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BACKGROUND: Prior studies have demonstrated how
price transparency lowers the test-ordering rates of
trainees in hospitals, and physician-targeted price trans-
parency efforts have been viewed as a promising cost-
controlling strategy.

OBJECTIVE: To examine the effect of displaying paid-
price information on test-ordering rates for common im-
aging studies and procedures within an accountable care
organization (ACO).

DESIGN: Block randomized controlled trial for 1 year.
SUBJECTS: A total of 1205 fully licensed clinicians (728
primary care, 477 specialists).

INTERVENTION: Starting January 2014, clinicians in the
Control arm received no price display; those in the inter-
vention arms received Single or Paired Internal/External
Median Prices in the test-ordering screen of their electron-
ic health record. Internal prices were the amounts paid by
insurers for the ACO’s services; external paid prices were
the amounts paid by insurers for the same services when
delivered by unaffiliated providers.

MAIN MEASURES: Ordering rates (orders per 100 face-
to-face encounters with adult patients): overall, designat-
ed to be completed internally within the ACO, considered
“inappropriate” (e.g., MRI for simple headache), and
thought to be “appropriate” (e.g., screening colonoscopy).
KEY RESULTS: We found no significant difference in
overall ordering rates across the Control, Single Median
Price, or Paired Internal/External Median Prices study
arms. For every 100 encounters, clinicians in the Control
arm ordered 15.0 (SD 31.1) tests, those in the Single
Median Price arm ordered 15.0 (SD 16.2) tests, and those
in the Paired Prices arms ordered 15.7 (SD 20.5) tests
(one-way ANOVA p-value 0.88). There was no difference
in ordering rates for tests designated to be completed
internally or considered to be inappropriate or
appropriate.

CONCLUSIONS: Displaying paid-price information did
not alter how frequently primary care and specialist clini-
cians ordered imaging studies and procedures within an
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ACO. Those with a particular interest in removing waste
from the health care system may want to consider a vari-
ety of contextual factors that can affect physician-targeted
price transparency.
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INTRODUCTION

Physicians have been targeted for price transparency efforts
because they have the expertise needed to distinguish when
medical spending is necessary versus wasteful.'"™* Physician-
targeted price transparency efforts are considered a promising
cost-control strategy because the vast majority of controlled
studies found that when clinicians are shown the prices of
tests, they lower test-ordering rates.” 2"

Available evidence is not without limitations. Nearly all
studies have presented clinicians with charge information
rather than paid prices, which are the prices that health plans
actually pay.”*° Charge information is usually used in con-
tract negotiation and can be 4-40-fold higher than paid
prices.”’ As a result, presenting clinicians with charge infor-
mation can potentially exaggerate clinicians’ price response.”!
Existing studies have also presented price information to
trainee clinicians on inpatient rotations rather than to fully
licensed clinicians active in routine outpatient practice.’ >’
Actively practicing, fully licensed clinicians may not know
exact prices but may have an awareness of relative pricing
(e.g., that ultrasounds are cheaper than MRIs). Thus, they may
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already be combining that knowledge with evidence-based
practice while ordering and making high-value decisions.

It is also important to study the effect of price information
within the context of an accountable care organization
(ACO) because this type of organization is proliferating;
ACOs—nhealth care providers who are responsible for the cost
and quality of care for a defined population of patients—are
also interesting because they represent a type of organization
that can benefit financially from lower spending.'®** As a
result, ACOs may develop or promote cultures that may cause
clinicians to respond to price information differently than they
would in hospital or emergency department settings (e.g., they
may already have reduced unnecessary care to low rates or be
more interested in shifting location of care rather than lower-
ing ordering rates).'® The one study done within the ACO
setting by members of our team suggests that price transpar-
ency involving laboratory tests can have a variable effect.'®

The extant literature also lacks several domains that are
relevant today. It does not explore how alternate presentations
of price information may differentially affect clinician ordering
rates.” >° Presenting a Single Median Price may allow clini-
cians to focus on whether the test they are considering is
“worth” the price they see; they may lower or raise ordering
rates accordingly. Within a global payment contract or ACO,
however, information about the differential paid price associat-
ed with tests performed “internally” versus “externally” to the
risk-bearing (i.e., being financially responsible if a patient
population spends beyond estimated or budgeted amounts)
entity of the ACO may allow cost savings to be achieved by
shifting the location of imaging or procedures rather than from
lowering ordering levels.”

To our knowledge, no study has assessed how price infor-
mation affects ordering of tests under clinical scenarios in
which test ordering would be considered “inappropriate”
(e.g., advanced brain imaging for simple headaches) while
preserving ordering thought to be “appropriate” (e.g., recom-
mended screening colonoscopies). If price information were to
have an effect on clinician ordering rates, then it would be
important for this effect to be limited to testing that is consid-
ered inappropriate and for price to have no effect on testing
that is considered appropriate.

This study uses a blocked randomized-controlled study design
to evaluate the effect of displaying a single median price or a pair
of “internal/external” median prices on how often clinicians
caring for adult patients order imaging studies and procedures:
(1) overall, (2) to be completed internally within an ACO, (3) in
test-ordering circumstances considered “inappropriate,” and (4)
in test-ordering scenarios reflecting “appropriate” orders.

METHODS

Study Setting. Atrius Health (Atrius) is a large multispecialty
medical group consisting of over 35 practice locations in

eastern and central Massachusetts. At the time of our study,
Atrius’ over 1200 primary care and specialist clinicians
(84 % MDs/DOs; 16 % nurse practitioners/physician assis-
tants) delivered care to nearly 400,000 patients aged 21 and
older annually. About 10 % of patients were from Black or
Non-White Hispanic backgrounds; 8 % and 13 % were in-
sured by Medicaid and Medicare, respectively. Approximately
half of the contracts and patients cared for by Atrius are risk-
bearing. Boston Children’s Hospital Institutional Review
Board approved this study, including a waiver of informed
consent for clinicians.

Price Education Intervention (PEI). Early in January 2014,
Atrius introduced the PEI focused on commonly ordered
imaging studies and procedures (Appendix Table 3) to all of
their eligible clinicians; all clinicians had memo-based price
information prior to randomized start of EHR-based price
information. For each test, Atrius calculated a single median
paid price from the insurer paid amount across all the risk-
bearing commercial, Medicaid, and Medicare contracts that
Atrius had in the year prior to the PEL Atrius also calculated a
set of “internal/external” median paid prices reflecting prices
if the test was conducted within Atrius or outside of Atrius,
respectively. Atrius prices were lower than non-Atrius prices
in 92 % of cases with the mean difference in prices being $365
(SD $914). Paper and electronic memos introduced the intent
of the PEI, which was to provide price information without
adjunctive clinical decision support or patient education
materials.

Study Design. Starting January 26, 2014, and continuing
through December 31, 2014, we block randomized clinicians
who could independently place orders in Atrius’ Epic-based
electronic health record (EHR) to one of three study arms:
Control (no EHR price display), Single Median Price, or
Paired Internal/External Median Prices (Appendix Table 4).
We first obtained Atrius’ list of 1509 clinician employees who
could independently place orders in the Epic-based EHR. We
drew practices in random order and randomized all physicians
and eligible non-physician clinicians within each practice (or
block) before moving on to the next practice. We block ran-
domized clinicians because practice locations varied substan-
tially in terms of size (5-50 providers), setting (urban, subur-
ban), and patient population characteristics (e.g.,
race/ethnicity, insurance).

Clinicians randomized to the Single Median Price arm
received a single median price display next to the test while
they were placing that order in their EHR. Those in the Paired
Internal/External Median Price arm had internal and external
median prices appear next to the test in the ordering screen in
their EHR.

The study sample consisted of 1205 clinicians who had at
least one direct patient encounter with a patient >21 years
within 2014, of which 407 were randomized to the Control
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arm, 396 to the Single Median Price arm, and 402 to the Paid
Prices arm. Among eligible clinicians, 728 were primary care
providers (e.g., internists, family practitioners) and 477 were
specialists (e.g., obstetrics/gynecologists, cardiologists, ortho-
pedists). Study team members were blinded to study arm
assignment until our initial analysis was complete.

Data Source. Atrius’ Epic Systems©-based Stage 7 EHR
records all clinicians’ ordering actions (e.g., orders placed,
whether order was to be completed internally within Atrius)
and has served as the chief repository for research data.”* " We
used Atrius data for calendar years 2013 and 2014. We used
post-intervention (2014) data to measure the effect of the inter-
vention because the pre-intervention (2013) data verified that
study arms were balanced in our outcomes of interest prior to
the intervention (Appendix Tables 5 and 6). Atrius’ EHR data
were enhanced with electronic abstract information designed to
capture whether “Choosing Wisely” recommendations were
being followed™®*’ and whether recommended cervical and
colorectal cancer screening rates were being completed.

We followed Choosing Wisely criteria to identify clinical
circumstances under which an imaging study or procedure test
order would be considered “inappropriate.”*® Our analysis
focused on the subset of orders being placed for patients: (1)
at low-risk for cervical cancer (e.g., those with hysterectomies)
who had Pap smear orders placed; (2) with Framingham Risk
scores <12 points for men or <19 points for women who were
receiving cardiac test orders (e.g., EKGs, ECHOs); (3) with
simple syncope or simple headache who had head CT or MRI
orders; (4) with uncomplicated low-back pain within 6 weeks
of the initial diagnostic encounter who were having lumbar
CTs or MRIs; (5) with acute, uncomplicated rhinosinusitis
who were having sinus CTs; (6) at low risk for osteoporosis
(e.g., normal weight women <50 years old without history of
fracture, smoking, or heavy drinking) who had dual-energy X-
ray absorptiometry orders placed.

We followed modified Healthcare Effectiveness Data and
Information Set (HEDIS) criteria to identify “appropriate” or-
dering rates, which included: (1) orders for women aged 21—
64 years who had not had a Pap within the prior 3 years; (2)
orders for women aged 30—64 years who had not had cervical
cytology/HPV co-testing within the prior 5 years; (3) orders for
colonoscopy and flexible sigmoidoscopy for men or women
aged 5075 years who had not had a colonoscopy in the past
10 years or flexible sigmoidoscopy in the past 5 years.”'

Main independent variable. Our main independent variable
was an indicator of whether the clinician was randomized to
the Control, Single Median Price, or Paired Internal/External
Median Prices study arm.

Outcome variables. Our main dependent variables were
ordering rates for the price-revealed tests, generally specified
as each clinicians’ total volume of price-displayed tests of a

given type divided by their total volume of encounters (i.e.,
orders per 100 patient encounters). We examined four different
types of ordering rates: (1) overall (i.e., all orders for price-
displayed tests); (2) internal; (3) inappropriate; (4) appropriate
orders.

Statistical Analysis. For all analyses, our unit of analysis was
the unit of randomization—clinician. We first analyzed data
for all clinicians together. We then analyzed data for primary
care clinicians separately from specialists because they order
tests under different clinical circumstances. In general, we
used one-way analysis of variance (ANOVA) and pair-wise
t-tests (if ANOVAs were significant) to describe and compare
clinicians in the Control arm relative to the intervention arms.

We examined the total volume and composition of each
clinicians’ patient panels: average age, percent female, percent
White, percent commercially insured, and number of chronic
conditions per patient.”> We conducted sensitivity analyses to
examine if our results were robust to including or excluding
orders placed in non-face-to-face encounters.

Our study was designed to detect an effect size of 25 % of a
standard deviation in test ordering with 80 % power and 5 %
Type I error (i.e., a decrease or increase of roughly 3 orders per
100 encounters).

Even though differences in the ordering rates across study
arms during the intervention period represent the effect of paid-
price information in a randomized study design, we also esti-
mated a generalized linear mixed model with a difference-in-
difference regression specification in case one significant differ-
ence in patient panel characteristics (percent commercially in-
sured) and low ordering rates could affect our analyses.

Data were analyzed using STATA statistical package, ver-
sion 13.1.

RESULTS

Study Population. In 2014, clinicians across the three study
arms were not significantly different with respect to: the
volume of unique patients they cared for within the year, the
composition of their patient panels, the volume of face-to-face
encounters they were having with patients, and the volume of
orders they were placing during face-to-face and non-face-to-
face encounters (Table 1). On average across the three arms,
clinicians cared for 770 [standard deviation (SD) 675;
ANOVA p=0.22] unique patients within the year through
1235 (SD 1116; ANOVA p=0.19) face-to-face encounters.
On average, clinicians’ patients were 46 years old (SD 14;
ANOVA p =0.74), female 64 % (SD 23 %; ANOVA p =0.80)
of the time, White 78 % (SD 17 %; ANOVA p = 0.95) of the
time, commercially insured 72 % (SD 14 %; ANOVA p=
0.50) of the time, and had an average of 0.51 (SD 0.44;
ANOVA p =0.29) chronic conditions.
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Table 1 Clinicians’ and Panel Characteristics, 2014

Clinicians receiving:

Control Single median price Paired internal/external
median prices
All clinicians, N 407 396 402
Per clinician: Mean (SD) Mean (SD) Mean (SD) p-value*
Total unique patients 731 (670) 767 (671) 813 (684) 0.22
Patient panel characteristics
Mean age in years 45 (14) 46 (14) 46 (13) 0.74
Percent female 65 (23) 65 (23) 64 (22) 0.80
Percent white 78 (17) 78 (17) 77 (17) 0.95
Percent commercially insured 72 (14) 71 (14) 72 (13) 0.50
Mean number of chronic conditionst 0.51 (0.47) 0.48 (0.42) 0.53 (0.45) 0.29
Total orders 172 (229) 206 (273) 201 (241) 0.88
Total face-to-face encounters 1174 (1105) 1218 (1093) 1313 (1147) 0.19

*One-way analysis of variance

tAgency for Healthcare Research and Quality Chronic Condition Indicator (CCI) for ICD-9-CM.>’

Ordering Rates: Overall. We found no significant difference
in overall ordering rates among clinicians randomized to the
Control, Single Median Price, or Paired Prices study arms
(Fig. 1 and Table 2). Figure 1 presents the overall ordering
rates graphically and illustrates how wide the variation in
ordering rates can be relative to ordering levels. Table 2
shows that for every 100 face-to-face encounters, clinicians
in the Control arm ordered 15.0 (SD 31.1) of the targeted tests,
those in the Single Median Price arm ordered 15.0 (SD 16.2)
tests, and those in the Paired Prices arms ordered 15.7 (SD
20.5) tests; ANOVA p-value 0.88.

Ordering Rates: Internal, Inappropriate, and Appropriate.
We also found no significant difference across arms with respect
to orders designated to be completed internally or under clinical
circumstances considered inappropriate or appropriate (Table 2).

Overall Ordering Rate, All Clinicians 2014

Overall Ordering Rate, Primary Care Clinicians 2014

For every 100 face-to-face encounters, clinicians in the Con-
trol arm designated 4.0 (SD 6.9) orders be completed internally,
while those in the Single Median Price arm designated 4.3
(SD 7.6) orders to occur within Atrius, and those in the Paired
Internal/External Median Prices arm specified that 4.5 (SD 8.2)
orders to be completed internally; ANOVA p=0.63.

For the clinical circumstances in which we could assess
whether orders were inappropriate, clinicians in the Control
arm ordered 0.3 (SD 0.6) tests, those in the Single Median
Price arm ordered 0.3 (SD 0.5) tests, and those in the Paired
Prices arms ordered 0.3 (SD 0.8) tests per 100 face-to-face
encounters; ANOVA p-value 0.60. This pattern of results
extended to the two clinical scenarios where orders were
appropriate; clinicians in the Control arm ordered 1.9 (SD
4.7) tests, those in the Single Median Price arm ordered 1.8
(SD 3.6) tests, and those in the Paired Prices arms ordered 2.0

Overall Ordering Rate, Specialists 2014
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Table 2 Ordering Rates by Arm, Clinician Type, and Order Type, 2014

Clinicians receiving:

Control Single median Paired internal/
price external median
prices
All clinicians, N 407 396 402
Mean SD Mean SD Mean SD p-value*
Overall 15.0 31.1 15.0 16.2 15.7 20.5 0.88
Designated to be completed internally 4.0 6.9 43 7.6 4.5 8.2 0.63
Inappropriate 0.3 0.6 0.3 0.5 0.3 0.8 0.60
Appropriate 1.9 4.7 1.8 3.6 2.0 4.1 0.82
Primary care, N 235 250 243
Mean SD Mean SD Mean SD
Overall 11.6 10.6 11.8 8.1 12.2 8.8 0.75
Designated to be completed internally 3.0 39 35 37 3.6 37 0.19
Inappropriate 0.3 0.6 0.3 0.4 0.4 0.8 0.25
Appropriate 1.1 1.9 12 1.9 1.4 22 0.40
Specialists, N 172 146 159
Mean SD Mean SD Mean SD
Overall 19.6 45.8 20.5 23.5 21.1 29.9 0.92
Designated to be completed internally 5.4 9.5 5.8 11.4 59 12.0 0.90
Inappropriate 0.3 0.8 0.2 0.6 0.2 0.6 0.74
Appropriate 2.8 6.8 29 53 3.0 5.8 0.98

*One-way analysis of variance

(SD 4.1) tests per 100 face-to-face encounters; ANOVA p =
0.82.

Primary Care versus Specialist Clinicians. We found the
same non-significant differences in ordering rates between
study arms when we analyzed 728 primary care clinicians
separately from 477 specialists (Table 2). However, the two
groups of clinicians exhibited different ordering levels and
variation in their ordering rates. Specialists ordered nearly
twice as many imaging studies or procedures overall per 100
face-to-face encounters compared to primary care clinicians.
Mean overall ordering rates for specialists ranged from 19.6 to
21.1 across the three study arms compared with primary care
clinicians’ mean overall rate of 11.6—12.2; p-values 0.75 and
0.92, respectively. Variation in overall ordering rates was also
greater among specialists compared to primary care clinicians
with the SD for specialists ranging from 23.5 to 45.8, whereas
primary care clinicians’ SD was between 8.1 and 10.6.

Our sensitivity analyses demonstrated that the findings were
robust to operationalizing ordering rates as being inclusive or
exclusive of non-face-to-face encounters. We also found no
difference between study arms when using a difference-in-
difference regression model (Appendix Table 7).

DISCUSSION

To our knowledge, this is the largest randomized study of
prospectively sharing paid-price information on imaging stud-
ies and procedures with clinicians at the point of care.”° This
study suggests that, in contrast to the prior literature that

mainly presented charge information to trainees in hospital
settings, the display of paid prices to fully trained clinicians in
an ACO setting does not necessarily lower ordering rates.

We also show that clinicians—at least those working in this
particular ACO—do not differentially respond to price infor-
mation when it is presented either as a Single Median Price or
a Paired Internal/External Price. Price information also does
not seem to be differentially applied to clinical scenarios in
which ordering would be considered “inappropriate;” it may
be reassuring that price information appears to have no impact
on ordering in clinical scenarios considered “appropriate.”

Our non-significant findings exist despite the intensity of
the price transparency intervention, the use of actual ordering
data for assessment (not clinician self-report or claims that
only represent care that has been completed and billed for), the
evaluation duration being twice as long as in prior studies, and
our having the power to detect a change that is one-fifth the
size of what other studies have been powered to detect.” 2°

Our findings are timely because ACOs are a type of delivery
system that continues to proliferate across the US. The capabil-
ities within the ACO we studied—the ability of organizations to
calculate their own paid prices and insert them into EHRs so that
clinicians can see the prices of the services while they are placing
orders—are capabilities other ACOs have or are acquiring.

Three major factors likely explain our non-significant find-
ings. First and foremost, Atrius clinicians work for an organi-
zation that has been involved in risk-bearing contracts for
decades, and these clinicians have indicated that they see
themselves as stewards of health care costs.'® Second, even
though fully licensed active clinicians do not know specific
prices, they may recognize the relative cost of services.*
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Third, the clinicians in this intervention received paid-price
information, not charges, so prices may not have seemed as
high as clinicians might have expected them to be; this notion
is substantiated by the qualitative interviews that we conduct-
ed.”” Lastly, we were not able to systematically collect infor-
mation pertaining to the degree to which paid prices may have
engendered different types of clinical interations between cli-
nicians and patients before orders were placed.

There are limitations to our study. Our study was conducted at
a single ACO that may not be generalizable to other health care
organizations or clinicians. Displaying price information in set-
tings where clinicians have not been acculturated to the idea of
value-conscious care could still have an effect on clinician
ordering rates. Our ability to identify some orders as inappropri-
ate or appropriate, while novel, is still rudimentary; findings may
differ if additional orders could be classified as inappropriate or
appropriate. Similarly, although we had information on when
clinicians designated orders internally, this designation was not
required as a part of ordering, so findings could be different if we
had more granular ordering details. Control group contamination
may be a concern, but our qualitative interviews confirmed that
clinicians did not confer with one another about price informa-
tion.””** Lack of contamination concern is not surprising—even
in prior hospital-based price transparency interventions where
trainees work in teams, cross-cover, and constantly sign-out to
one another, contamination was not found to be a significant
factor.””'> Some may be concerned about the possibility that the
initial memo may have constituted a co-intervention, but numer-
ous studies find that clinicians need repeated and ongoing expo-
sure to information in order to change ordering behavior or
practice patterns, so the possibility of an intervention effect from
the one-time distribution of a memo is likely very remote; our
qualitative interviews also confirmed that clinicians did not recall
the contents of the memo.'®** Lastly, we did not study how
clinicians may respond to patient out-of-pocket spending, which
may be an alternate price transparency strategy to consider.*®

Conclusions. Clinicians are increasingly expected to act as
good stewards of health care resources.”’ *° To assist
clinicians in value-conscious ordering practices, organizations
may be considering including price displays in their EHRs.
However, providing clinicians with price information does not
necessarily lower test ordering rates. Further study is needed to
understand the contextual, motivational, and behavioral fac-
tors that explain this result. Those with a particular interest in
removing waste from the health care system may want to
consider strategies outside of physician-targeted price trans-
parency.”’ Price transparency’s other benefits, such as the
ability to improve patient and provider shared decision-mak-
ing, is an important future research direction.
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APPENDIX

Table 3 Atrius Health Price Education Initiative: List of Diagnostic

Imaging and Procedures

Procedure name
Cardiac procedures

Carotid ultrasound
Echocardiogram
Exercise stress test
Myocardial perfusion
Stress echocardiogram

Scope procedures

Colonoscopy
Endoscopy (nasal)
Knee arthroscopy
Nasal endoscopy
Flex sigmoidoscopy

Advanced imaging procedures

Abdominal CT
Abdominal US/complete
Abdominal US/limited
Bone density study
Brain MRI

Breast MRI

Cervical spine MRI
Chest CT

Chest CTA

Chest X-ray PA & lateral
Head CT

Head MRA (angio)
KUB X-ray

Lower extremity MRI
Lumbar spine MRI
Pelvic US Non-OB
Thoracic spine MRI
Upper extremity MRI

Other specialty procedures

Cataract surgery (internal might not include facility fees)
Dialysis treatment

Orthopedic injections (small, intermediate, major)
Cardiac catheterization (not part of hospitalization)
Pulmonary function tests

Electromyography (EMG)

Sleep study

CT Computed tomography, US ultrasound, MRI magnetic resonance

im

aging, CTA CT angiography, X-ray X-radiation, PA posterioranterior,

MRA magnetic resonance angiogram, KUB kidney, ureter, bladder, OB
obstetric
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Table 4 Price Display in Epic Systems

Control

Name Type

BRAIN MRI W/ CONTRAST IMAGING

BRAIN MRI W/O + W/BRAIN MRA W/O / CAROTID MRA W/O CONTRAST IMAGING

BRAIN MRI W/O + W/BRAIN MRA W/O /CAROTID MRA W/O+ W CONTRAST (DISSECTION) IMAGING

BRAIN MRI W/O + W/ CONTRAST

Single price
BRAIN MRI W/ CONTRAST

BRAIN MRI W/O + W/BRAIN MRA W/O / CAROTID MRA W/O CONTRAST
BRAIN MRI W/O + W/BRAIN MRA W/O / CAROTID MRA W/O + W CONTRAST (DISSECTION) IMAGING

BRAIN MRI W/O + W/ CONTRAST

Paired internal/external prices
BRAIN MRI W/ CONTRAST

BRAIN MRI W/O + W/BRAIN MRA W/O / CAROTID MRA W/O CONTRAST
BRAIN MRI W/O + W/BRAIN MRA W/O /CAROTID MRA W/O + W/ CONTRAST (DISSECTION) IMAGING
IMAGING-Median: Int: $636 vs Ext: $949

BRAIN MRI W/O + W/ CONTRAST

IMAGING

IMAGING-Median: $778
IMAGING

IMAGING-Median: $778

IMAGING-Median: Int: $636 vs Ext: $949

IMAGING

© 2015 Epic Systems Corporation. Confidential.

Table 5 Clinicians’ and Panel Characteristics, 2013

Clinicians receiving:

Control Single price Paired internal/external prices
All clinicians, N 428 416 414
Per clinician: Mean (SD) Mean (SD) Mean (SD) p-value*
Total:
Unique patients 666 (646) 714 (653) 741 (629) 0.23
Orders 159 (214) 190 (259) 185 (231) 0.12
Encounters 1073 (1077) 1126 (1057) 1198 (1069) 0.24
Panel characteristics:
Mean age in years 45 (14) 45 (14) 47 (14) 0.26
Percent female 66 (21) 67 (21) 64 (22) 0.15
Percent white 77 (18) 77 (18) 77 (18) 0.99
Percent commercially insured 73 (14) 73 (13) 71 (15) 0.04
Mean number of chronic conditionst 0.49 (0.47) 0.48 (0.41) 0.53 (0.45) 0.27
Primary care, N 250 262 255
Per clinician: Mean (SD) Mean (SD) Mean (SD)
Total:
Unique patients 643 (688) 717 (692) 766 (657) 0.13
Orders 154 (214) 183 (247) 174 (205) 0.34
Encounters 981 (1118) 1100 (1142) 1191 (1106) 0.11
Panel characteristics:
Mean age in years 40 (14) 42 (13) 44 (14) 0.02
Percent female 63 (20) 64 (19) 61 (20) 0.13
Percent white 77 (20) 77 (20) 77 (20) 0.99
Percent commercially insured 77 (13) 76 (12) 73 (13) 0.001
Mean number of chronic conditionst 0.46 (0.42) 0.46 (0.39) 0.55 (0.43) 0.03
Specialists, N 178 154 159
Per clinician: Mean (SD) Mean (SD) Mean (SD)
Total:
Unique patients 698 (582) 707 (582) 702 (580) 0.99
Orders 165 (214) 202 (278) 201 (267) 0.30
Encounters 1203 (1005) 1171 (895) 1208 (1010) 0.93
Panel characteristics:
Mean age 52 (12) 51(12) 51(12) 0.79
Percent female 70 (22) 71 (23) 69 (23) 0.73
Percent white 78 (14) 78 (13) 78 (14) 0.97
Percent commercially insured 66 (13) 66 (13) 66 (17) 0.98
Mean number of chronic conditionst 0.53 (0.52) 0.51 (0.44) 0.50 (0.47) 0.81

*One-way analysis of variance test

tAgency for Healthcare Research and Quality. Chronic Condition Indicator (CCI) for ICD-9-CM.>’
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Table 6 Ordering Rates by Arm, Clinician Type, and Order Type, 2013

Clinicians receiving:

Control Single price Paired internal/
external prices

All clinicians, N 428 416 414
Mean SD Mean SD Mean SD p-value*
Overall 13.8 18.4 14.9 15.5 16.6 27.1 0.14
Designated to be completed internally 3.7 6.3 39 6.3 39 6.1 0.87
Inappropriate 0.3 0.5 0.3 0.5 0.3 0.5 0.54
Appropriate 1.9 44 2.0 3.8 2.1 44 0.87
Primary care, N 250 262 255
Mean SD Mean SD Mean SD
Overall 11.3 13.0 12.6 10.1 12.3 8.6 0.36
Designated to be completed internally 2.9 39 32 3.6 34 38 031
Inappropriate 0.3 0.5 0.3 0.5 0.3 0.4 0.36
Appropriate 1.1 2.0 1.3 22 1.2 1.9 0.46
Specialists, N 178 154 159
Mean SD Mean SD Mean SD
Overall 17.3 23.6 18.8 21.3 23.5 21.3 0.14
Designated to be completed internally 4.8 8.4 5.0 9.1 4.6 8.5 0.92
Inappropriate 0.2 0.6 0.3 0.6 0.2 0.6 0.99
Appropriate 3.0 6.2 3.1 54 34 6.4 0.87

*One-way analysis of variance test
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Table 7 Output from Difference-in Difference Models

Overall Ordering Rates for Combined Primary Care and Specialists

Mixed-effects nbinomial regression Number of obs = 2463
Overdispersion: mean
Group variable: provider_site Number of groups = 34
Obs per group: min = 2
avg = 72.4
max = 420
Integration method: ghermite Integration points = 7
Wald chi2 (5) 7.3
Log likelihood = -12371.678 Prob > chi2 0.1946
order Coef. Std. Err. z P>z [95%Conf. Interval]
masked arm
2 0.120179 0.0740815 1.62 0.105 -0.02502 0.2653763
3 0.116025 0.074022 1.57 0.117 -0.02906 0.2611053
1.prepost -0.00926 0.0745838 -0.12 0.901 -0.15544 0.1369222
masked arm#prepost
2 1 0.028729 0.1059061 0.27 0.786 -0.17884 0.2363013
31 -0.01447 0.1056861 -0.14 0.891 -0.22161 0.1926754
cons -2.22265 0.0557597 -39.86 0 -2.33193 -2.113359
1n (encounter) 1 (exposure)
/1lnalpha 0.069129 0.0294549 2.35 0.019 0.011399 0.1268597
provider site
var (_cons) 0.007451 0.0061984 0.001459 0.0380479
LR test vs. nbinomial regression:chibar2(01) = 2.75 Prob>=chibar2 = 0.0486

Note: The above coefficient values are the result of non-adaptive quadrature

because the adaptive parameters could not be computed.

Overall Ordering Rates for Primary Care versus Specialists

Mixed-effects nbinomial regression Number of obs = 2463
Overdispersion: mean
Group variable: provider_site Number of groups = 34
Obs per group: min = 2
avg = 72.4
max = 420
Integration method: ghermite Integration points = 7
Wald chi2(11) = 51.17
Log likelihood = -12348.94 Prob > chi2 0.0000
order Coef. Std. Err. 4 P>z [95% Conf. Interval]
masked arm
2 0.190888 0.114876 1.66 0.097 -0.03427 0.4160401
3 0.204785 0.114429 1.79 0.074 -0.01949 0.4290612
1.prepost -0.05016 0.111388 -0.45 0.652 -0.26848 0.168158
masked armfprepost
21 0.120645 0.163865 0.74 0.462 -0.20052 0.4418149
31 -0.01961 0.162116 -0.12 0.904 -0.33736 0.2981274
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Table 7 (continued)

l.primary -0.21323 0.104472 -2.04 0.041 -0.41799 -0.0084641

masked arm#primary

2 1 -0.10574 0.149861 -0.71 0.48 -0.39946 0.1879804

31 -0.14312 0.14977 -0.96 0.339 -0.43666 0.1504263
prepost#primary

11 0.078104 0.149222 0.52 0.601 -0.21437 0.370574

masked arm#prepost#primary

211 -0.17499 0.214177 -0.82 0.414 -0.59477 0.2447875
311 0.001482 0.212988 0.01 0.994 -0.41597 0.4189301
cons -2.10521 0.080567 -26.13 0 -2.26312 -1.947301
1n (encounter) 1 (exposure)
/1lnalpha 0.052883 0.029512 1.79 0.073 -0.00496 0.1107247

provider site

var ( cons) 0.009139 0.007576 0.0018 0.0464031

LR test vs. nbinomial regression:chibar2(01) = 3.19 Prob>=chibar2 = 0.0370
Note: The above coefficient values are the result of non-adaptive quadrature
because the adaptive parameters could not be computed.

Output from Difference-in Difference Model: Inappropriate Ordering Rates for Combined Primary
Care and Specialists

Mixed-effects nbinomial regression Number of obs = 2463
Overdispersion: mean
Group variable: blinded site~d Number of groups = 34
Obs per group: min = 2
avg = 72.4
max = 420
Integration method: ghermite Integration points = 7
Wald chi2 (5) = 1.38
Log likelihood = -4719.8978 Prob > chi2 = 0.9266
tot orders Coef. Std. Err. z P>z [95% Conf. Interval]
1l.prepost 0.037284 0.117752 0.32 0.752 -0.19351 0.2680731
masked arm
2 0.121893 0.116365 1.05 0.295 -0.10618 0.3499631
3 0.034247 0.11635 0.29 0.768 -0.19379 0.2622879
prepost#masked arm
12 -0.12804 0.166219 -0.77 0.441 -0.45382 0.1977445
13 -0.06112 0.165784 -0.37 0.712 -0.38605 0.2638089
cons -5.83364 0.097684 -59.72 0 -6.0251 -5.642182
In (num f2f) 1 (exposure)
/lnalpha 0.684502 0.044406 15.41 0 0.597469 0.7715359
blinded site_id
var (_cons) 0.104874 0.033133 0.05646 0.1947998
LR test vs. nbinomial regression:chibar2(01) = 36.60 Prob>=chibar2 = 0.0000

Note: The above coefficient values are the result of non-adaptive quadrature
because the adaptive parameters could not be computed.
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Table 7 (continued)

testparm 2.masked arm#l.prepost 3.masked arm#l.prepost

(1) [tot orders]l.prepost#2.masked arm = 0
(2) [tot_orders]l.prepost#3.masked arm = 0
chi2( 2) = 0.59
Prob > chi2 = 0.7431

test 2.masked arm#l.prepost = 3.masked arm#l.prepost

(1) [tot orders]l.prepost#2.masked arm - [tot orders]l.prepost#3.masked arm = 0
chi2( 1) = 0.16
Prob > chi2 = 0.6857

Output from Difference-in Difference Model: Inappropriate Ordering Rates for Primary Care

Mixed-effects nbinomial regression Number of obs = 1495
Overdispersion: mean
Group variable: Dblinded site~d Number of groups = 31
Obs per group: min = 2
avg = 48.2
max = 182
Integration method: mvaghermite Integration points = 7
Wald chi2 (5) = 4.54
Log likelihood = -2846.4166 Prob > chi2 = 0.4747
[95% Conf.
tot orders Coef. Std. Err. z P>z Interval]
1.prepost -0.05576 0.096572 -0.58 0.564 -0.2450375 0.1335194
masked arm
2 0.103177 0.092988 1.11 0.267 -0.0790763 0.2854296
3 -0.01935 0.09275 -0.21 0.835 -0.2011409 0.162434
prepost#masked arm
12 -0.07608 0.132896 -0.57 0.567 -0.3365499 0.1843943
13 0.005679 0.13197 0.04 0.966 -0.2529775 0.2643347
cons -5.51329 0.08337 -66.13 0 -5.676689 -5.349884
1n(num f2f) 1 (exposure)
/lnalpha -0.59179 0.064131 -9.23 0 -0.7174864 -0.4660978
blinded site_id
var ( cons) 0.053864 0.022783 0.02351 0.123406
LR test vs. nbinomial regression:chibar2(01) = 29.35 Prob>=chibar2 = 0.0000
testparm 2.masked arm#l.prepost 3.masked arm#l.prepost
(1) [tot orders]l.prepost#2.masked arm = 0
(2) [tot_orders]l.prepost#3.masked arm = 0
chi2( 2) = 0.50
Prob > chi2 = 0.7804
test 2.masked arm#l.prepost = 3.masked arm#l.prepost
(1) [tot orders]l.prepost#2.masked arm - [tot orders]l.prepost#3.masked arm = 0
chiz( 1) = 0.41
Prob > chi2 = 0.5236

Output from Difference-in Difference Model: Inappropriate Ordering Rates for Specialists
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Table 7 (continued)

Mixed-effects nbinomial regression Number of obs = 968
Overdispersion: mean
Group variable: blinded site~d Number of groups = 26
Obs per group: min = 2
avg = 37.2
max = 238
Integration method: mvaghermite Integration points = 7
Wald chi2 (5) = 0.64
Log likelihood = -1505.0959 Prob > chi2 = 0.9860
tot_orders Coef. Std. Err. 4 P>z [95% Conf. Interval]
1.prepost 0.1208534 0.287759 0.42 0.674 -0.44314 0.6848503
masked_arm
2 -0.0440762 0.299223 -0.15 0.883 -0.63054 0.5423894
3 -0.0418422 0.302878 -0.14 0.89 -0.63547 0.551787
prepost#masked arm
12 -0.1654587 0.417864 -0.4 0.692 -0.9844¢6 0.6535389
13 -0.1529219 0.416671 -0.37 0.714 -0.96958 0.6637374
cons -6.125174 0.243973 -25.11 0 -6.60335 -5.646996
In(num_ f2f) 1 (exposure)
/lnalpha 1.800094 0.072928 24.68 0 1.657157 1.943031
blinded site_id
var ( cons) 0.3622084 0.18892 0.130314 1.006763
LR test vs. nbinomial regression:chibar2(01) = 10.43 Prob>=chibar2 = 0.0006
testparm 2.masked_arm#l.prepost 3.masked arm#l.prepost
(1) [tot_orders]l.prepost#2.masked arm = 0
(2) [tot_orders]l.prepost#3.masked_arm =0
chi2( 2) = 0.20
Prob > chi2 = 0.9056
test 2.masked arm#l.prepost = 3.masked arm#l.prepost
(1) [tot orders]l.prepost#2.masked arm - [tot orders]l.prepost#3.masked arm = 0
chi2( 1) = 0.00
Prob > chi2 = 0.9766

Output from Difference-in Difference Model: Appropriate Ordering Rates for Combined Primary Care
and Specialists

Mixed-effects nbinomial regression Number of obs = 2452
Overdispersion: mean

Group variable: provider site Number of groups = 34

Obs per group: min = 2

avg = 72.1

max = 416

Integration method: ghermite Integration points = 7

Wald chi2 (5) = 2.74

Log likelihood = -7098.4522 Prob > chi2 = 0.7406

cervical plus_colon_scree [95% Conf.

ned Coef. . . Interval]

1.prepost -0.064448 0.17486 -0.37 0.712 -0.40717 0.2782706
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Table 7 (continued)

masked arm

2 0.0267185 0.175578 0.15 0.879 -0.31741 0.3708458

3 0.2084922 0.176538 1.18 0.238 -0.13752 0.5544999

prepost#masked arm

12 0.0128944 0.247588 0.05 0.958 -0.47237 0.4981578
13 -0.0691706 0.246604 -0.28 0.779 -0.5525 0.4141634
cons -4.313491 0.146276 -29.49 0 -4.60019 -4.026796
1n (num pap colon enc) 1 (exposure)
/1lnalpha 1.764778 0.037531 47.02 0 1.691219 1.838338

provider_site

var (_cons) 0.475479 0.120623 0.289196 0.7817538
LR test vs. nbinomial regression:chibar2(01) = 73.11 Prob>=chibar2 = 0.0000
Note: The above coefficient values are the result of non-adaptive quadrature

because the adaptive parameters could not be computed.

testparm 1.prepost#2.masked arm 1l.prepost#3.masked arm

(1) [cervical plus colon screened]l.prepost#2.masked arm = 0
(2) [cervical_plus_colon_screened]l.prepost#3.masked_arm =0
chi2( 2) = 0.13
Prob > chi2 = 0.9389

test l.prepost#2.masked arm = l.prepost#3.masked arm

(1) [cervical plus _colon screened]l.prepost#2.masked arm -
[cervical plus colon screened]l.prepost#3.masked arm = 0

chi2( 1) = 0.11
Prob > chi2 = 0.7422

Output from Difference-in Difference Model: Appropriate Ordering Rates for Primary Care

Mixed-effects nbinomial regression Number of obs = 1484
Overdispersion: mean
Group variable: provider site Number of groups = 31
Obs per group: min = 2
avg = 47.9
max = 178
Integration method: mvaghermite Integration points = 7
Wald chi2 (5) = 2.56
Log likelihood = -4237.6845 Prob > chi2 = 0.7670
cervical_plus_colon_scree [95% Conf.
ned Coef. Std. Err. 4 P>z Interval]
1l.prepost 0.068158 0.143022 0.48 0.634 -0.2121596 0.3484751

masked arm

2 0.092037 0.139819 0.66 0.51 -0.1820037 0.3660772

3 0.094637 0.140804 0.67 0.502 -0.1813343 0.3706079

prepost#masked arm

12 -0.11085 0.198746 -0.56 0.577 -0.5003903 0.2786813

13 0.054009 0.199027 0.27 0.786 -0.3360767 0.4440955

~cons -5.00741 0.322979 -15.5 0 -5.640433 -4.374378
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Table 7 (continued)

1n(num pap colon enc) 1 (exposure)

/1lnalpha 0.620431 0.052779 11.76 0 0.5169853 0.723876

provider site

var (_cons) 2.575752 0.84031 1.358968 4.882013

LR test vs. nbinomial regression:chibar2(01l) = 329.55 Prob>=chibar2 = 0.0000

testparm 1l.prepost#2.masked arm l.prepost#3.masked arm

(1 [cervical plus colon screened]l.prepost#2.masked arm = 0
( 2) [cervical_plus_colon_screened]l.prepost#3.masked arm = 0
chi2( 2) = 0.74
Prob > chi2 = 0.6919

test l.prepost#2.masked arm = 1l.prepost#3.masked arm

(1) [cervical plus colon screened]l.prepost#2.masked arm -
[cervical_plus_colon_screened]l.prepost#3.masked_arm = 0

chi2( 1) = 0.71
Prob > chi2 = 0.3997

Output from Difference-in Difference Model: Appropriate Ordering Rates for Specialists

Mixed-effects nbinomial regression Number of obs = 968
Overdispersion: mean
Group variable: provider site Number of groups = 26
Obs per group: min = 2
avg = 37.2
max = 238
Integration method: mvaghermite Integration points = 7
Wald chi2 (5) = 0.71
Log likelihood = -2500.5317 Prob > chi2 = 0.9824
cervical plus_colon_scree [95% Conf.
ned Coef. Std. Err. z P>z Interval]
1l.prepost -0.07619 0.386226 -0.2 0.844 -0.8331823 0.6807962

masked arm

2 -0.01886 0.408206 -0.05 0.963 -0.8189319 0.7812069

3 0.228296 0.410412 0.56 0.578 -0.5760967 1.032689

prepost#masked arm

12 0.005063 0.565272 0.01 0.993 -1.102849 1.112976
13 -0.08747 0.557471 -0.16 0.875 -1.180098 1.005149
cons -3.56265 0.344139 -10.35 0 -4.237154 -2.888154
1n(num pap colon enc) 1 (exposure)
/1lnalpha 2.539532 0.07089 35.82 0 2.400589 2.678475

provider_site

var ( cons) 0.751549 0.816434 0.0893854 6.318991
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