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Abstract

Objectives—To determine whether sharing laboratory charge and personal utilization
information with physicians can reduce laboratory test orders and expenditures, thereby decreasing
the overutilization of laboratory testing.

Methods—This was a prospective study. By querying our electronic medical records, we
calculated the median laboratory charges per patient/per day (PP/PD) and median laboratory tests
ordered PP/PD for the resident general internal medicine and hospitalist services. For 10 weeks,
we shared this team-based information with physicians with weekly updates. We calculated total
laboratory charges for the 10 most common discharge diagnoses to capture laboratory charges for
entire episodes of care.

Results—During the intervention, the mean number of laboratory tests ordered PP/PD by
resident service decreased from 5.56 to 5.17 (-0.389, £<0.001); the mean charge PP/PD
decreased from $488 to $461 (-$27, P< 0.001). The hospitalist service decreased the number of
laboratory tests ordered PP/PD from 3.54 to 3.36 (-0.18, A= 0.77) and the mean charge PP/PD
decreased from $331 to $301 (-$30, A= 0.96). The statistically significant decline in laboratory
charges persisted after controlling for the 10 most common discharge diagnoses. Compared with
the 3-month period before the study began, physicians in the 10-week intervention period ordered
1464 fewer laboratory tests, resulting in a $188,000 reduction in charges and a 3% to 4% reduction
in utilization.

Conclusions—Informing physicians of the charges for laboratory tests and their personal
utilization patterns can reduce the number of laboratory tests ordered and laboratory expenditures,
especially for physicians in training.
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Healthcare costs in the United States are increasing at an alarming rate, threatening both the
ability of the health-care system to adequately provide care for the population and the
nation’s fiscal solvency. From 2002 to 2009, hospital expenditures increased an average of
5.2%/year.} Although charges for physician professional fees increased 5.1% from 2003
through 2006, charges for laboratory testing increased at a faster rate of 14.2% during that
same period.2 Similarly, from 2000 to 2010, the number of diagnostic laboratory tests
ordered for Medicare patients increased by 89%, but the volume of major surgeries, office
visits, and nursing facility care increased only 35% for the same population.3 The value of
these increasing diagnostic expenditures is unclear because considerable geographic
variation in practice patterns signals that overutilization is likely occurring.#-® In addition,
some evidence suggests laboratory utilization does not affect clinical outcomes.”:8 For
hypertension control, James et al demonstrated that laboratory utilization decreased and
patient outcomes were unchanged in the capitation model versus a fee-for-service model.® In
routine presurgical assessments, 93% of tests are not indicated and numerous professional
groups recommend against routine testing.19-13 Even many physicians acknowledge that
some routine preoperative tests are unnecessary but perform them nevertheless, citing
practice tradition, medicolegal worries, concerns about delays, lack of awareness of the
evidence base, and patient insistence.14:15 Because physicians’ decisions drive 80% of
healthcare costs, providers play a leading role in curtailing overutilization. Fortunately,
99% of primary care physicians endorse the need for cost containment, and 96% believe that
physicians play a role in controlling costs.1” Unfortunately, physicians often believe
themselves to be unprepared for this task. Cost containment and cost-effectiveness have not
been a traditional part of residency training,18 and physicians are frequently unaware of the
costs of tests they order.1® Furthermore, the real pressures of patient expectations and
defensive medicine encourage test ordering.20-21 The opposite pressures to reduce laboratory
costs are not generally felt nor are they routinely tracked on an individual physician basis. If
physicians were armed with details of their own spending patterns, however, they could feel
empowered to decrease spending because they could point toward measurable differences
and reduced costs, counteracting the pressures that encourage ordering. Moreover, providing
utilization and spending data could encourage a regression to the mean because physicians
who order disproportionately more tests would be confronted with their outlier status.

It is not known whether confronting physicians with the “financial harms” of their spending
habits in combination with social pressure would curtail their use of laboratory tests to
conform to a new norm. To address this question, we conducted a prospective study of
resident and hospitalist physicians.

Study Setting and Participants

Inspired by the Choosing Wisely campaign,22 our study was conceived, initiated, and

directed by residents with support of the Section on General Internal Medicine faculty. We
conducted the study at a large academic medical center, and our institutional review board
approved the study protocol. All internal medicine residents and all hospitalists on general
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medicine services who cared for approximately 120 patients daily were included in this
study.

Each of the 3 resident teaching teams was structured with 1 faculty member from either
general internal medicine or infectious diseases, 1 senior internal medicine resident, and 2
interns caring for up to 16 patients per team. Each member of the team was capable of
ordering or discontinuing laboratory tests independent of other team members, but the
majority of orders were placed by interns. By contrast, hospitalists worked as individual
providers, with approximately 70 patients distributed equally among colleagues. When
hospitalists supervised a resident teaching team, they were counted as part of the academic
service tally. The structure of all teams remained constant during the entire study period, but
individual team members changed monthly (resident teams) or weekly (hospitalist teams).
Resident team members changed every 4 weeks having 2 days overlap with new resident
teams transferring from subspecialty services, outpatient rotations, or possibly other general
medicine teaching teams as per the usual rotation schedule. Most residents were exposed to
our study intervention for only 4 weeks, but a minority was exposed for 8 weeks.
Hospitalists worked 7 days on, 7 days off, with new hospitalists transferring from a previous
hospitalist general medicine service, general medicine teaching service, and subspecialty
service as per their usual schedule; the majority were exposed to our study for several
weeks.

From October 2013 through December 2013, we posted in the physician workrooms two
items: the charges for the most commonly ordered laboratory tests (Fig. 1) and each team’s
mean laboratory tests ordered per patient/per day (PP/PD) and mean laboratory charges
PP/PD for the prior week with the previous weeks’ values for comparison. In addition, we
presented these same two pieces of information at resident educational conferences (which
occurred four times per week). Sunday through Saturday constituted the week, and updates
were presented and posted every Tuesday of the study period. Hospitalists were invited to
the morning report, served as attending physicians on resident teaching teams, and worked
in the same physician workrooms where data were posted. No formal education regarding
appropriateness, indications, or high-value care was given.

Data Measurement

We queried the electronic medical records (EMRs) to obtain the number of laboratory tests
ordered for all inpatient resident general medicine and hospitalist services in our study.
Laboratory tests ordered as prespecified “panels” (eg, a basic metabolic panel [BMP]) were
counted as one laboratory test each. Laboratory tests obtained from emergency department
and intensive care unit stays were excluded. Charges for each laboratory test were obtained
from the finance department based on the current year’s master charge sheet in effect as of
October 2013. The actual cost of each test within our institution was deemed too difficult to
calculate given variations in material and manpower involved and therefore charges were
measured as a correlator.
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Outcome Measures

Our primary outcomes of interest were the number of laboratory tests ordered PP/PD and the
laboratory charges PP/PD in the intervention period compared with the 3-month control
period before the intervention. Secondary outcomes included the mean charge per laboratory
test to determine whether physicians were selectively choosing less expensive tests and
specific laboratory tests ordered to assess any change. We also tracked the total laboratory
charges per total episode of care for the 10 most common discharge diagnosis-related groups
(DRGS) during our study period.

Statistical Analysis

Results

For each patient, we calculated the total laboratory charge per day, the number of tests per
day, and the mean charge per laboratory test. We summarized these variables both by time
period (intervention vs baseline control) and by provider specialty (resident teaching service
vs hospitalists). Because the distribution of the charges was skewed to the right, we log
transformed the charges for the regression modeling. To determine whether there were
significant changes in the total laboratory test charges per patient, the number of tests per
patient and the mean charge per laboratory test after the intervention was implemented, we
used linear mixed models with random intercepts. These models account for the correlation
within each provider’s multiple measurements over time. Models were created and stratified
by the type of provider and the 10 most common DRGs. Lastly, to determine whether the
changes in the charges were affected by DRGs, we added a model that adjusted for the top
10 DRGs. All of the analyses were performed in SAS version 9.4 (SAS Institute, Cary, NC),
and a Pvalue of <0.05 was considered to denote significance for all of the outcomes.

During the 3-month control period before the intervention was implemented, resident
services ordered a mean of 5.56 laboratory tests PP/PD generating laboratory charges of
$488 PP/PD. Hospitalists ordered a mean of 3.54 tests PP/PD, generating charges of $332
PP/PD. No significant changes over time (increases or decreases) in charges or laboratory
tests ordered were seen for either number of tests ordered or charges (P=0.85and £P=0.58,
respectively) during the control period.

During the intervention period, the mean number of laboratory tests ordered PP/PD by
resident service decreased by —0.39 (P< 0.001) and the mean charge PP/PD decreased —$27
(P<0.001; Figs. 2 and 3). On the hospitalist service, we observed no significant change in
the laboratory tests ordered PP/PD (—0.18, A= 0.77) or the mean charge PP/PD (-$30, P=
0.96). For hospitalists the mean charge per laboratory test decreased slightly, from $91.84 to
$88.53 (-$3.31, £=0.0007) but did not change for the resident teaching services ($1.70, P=
0.95).

The Table shows the 10 most commonly ordered laboratory tests during the study period.
During the intervention period, resident physicians ordered relatively fewer complete blood
counts (CBCs) with differentials in favor of the less expensive CBC without differentials,
and fewer comprehensive metabolic panels (CMPs) in favor of the less expensive BMPs.
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To control for possible changes in case mix affecting our results, we examined the mean
laboratory charges for the 10 most common DRGs during the study period. After adjusting
for these DRGs, the overall decreases in the number of laboratory tests ordered PP/PD and
laboratory charges PP/PD remained statistically significant (< 0.001 and £< 0.01,
respectively).

Compared with the 3-month baseline control period, during the 10-week intervention period,
physicians ordered 1464 fewer laboratory tests, resulting in $188,000 fewer charges.
Overall, this represents a 3% to 4% reduction in charges. In the resident teams, which
experienced the greatest decline, the reduction in utilization was 4% to 5%.

Discussion

Educating physicians at an academic medical center about how many laboratory tests they
ordered and tests’ related charges, significantly decreased the number of tests ordered
among internal medicine residents but not among hospitalist physicians. During the 10-week
study period, resident services decreased charges PP/PD by $27 on the internal medicine
resident services, but this did not change among hospitalists. The degree of change may have
been more marked in the resident groups because of team-based decision making, pressure
toward the norm, and greater exposure to the intervention at educational conferences.
Although both hospitalists and internal medicine residents saw the charge information
posted in physician workrooms, the hospitalists did not routinely attend the resident
educational conferences at which the information also was shared, limiting their exposure. In
addition, hospitalists may have felt less peer pressure because they were tracked as a group
and their individual performance was not recorded. Interventions that target an entire health
system may yield greater results. Feldman et al embedded the cost of laboratory tests in a
hospital’s electronic health record, ensuring that all healthcare providers saw the cost of a
laboratory test at the time it was ordered.23 Their study documented a greater reduction in
laboratory utilization than we observed, likely because of the most consistent nature of the
exposure (every time someone ordered a laboratory test) and the equal nature of exposure
(every ordering provider exposed when they ordered a test).

During this study, physicians ordered fewer tests, which we hypothesize reduced
overutilization; residents reduced their laboratory ordering by 0.39 laboratory test PP/PD,
which is consistent with the previous literature.24-2% We also hypothesized that the tests
physicians ordered were less expensive, as reflected in a decrease of $3.31 mean charge per
laboratory test PP/PD for the hospitalist service. This result may not have occurred in the
resident services because of an overall decrease in laboratory test ordering. For example, if
during the control period a typical patient had a CMP ($248) and then two subsequent BMPs
($48 each) drawn over a hospitalization, the mean charge would be lower than for a patient
who had only one CMP and one BMP drawn. This was also reflected in the specific
laboratory tests ordered, because we observed physicians ordering fewer expensive
laboratory panels in favor of more targeted testing. Although the number of both CBCs and
BMPs ordered actually increased on the resident team during our study, the much larger
decrease in the more expensive CBC with differential and CMPs more than offset this
increase. This is consistent with findings of Feldman et al, who showed that when
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confronted with the costs, providers choose a BMP over a CMP, although they did not see a
trend for CBC with differential versus no differential 23

A reasonable concern is that laboratory test ordering may simply have been delayed and the
length of stay prolonged; therefore, artificially decreasing the charges PP/PD and laboratory
tests PP/PD by increasing the denominator. Total laboratory charges for entire episodes of
care decreased for most diagnoses, and the decreases were statistically significant for
respiratory failure, however.

Our hypothesis is that with the ability to see changes in a rolling weekly format, provider
teams and individuals felt empowered and obligated to drive change. Social cognitive theory
states that individuals are compelled to conform to their peers. In the context of this study,
having the information increased the knowledge needed to perform differently, also known
as behavioral capability, and updating team-based charge totals weekly set expectations.24
Furthermore, giving physicians cost information allows them to more effectively select the
highest yield test at the lowest cost and avoid low-yield tests. Teams were tracked in parallel;
therefore, personal and peer pressure may have been exerted on outliers to decrease their
ordering habits. Because all providers on the team were capable of ordering and
discontinuing laboratory tests, decisions regarding laboratory testing were most likely made
through both shared team decision making and individual decisions. After the study was
complete, one of the authors (B.T.) learned that residents had spontaneously enacted a
variety of methods to support appropriate laboratory utilization, including resident-organized
primary literature and guideline reviews of testing indications, ad hoc team discussions, and
individual efforts by senior residents and attending physicians to personally discontinue
unnecessary laboratory tests before phlebotomy rounds. These new discussions regarding the
appropriateness of laboratory tests likely led to more appropriate laboratory test ordering as
interns received guidance from peers and senior team leaders. As such, it was likely a
combination of the previously unknown knowledge of laboratory costs and spending habits
in combination with peer pressure that led to the changes in our study. Hawthorne effect
(observer effect) also may have contributed.

Significant efforts have been made in a variety of scenarios to decrease overutilization.
Successful “top down” approaches have included structuring Computerized Physician Order
Entry to prohibit recurrent laboratory tests and hospital-wide committees to enforce
education in best practices.2528 Other initiatives that empowered providers, such as
displaying reimbursement data in the EMR and providing department-specific spending
trends at educational conferences, have shown efficacy as well.2’

Our study demonstrates that a house officer—led “bottom up” approach of giving individual
teams their utilization data and laboratory charge information can lead to change. This
strategy has been described before by Han et al and others, but often in conjunction with
monetary or other incentives and targeting a specific set of laboratory tests instead of all
laboratory testing.28:29 Furthermore, our efforts required no formal education and no
intensive efforts to gather the data because they were already being collected as part of
routine care, which is unique compared with many studies. As such, this model should be
relatively easy to implement elsewhere. This intervention was led by residents, highlighting
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the important role that physicians-in-training can play in cost containment and is supported
by other resident-led studies.?8 Spending patterns during physician training correlate with
spending habits during practice,39 so a program such as ours is an ideal framework from
which to create lifelong habits of more appropriate test ordering.

Our study has limitations. We conducted the study on the general internal medicine inpatient
services at a single large academic medical center, which may limit its generalizability to
smaller hospital settings or subspecialty care services. We used a historical control group,
and seasonal variations may have affected our data; however, we observed no prior trend in
laboratory use or charges during the control period, suggesting that seasonal variation or a
maturation effect of residents was unlikely. Similarly, our analysis of laboratory utilization
for the most common discharge diagnoses would be unaffected by seasonal variations in
case mix. Although the resident teaching services did show statistically significant
improvement in the study period, they continued to maintain a higher baseline of utilization.
This may be because residents are still learning and order tests out of an abundance of
caution or inexperience or are ordering tests to further delineate a diagnosis that would not
necessarily be needed as inpatient; it is likely a combination of the these and other factors.
This higher starting point gave the residents more room for improvement, which may have
biased the results. Lastly, we did not track comorbidities, which may affect the number of
laboratory tests ordered; however, our large sample size makes it unlikely that comorbidities
were unevenly distributed.

The total number of laboratory tests averted during the 10-week study period was
approximately 1400 and represents less patient discomfort, less physician time spent
ordering or analyzing unnecessary data, and actual financial savings. Which party actually
accrues that savings depends on the payment structure. Most insurers pay a lump sum per
DRG,; therefore, any cost savings would benefit the hospital and any patients who pay co-
insurance. Some insurers and those without insurance are billed using a fee-for-service
model. In such cases, fewer laboratory tests would mean savings for both patients and
insurers. Six months after we presented our results to the chief medical officer and the chair
of internal medicine at our institution, laboratory charges were placed within the EMR as
part of the basic order itself for the 50 most common laboratory tests ordered at our
institution. The sustainability of these changes is unknown at this time.

Conclusions

We recommend making laboratory charge data easily available to providers through the
EMR or paper or electronic distribution and by empowering providers with their individually
or team-based utilization data. Given rising healthcare costs and known overutilization of
diagnostic testing within internal medicine, methods are needed to reduce healthcare waste
in a provider-driven way. This intervention shows that increased provider a wareness and
accountability of laboratory test ordering habits can reduce the number of tests ordered and
reduce costs.
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e Overutilization is a key contributor to the unsustainable increases to the cost of

» Physicians are directly in control of these expenditures, but they lack knowledge

« By making laboratory cost data and physician spending habits directly available

Key Points

medical care.

about costs and their own spending habits.

to physicians in a timely, updated manner, physicians can be compelled to
decrease unnecessary utilization, therby decreasing costs.
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« BMP $48
« CMP $248

» Hepatic Function Panel
$210

« Magnesium $21
+ Phosphorous $12
« CBC $43

« CBC w/diff $181

» Blood Ctx $117

» Urine Ctx $66

POCT Blood Glucose $16
Hemoglobin A1c $65

Iron Panel $191

Lipid Profile $168
Troponin $64

TSH $351

BNP $88

PT/INR $61

UA $81

Fig. 1.

Laboratory charge information for the 18 most commonly ordered laboratory tests displayed
to providers at educational conferences and posted in physician workrooms. BMP, basic
metabolic panel; BNP, brain natriuretic peptide; CMP, comprehensive metabolic panel;
CBC, complete blood count; CBC w/diff, CBC with differential; Ctx, culture; INR,
international normalized ratio; POCT, point of care; PT, prothrombin time; TSH, thyroid-

stimulating hormone; UA, urinalysis.
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Charges per patient day

$550 -

$450 +

$250 -

$200 -

Page 12

Charges Per Patient Per Day

-$26, P< 0.0001

= Control

# Intervention
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Fig. 2.
Charges per patient per day on all services during control and intervention.
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Fig. 3.
Tests per patient per day on all services during control and intervention.
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Table

Specific laboratory tests ordered

Laboratory tests/patient/day

Specific laboratory tests ordered ($)  Baseline Pilot P

General medicine

CBC ($43) 0.885  0.960  0.001
CBC w-diff ($181) 0.511 0.312 <0.0001
BMP ($48) 0.983 1.012 0.971
CMP ($248) 0423 0272 <0.0001
POCT glucose ($16) 0.688  0.673  0.424
Magnesium ($21) 0.857  0.750 <0.0001
Phosphorous ($12) 0.687  0.629  0.003
Blood culture ($117) 0.120 0.120 0.921
Hemglobin Alc ($65) 0.031 0029 0.663
Hepatic function ($210) 0.024 0.025 0.676
Ratio CBC w-diff/CBC+CBC w-diff 36.614 24536 <0.0001
Ratio CMP/BMP+CMP 30.079 21.157 <0.0001
Hospitalists
CBC ($43) 0.679 0.607 <0.0001
CBC w-diff ($181) 0.486 0.393 <0.0001
BMP ($48) 0.817 0721 <0.0001
CMP ($248) 0.390 0.301 <0.0001
POCT glucose ($16) 0.622 0540 <0.0001
Magnesium ($21) 0524 0478  0.001
Phosphorous ($12) 0.360 0.291 <0.0001
Blood culture ($117) 0.120 0.105  0.019
Hemoglobin Alc ($65) 0.026  0.028  0.504
Hepatic function ($210) 0.020 0.015 0.063
Ratio CBC w-diff/CBC+CBC w-diff 41.709  39.308 0.044
Ratio CMP/BMP+CMP 32.310 29.419 0.005

BMP, basic metabolic panel; CBC, complete blood count; CMP, comprehensive metabolic panel; POCT, point-of-care testing; w-diff, with
differential.
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