required to send patient billings to 
the Ministry of Health. These billings are not used for 
directly reimbursing the physician but rather to ensure 
that the salary provided is relatively commensurate with 
the services provided. These ‘shadow’ billings are not 
counted by the Ontario Ministry of Health and thus are 

Table 4A Diagnostic performance of the different thoracic magnetic resonance code combinations for the identification of 
cardiovascular magnetic resonance scans among inpatients

Sensitivity Specificity
Positive predictive 
value

Negative 
predictive value Accuracy

X441+X445 98.7 (97.2–100.0) 62.5 (0.0–14.6) 88.2 (84.2–92.2) 40.0 (0.0–82.94) 87.3 (83.2–91.4)

X441+X486 97.4 (95.3–99.4) 81.3 (67.9–94.8) 97.4 (95.3–99.4) 81.3 (67.7–94.8) 95.4 (92.8–98.0)

X441+X445+X486 97.4 (95.3–99.4) 81.3 (67.8–94.8) 97.4 (95.3–99.4) 81.3 (67.8–94.8) 95.4 (92.8–98.0)

All numbers are expressed as percentages.

Table 4B Diagnostic performance of the different thoracic magnetic resonance code combinations for the identification of 
cardiovascular magnetic resonance scans among outpatients

Sensitivity Specificity
Positive predictive 
value

Negative 
predictive value Accuracy

X441+X445 99.2 (98.8–99.6) 0.0 (0.0–0.0) 90.7 (89.4–92.1) 0.0 (0.0–1.1) 90.1 (88.7–91.5)

X441+X486 97.3 (96.5–98.1) 77.8 (71.4–84.0) 97.8 (97.0–98.5) 74.6 (68.1–81.2) 95.5 (94.5–96.5)

X441+X445+X486 97.1 (96.3–97.9) 77.7 (71.4–84.4) 97.7 (97.0–98.5) 72.9 (66.3–79.4) 95.3 (94.3–96.3)

All numbers are expressed as percentages.
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not traceable in administrative databases. However, the 
percentage of physicians who shadow bill in Ontario 
is <2% and our study found high accuracy for adminis-
trative data definitions using a gold-standard reference 
model based on chart review.

COnClusIOns
Our study is the first to report the ability to identify patient 
receipt of CMR using administrative data with high 
accuracy. These findings are important as they provide 
a validated method to identify those who undergo this 
diagnostic test in order to perform population-based ‘big 
data’ studies in the future.
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