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Editor’s Note: The online version of this article contains

the instruments used in the study and modified Nation-

al Institute for Health and Care Excellence guidelines

on the use of routine preoperative tests for elective

surgery.

Introduction

Approximately 30% of health care expenses, more than

$700 billion per year, are wasted.1–3 Evidence shows that

physicians have the greatest responsibility for ensuring that

health care is delivered in a cost-effective manner.4

Educating physicians to be thoughtful about the costs of

care is essential to achieving savings. Several medical

specialties have incorporated cost-effective care into their

reporting of educational Milestones as part of the

Accreditation Council for Graduate Medical Education’s

Next Accreditation System.5,6

Preoperative evaluation is an area of practice where

unnecessary expenses have been recognized.7–11 Routine

ordering of preoperative tests in the absence of specific

indications rarely contributes to patient care and is not

cost-effective.7–12 A prior study of patients undergoing

elective surgery showed that 60% of routinely ordered tests

were unnecessary.12 The American College of Radiology

Appropriateness Criteria for preoperative chest radiogra-

phy guidelines note that only 2% of these radiographs lead
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Abstract

Background Internal medicine residents receive limited
training on how to be good stewards of health care
dollars while preserving high-quality care.

Intervention We implemented a clinical process change
and an educational intervention focused on the
appropriate use of preoperative diagnostic testing by
residents at a Veterans Administration (VA) medical
center.

Methods The clinical process change consisted of
reducing routine ordering of preoperative tests in the
absence of specific indications. Residents received a
short didactic session, which included algorithms for
determining the appropriate use of perioperative
diagnostic testing. One outcome was the average cost
savings on preoperative testing for a continuous cohort
of patients referred for elective knee or hip surgery.
Resident knowledge and confidence prior to and

after the intervention was measured by pre- and
posttest.
Results The mean cost of preoperative testing
decreased from $74 to $28 per patient after the dual
intervention (P , .001). The bulk of cost savings came
from elimination of unnecessary blood and urine tests,
as well as reduced numbers of electrocardiograms and
chest radiographs. Among residents who completed the
pretest and posttest, the mean score on the pretest was
54%, compared with 80% on the posttest (P 5 .027).
Following the educational intervention, 70% of residents
stated they felt ‘‘very comfortable’’ ordering appropriate
preoperative testing (P 5 .006).
Conclusions This initiative required few resources, and it
simultaneously improved the educational experience for
residents and reduced costs. Other institutions may be
able to adopt or adapt this intervention to reduce
unnecessary diagnostic expenditures.
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to a change in management.13 In fact, many specialty

societies now discourage routine preoperative testing.9,14,15

Educational research in this area is limited and, to our

knowledge, no published study has aimed at reducing the

cost of preoperative testing. Our goal was to alter

customary preoperative ordering habits through a

2-pronged intervention that combined a simple clinical

process change with a curriculum focusing on the ordering

practices of residents. We hypothesized this dual interven-

tion would help residents understand high-value care and

encourage them to practice high-value care, resulting in

cost savings.

Methods

Setting

The preoperative clinic at the Veterans Administration

Medical Center (VAMC) in Omaha, Nebraska, provides

educational opportunities to internal medicine residents

from the University of Nebraska Medical Center (UNMC)

and Creighton University Medical Center (CUMC).

Residents from each institution rotate through the clinic

monthly. Residents are paired with an attending physician

from their respective institution. Patients referred to the

clinic are scheduled for an elective surgery and have a least

1 medical comorbid condition.

Before our study, residents rotating through the clinic

received didactic education focused solely on assessing

cardiac risk. All testing was ordered by surgical nurse

coordinators and performed before the clinic appointment.

Testing was ordered reflexively without regard to medical

history, and residents were not involved in test ordering.

Results of the testing were available for review by the

residents and attending at the time of the preoperative

clinic appointment. Residents were responsible for inter-

pretation of preoperative tests but were not educated on the

appropriateness of testing.

Process Change

We sought the input of all medical and surgical stake-

holders regarding our clinical process and education

intervention. Internal medicine faculty from both institu-

tions helped guide the development of the intervention.

Letters of support were obtained from the departments of

anesthesiology and orthopedics. Preoperative clinic nurses

were notified of the process change during a face-to-face

meeting and agreed to assist with implementation. There

was no resistance to the adoption of the process change.

This was likely due to relationships developed in a joint

anesthesiology–internal medicine preoperative clinic and

an orthopedic comanagement program at 1 of the

institutions.

In June 2012, authority for ordering preoperative tests

on patients scheduled for knee or hip arthroplasty

transitioned from the orthopedic nurse coordinators to the

residents rotating through the preoperative clinic. Under

the new process, laboratory and radiographic testing was

ordered by residents at the time of the visit and was

reviewed by the resident and attending. Patients were

notified of abnormal testing via phone or mail. An

addendum was placed in the electronic health record

outlining any additional or changed recommendations and

routed to the orthopedic nurse coordinator and attending

surgeon. Electrocardiograms (ECGs) ordered by the resi-

dent were immediately available for review.

Educational Intervention

Coinciding with the process change, residents assigned to the

preoperative clinic began receiving the intervention curric-

ulum in June 2012. The curriculum consisted of a pretest

followed by a 45-minute didactic session at the beginning of

the rotation and a posttest at the conclusion of the rotation.

The pretest and posttest were identical evaluations of

residents’ knowledge and attitudes concerning preoperative

medicine. The instruments were developed by the authors,

who are clinician educators, without further testing, and are

available as online supplemental material. The didactic

session was revised to cover both risk stratification and a

new section on cost-conscious preoperative testing (available

from authors). Content was adapted from valid, widely

accepted guidelines published by the National Institute for

Health and Care Excellence (available as online supple-

mental material).16 The guidelines were posted in physician

workrooms for reference by residents and attending

physicians. Residents were advised that the guidelines would

not apply in every situation and were encouraged to use

clinical judgment when deciding to pursue further preoper-

ative evaluation.

What was known

Internal medicine residents receive limited training on how to be good
stewards of health care dollars while preserving high-quality care.

What is new

A clinical process change and an educational intervention focused on
the appropriate use of preoperative diagnostic testing by residents.

Limitations

Single site, single specialty study reduces ability to generalize; survey
instrument did not undergo validity testing.

Bottom line

A readily implementable 2-pronged intervention achieved significant
cost savings and increased resident test ordering efficacy.
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Analysis

To test our hypothesis, a prospective preintervention and

postintervention cohort study was developed. The primary

outcome was the average cost savings on preoperative

testing for a continuous cohort of patients referred to the

preoperative clinic for elective knee or hip arthroplasty. The

average cost of preoperative testing was calculated from the

2012 Medicare reimbursement schedule for Nebraska.

Student t test was used to compare the mean cost of

preoperative testing before and after the intervention.

Statistical calculation based on a review of 20 charts

established that we could detect a 5% decrease in the cost of

preoperative testing with an a of 0.05 and a b of 0.9 in a 2-

sided t test with just 4 subjects. A sample size of 4 was

considered too small to allow meaningful inferences, and we

arbitrarily selected a sample size of 100 subjects, 50 in the

preintervention group and 50 in the postintervention group.

To measure the effect of our educational intervention, the

pretest to posttest change was compared using the x2 test.

Data on surgery cancellations, hospital length of stay, and

inpatient mortality for the study patients were also collected.

This study was approved by the Institutional Review

Board at the Omaha VAMC. All analyses were performed

using Stata software version 10.1 (StataCorp LP).

Results

Preintervention and postintervention patients were similar

in baseline demographics, indication for surgery, and

medical comorbidities (T A B L E 1). A comparison of the

Revised Cardiac Risk Index17 scores between the preinter-

vention and postintervention groups revealed no significant

difference. The mean cost of preoperative testing decreased

from $74 to $28 per patient after initiation of the

intervention (P , .001; F I G U R E). The total cost of

preoperative testing for 50 patients for 6 months was

reduced by $2,288. The bulk of the cost savings came from

the elimination of unnecessary blood and urine tests

(T A B L E 2). Another source of savings was the substitution

of more precise and less expensive blood tests (eg, basic

metabolic profile) in place of unnecessarily comprehensive

tests (eg, comprehensive metabolic profile). Limiting ECGs

to patients with symptoms or history of cardiac disease

decreased costs substantially ($624 versus $399). Before

the intervention, all patients within the cohort (n 5 50,

100%) received urinalysis, chest radiograph, and ECG

testing. After the intervention, only 4 of 50 (8%) patients

received all 3 tests, and all instances occurred within the

first month of the intervention.

Twenty-nine residents (20 from CUMC [69%] and 9

from UNMC [31%]) rotated through the preoperative

clinic during the 5 months following initiation of the

intervention. Twelve of 29 residents (41%) were in their

first year of postgraduate training, 14 of 29 (48%) in their

second year, and 3 of 29 (10%) in their third year. Two of

the 29 residents (7%) repeated the rotation during the

F I G U R E Cost of Preoperative Testing Over Time

Note: Average cost per patient of all preoperative testing before and
after the institution of a dual intervention. Costs are based on the 2012
Medicare Reimbursement Schedule for Nebraska.

T A B L E 1 Patient Characteristics

Characteristic
Preintervention
(n = 50 patients)

Postintervention
(n = 50 patients)

Age 64.6 (62.2–66.9) 65.7 (62.6–68.7)

Sex, M 46 (92%) 48 (98%)

Race

Non-Hispanic
white

47 (94%) 48 (96%)

Black 1 (2%) 2 (4%)

Unknown 2 (4%) 0 (0%)

Surgery

Cancellation 1 (2%) 2 (4%)

Total knee
arthroplasty

36 (72%) 35 (70%)

Total hip
arthroplasty

13 (26%) 13 (26%)

RCRIa 0.46 (0.21–0.70) 0.68 (0.44–0.92)

0 37 (74%) 26 (52%)

1 5 (10%) 16 (32%)

2 6 (12%) 6 (12%)

$ 3 2 (4%) 2 (4%)

Abbreviation: RCRI, Revised Cardiac Risk Index.
a P 5 .20 for comparison of means.
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intervention period, and their second round of pretest and

posttest scores were excluded from data analysis. Thirteen

residents attended the didactic session and took the pretest,

and 11 took the posttest, with 10 of 29 (35%) residents

receiving the complete educational intervention including

the pretest, didactic session, and posttest.

Among residents who completed both the pretest and

posttest (n 5 10), the mean score on the pretest was 54%,

compared with 80% on the posttest (P 5 .027). Residents’

confidence in providing cost-conscious, high-value preop-

erative care improved, as demonstrated by 1 of 10 residents

(10%) stating they felt ‘‘very comfortable’’ ordering

appropriate preoperative laboratory tests before the rota-

tion, compared with 7 of 10 residents (70%) after the

rotation (P 5 .006).

Although the study was not powered for these

outcomes, the intervention did not appear to affect surgery

cancellations (2% before versus 4% after intervention,

P 5 .56), mean hospital length of stay (3.18 days before

versus 3.88 days after intervention, P 5 .13), or inpatient

mortality (2% before versus 0% after intervention,

P 5 .32).

Time and resource use for the interventions were

minimal. Development of education materials and discus-

sions with stakeholders required a 1-time investment of

approximately 15 hours. A chief resident delivered the

didactic session each month and administered the pretests

and posttests. Time dedicated to didactics remained the

same as before the intervention. Printing costs for signage

were negligible. There were no costs associated with

maintaining the intervention over time.

Discussion

We demonstrated that 2 simple, parallel interventions in a

resident preoperative clinic reduced costs and improved the

educational experience for residents. Focused and selective

preoperative testing became the norm within the clinic,

despite the limited reach of the didactic sessions, particu-

larly as the study progressed. The combination of a clinical

process change and an educational intervention resulted in

a cultural shift within the preoperative clinic toward cost-

conscious, evidence-based care.

Several studies have demonstrated that residents can be

taught to practice high-value, cost-conscious care. One

study18 used chart-stimulated recall to retrospectively

expose residents to the costs associated with their own

ordering habits. Retrospective review of cost information,

however, may not be effective at achieving real cost

savings.19 In addition, that methodology does not guide

residents toward the practice of evidence-based medicine.

Another study20 found that a facile cost-consciousness

curriculum could alter resident behavior to reduce unnec-

essary inpatient imaging. Similar to ours, that educational

intervention was based on published guidelines, took the

form of didactic lectures targeted at residents, and

incorporated reminders. In contrast to our study, their

educational intervention was not accompanied by a process

or systems change.

One study21 employed a dual intervention similar to

ours and demonstrated a reduction in the unnecessary use

of nebulized medications at a large teaching hospital.

Significant cost savings were achieved by combining

lectures, posted reminders, and a process change that

T A B L E 2 Use of Preoperative Tests

Preoperative Test Cost, $ Preinterventiona (n = 50 patients), No. (%) Postinterventiona (n = 50 patients), No. (%)

CBC 8.89 0 (0) 20 (40)

CBC with differentialb 6.39 50 (100) 15 (30)

BMP 11.63 1 (2) 25 (50)

CMP 14.53 49 (98) 9 (18)

PT and PTT 8.25 49 (98) 8 (16)

UA 4.35 50 (100) 10 (20)

Urine culture 11.10 50 (100) 10 (20)

Chest x-ray 20.62 50 (100) 6 (12)

ECG 12.48 50 (100) 32 (64)

Abbreviations: CBC, complete blood count; BMP, basic metabolic panel; CMP, comprehensive metabolic panel; PT, prothrombin time; PTT, Partial
thromboplastin time; UA, urine analysis; ECG, electrocardiogram.
a P , .001 for all comparisons.
b Per 2012 Medicare fee schedule for Nebraska, CBC with automated differential reimbursed at lower rate than CBC without differential.
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removed nebulized medication from the computerized

admission order set. Similar to our study, the process

change and educational intervention occurred in parallel.

As residency programs look to comply with new accred-

itation standards, interventions like these can provide a

roadmap for the development of cost-conscious, high-value

care curricula.

Although a strength, the use of a combined intervention

in this study prohibits separate analysis of each of the

components of the intervention. A limitation of our study is

the inclusion of only patients undergoing elective hip and

knee arthroplasty, and our results may not be applicable to

other surgeries. Further, the predominantly non-Hispanic

white and male patient population at this VAMC is not

representative of the general population. The comorbid

conditions of our study patients do, however, generally

reflect those seen in the larger population. Additional

limitations include our inability to reach all residents with

the educational intervention and the lack of validity

evidence for our pretest and posttest. Finally, our study

design cannot rule out the possibility that the observed

reduction in costs could be the result of a general increase

in cost-consciousness among residents over time.

Conclusion

The US health care system needs physicians to provide

high-value, cost-effective care and physicians-in-training

must be taught accordingly. The combination of a clinical

process change and an educational intervention to increase

the awareness of cost-effective care in internal medicine

residents at 2 institutions achieved significant cost savings

and increased resident test ordering efficacy. Similar steps

could be implemented by residency programs in all

disciplines with the goal of improving the cost-effectiveness

of medical care.
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