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Given the economic constraints of modern health 
care systems, it is clear that efforts are needed 
to reduce unnecessary medical costs while pro-

viding high-quality patient care to improve the value of 
health care delivery.6 Despite tighter regulatory mandates 
and improved awareness by insurance companies and 
physicians, there remain significant challenges in mini-
mizing unnecessary diagnostic tests that do not clinically 
impact the delivery of patient care.11 Laboratory costs in 
particular are a significant portion of the overall costs of 
hospitalization, accounting for up to 25% of a patient’s 
hospitalization costs for a 2-week inpatient stay in one 
study.10 Physician engagement is fundamental in this ef-

fort to improve the quality and value of health care sys-
tems,4,7 and a major hurdle in bringing about significant 
change is the need to transform the physician culture to 
make quality, efficiency, and high-value care a focus of 
everyday practice.12 To do so, leaders in academic medi-
cine have called for engagement of physician trainees.3

As part of these efforts, the Accreditation Council 
for Graduate Medical Education (ACGME) has identi-
fied practice-based medicine, systems-based practice, 
and quality improvement as core competencies, requiring 
trainees to identify areas of improvement in their prac-
ticing environment. A novel program at the University 
of California, San Francisco (UCSF), has used financial 
incentives to further engage and encourage residents to 
implement their own quality improvement solutions.17 
The University of California, San Francisco, serves as 
the training institution of approximately 1300 residents 
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Object. Given economic limitations and burgeoning health care costs, there is a need to minimize unnecessary 
diagnostic laboratory tests.

Methods. The authors studied whether a financial incentive program for trainees could lead to fewer unneces-
sary laboratory tests in neurosurgical patients in a large, 600-bed academic hospital setting. The authors identified 5 
laboratory tests that ranked in the top 13 of the most frequently ordered during the 2010–2011 fiscal year, yet were 
least likely to be abnormal or influence patient management.

Results. In a single year of study, there was a 47% reduction in testing of serum total calcium, ionized calcium, 
chloride, magnesium, and phosphorus. This reduction led to a savings of $1.7 million in billable charges to health 
care payers and $75,000 of direct costs to the medical center. In addition, there were no significant negative changes 
in the quality of care delivered, as recorded in a number of metrics, showing that this cost savings did not negatively 
impact patient care.

Conclusions. Engaging physician trainees in quality improvement can be successfully achieved by financial 
incentives. Through the resident-led quality improvement incentive program, neurosurgical trainees successfully 
reduced unnecessary laboratory tests, resulting in significant cost savings to both the medical center and the health 
care system. Similar programs that engage trainees could improve the value of care being provided at other academic 
medical centers.
(http://thejns.org/doi/abs/10.3171/2013.8.JNS13512)
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and fellows in 80 accredited programs. With collabora-
tion between the medical center and the office of graduate 
medical education leadership, a program-specific resident 
incentive quality improvement program was introduced 
in 2008. Each training program was invited to identify 
an area in need of improvement specific to its respective 
clinical practice and to generate a proposal for a program 
outlining steps toward specific goals. The proposal was 
evaluated by a committee of the medical center, graduate 
medical education, and quality improvement leadership in 
addition to the Resident and Fellow’s Council and residen-
cy program directors. At the end of the academic year, if 
the proposed goal was met, each trainee within the depart-
ment was awarded $400. The incentive program budgets 
approximately $1.2 million annually. Previous trainee-led 
initiatives have focused on improving efficiency (reduc-
ing patient wait times and improving on-time operating 
room starts), documentation and communication (contact 
with primary care physician and improving sign-out), and 
patient satisfaction. Here, we describe the results of the 
UCSF neurosurgery resident–incentivized quality im-
provement initiative to reduce the utilization of clinically 
unnecessary laboratory tests.

The residency training program of the Department 
of Neurological Surgery at UCSF consists of 18 trainees 
across 6 years of training. The clinical service of the de-
partment serves as a large-volume tertiary referral center, 
providing care for more than 2600 inpatient admissions 
yearly. Due to frequent use of the ICU and the relatively 
patient acuity, laboratory tests are used very frequently.

Methods
For the incentive quality improvement initiative for 

the 2011–2012 year, the neurosurgery residency proposed 
a 50% reduction in tests for serum calcium (both ionized 
and total), chloride, magnesium, and phosphorous. These 5 
tests were identified as tests that were least likely to yield 
abnormal results or influence clinical decision making in 
the neurosurgical inpatient population (Table 1). In con-
junction with the co-management hospitalist service,1 a 
formalized set of guidelines was developed to aid in de-
ciding when to order these specific tests (Table 2). The 
list was disseminated to residents, and the nurses on the 
neurosurgical ICUs and wards were notified of the incen-
tive efforts. In addition, the use of bundled chemistry panel 
laboratory tests (that is, chem-7 panels) was discouraged. 
The use of these tests per 100 inpatient days was monitored 
on a monthly basis. To assess the financial impact of any 
laboratory reduction on the institution, direct laboratory 
costs and billable charges per test were calculated. The di-
rect laboratory costs represent those expenses incurred to 
perform the laboratory tests and are inclusive of items such 
as reagents used in the clinical laboratory, while the bill-
able charges are the costs for the reimbursement agencies, 
and are designed to cover other hospital expenses incurred, 
such as facility costs and phlebotomy staff.

Results
Before our intervention, 45,023 total tests of serum 

total calcium, ionized calcium, chloride, magnesium, and 
phosphorous were ordered on the neurosurgery service 
during the 2010–2011 fiscal year. Under the resident-in-
centivized program during 2011–2012, a 47% reduction 
was achieved, with a new total of 23,660 of the specified 
laboratory tests. These values translated to a reduction 
from 253 tests per 100 inpatient days for 2010–2011 to 
169 tests per 100 inpatient days for the 2011–2012 fiscal 
year (Fig. 1). This degree of reduction was similarly dis-
tributed in all 5 tests.

Taking into account the direct costs and billable 
charges attributable to each of these tests, the initiative 
resulted in a reduction of direct laboratory cost from 
$137,809 to $63,640, and billable charges from $3.6 mil-
lion to $1.9 million.

During the same time period, other quality metrics 
were being closely monitored as part of the Quality Re-
porting Program to the Governance Advisory Council, to 
ensure that the quality of care being delivered was not 
being compromised by the reduction in laboratory test 
orders. During the 2011–2012 fiscal year, the number of 
inpatient admissions was 2622. The Medicare case mix 
index had increased from the year prior from 2.797 to 
2.897, the length of stay index had decreased from 1.21 to 
1.15, the mean number of ICU days was unchanged at 1.9 
days, the average length of stay had decreased from 6.1 to 
5.5 days, and the 30-day readmission rates saw a modest 
increase from 7.8% to 8.3% (Table 3). The difference in 
the readmission rates was not statistically significant (p = 
0.51, chi-square test).

Of the $1.2 million budgeted for the incentive pro-
gram, 67% of the programs successfully met their goal, 
and $800,000 was paid as reward to the trainees. Of this 
amount, a total of $7200 was available as reward for the 
18 residents of neurosurgery.

Discussion
Engaging physician trainees with the resident qual-

TABLE 1: List of most commonly ordered laboratory tests on the 
neurosurgery inpatient service

Rank of Test (most common 
to least common) Test

1 glucose, blood, reagent strip
2 sodium, serum
3 potassium, serum
4 chloride, serum
5 urea nitrogen, serum quantitative
6 creatinine, serum
7 glucose, serum quantitative
8 magnesium, serum
9 phosphorus, serum

10 carbon dioxide
11 calcium, ionized
12 calcium, total
13 osmolality serum

Unauthenticated | Downloaded 05/24/23 11:28 AM UTC



J Neurosurg / Volume 120 / January 2014

Cost reduction by reducing unnecessary laboratory tests

175

ity improvement incentive program at UCSF has yielded 
an improvement in many quality metrics. During the 4 
years of the program, the medical center has been able 
to achieve its highest rankings in patient satisfaction, de-
crease the use of unnecessary laboratory tests, and im-
prove the rates of hand washing and vaccination.17

Financial incentives are increasingly becoming more 
widespread in the practice of medicine, with the Center 
for Medicare/Medicaid Services, Veterans Affairs, pri-
vate insurers, and independent hospital systems all uti-
lizing pay-for-performance incentives. There is growing 
evidence that at large systems levels, financial incentives 
can result in improvements in patient outcomes. A recent 
study described the results of a pay-for-performance in-
centive program in England’s National Health Service 
hospitals, in which participating hospitals that reported 
quality metric scores in patients with pneumonia, heart 
failure, and myocardial infarction in the top quartile re-
ceived a bonus payment equaling 4% of the revenue of 
the hospital.16 During the 18-month study period, there 
was an impressive absolute reduction in mortality rates of 
1.3% in the participating hospitals.

Financial incentives have been successful in engag-
ing physicians in encouraging novel quality improvement 
efforts as well.9 However, not all financial incentive pro-
grams have the intended outcome. A study of different 
strategies to modify test-ordering behavior in medicine 

residents reported that providing moderate financial in-
centives alone to limit ordering of tests seemed to be of 
no value.13 Instead, a rigorous education process includ-
ing chart review with senior residents and attending phy-
sicians discussing the need for specific tests for patients 
resulted in a 47% reduction in testing.13 The authors con-
cluded that financial incentives, without any guidance or 
instructions on test ordering, did not yield any significant 
changes. Reviews of efforts to influence physician behav-
iors in ordering laboratory tests found a wide range of 
interventions including education of cost control, decision 
support guidelines, and feedback.2 The authors concluded 
that a single-pronged intervention resulted mostly in low 
success rates, while efforts involving multiple interven-
tions had better results.8,14,15 In the same regard, the de-
gree of reduction seen in our program was likely from 
providing house staff–specific guidelines for ordering 
laboratory tests, the monthly feedback and reminders re-
garding the number of tests being ordered on service and 
the target goal, and the financial incentive.

Identifying the tests that are truly unnecessary can be 
a complex and challenging task, as many diagnostic tests 
are essential for screening, diagnosis, and monitoring of 
diseases. However, there is considerable variation among 
practitioners and institutions in testing practice, suggest-
ing that a large number of tests may not directly influence 
patient care.8,18 There is an overall lack of any solid evi-
dence supporting a best set of guidelines that are based on 
improving patient outcomes.8 A handful of testing guide-
lines published in the literature have originated from prior 
efforts to reduce unnecessary tests; however, the authors 
warn that the guidelines are not based on high-level evi-
dence and are specific to their respective institution’s ex-

TABLE 2: Guidelines for clinical situations in which each test should be ordered*

Test Guidelines

chloride, serum presence of acidosis on arterial blood gas, bicarbonate <20 mEq/L, to calculate presence of anion gap
magnesium, serum clinical evidence of poor nutrition, prolonged NPO status, heavy diuresis
phosphorus, serum clinical evidence of poor nutrition, prolonged NPO
calcium, total use of blood products outside periop setting, suspicion for multiple endocrinopathies

* NPO = nothing by mouth.

Fig. 1. Laboratory tests ordered per 100 patient days. During the 
year of the targeted laboratory reduction, all 5 targeted laboratory tests 
saw a reduction compared with the previous fiscal year (FY). Total cal-
cium: from 26 to 17 tests. Ionized calcium: from 34 to 20 tests. Chloride: 
from 73 to 55 tests. Magnesium: from 61 to 42 tests. Phosphorous: from 
59 to 35 tests. Total of all 5 tests: 253 tests to 169 tests. Values on the 
y axis indicate the number of tests.

TABLE 3: Quality metrics during the period of reduced  
laboratory usage

Parameter
Fiscal Year 
2010–2011

Fiscal Year 
2011–2012

inpatient admissions 2812 2622
Medicare case mix index* 2.797 2.897
length of stay index† 1.21 1.15
average length of stay 6.1 days 5.5 days
average length of ICU stay 1.9 days 1.9 days
30-day readmission rate 7.8% 8.3%

* The average diagnosis-related group for all of the hospital’s Medicare 
volume.
† Risk adjusted observed length of stay/expected length of stay.
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perience.5,8,18 The guidelines used in this study were de-
veloped in conjunction with the co-management hospitalist 
service and were loosely based on the previously published 
guidelines mentioned above. In addition, a prior study of 
electrolyte tests in the neuroscience ICU setting reported 
that ionized calcium, magnesium, and phosphorous levels 
were found to be abnormal in only 37%, 7.3%, and 25.5% 
of tests, respectively.5 The frequency of replacement orders 
was even lower, representing approximately half of the ab-
normal tests. In this study, provider adherence to the test-
ing guidelines was not specifically monitored, and these 
data would have been of additional value in determining 
the direct clinical effects as a result of adhering to the rec-
ommended testing guidelines.

The 47% reduction in laboratory test orders achieved 
here was below the target goal of 50% reduction, and thus 
the financial incentive was not met. In studying sources 
of laboratory test ordering, it was noted that some tests, 
such as ionized calcium, are not ordered by neurosurgi-
cal residents. Rather, they are often coupled with arte-
rial blood gases ordered by co-managing services, such 
as the intensive care service or by anesthesiologists in the 
operating room. Thus, there were intrinsic limitations in 
offering incentives to neurosurgery residents only. Future 
incentives programs should incorporate all relevant stake-
holders. Some degree of error in order entry also limited 
laboratory test reduction efforts. For example, the more 
expensive ionized calcium test was sometimes substituted 
for the less expensive total calcium test when orders from 
the patient’s chart were transcribed onto paper laborato-
ry order forms. Implementation of fully electronic order 
communication should eliminate this type of error.

Although slightly under target, this resident-led ef-
fort to decrease clinically unnecessary laboratory testing 
still led to significant cost savings of approximately $1.7 
million of billable laboratory charges to health care pay-
ers and insurance companies and direct cost savings of 
nearly $75,000 to the medical center. Although the di-
rect cost savings to the medical center were modest, this 
was significantly larger than the incentive prize of $7200 
($400 for each resident) offered, making the return on in-
vestment a worthwhile value proposition from the medi-
cal center’s perspective. In addition, we thought that the 
large cost savings of billable charges to be of significant 
benefit to the ever-growing costs of health care.

There is no evidence of patient care being compro-
mised with reduction in the utilization of these labora-
tory orders, as measured by metrics such as mean number 
of ICU days, length of stay index, and readmission rates. 
A limitation to our analysis is the use of broad quality 
outcome measures to monitor individual patient care. 
Thus, an individual patient in whom a preventable mor-
bidity occurred due to limited laboratory testing would 
not have been detected in our measure, although such a 
patient’s hospital course would have resulted in additional 
costs. The costs and morbidity incurred as a result of our 
project due to an abnormal electrolyte value would have 
to be in conditions that resulted from the lack of testing 
when the test would have been of value for the patient’s 
care. An example of such a situation would be a patient 
who develops an arrhythmia postoperatively due to un-

recognized hypocalcemia, requiring transfer back to the 
ICU setting, while the morbidity and costs associated 
with the arrhythmia and prolonged ICU stay could have 
been avoided by earlier checking of serum calcium levels. 
However, in these and other similar situations, it is dif-
ficult and often impossible to ascertain whether earlier 
testing would have prevented the morbidity or incurred 
fewer costs. As in the example above, if the patient had 
been found to have low calcium levels, there likely would 
have been earlier correction, but there is no guarantee 
that arrhythmia would not have occurred and the total 
number of ICU days would have been shortened. In addi-
tion, this type of practice pattern would have extended to 
other patients in similar situations who would have been 
tested, with the majority having normal values, and some 
patients with borderline values may have been monitored 
in a telemetry-monitored unit for additional days, thus in-
curring additional costs. Overall, an exact calculation of 
costs and morbidity for individual patients that are direct-
ly referable to limiting testing is very difficult. The broad 
outcomes measures used to measure the quality of patient 
care helped ensure that there was no significant negative 
impact of our intervention.

Lastly, while these initiatives have tangible cost sav-
ings, the benefit extends beyond to those of engaging 
trainees to build skills in quality improvement and proj-
ect management. The graduate medical education quality 
improvement incentive program encourages residents to 
identify areas of improvement directly relevant to their 
own fields and to propose solutions to address these ar-
eas. This ensures that trainees meet the core competen-
cies of systems-based practice, practice-based learning, 
and quality improvement required by the ACGME. The 
process of financially incentivizing trainees to participate 
in quality improvement projects is broadly applicable and 
will likely be successful in other academic medical set-
tings. However, the specifics of our efforts in reducing 
laboratory tests are not necessarily applicable to other 
medical centers, as our study was restricted to neurosur-
gical patients, and the testing patterns and incidence of 
abnormal tests are likely to vary depending on the medi-
cal center and the patient population studied.

Conclusions
Engaging physician trainees in quality improve-

ment can be achieved by financial incentives. Through 
the resident-led quality improvement incentive program, 
neurosurgical trainees achieved a 47% reduction in tar-
geted laboratory tests in 1 year, leading to $1.7 million in 
cost savings. Similar programs could improve the value 
of care being provided at other academic medical centers, 
while providing learning opportunities in quality im-
provement for residents.
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