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INTRODUCTION

Testing is an important part of medicine across all specialties and settings. As a result, 

the volume of testing is enormous, with an estimated 4–5 billion tests performed in the 

United States each year.1 Unnecessary laboratory testing and diagnostic imaging is believed 

to be common. Studies looking at testing of patients have found 40%−60% of tests to be 

unnecessary.1–3 Unnecessary tests can cause patient discomfort, patient harm, and increase 

health care costs. Unnecessary tests can also lead to false positive results, which often lead 

to other tests, a phenomenon known as a diagnostic cascade.4 To evaluate the extent of 

unnecessary testing and physician awareness of this problem, we conducted a chart review 

and questionnaire for resident physicians at two academic medical centers.

METHODS

Study Design

We conducted a retrospective review of electronic medical records from a convenience 

sample of patients admitted to medicine services at two hospitals (a tertiary care medical 

center and a Department of Veterans Affairs hospital). Participants were eligible if they were 

admitted to an Internal Medicine service from the Emergency Department. Data abstraction 

included all laboratory testing and imaging testing performed within the first 24 hours of 

medical care. Physician reviewers determined if each test or procedure was necessary based 

on a chart review. Necessity of test or procedure was defined with a 4-point scale (1 = 
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absolutely unnecessary, 2 = somewhat unnecessary, 3 = somewhat necessary, 4 = absolutely 

necessary) by the reviewing physician, similar to past chart reviews for preventability of 

adverse events.5 Necessity was determined based upon most appropriate clinical guidelines 

or UpToDate, an evidence-based, physician-authored clinical decision support resource.6,7 

Reviewers also reported if each identified test resulted in a change in management and if 

any other tests or procedures resulted because of the test. If changes in management were 

identified, the reviewer reported what these were. Finally, we recorded if any harms or 

benefits occurred as a result of tests or procedures.8

In addition to chart review, a paper questionnaire was administered in person to a 

convenience sample of frontline providers caring for these patients. The questionnaire was 

completed by providers within the first 24 hours of the patient’s hospitalization. Completion 

of the questionnaire was voluntary, and no provider-identifiable information was transferred 

to the database. The questionnaire contained a list of 10 common laboratory and 11 common 

imaging tests, as well as an open-ended section for other tests. Participants were asked to 

report all medical tests ordered within the first 24 hours of care for the patients without 

opening the patient’s chart for this information. Participants were also asked to grade the 

necessity of each test using the same 4-point scale as the chart reviews, and to report if the 

test led to a change in management. This study was approved by the institutional review 

board at each institution and a waiver of informed consent was granted for this study.

Statistical Methods

Chart review and questionnaire results were compiled and the frequency of each test type 

ordered, abnormal findings, changes in management, and other tests/procedure information 

were analyzed for all patients. Necessity scores were averaged for chart reviews and 

for physician questionnaires. Statistics were compiled using Microsoft Excel (Microsoft 

Corporation, Redmond, WA) and calculated using SAS version 9.4 (SAS Institute Inc., Cary, 

NC). Data entered in the database were deidentified.

RESULTS

Chart reviews and physician questionnaires were conducted from January 1,2017 to June 

16,2017. During the study period 177 charts were reviewed. Additionally, 49 frontline 

provider questionnaires were collected on patients, which amounted to 28% (49 of 177) of 

chart reviews.

Chart Reviews

The 177 patients reviewed had a mean age of 68.5 years; 92% were male and 63% identified 

as black or African American. Overall, patients had a mean of 9.2 tests ordered within 

the first 24 hours of medical care. Of these, 31.5% (2.9/9.2) of tests were determined by 

review to be unnecessary (either a 1 or 2 on the 4-point scoring system). Chart review 

identified a total of 87.5% (155/177) of patients who received at least one unnecessary test 

during their first 24 hours of care (Figure). Of all 177 patients reviewed, 50.8% (90/177) 

had no change in management based on the laboratory or imaging studies ordered. Of all 

patients included, 49.2% (87/177) had a change in management. Thirteen percent (23/177) 
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had an immediate change in management, of which 73.9% (17/23) were beneficial and 

26.1% (6/23) were of no benefit. An additional 36% (64/177) of patients had a test that 

led to additional tests or procedures. Of these 64 patients who received additional tests 

or procedures, 43.8% (28/64) were beneficial, 50% (32/64) were of no benefit, and 6% 

(4/64) were harmful. Overall, 72.3% (128/177) of patients experienced no benefit or harms 

from testing, 25.4% (45/177) experienced benefit and 2.3% (4/177) harm. Test results that 

were harmful included 4 instances of unnecessary antibiotic prescription for asymptomatic 

bacteriuria. Test results that were judged to be beneficial included identifying cancer (4 

patients), starting hemodialysis (2 patients), and receiving cardiac angioplasty and stenting 

(1 patient).

The most commonly ordered tests were chemistry 7 panel (100%, 177/177), complete blood 

count (98.9%, 175/177), prothrombin time (PT)/partial thromboplastin time ([PTT] 73.4%, 

130/177), electrocardiogram (72.8%, 129/177), and liver function tests ([LFTs] 68.9%, 

122/177). Tests most commonly unnecessary were PT/PTT, 67% (87/130) unnecessary; 

LFTs, 59% (72/122) unnecessary; urinalysis, 50% (50/100) unnecessary; and lactate, 49% 

(26/53) unnecessary (Table).

Frontline Provider Interviews

A sub-sample of frontline providers for 49 patients were administered a questionnaire. 

Frontline providers were unaware of 39% of tests per patient that actually occurred (3.7/9.4 

tests). The most commonly missed tests were PT/PTT 47.4% (18/ 38), LFTs 48.6% 

(17/35), lactate 46.2% (6/13), and electrocardiograms 44.7% (17/38). A total of 71.4% 

(35/49) of patients had a test their frontline physicians deemed to be either somewhat or 

absolutely unnecessary. Based on frontline physician judgment, after removing the 38.7% 

of tests that were missed (179/462), 27.2% (77/283) of all tests ordered were thought 

to be unnecessary. Overall, 55.4% (256/462) of all tests were either missed or reported 

as unnecessary by frontline providers. Frontline providers tended to miss tests that were 

identified as unnecessary by physician review. Of all tests that were missed by physicians, 

52% (93/179) were found to be unnecessary (score of 1 or 2) on chart review.

CONCLUSIONS

We found that most patients experience unnecessary testing on the first day of an inpatient 

hospital stay. Around one-third of all tests were unnecessary by physician chart review. 

The most frequent types of unnecessary tests were laboratory tests. Beyond tests that were 

unnecessary by clinical guidelines, many appropriate tests did not change clinical care. Over 

the entire sample, 72% of patients did not have their care changed by testing.

Interestingly, frontline physicians reported similar results as reviewers that the majority 

of patients had at least one unnecessary test ordered, and around one-third of all tests 

were unnecessary. Additionally, these physicians were unaware of 39% of tests ordered 

on their own patients, the majority being the tests most commonly rated as unnecessary 

by chart review, including PT/PTT, LFTs, and lactate. Frontline physicians were unaware 

of a test being done or thought the test was unnecessary for more than half of all tests 

performed. Examples of unnecessary tests identified included a hypercoagulable work-up 
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sent for a provoked pulmonary embolism, and magnetic resonance imaging of the spine for 

acute uncomplicated low back pain. Both of these examples directly contradict campaigns 

such as the ABIM Foundation’s Choosing Wisely and the American College of Physicians 

High-Value Care.9,10 There were multiple reasons for unnecessary testing. Tests were often 

ordered as part of a triage protocol initiated when a patient was first seen in the Emergency 

Department.11,12

Unnecessary testing has detrimental effects for patients as well as financial and operational 

implications to the health care system. Patients had on average 9 tests ordered in the first 

24 hours, with 1 patient having 20 tests in this timeframe. Overall, 72% of patients had 

no change in management based on testing. This finding is consistent with other studies 

in outpatient medicine, finding testing aided in making a diagnosis in only 10%−20% of 

outpatients.13 Harms of testing noted included elevated white blood cell count or elevated 

lactate level in the absence of clinical infection; signs or symptoms led to unnecessary 

antibiotic usage in multiple patients. Many tests were judged to be necessary even though 

they did not change patient management. Tests with normal results can be helpful in 

screening or ruling out underlying disease processes.

Unnecessary tests can also lead to a cascade of events initiated by an unnecessary test 

resulting in additional tests or treatment that may cause harm as the results are pursued. One 

patient in our review had an inappropriately ordered D-dimer test. The abnormal result led 

to chest computed tomography (CT) angiography. The CT angiography found an incidental 

pulmonary nodule. Since the initial scan, the patient has undergone 2 additional CT scans 

and is scheduled for evaluation and possible biopsy.

This study was limited by the convenience sampling of patients, the subjective nature of 

assigning necessity of tests, and focusing on the first 24 hours of hospitalization. Our 

methods likely led to a conservative estimate of whether harms occurred due to testing. 

Likewise, tests that did not explicitly change patient management on review may have 

helped clinicians rule out disease at the time of being ordered. Strengths of this study 

include physician chart review and real-time interview with treating frontline providers.

Our study found most patients receive tests deemed to be unnecessary, and frontline 

physicians were often unaware of testing or reports that tests are unnecessary. Testing 

modified care for only a minority of patients. Current practice likely represents overtesting, 

and testing can likely be reduced without negative impact on patients.
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Figure. 
Proportion of patients with at least one unnecessary test based on chart review, frequency 

with which testing led to a change in patient management and the overall outcome of testing 

on patients.
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