Original Article

Impact of value based breast cancer care pathway implementation
on pre-operative breast magnetic resonance imaging utilization

Devina K. S. McCray, Stephen R. Grobmyer, Holly J. Pederson

Breast Services Department, Cleveland Clinic, Cleveland, OH, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: DK McCray, HJ Pederson; (II) Provision of study materials or
patients: HJ Pederson; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing:
All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Holly J. Pederson, MD. Breast Services Department, Cleveland Clinic, 9500 Euclid Ave., Box A81, Cleveland, Ohio 44195, USA.
Email: pedersh@ccf.org.

Background: Bilateral breast magnetic resonance imaging (MRI) is commonly used in the diagnostic
workup of breast cancer (BC) to assess extent of disease and identify occult foci of disease. However, evidence
for routine use of pre-operative MRI is lacking. Breast MRI is costly and can lead to unnecessary tests and
treatment delays. Clinical care pathways (care paths) are value-based guidelines, which define management
recommendations derived by expert consensus and available evidence based data. At Cleveland Clinic, care
paths created for newly diagnosed BC patients recommend selective use of pre-operative MRI. We evaluated
the number of pre-operative MRIs ordered before and after implementing an institution wide BC care paths
in April 2014.

Methods: A retrospective review was conducted of BC cases during the years 2012, 2014, and part of 2015.
Patient, tumor and treatment characteristics were collected. Pre-operative MRI utilization was compared
before and after care path implementation.

Results: We identified 1,515 BC patients during the study period. Patients were more likely to undergo
pre-operative MRI in 2012 than 2014 (OR: 2.77; P<0.001; 95% CI: 1.94-3.94) or 2015 (OR: 4.14; P<0.001;
95% CI: 2.51-6.83). There was a significant decrease in pre-operative MRI utilization between 2012 and
2014 (P<0.001) after adjustment for pre-operative MRIs ordered for care path indications.

Conclusions: Implementation of online BC care paths at our institution was associated with a decreased
use of pre-operative MRI overall and in patients without a BC care path indication, driving value based care

through the reduction of pre-operative breast MRIs.
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Introduction extra lesions is very limited. MRI is known to have increased

. . sensitivity as compared to conventional mammography
In the past decade, the use of bilateral breast magnetic and ultrasound, ranging from 79% to 100% (5) and is
not lessened by breast density (5). MRI has been broadly

utilized pre-operatively to determine the extent of disease

resonance imaging (MRI) has been increasingly adopted as

a supplemental tool for the pre-surgical evaluation of breast

cancer (BC). Previous studies demonstrate that women
diagnosed with early BC were found to have histology
showing additional foci in the affected breast in 20-60%
of cases (1-4), but the clinical benefit of identifying these
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in the affected breast and also to detect occult disease in
the contralateral breast (6-8). Pre-operative MRI has been
thought by some to improve surgical planning (1,6,9),
decrease re-excision rates (1,10), and reduce recurrences (11).
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Nonetheless, it has been highly debated if MRI should be
routinely used in the diagnostic evaluation of all BC (12,13).

Studies have suggested benefit in the selective use of MRI.
These situations include evaluation of patients with invasive
lobular carcinoma (ILC), which can be difficult because of a
unique growth pattern and an increased risk of contralateral
BC (14,15). Women with dense breasts have decreased
mammography sensitivity which can also pose a challenge
(5,16). MRI should also be used in planning for partial
breast irradiation because these patients will not receive the
sterilizing effect of whole breast irradiation (17). Patients with
isolated axillary presentation and unknown primary origin
pose a unique challenge and may benefit from an MRI (18).
Patients with genetic mutations associated with increased
risk of BC also have an increased risk of contralateral BC
and should undergo breast MRI for treatment planning (19).
Breast MRI has also been shown to have better accuracy in
detecting tumor response in patients undergoing NAC (20).

In light of rising health care costs, value-based care has
become a priority for health care organizations (21,22). The
goal of value based care is to improve patient care outcomes
while reducing costs (21). In April 2014, Cleveland Clinic
developed an institution wide care path initiative. BC care
paths were developed by multidisciplinary expert consensus
at Cleveland Clinic, evaluating available evidence based
data and national guidelines. Care paths were developed for
screening, high risk, and diagnosis and treatment of BC.
Care paths are meant to guide care, but are not intended to
replace individual care team decision making for all patients.
Providers make patient decisions about care, and utilization
is monitored. The ordering of pre-operative breast MRI is
not regulated in any way and there are no incentives built
into the implementation.

The BC care path for use of MRI recommends against the
routine use of pre-operative MRI in every newly diagnosed
BC patient. MRI use is recommended in the care path for
patients with invasive lobular cancer (ILC) (14,15), candidates
for neo-adjuvant chemotherapy (20), heterogeneously or
extremely dense mammographic tissue (5,16), malignancy
of unknown primary origin (18), candidates for partial
breast irradiation (17), or suspicion of contralateral BC (i.e.,
pathogenic genetic mutation) (19).

Care paths were routinely utilized in our multidisciplinary
tumor board and were regularly discussed and reviewed at
staff meetings. Additionally, care path indications for pre-
operative MRI were included as a drop-down into a standard
surgical note in the electronic medical record introduced
during this time period in conjunction with care path
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recommendations.

We compared the number of pre-operative MRIs
ordered before and after implementing an institutional wide
BC care path.

Methods

We performed a retrospective Institutional Review Board
approved study looking at all patients diagnosed with
invasive BC or ductal carcinoma iz situ (DCIS) at Cleveland
Clinic during the years 2012, 2014, and January through
May 2015. The care path was implemented and published
online in April 2014. The year 2013 was not evaluated as a
baseline as care paths were being developed and discussed.
Practice patterns were beginning to change before
implementation. It was felt that 2012 would be a more
appropriate baseline view of practice patterns. Patients were
excluded if the initial consultation was not done by one of
the surgeons practicing primarily at our institution’s main
campus where BC care paths were initially implemented.
For the purposes of this analysis, only the patients treated at
the main campus were analyzed as the impact of care path
implementation was felt to be greatest with the surgeons
practicing at this location. Secondly, patients were excluded
if a breast MRI was already ordered by an outside physician
prior to surgical consultation.

The decision for pre-operative MRI was made by
the treating team and was not randomized. Information
collected included patient demographics, presence of
genetic mutations, tumor characteristics, mammographic
density, and whether neo-adjuvant chemotherapy was given.
Genetic mutations included pathogenic variants in both
highly penetrant genes and moderate risk genes. Dense
breasts were defined as heterogeneously dense or extremely
dense on mammogram as reported by dedicated breast
radiologists. Patients referred from outside institutions did
not always have mammographic breast density information
available. These patients were included in the analysis.
Breast MRI was performed at either of two centers within
our institution. All breast imaging, including mammograms,
ultrasounds, and MRI were interpreted by a dedicated
group of breast radiologists over all time periods. During
the time period in question, there was no change in the
availability of MRL

Continuous variables were described by means, standard
deviations, and categorical variables by counts and
percentages. A model of the likelihood of having a pre-
operative MRI by time was fit using a logistic generalized
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Table 1 Summary of patient characteristics, tumor characteristics,
mammographic density, and neo-adjuvant chemotherapy

Patient characteristics N (%)

Year of diagnosis

2012 681 (45.0)
2014 625 (41.0)
2015 209 (14.0)
Sex
Female 1,505 (99.0)
Race
Caucasian 1,266 (84.0)
African American 191 (13.0)
Native American 1(0.0)
Asian 25 (2.0)
Hispanic 6 (0)
Other 26 (2.0)
Pathogenic genetic mutation 35 (2.0
Tumor type
IDC 932 (61.0)
ILC 151 (10.0)
DCIS 254 (17.0)
Mixed 153 (10.0)
Other 25 (2.0)
Stage
0 225 (17.0)
1 636 (42.0)
2 425 (28.0)
3 148 (10.0)
4 32 (2.0)

Mammographic density

BIRADS 1-2 758 (53.0)
BIRADS 3-4 679 (47.0)
Neo-adjuvant chemotherapy 260 (17.0)
Pre-operative MR 1,059 (70.0)

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma;
DCIS, ductal carcinoma in situ.
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linear mixed model and accounts for surgeon-to-surgeon
variability. This allowed the intercept and slope to vary
from surgeon-to-surgeon. Predictions for the probability
of having a pre-operative MRI were created conditional
on having an average surgeon (defined as having random
effects of 0), and multiple comparisons between years
were done conditional on surgeon random effect. P values
and confidence intervals for multiple comparisons have
been corrected for multiplicity based on the approximate
distribution of the parameter estimates. All analyses were
done using R version 3.2.3 (2015-12-10).

Results

There were a total of 1,515 patients identified who were
diagnosed with BC at Cleveland Clinic main campus during
the years 2012, 2014, and January to May 2015. Table 1
summarizes patient characteristics, tumor characteristics,
and mammographic density. There were 1,491 (98%)
patients diagnosed with unilateral BC and 24 (2%)
diagnosed with bilateral BC. Two hundred and sixty (17%)
of patients received neoadjuvant chemotherapy. Tuable 2
summarizes characteristics by each year. Invasive ductal
carcinoma (IDC) was seen in majority of patients each year,
424/681 (62%) in 2012, 392/625 (63%) in 2014, and in
1167209 (56%) in 2015. Patients in each year were mostly
stage I, 262/681 (38%) in 2012, 266/625 (43%) in 2014, and
86/209 (41%) in 2015. One hundred and eighty-nine of 681
(28%) patients in 2012, 189/625 (30%) patients in 2014,
and 48/209 (23%) patients in 2015 had mammographically
dense breast tissue.

Overall, there were 554/681 (81%) patients receiving
a pre-operative MRI in 2012, 389/625 (62%) patients in
2014, and 113/209 (54%) in 2015. Table 3 shows pairwise
comparison of all pre-operative MRI performed between
years. More patients had a pre-operative MR in 2012 than
in 2014 (OR: 2.77; P<0.001; 95% CI: 1.94-3.94) and in
2015 (OR: 4.14; P<0.001, 95% CI: 2.51-6.83). When
comparing with patients in 2012, the odds of having a non-
indicated pre-operative MRI decreased by 0.18 in patients
from 2014 (P<0.001) and by 0.13 in patients from 2015
(P<0.001). Table 4 summarizes three care path indications
of patients in each year who received a pre-operative MRI.
The majority of patients who had ILC or mixed ILC/IDC,

neo-adjuvant chemotherapy, or dense breasts received a
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Table 2 Summary of characteristics by year

Characteristics 2012 (n, %) 2014 (n, %) 2015 (n, %)

Median age 59.8 60.7 61.5
Tumor type
IDC 424 (62.0) 392 (63.0) 116 (56.0)
ILC 74 (11.0) 59 (9.0) 18 (9.0)
DCIS 112 (16.0) 104 (17.0) 38(18.0)
Mixed 59 (9.0) 62 (10.0) 32 (15.0)
Other 12 (2.0) 8(1.0) 5 (2.0)
Stage
0 102 (16.0) 99 (16.0) 38(19.0)
1 262 (38.0) 266 (43.0) 86 (41.0)
2 213(33.0) 153 (25.0) 56 (28.0)
3 59 (9.0) 73 (12.0) 16 (8.0)
4 13 (2.0) 14 (2.0) 4 (2.0)
Unknown 32 (5.0 20 (3.0) 9 (4.0)
Neo-adjuvant chemotherapy 120 (18.0) 108 (17.0) 32 (15.0)
Mammographic density
BIRADS 3-4 189 (28.0) 189 (30.0) 48(23.0)

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma;
DCIS, ductal carcinoma in situ.

Table 3 Multiplicity corrected pairwise comparisons of all
pre-operative magnetic resonance imaging (MRIs) between years,
based on mixed effects logistic regression model

Year OR 95% ClI P value
2012 vs. 2014 2.77 1.94-3.94 <0.001
2012 vs. 2015 414 2.51-6.83 <0.001
2014 vs. 2015 1.50 1.00-2.25 0.051

pre-op MRI during each year studied.

When evaluating the patients without a care path
indication for consideration of MRI [indications include:
ILC, dense breast tissue, neo-adjuvant chemotherapy, and
those with an increased risk of bilateral BC such as those
with a genetic mutation (see methods section)], there were
241 patients in 2012, 216 patients in 2014, and 83 patients
in 2015. Of these patients, 190/241 (80%) received a pre-
operative MRI in 2012, 88/216 (41%) in 2014, and 27/83
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Table 4 Comparison of three care path indications for pre-
operative magnetic resonance imaging (MRI) during each time
period studied

Care path 2012 (n, %) 2014 (n, %) 2015 (n, %)
indication

ILC or mixed 108/133 (81.0)  86/121 (71.0) 29/50 (58.0)
ILC/IDC

Neo-adjuvant 104/120 (87.0)  90/108 (83.0) 25/32 (78.0)
chemotherapy

BIRADS 3-4 158/189 (84.0) 134/189 (71.0) 37/48 (77.0)

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.

(32%) in 2015 (Figure I). When comparing with patients
in 2012, the odds of having a non-indicated pre-operative
MRI decreased by 0.18 in patients from 2014 (P<0.001) and
by 0.13 in patients from 2015 (P<0.001). In patients who
did not have a care paths indication but had an MRI, there
were only 23 (12%) patients in 2012, 17 (19%) patients in
2014, and 4 (15%) patients in 2015 that were under the age
of 50. It was not possible to determine whether MRIs not
indicated by the care paths were patient or provider driven.

Discussion

This study suggests potential benefits of implementing a
BC care path to encourage value based standard practice.
The implementation of the BC care path was associated
with a significant decrease in the total number of pre-
operative MRIs and a significant decrease in the number of
pre-operative MRIs completed in patients who did not have
a BC care path indication.

It is clearly necessary for health care organizations
to focus on providing value-based care and sustainable
health systems using new models of care delivery to make
care more accessible, less costly, and more effective (21).
Our institution implemented a BC care path providing
information derived from expert consensus and available
evidence to assist providers in evaluating and treating BC. A
goal of including recommendations for pre-operative MRI
in the BC care path was to optimize MRI utilization among
our own physicians. This study adds to the knowledge base
of the impact of an easily accessible institution-wide care
path on value based BC care delivery. The reduction in
utilization of MRI and associated reduction in the cost of
providing care is the outcome that was demonstrated with
this intervention.
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Figure 1 Overall percentage of MR utilization, non-indicated MR utilization, and indicated MR utilization by year. MRI, magnetic

resonance imaging.

Although there has been controversy in the role of
routine use of pre-operative breast MRI, there are studies
to suggest benefit in the selective use of MRI. The imaging
evaluation of ILC is known to be more challenging
than other types of BC because of a unique pathological
growth pattern (14,15). Contralateral BC has been shown
to increase in those with ILC and breast MRI should be
considered (14,15). Women with dense breasts also pose
a challenge because the sensitivity of mammography is
significantly decreased and focused breast ultrasound can
miss extensive and multicentric disease (5,16). MRI is used
in planning for partial breast irradiation because these
patients will not receive sterilizing effect of whole breast
irradiation (17). Patients with isolated axillary presentation
and unknown primary origin pose a unique challenge.
Previously “blind mastectomy” and axillary nodal dissection
has been standard of treatment, but that has been challenged
since one-third of mastectomy specimens revealed no
primary tumor (18). MRI may identify breast tumors not
apparent on mammography, but if negative, may reduce the
rates of unnecessary mastectomies in these patients. Patients
with genetic mutations associated with increased risk of BC
should undergo breast MRI for treatment planning. These
patients have an increased risk of contralateral BC, which

would affect surgical planning. Lastly, breast MRI has been
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shown to have better accuracy in detecting tumor response
after NAC than conventional imaging (20).

In our study, we found no significant difference in the
utilization of breast MRI before and after the BC care path
in patients with ILC, dense breasts, genetic mutations, and
in those who underwent neo-adjuvant chemotherapy. The
difference in MRI utilization was seen in patients not having
standard indications mentioned in the BC care path before
and after implementation. Still, there were a large number
of patients receiving MRI after implementation of the care
path. We found that young age did not explain for the
number of MRIs ordered in patients without a BC care path
indication. Investigation into individual provider practice
patterns and patient preferences may help to explain pre-
operative MRI use and provide insight into how further
reduction can be achieved.

Limitations to our study include the retrospective nature
of the data collection. This limited the availability of data
on patients who had initial work up at an outside institution
or who were not included in our tumor registry. Another
limitation is that patients who may have had MRI as part
of the work up prior to partial breast irradiation or those
with axillary presentation were not separately identified.
The numbers of these patients were not likely to alter the
findings of this study. Lastly, we were not able to evaluate
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the patients precluded from MRI due to contraindications
such as metal, intravenous contrast allergy, body habitus,
and claustrophobia.

The BC care path has been instrumental in guiding
providers in the evaluation and treatment of BC. We have
shown an effective reduction in the utilization of breast
MRI, particularly for patients without recommended
diagnoses, associated with the care path implementation.
We are currently implementing automated systems in
the electronic medical record to track and report MRI
utilization in real time with the hopes of further optimizing
practice patterns.
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