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Background: The recommendations of the American Board of Internal Medicine Foundation’s 

“Choosing Wisely®” initiative recognize the importance of improving the appropriateness of 

testing behavior and reducing the number of duplicate laboratory tests.

Objective: To assess the effectiveness of an electronic medical record Best Practice Alert 

(BPA or “pop up”) intervention aimed at reducing duplicate laboratory tests and hospital costs.

Design: Comparison of the number of duplicated laboratory tests performed on inpatients 

before and after the intervention.

Setting: University of Florida Health Shands Hospital, Gainesville, FL, USA, during 2014–2017.

Intervention: The electronic medical record intervention was a BPA pop-up alert that informed 

the ordering physician if a recent identical order already existed along with the “ordering time”, 

“collecting time”, “resulting time”, and the result itself.

Main outcome measures: Percentage change in the number of inpatient duplicate orders of 

selected clinical biochemistry tests and cost savings from reduction of the duplicates. Student’s 

t-test and beta-binomial models were used to analyze the data.

Results: Results from the beta-binomial model indicated that the intervention reduced the overall 

duplicates by 18% (OR=0.82, standard error=0.016, P-value<0.000). Percent reductions in 9 

of the 17 tests were statistically significant: serum hemoglobin A1C level, vitamin B12, serum 

erythrocyte sedimentation rate, serum folate, serum iron, lipid panel, respiratory viral panel, 

serum thyroid stimulating hormone level, and Vitamin D. Additionally, important cost savings 

were realized from the reduction of duplicates for each lab test (with the exception of CRP) 

with an estimated overall savings of $72,543 over 17 months in the post-intervention period.

Conclusions: The present study included all hospital inpatients and covered 17 clinical labo-

ratory tests. This rather simple and low-cost intervention resulted in significant reductions in 

percentage duplicates of several tests and resulted in cost savings. The study also highlights the 

role of hospitalists in quality improvement.
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Introduction
According to the data published by Center for Medicare and Medicaid services, 

National Healthcare expenditure grew 5.8% to $3.2 trillion in 2015, or $9,990 per 

person, and accounted for 17.8% of Gross Domestic Product. National health spend-

ing is projected to grow at an average rate of 5.6 % per year for 2016–2025, and 4.7 

% per year on a per capita basis.1 Despite the enormous spending, the United States 

still struggles with less than ideal outcomes when compared with other industrialized 

nations. Reducing costs is a major effort of governments and policymakers.2 One 
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component of these costs is the wide range and overwhelming 

number of diagnostic tests.3 Laboratory testing of hospital-

ized patients can be repetitive when multiple providers order 

tests for the same patient, contributing needlessly to the total 

health care costs.4–6

At the University of Florida – Shands Hospital, we have 

a relatively higher number of laboratory tests/patient ordered 

compared with other comparable Vizient (United Healthcare). 

Our Direct Cost Index (O/E) for the Division of Hospital 

Medicine is 1.10 where median Direct Cost Index for Vizient 

hospitals is 0.91.

Over ordering, under ordering, and misordering of tests 

are all common, and specific practices vary tremendously 

from community to community. We do not have local data 

to show exactly how much of our direct cost is due to lab 

testing. Redundant and repetitive testing not only adds burden 

to the health care system but can also lead to increased cost, 

unnecessary phlebotomy, decreased patient satisfaction, and 

iatrogenic anemia.7 It has been shown that excessive phle-

botomy causes patient discomfort and can result in hospital-

acquired anemia, which is associated with additional testing, 

prolonged hospitalizations, unnecessary transfusions, and 

increased mortality for patients with cardiopulmonary dis-

eases.7–10 Laboratory services may make up 5% of a hospital’s 

budget but leverage 60%–70% of all critical decision-making 

such as admittance, discharge, and medication.11

The Society of Hospital Medicine has listed avoidance 

of repetitive lab testing as one of their Choosing Wisely® 

recommendations.14 The critical care societies collaborative, 

which includes the American college of Chest Physicians and 

American Thoracic Society, has listed avoidance of every 

day diagnostic tests as their top recommendation.15 Studies 

with interventions including educational campaigns, provider 

audit and feedback, and changes to ordering options in the 

electronic medical record (EMR) have shown some success 

in this area.16,17

Some studies have shown that EMR-based strategy of 

limiting the ability of clinicians to order repetitive labora-

tory tests leads to a consistent and sustainable reduction in 

blood draws. The Veterans Affairs System implemented an 

electronic laboratory utilization management system (Labo-

ratory Expert System [LES]) to provide safe and effective 

reductions in unnecessary clinical laboratory testing. Since 

implementing the LES, total test volume has decreased by a 

mean of 11.18% per year compared with pre-LES test vol-

ume.18 However, this study was implemented for three high-

volume tests only. The LES offered a significant roadblock 

to repetitive ordering: ordering clinicians were required to 

contact the laboratory to have a frequency filter lifted for a 

given patient. In comparison, our study was implemented on 

17 tests and allowed physicians to order the test even after 

the Best Practice Alert (BPA) alerted the ordering physician.

The objectives of this study were as follows 1) to exam-

ine the EMR at our institution and determine if initiation of 

computerized alerts, with evidence-based, test-specific time 

intervals determined by a multidisciplinary group of physi-

cians including hospitalists and pathologists would reduce 

duplicate laboratory testing and 2) to determine if overall 

reduction in laboratory testing can reduce hospital costs.

Our study utilized a multidisciplinary approach with 

resultant decrease in lab redundancy and cost savings to the 

hospital.

Methods
Clinical setting: The site of this study was University of 

Florida (UF) Health Shands Hospital, a large academic 

medical center affiliated with UF. UF Health Shands Hospital 

is a private, not-for-profit tertiary center with 915 beds, of 

which 232 are intensive care unit (ICU) beds and 127 are 

intermediate medical care (IMC) beds. The remaining are 

general beds. This information is obtained from the budget 

and planning department. The hospitalists cover about 20% 

of the patients and there are no residents, fellows, Physician 

Assistants (PAs), or Nurse Practitioners (NPs) on this service. 

Most other services in the hospital have residents, fellows, 

and extenders.

The authors followed the Specific, Measure, Action, Real-

istic, Timely aim methodology for the quality improvement 

(QI) work as outlined below.

Specific: We had a specific aim from the inception of 

the study to decrease the percentage of repetitive labs and 

follow the results about 1.5 years after the intervention until 

May 2017.

Measure: Our aim was to decrease the percentage of 

duplicates by >50%. We have reduced the percentage of 

duplicates but did not reach the aim.

Action: The authors of the study worked toward the aim. 

Our action included creation of the BPA alert and imple-

mented it as a solution.

Realistic: We believed in the possibility of acting toward 

the aim and successfully achieving it with due assistance from 

the Information Technology analysts in creating the alert and 

we had access to specialists to make decisions regarding 

cutoff windows for each test.
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Timely: The goal had a target date of implementing on 

a specific date in September 2015 and following the results 

until a specific period of time.

In September 2014, hospitalists and pathologists formed 

the “Reducing Lab Costs Team”. The team consisted of 

physicians but ad hoc guests (statisticians, quality officers, 

and information technology staff) were invited as needed.

First, we identified 17 tests (see Table 1 for test names 

with definitions), which we believed were frequently ordered 

as duplicates. We considered a test to be a duplicate if a 

second test performed within a specified time period would 

not change patient management. Then, based on test char-

acteristics, published best practice guidelines, and expert 

opinion from within our institution, we determined the time 

period for which each individual test would be considered a 

duplicate. When needed for specific tests, physicians from 

relevant subspecialties were consulted to establish appropri-

ate time periods.

Subsequently, we collaborated with Information Technol-

ogy to develop an electronic Best Practice Alert (“pop up”) 

to display in our electronic health record (Epic Systems 

Corporation, Verona, WI, USA). At the time of order entry in 

the inpatient setting, the Best Practice Advisory (BPA) would 

fire if the order was considered a duplicate. The alert was cre-

ated to display “ordering time”, “collecting time”, “resulting 

time”, and the recent result. The user had the capability to 

elect to continue with the duplicate order if required.

The alert went into practice for the 17 laboratory tests 

on September 29, 2015, for all inpatient units. The Emer-

gency Department was excluded. The team continued to 

meet monthly after implementation to monitor test volumes, 

cost savings, and other test utilization patterns to detect and 

identify workaround efforts (ie, placing an order via order 

sets), establish new test ordering rules, or edit existing rules. 

There were no other specific hospital-wide or department 

initiatives to reduce unnecessary laboratory testing for the 

17 analytes in our study during the time of our study. Besides 

the alert, there were no other interventions such as providers’ 

education or feedback.

After implementation of the BPA, the hospital’s data ana-

lysts retrieved the data using the structured query language 

via Epic Clarity database (current version is Epic 2017). An 

automated data retrieval process was scheduled to run on 

the fifth day of the month, every 3 months (ie, quarterly). 

The alert was spread hospital wide to ICUs, IMC units, and 

general beds. The data were retrieved for all inpatient units 

in the hospital including all ICUs, IMCs, and general beds. 

Unit-based data were not obtained for this study, but we 

plan to obtain that data in future. Since only inpatients are 

included, patient complexity was at least moderate to high.

statistical analysis
Descriptive analysis was performed using two-sample t-test 

to compare differences in mean proportions of duplicates 

pre and post intervention. (Results are provided in Table 2.)

Significance was set at 5% level using a two-tailed test. 

Beta-binomial regression models were used to analyze the 

percentage of duplicates reduction between the pre- and 

post-intervention periods (Table 3).

Duplicate expenses were computed by multiplying the 

unit cost for a given lab test by the number of duplicates 

ordered for that specific test. Savings were defined as the 

difference between the before and after intervention dupli-

cate expenses.

Analysis was done using Stata Statistical Software v. 15.12

Ethics approval
A statement from the director of the Institutional review board 

of the University of Florida (IRB) waiving the requirement 

for an IRB based on the QI nature of the project was obtained 

on October 6, 2014, IRB approval was later obtained in 2017 

for a retrospective chart review study. Data were analyzed 

for 34 months, 17 months pre intervention (May 2014 to 

Table 1 seventeen test names and window periods

Test Window period

CBC w diff 1 day=24 hours
BnP 1 day=24 hours
B12 1 month=730 hours
Ferritin 1 month=730 hours
iron 1 month=730 hours
Folate 1 month=730 hours
lipid panel 1 month=730 hours
Psa 1 month=730 hours
CRPhs 1 week=168 hours
EsR 1 week=168 hours
ana 1 week=168 hours
Free T4 2 weeks=336 hours
ammonia 2 weeks=336 hours
Tsh 2 weeks=336 hours
RVP 3 days=72 hours
hBa1C 3 months=2191 hours
Vitamin D 3 weeks=504 hours

Notes: ammonia, serum ammonia level; ana, serum antinuclear antibody; B12, 
serum Vitamin B12; BnP, serum B natriuretic peptide; CBC w diff, complete blood 
count with differential; CRPhs, serum high sensitivity C reactive protein; EsR, serum 
erythrocyte sedimentation rate; ferritin, serum ferritin level; folate, serum folate 
level; free T4, serum free T4 level; hBa1C, serum hemoglobin a1C level; iron, serum 
iron saturation level; PSA, serum prostate specific antigen; RVP, respiratory viral 
panel – nasopharynx swab; Tsh, serum thyroid-stimulating hormone level.
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September 2015) and 17 months post intervention (October 

2015 to February 2017). 

Patient consent to review the medical records was not 

required by IRB. IRB waiver was obtained as the retrieval of 

data required Information Technology Analyst’s help using 

structured query language. The authors of the study were 

provided de-identified data during the specified time period 

without need for chart review or access to HIPAA informa-

tion, covering patient data confidentiality. For example, data 

were provided in excel format as “test name”, “month”, 

“year” “number of tests ordered for each test in a certain 

month”. 

Results
Based on the two-sample t-test, the average percentage dupli-

cates (±standard error) before and after intervention were 

11.7%±0.558, 95% CI [10.6%, 12.8%], and 9.9%±0.576, 

95% CI [8.8%, 11.0%], respectively, with a difference of 

1.8%±0.802, 95% CI [0.21%, 3.4%] (P-value=0.027). The 

overall percentage reduction in duplicates after intervention 

is estimated to be (1.8/11.7)×100%=15.4%.Table 2 provides 

summary statistics for each of the lab test’s mean differences 

before and after intervention using the Student’s t-test. Mean 

difference percentage duplicate is defined as mean percentage 

Table 2 Mean differences in percentage duplicates before and after intervention

Mean difference
% duplicates

SE 95% CI P-value % change =
(diff/before) ¥ 100

Overall –1.78 0.80 [0.21, 3.35] 0.03 15.4%
hba1C –3.32 0.54 [2.23, 4.41] 0.00 28.2%
ana –0.31 0.52 [–0.75, 1.36] 0.56 27.4%
ammonia –3.02 2.10 [–1.26, 7.31] 0.16 25%
B12 –3.14 0.41 [2.30, 3.98] 0.00 49.6%
CBC w diff 0.87 0.79 [–2.47, 0.73] 0.27 3.3% (increase)
CRP 1.92 0.67 [–3.27, –0.56] 0.01 7.8% (increase)
EsR –4.71 0.82 [3.03, 6.38] 0.00 28%
Ferritin –1.71 1.03 [–0.39, 3.81] 0.11 14.7%
Folate –1.69 0.43 [0.82, 2.55] 0.00 40.7%
Free T4 –1.23 0.74 [–0.28, 2.74] 0.11 9.8%
iron –2.33 0.55 [1.21, 3.45] 0.00 33.3%
lipid –1.97 0.46 [1.03, 2.90] 0.00 28.6%
BnP –0.49 0.31 [–0.14, 1.11] 0.12 12.5%
Psa –0.29 1.78 [–3.34, 3.92] 0.87 6.9%
RVP –2.07 0.45 [1.15, 2.98] 0.00 33.4%
Tsh –3.14 0.41 [2.30, 3.97] 0.00 25.1%
Vitamin D –3.65 0.61 [2.41, 4.89] 0.00 58.7%

Notes: ammonia, serum ammonia level; ana, serum antinuclear antibody; B12, serum Vitamin B12; BnP, serum B natriuretic peptide; CBC w diff, complete blood count 
with differential; CRP, serum C reactive protein; EsR, serum erythrocyte sedimentation rate; ferritin, serum ferritin level; Folate, serum folate level; free T4, serum free T4 
level; HBA1C, serum hemoglobin A1C level; Iron, serum iron saturation level; PSA, serum prostate specific antigen; RVP, respiratory viral panel – nasopharynx swab; TSH, 
serum thyroid-stimulating hormone level.
Abbreviations: diff, difference; sE, standard error.

Table 3 Results from beta-binomial models showing the odds 
of percentage duplicates after intervention compared to before 
intervention

After vs before  
intervention

OR Rob SE P>z 95% CI

Overall 0.82 0.02 0.00 [0.79, 0.85]
hba1C 0.69 0.04 0.00 [0.62, 0.78]
ana 0.49 0.31 0.26 [0.14, 1.70]
ammonia 0.88 0.09 0.22 [0.71, 1.08]
B12 0.49 0.04 0.00 [0.42, 0.57]
CBC w diff 1.04 0.04 0.28 [0.97, 1.12]
CRP 1.10 0.04 0.01 [1.02, 1.19]
EsR 0.68 0.05 0.00 [0.59, 0.79]
Ferritin 0.82 0.10 0.13 [0.64, 1.05]
Folate 0.59 0.08 0.00 [0.45, 0.77]
Free T4 0.88 0.06 0.05 [0.77, 1.00]
iron 0.65 0.04 0.00 [0.57, 0.74]
lipid 0.70 0.06 0.00 [0.58, 0.83]
BnP 0.88 0.07 0.12 [0.75, 1.03]
Psa 0.74 0.42 0.60 [0.24, 2.26]
RVP 0.65 0.06 0.00 [0.54, 0.78]
Tsh 0.72 0.03 0.00 [0.67, 0.78]
Vitamin D 0.40 0.04 0.00 [0.33, 0.49]

Notes: ammonia, serum ammonia level; ana, serum antinuclear antibody; B12, 
serum vitamin B12; BnP, serum B natriuretic peptide; CBC w diff, complete blood 
count with differential; CRP, serum C reactive protein; EsR, serum erythrocyte 
sedimentation rate; ferritin, serum ferritin level; folate, serum folate level; free 
T4, serum free T4 level; hBa1C, serum hemoglobin a1C level; iron, serum iron 
saturation level; PSA, serum prostate specific antigen; RVP, respiratory viral panel – 
nasopharynx swab; Tsh, serum thyroid-stimulating hormone level.
Abbreviations: Rob, robust; sE, standard error.
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duplicates before intervention – mean percentage duplicates 

after intervention for that particular test. Percentage differ-

ence is mean duplicate percentage before intervention – mean 

duplicate percentage after intervention/ mean duplicate 

percentage before intervention × 100.

Results from the beta-binomial model fitted with robust 

Huber’s (sandwich) standard errors indicated that the odds 

of duplicates after intervention was reduced by 18% (OR 

=0.82, 95% CI [0.79, 0.85]), P-value<0.001; Table 3). 

Figures 1–3 show marginal proportions of duplicates 

before and after the intervention obtained from the fitted 

beta-binomial models. Figure 1 is obtained by aggregating 

all the tests together resulting in an overall percentage of 

duplicates for all tests combined, whereas Figures 2 and 

3 represent the mean proportion of duplicates before and 

after each lab test.

Based on the beta-binomial model all the specific lab 

tests shown in Table 3 had their odds of duplicates reduction 

being statistically significant at 5% level except for serum 

antinuclear antibody, ammonia, CBC with differential, fer-

ritin, serum B natriuretic peptide (BNP), and serum prostate 

specific antigen, which showed a downward trend while 

serum free T4 level was at borderline (P-value=0.05). CRP 

showed an increase by 10% after intervention (OR=1.10. 

95% CI [1.02–1.19], P-value<0.05).

The actual hospital laboratory direct test cost was pro-

vided by hospital administration. The cost of duplicates 

pre-intervention was $8,63,681.95, and the cost of duplicates 

after intervention is $7,91,138.11. This is calculated by mul-

tiplying the cost of each test by the number of duplicates for 

that test (Table 4).

We found that computerized alert intervention was effec-

tive in decreasing the total number of inpatient orders, the 

total number of inpatient duplicate orders, and the percentage 

of total duplicate orders. The total inpatient orders during the 

pre-intervention period from May 01, 2014, to September 30, 

2015, were 3,95,650 including all 17 tests. The total inpatient 

orders during the post-intervention period from October 01, 

2015, to February 28, 2017,  were 3,66,051. The total num-

ber of inpatient duplicate orders before the intervention was 

83,951, and the total number after intervention was 77,997. 

The overall percentage reduction in duplicates after interven-

tion was 15.4%, which is statistically significant.

CBC with differential showed a decrease in the total 

number of inpatient orders (from 2,45,847 to 2,26,751) and 

the total number of duplicate inpatient orders after imple-

mentation (from 63,674 to 60,520). However, there was a 

percentage increase in the duplicates after intervention (3.3%; 

see Table 2). Of note, total inpatient days during the pre-

intervention period are 3,25,734. Total inpatient days during 

post-intervention period are 3,72,726, suggesting the number 

of ordered tests during post-intervention period would have 

been lower if adjusted for inpatient days.

The cost-effective analysis showed significant cost sav-

ings of $72,543 for all 17 tests in the post-implementation 

period. Only CRP showed no savings with respect to expen-

diture on duplicates test orders.

Discussion
Modern computer systems allow limits to be set on the peri-

ods allowed for repetitive testing. The results of our study 

are comparable to a study published in 2013 in Netherlands. 

The study investigated a computerized system for managing 

potentially overfrequent laboratory testing, calculating the 

financial savings obtained. Tests were selected for which 

“spare periods” (periods during which tests are barred) might 

be set to control repetitive testing. The proportion of tests 

barred was 0.56%, and the financial savings was 0.33% of the 

costs of all testing. Following the introduction of the system, 

the number of barred tests ultimately decreased, suggesting 

accommodation by the test requestors.19 Our study supports 

the findings of this study.

Surprisingly, CRP is the only test that showed a sta-

tistically significant increase in the percentage duplicates 

after intervention. We confirmed that the alert was working 

appropriately and investigated any possible order sets which 

it was added to but found no way to explain this increase. 

Some providers recommend monitoring of CRP daily curve 

(at minimum time intervals of 24 hours), with verification 

of a trend of reduction or increase, provided additional data 

to the daily clinical evaluation of the patient.13Figure 1 Overall proportion of duplicates before and after intervention.
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We plan to do a chart review and provide education and 

feedback to providers, but we expect this will take time and 

resources beyond the scope of the present study.

A pre–post study in which the ability to order repetitive 

laboratory tests was removed from the admission order set 

resulted in a nearly 20% decrease (P<0.001) in laboratory 

tests ordered per patient-day.20 In our EMR system, we have 

several order sets including admission order set and sepsis 

order set, among others. We implemented the BPA in such a 

way that it alerts the ordering physician even if the duplicate 

lab order is ordered from the order sets.

Repeat and/or serial BNP testing is inappropriate for 

guiding the management of heart failure and may be clini-

cally misleading. The clinical decision support intervention 

implemented by Lehigh Valley health system consists of 

an expert rule that searches the system for a BNP lab value 

on the patient. If there is a value and the value is within the 

current hospital stay, an advisory is displayed to the order-

ing clinician. Multiple regression analysis results suggest 

that the intervention reduced BNP orders by 21% relative 

to the mean.21 Our study showed that the odds of duplicates 

after intervention for BNP was reduced by 12%, supporting 

the findings.

Figure 2 Lab test’s specific proportion of duplicates before and after intervention (tests with statistically significant decrease in the duplicates after intervention).
Notes: B12, serum vitamin B12; EsR, serum erythrocyte sedimentation rate; folate, serum folate level; free T4, serum free T4 level; hba1c, serum hemoglobin a1C level; 
iron, serum iron saturation level; RVP, respiratory viral panel – nasopharynx swab; Tsh, serum thyroid-stimulating hormone level.
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A general inpatient ward identified five tests commonly 

ordered. In order to minimize repetitive tests, a multidisci-

plinary committee of that hospital developed the electronic 

order function to limit a particular laboratory test request 

to occur once within one 24-hour window. Comparison of 

fiscal year volume data from before (2002–2003) and after 

(2003–2004) implementation revealed 72,639 (12.0%) fewer 

inpatient tests, of which 41,765 (57.5%) were related directly 

to decreases in the five tests frequently ordered on a recur-

ring basis.22 Our study showed 29,599 fewer tests in the 17 

frequently ordered tests in the post-implementation period. 

When corrected to adjusted inpatient days, the number of 

ordered tests during the post-intervention period would have 

been even lower.

Our study has several limitations. The study was con-

ducted in a single tertiary care organization, limiting the 

generalizability of our study to other facilities and settings. 

The study did not consider the charge of duplicate testing to 

patients or secondary payers. We did not analyze the reasons 

behind why physicians ordered tests despite the interven-

tion alert. While both length of stay and readmission rates 

improved during the study period, there were multiple other 

projects dedicated to improving these measures. Therefore, 
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we are unable to state the impact of our project, if any, 

on length of stay or readmission rate. There is no way to 

 measure delayed diagnosis or patient/family satisfaction in 

a de-identified population.

Table 4 Cost of 17 tests and cost savings after intervention in Us dollars ($)

Test Cost of test Cost (before) Cost (after) Difference  
(before – after)

hba1C 14.53 20,196.7 12,844.52 7,352.18
ammonia 11.96 22,197.76 18,968.56 3,229.2
ana 23.19 301.47 92.76 208.71
B12 14.84 6,603.8 2,953.16 3,650.64
CBC w diff 8.52 5,42,502.48 5,15,630.4 26,872.08
CRP 13.19 1,05,295.77 1,20,424.7 –15,128.9
EsR 7.05 11,886.3 6,789.15 5,097.15
Ferritin 12.97 7,639.33 6,796.28 843.05
Folate 13.73 3,240.28 1,798.63 1,441.65
Free T4 12.31 15,597.6 11,081.28 4,516.32
iron 6.57 2,319.21 1,583.37 735.84
lipid 11.64 8,904.6 4,574.52 4,330.08
ProBnP 47.75 31,276.25 27,886 3,390.25
Psa 20.03 360.54 260.39 100.15
RVP 106.97 46,531.95 33,695.55 12,836.4
Tsh 16.39 38,827.91 24,519.44 14,308.47
Vitamin D 20 2,880 1,240 1,640
Grand total 21.4 8,63,681.95 7,91,138.7 72,543.24

Notes: ammonia, serum ammonia level; ana, serum antinuclear antibody; B12, serum vitamin B12; BnP, serum B natriuretic peptide; CBC w diff, complete blood count 
with differential; CRP, serum C reactive protein; EsR, serum erythrocyte sedimentation rate; ferritin, serum ferritin level; folate, serum folate level; free T4, serum free T4 
level; HBA1C, serum hemoglobin A1C level; Iron, serum iron saturation level; PSA, serum prostate specific antigen; RVP, respiratory viral panel – nasopharynx swab; TSH, 
serum thyroid-stimulating hormone level.

Figure 3 Lab tests’ specific proportion of duplicates before and after intervention.
Notes: ammonia, serum ammonia level; ana, serum antinuclear antibody; CBC w diff, complete blood count with differential; CRP, serum C reactive protein; ferritin, serum 
ferritin level; PSA, serum prostate specific antigen.
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Conclusions
Overall, our study showed that the EMR-based strategy of 

limiting the ability of clinicians to order repeating labora-

tory tests leads to a consistent and sustainable reduction in 
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blood draws similar to few other studies already discussed. 

Our study is unique in that we implemented the intervention 

across 17 tests and collected data ranging over a period of 3 

years allowing room for random variation and statistically 

more reliable results. Our study determined that implemen-

tation of computerized alerts, with evidence-based, time-

specific intervals, reduced redundant laboratory testing, and 

resulted in cost savings for the hospital. This approach could 

potentially be expanded to other tests and may be applicable 

in other institutions.

Future endeavors could include investigating the reasons 

for the overridden tests, obtaining and analyzing data based 

on each unit (ICU, IMC, general beds), obtaining and analyz-

ing data based on the type of ordering providers (Attendings, 

Residents/Fellows, NPs/PAs), and providing education and 

feedback to ordering providers. Another significant step is 

showing the changes in duplicative lab tests in tests that 

were not included in the study. The retrieval of additional 

data including unit-based data requires assistance from IT 

staff and funding.
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The authors report no conflicts of interest in this work.
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