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Abstract

Background Rising costs pose a major threat to US
health care. Residency programs are being asked to teach
residents how to provide cost-conscious medical care.

Methods An educational intervention incorporating the
American College of Radiology appropriateness criteria
with lectures on cost-consciousness and on the actual
hospital charges for abdominal imaging was
implemented for residents at Scripps Mercy Hospital in
San Diego, CA. We hypothesized that residents would
order fewer abdominal imaging examinations for
patients with complaints of abdominal pain after the
intervention. We analyzed the type and number of
abdominal imaging studies completed for patients
admitted to the inpatient teaching service with primary
abdominal complaints for 18 months before (738

patients) and 12 months following the intervention (632
patients).

Results There was a significant reduction in mean
abdominal computed tomography (CT) scans per patient
(1.7-1.4 studies per patient, P <.001) and total abdominal
radiology studies per patient (3.1—2.7 studies per patient,
P = .02) following the intervention. The avoidance of
charges solely due to the reduction in abdominal CT
scans following the intervention was $129 per patient or
$81,528 in total.

Conclusions A simple educational intervention appeared
to change the radiologic test-ordering behavior of
internal medicine residents. Widespread adoption of
similar interventions by residency programs could result
in significant savings for the health care system.

Editor’s Note: The online version of this article contains an
example of the carry-along card provided to residents in
this study.

Introduction

“Nobody would quarrel with the proposition that there is a
limit to the resources any society can devote to medical care
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and few would question the suggestion that we are
approaching such a limit.””! This statement from an
editorial written in 1975 reminds us that reducing health-
care expenditures in the United States has been a long-
lasting struggle. The United States has the most expensive
health care system in the world.? The relentless increase in
the cost of health care has been identified as the single
largest threat to the future of health care in our nation.>*

Optimizing the practice of cost-conscious medicine is
essential. Nevertheless, US medical education has yet to
seriously teach cost-conscious medical decision making to
future physicians.>® Only 25% of residency programs have
formal methods to teach about the costs of diagnostic tests,
treatments, and medications to residents.® Surveys of
residents across multiple specialties suggest that current
efforts to teach cost-conscious test ordering in undergrad-
uate medical education are inadequate.” It is therefore not
surprising that most physicians do not appear to know the
costs of the laboratory tests, imaging studies, or medica-
tions they order for their patients.>*'

The call has been made for residency programs to
include teaching cost-consciousness in providing care as
part of their educational curriculum.®”!171* Adoption of
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cost-consciousness and stewardship of resources has been
proposed as a new seventh competency.’ Medical imaging
has been identified as an attractive target for resident
education because data suggest that many imaging exam-
inations are ordered inappropriately, and that there are
acceptable, less expensive diagnostic alternatives.?>?
An educational intervention on cost-conscious and
appropriate abdominal imaging was launched at Scripps
Mercy Hospital in September 2010. This intervention
incorporated the American College of Radiology (ACR)

2324 along

appropriateness criteria for abdominal imaging,
with lectures on cost-conscious medical decision making
and discussion of the actual hospital charges for commonly
ordered abdominal studies. We hypothesized that the
intervention would reduce resident ordering of abdominal
computed tomography (CT) scans and result in demon-

strable overall cost reductions.

Methods

Study Site

Scripps Mercy Hospital is a community-based teaching
hospital and level-one trauma center in San Diego, CA. Scripps
Mercy has an Accreditation Council for Graduate Medical
Education (ACGME)-accredited internal medicine program
with 33 residents, a family medicine program with

24 residents, and a transitional year program with

18 residents.

Inclusion Criteria

Patients included in this study were retrospectively identi-
fied by hospital records showing a diagnosis-related group
(DRG) assigned to an attending physician on the internal
medicine inpatient teaching service. Patients were included
if they were admitted between March 1, 2008, and
February 28, 2011, and if they had an International
Classification of Diseases, Ninth Revision (ICD-9) code
from discharge that was among 166 codes identified by the
primary authors to signify an abdominal pain complaint
during admission. Representative ICD-9 codes included
150.1 to 157.9, 530.1 to 578.9, and 787.01 to 789.09.
There were 1370 patients who met inclusion criteria. Less
than 5% of patients were seen privately by an attending
physician without resident involvement. These private
patients were included because they could not be distin-
guished from patients with resident involvement by
available records.

Interventions

The educational intervention was launched at Scripps
Mercy Hospital on September 2, 2009, for internal
medicine and transitional year residents. It consisted of four
60-minute lectures for the 2009-2010 and 2010-2011

What was known

Despite rising health care costs, residency programs have yet to
seriously teach cost-conscious medical decision making to future
physicians.

What is new

An educational intervention incorporating the American College of
Radiology appropriateness criteria with lectures on cost-consciousness
and on the actual hospital charges for abdominal imaging.

Limitations
Single-site, single-specialty intervention limits generalizability.

Bottom line

A simple educational intervention appeared to change the radiologic
test-ordering behavior of internal medicine residents.

academic years with provision of a pocket-sized carry-
along card residents were instructed to carry while on duty.
The card contained abbreviated ACR appropriateness
criteria for common abdominal pain complaints, the actual
hospital charges in dollars, and the radiation exposure in
millisieverts (mSv) for common abdominal imaging studies
(the card is provided as online supplemental material). The
internal medicine residency program director also provided
ongoing instruction on cost-consciousness and appropriate
medical decision making during resident morning report.

The intervention was targeted toward residents instead
of teaching faculty because residents were thought to be
more apt to change their ordering behavior. Furthermore,
residents were expected to write all orders for diagnostic
imaging on teaching in-patients. In practice, interns
(postgraduate year-1 residents) write these orders under the
supervision of the senior internal medicine resident.

Lectures were given between September 2, 2009, and
March 31, 2010, and between November 29, 2010, and
January 5, 2011, for each respective year. Cumulative
lecture attendance by residents was 66% compared to an
overall attendance of 62% for all lectures during these
academic years. Attending physicians from the teaching
service were aware of the intervention but largely did not
attend the lectures.

Lecture topics included ACR appropriateness criteria
for abdominal imaging, hospital charges for common
abdominal imaging modalities, and general principles of
cost-conscious medicine. Lectures were taught by chief
residents and senior program faculty from the departments
of internal medicine and radiology. The lectures replaced
alternative lecture topics and did not reduce clinical work.
The cost estimate for faculty preparation and teaching time
is $3125 (25 hours at $125 per hour). The cost of the carry-
along cards was $480.
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TABLE RESULTS OF INTERVENTION

Parameter Preintervention (N = 738) Postintervention (N = 632) Difference (P)
LOS per patient 5.91 days 519 days 09
Patients per in-patient team 12.53 13.52 .64
In-hospital mortality 217% 1.70% 48
Radiation dose per patient from CT 16.7 mSv 14.0 mSv < .001
CTs per patient 1.70 1.40 < .001
MRI + US per patient 0.60 0.57 45
Total imaging studies per patient 3.07 27 02
CTs per hospital day 050 0.43 .02
MRI + US per hospital day 018 018 97
Total imaging studies per hospital day 0.80 075 a7

Abbreviations: CT, computed tomography; LOS, length of stay; MRI, magnetic resonance imaging; mSy, millisievert; US, ultrasound.

Mean numbers of CTscans per patient, total imaging per patient, CTscans per hospital day, and CT radiation doses per patient were significantly reduced after
intervention (P < .05). There were no significant differences in mean numbers of LOS per patient, patients per in-patient team, in-hospital mortality,
nonradiation imaging per patient (MRI + US), or nonradiation or total imaging per hospital day.

Outcomes

Primary outcomes were the total number of abdominal and
pelvic CT scans, magnetic resonance imaging (MRI) plus
ultrasound examinations, and abdominal imaging studies
of all modalities (including plain radiographs) per patient
before and after the intervention. Secondary outcomes
included average patient length of stay, in-hospital mor-
tality, average patient radiation exposure from medical
imaging, patient satisfaction scores, average patients per in-
patient team and average imaging studies completed per
patient per hospital day.

Data Collection

Hospital financial records were accessed for patients
meeting inclusion criteria. A database was created that
contained the total units of CT, MRI, ultrasound and plain
film examinations of the abdomen and pelvis and the other
outcome measures, as described. Institutional Review
Board approval for this study was obtained from Scripps
Health on September 8, 2011.

Statistical Analysis

Patients were divided into 2 groups according to hospital
admission dates. The preintervention group consisted of
patients admitted prior to September 2, 2009 (first date of
intervention), totaling 18 months. The postintervention
group included patients admitted after March 9, 2010 (the
last date of the 2009-2010 intervention). Patients receiving
care while the intervention was ongoing were excluded
from analysis. There were 738 patients in the preinterven-
tion and 632 patients in the postintervention group.
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Statistical analysis was completed using SPSS (version
12.0). Independent samples #-tests were completed for each of
the outcome measures. P < .05 was considered significant.

Results

Following the educational intervention mean abdominal
CT scans per patient were significantly reduced from 1.7 to
1.4 studies (P < .001). Total abdominal imaging studies per
patient (all imaging modalities) also were significantly
reduced from 3.1 to 2.7 studies (P = .02). Combined MRI
and ultrasound studies per patient (radiation-free modali-
ties) showed no significant difference (0.60-0.57 studies,
respectively, P = .45).

The mean number of abdominal CT scans per patient
per hospital day decreased significantly from 0.50 studies
to 0.43 studies (P = .02). Combined MRI and ultrasound
studies per patient per hospital day was unchanged at 0.18
studies (P = .97). The total radiology studies per patient
per hospital day (all modalities) and the average patient
length of stay demonstrated no significant difference (0.80—
0.75 studies per patient per day, P = .17 and 5.4-4.8 days,
P = .42, respectively).

There was no difference for in-hospital mortality pre-
and postintervention (2.17% and 1.70%, respectively,

P = .48). The average patient radiation dose from medical
imaging decreased significantly from 16.7 mSv to 14.0 mSv
(P < .001). There was no significant difference in the
average number of patients per inpatient team (12.53 for
pre- and 13.53 for postintervention periods, P = .64 (TABLE
shows a summary of results).
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The distribution of types of patient insurance had no
significant difference pre- and postintervention (HMO and
PPO, 11.7% and 10.4%; Medicare, Medicaid, and other
government insurance, 71.1% and 70.7%; self-pay, 16.3%
and 16.6%; and hospice 0.8% and 0.2%, respectively).

Patient satisfaction data corresponding to the exact pre-
and postintervention periods was not available. Patient
satisfaction scores for the calendar years encompassing
much of the preintervention (January 1, 2008 to December
31,2009, n = 1064) and postintervention periods (January
1, 2010 to December 31, 2011, n = 780) were available.
The proportion of teaching service in-patients who rated
their overall medical care as 9 or greater on a 10-point
survey (10 signifying excellence) was not significantly
different between the 2 years (69% and 68%, respectively,
P = 0.65).

Discussion

Our study demonstrates that a simple educational inter-
vention at a community-based teaching hospital signifi-
cantly reduced radiologic test-ordering behavior of internal
medicine residents on the inpatient floors. The avoidance of
charges attributed to the intervention from abdominal CT
scans alone was $129 per patient or $81,528 in total. This
is significant because the intervention was completed at
minimal cost (total costs are estimated at $3,605).

A number of educational interventions have attempted
to teach cost-consciousness to physicians and many have
been costly to implement. Many of these interventions
require significant alterations of electronic medical rec-

713.2526 or active auditing of physician orders and

ords,
patient charges for physician feedback.!>*”?® The high cost
of implementation stands as a barrier to widespread
adoption of similar interventions by other residency
programs. The simplicity and affordability of this inter-
vention are its most notable features. Any residency
program could institute a similar intervention without
burdening financial or faculty resources. At the same time,
there are nonfinancial barriers to implementing similar
interventions, including ease by which advanced imaging
answers clinical questions and the capability of modalities
such as CT to exclude a myriad of alternative diagnoses
thereby reducing missed diagnoses and medical malprac-
tice. These barriers to implementation may have a

greater impact on programs such as emergency medicine
residencies.

Previous educational interventions designed to teach
residents cost-consciousness and reduce hospital expendi-
tures have not enjoyed universal success.?” The most
prominent of these was a 2-year prospective controlled trial
completed before the current prospective payment system

for hospitals was enacted.* This intervention attempted to
reduce utilization of expensive services including diagnostic
imaging, which was in direct conflict with the financial
incentives of the institution. Recognizing this conflict, the
authors stated, “Such education, however, may be an
effective adjunct in settings where financial and organiza-
tional incentives promote cost control.”*® Future payment
systems likely will continue to favor hospitals and
physicians that reduce expenditures while maintaining
high-quality care. This leads to an environment where
financial incentives promote cost-conscious medicine
priming interventions such as ours for success.

Past research also suggests that “a central authority
figure may be a crucial experimental variable common to
previous successful cost containment efforts in teaching
hospitals”*” and “improvement is unlikely...if the attending
staff members evidence little interest in the problem or
are unwilling to be role models.”*' Our intervention
benefited from the enthusiastic support and active
participation of senior program faculty from multiple
departments. Having respected central authority figures
involved in the implementation, promotion, and daily
reinforcement of the intervention was a crucial element
of our design.?

There is robust evidence that increased awareness of the
cost of tests results in reductions in expensive test orders by
physicians.'®2%3273* Qur lectures combined instruction on
the cost of medical imaging with a thorough presentation of
the ACR appropriateness criteria for abdominal imaging.
Combining these topics was another key element of our
educational design.

Our study has several limitations. It is possible that
widespread increased awareness of escalating health care
costs and overuse of diagnostic imaging influenced the
ordering behavior of residents independent of the inter-
vention. If true, this increased awareness may have
supported the legitimacy of our intervention and increased
residents’ motivation to change. A small number of patients
whom residents did not treat were included in the analysis
because they were not distinguishable from teaching
patients from the available records. Abdominal imaging
studies ordered by emergency medicine physicians prior to
admission were also included in our analysis for similar
reasons. We do not know what effect this may have had on
our results. Any differences resulting from orders placed by
these nonresident physicians may be balanced between the
pre- and postintervention periods thereby having minimal
overall effect.

There was no washout period in our research design.
The long-term impact of our intervention on resident
ordering behavior is uncertain. Other studies with similar
interventions lasting 3 to 6 months demonstrated loss of
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approximately one-half of the intervention’s effect within 1
to 5 months after the intervention ended.”'® This suggests
the need for a longer intervention period and subsequent
periodic reinforcement of core principles for changes in
physician behavior to persist over time.

Finally, it is possible that decreased utilization of CT
imaging caused increased use of alternative diagnostic
testing. We did not monitor for reciprocal increases in
laboratory testing during the postintervention period.
Increased ordering of alternative imaging examinations was
monitored. Following the intervention there was a signif-
icant reduction in abdominal imaging studies of all
modalities, including ultrasound and MRI. Reductions in
CT imaging did not increase average hospital length of
stay. These trends support overall cost-savings attributable
to our educational intervention.

Conclusion

A simple educational intervention on cost-conscious
medicine appeared to reduce radiologic test-ordering
behavior of internal medicine residents on the inpatient
floors. Widespread adoption of similar educational inter-
ventions by other residency programs could result

in significant savings to hospitals and the health

care system.
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