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IMPORTANCE Preoperative testing for cataract surgery epitomizes low-value care and still
occurs frequently, even at one of the nation’s largest safety-net health systems.

OBJECTIVE To evaluate a multipronged intervention to reduce low-value preoperative care
for patients undergoing cataract surgery and analyze costs from various fiscal perspectives.

DESIGN, SETTING, AND PARTICIPANTS This study took place at 2 academic safety-net medical
centers, Los Angeles County and University of Southern California (LAC-USC) (intervention,
n = 469) and Harbor–UCLA (University of California, Los Angeles) (control, n = 585), from
April 13, 2015, through April 12, 2016, with 12 additional months (April 13, 2016, through April
13, 2017) to assess sustainability (intervention, n = 1002; control, n = 511). To compare
pre- and postintervention vs control group utilization and cost changes, logistic regression
assessing time-by-group interactions was used.

INTERVENTIONS Using plan-do-study-act cycles, a quality improvement nurse reviewed
medical records and engaged the anesthesiology and ophthalmology chiefs with data on
overuse; all 3 educated staff and trainees on reducing routine preoperative care.

MAIN OUTCOMES AND MEASURES Percentage of patients undergoing cataract surgery with
preoperative medical visits, chest x-rays, laboratory tests, and electrocardiograms. Costs
were estimated from LAC-USC's financially capitated perspective, and costs were simulated
from fee-for-service (FFS) health system and societal perspectives.

RESULTS Of 1054 patients, 546 (51.8%) were female (mean [SD] age, 60.6 [11.1] years).
Preoperative visits decreased from 93% to 24% in the intervention group and increased from
89% to 91% in the control group (between-group difference, −71%; 95% CI, –80% to –62%).
Chest x-rays decreased from 90% to 24% in the intervention group and increased from 75%
to 83% in the control group (between-group difference, −75%; 95% CI, –86% to –65%).
Laboratory tests decreased from 92% to 37% in the intervention group and decreased from
98% to 97% in the control group (between-group difference, −56%; 95% CI, –64% to
–48%). Electrocardiograms decreased from 95% to 29% in the intervention group and
increased from 86% to 94% in the control group (between-group difference, −74%; 95% CI,
–83% to −65%). During 12-month follow-up, visits increased in the intervention group to
67%, but chest x-rays (12%), laboratory tests (28%), and electrocardiograms (11%) remained
low (P < .001 for all time-group interactions in both periods). At LAC-USC, losses of $42 241 in
year 1 were attributable to intervention costs, and 3-year projections estimated $67 241 in
savings. In a simulation of a FFS health system at 3 years, $88 151 in losses were estimated,
and for societal 3-year perspectives, $217 322 in savings were estimated.

CONCLUSIONS AND RELEVANCE This intervention was associated with sustained reductions in
low-value preoperative testing among patients undergoing cataract surgery and modest cost
savings for the health system. The findings suggest that reducing low-value care may be
associated with cost savings for financially capitated health systems and society but also with
losses for FFS health systems, highlighting a potential barrier to eliminating low-value care.
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O f the $3.3 trillion spent annually on US health care,
approximately 10% to 30% of spending consists of
low-value care, which is patient care that provides no

net benefit in specific clinical scenarios.1-4 As early as the 1960s,
US policy makers have been trying to curb unnecessary
national health care spending5; however, few initiatives
have yielded substantial or durable savings. Health care
costs continue to rise, and the epidemic of low-value care
remains pervasive.6-16

Among low-risk surgical procedures, preoperative test-
ing for cataract surgery is the quintessential example of
low-value care. Large randomized clinical trials have demon-
strated that routine preoperative testing offers no net clinical
benefit.17-19 However, despite widespread knowledge of the fu-
tility of preoperative testing for decades, most Medicare ben-
eficiaries continue to receive routine preoperative testing for
cataract surgery.20 Previous initiatives to reduce low-value test-
ing for cataract surgery have yielded, at best, modest results.21

Because health systems typically receive more revenue when
they deliver more care, policy experts often implicate per-
verse financial incentives as the primary driver of unneces-
sary care.22 However, even at capitated health systems, such
as the Los Angeles County Department of Health Services
(LAC-DHS), one of the largest safety-net health systems in the
United States, more than 90% of patients continue to receive
low-value preoperative testing for cataract surgery. Such ex-
amples suggest that factors beyond finances contribute to the
persistence of low-value preoperative testing, such as lack of
knowledge, habit, and non–evidence-based protocols.23-28

Given the multitude of factors associated with low-value care
delivery, addressing this problem will require multipronged so-
lutions. A meta-analysis of interventions to reduce low-value
care found that multicomponent initiatives are more likely to
succeed than are single component efforts.29

We evaluated a multicomponent quality improvement (QI)
initiative to reduce low-value preoperative care for patients
undergoing cataract surgery at LAC-DHS. To understand the
financial consequences on the health system associated with
reductions in the use of low-value care, we performed a cost
analysis.30,31 We also extrapolated the findings of our analy-
sis to estimate the costs from the perspective of a fee-for-
service health system and society.

Methods
Study Design and Setting
In this study, we compared preoperative cataract surgery
utilization at 2 major academic safety-net medical centers:
Los Angeles County and University of Southern California
(LAC-USC) Medical Center (intervention site) vs Harbor–
UCLA (University of California, Los Angeles) Medical Center
(control site) before and after the intervention. Although
LAC-USC and Harbor-UCLA are both part of the larger LAC-DHS
health system, they function as separate, independent medi-
cal centers with their own leadership and clinical structures.
The study population and analysis protocol for this study was
preregistered on ClinicalTrials.gov (NCT03253874). The UCLA

and USC Health Sciences institutional review boards approved
our evaluation of this intervention. Because this was an
observational study of a health system quality improvement
initiative, the UCLA and USC institutional review boards waived
participant informed consent.

All of the practitioners in this study were salaried employ-
ees of LAC-DHS, and it is standard policy that all preoperative
evaluations take place at a LAC-DHS site. Preoperative care was
team based and similar at both sites. A licensed vocational
nurse at LAC-USC and a nurse practitioner at Harbor-UCLA
scheduled and performed most preoperative evaluations on
behalf of the ophthalmology department. Ophthalmology resi-
dents at both sites would also perform some preoperative
evaluations, but the residents ordered all preoperative tests for
patients; the resident and/or licensed vocational nurse at
LAC-USC and resident and/or nurse practitioner at Harbor-
UCLA would follow up the test results. If patients had an ac-
tive medical problem or if test results were abnormal, the oph-
thalmology resident would refer the patient for appropriate
evaluation or follow-up as needed. In parallel, surgical coor-
dinators consisting of a nurse practitioner and physician as-
sistant at LAC-USC and 2 nurse practitioners at Harbor-UCLA
would also follow up test results. If test results were normal,
the surgical coordinators at both sites would proceed to sched-
ule the cataract surgery.

Participants and Data
The study participants included all adult patients (≥18 years)
undergoing cataract surgery at both sites between April 13,
2015, and April 12, 2016 (6 months before and after the inter-
vention). We also evaluated an additional 12 months of data
from April 13, 2016, through April 13, 2017, to assess whether
the intervention had a sustained outcome. We obtained study
data from the LAC-DHS electronic health record (EHR).
Patients were identified using primary Current Procedural
Terminology codes (66982, 66983, and 66984) based on
previous research20 and those commonly used at LAC-USC
and Harbor-UCLA for cataract surgery. In May 2015, LAC-USC
underwent an EHR upgrade (3 months before the rollout of the

Key Points
Question Can a multipronged quality improvement initiative
reduce low-value preoperative care for patients undergoing
cataract surgery and save costs at a large safety-net
health system?

Findings In this study at 2 academic safety-net medical centers in
California, the quality improvement initiative was associated with
reduced preoperative testing compared with the control health
system. Also, 3-year projections estimated a modest amount of
cost savings associated with the initiative; simulating
fee-for-service health system perspective estimated losses and a
societal perspective estimated savings.

Meaning These findings suggest that reducing low-value care
is associated with cost savings for financially capitated health
systems and society but also with losses for fee-for-service health
systems, highlighting a potential barrier to eliminating
low-value care.
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intervention); as a result, 3 months of data within the 6-month
preintervention period are missing. To evaluate the conse-
quences of this missing data and to determine whether utili-
zation trends were stable at both medical centers in the months
preceding the EHR rollout, we performed a sensitivity analy-
sis including an additional 3 months of utilization data using
the previous EHR.

Intervention
The intervention that we evaluated consisted of 2 phases. The
first phase was an implementation phase led by the QI, oph-
thalmology, and anesthesiology departments at LAC-USC with-
out direct input from the evaluation team (P.G.-T., L.S., E.W.,
M.A., J.L.B., R.A., and L.D.). In the second phase, a team from
UCLA and RAND Corporation led the evaluation indepen-
dently from the implementation team (J.N.M., C.A.C., S.V., J.L.,
E.K., C.L.D., and C.S.) to maximize objectivity.

Figure 1 gives details on the intervention (further details
on the intervention are given in the eAppendix in the Supple-
ment). In the context of (1) the director of LAC-DHS empha-
sizing value improvement, (2) learning about the Choosing
Wisely campaign, (3) hearing about the UCLA/LAC-DHS team’s
pending American Board of Internal Medicine Foundation
Choosing Wisely grant application, and (4) noting that the high
volume of cataract surgeries had an inefficient preoperative
process that could be streamlined to liberate resources, the
chief quality officer of LAC-USC (L.S.) and the QI nurse (P.G.)
decided to focus on low-value preoperative testing before
cataract surgery. Before the intervention, the QI nurse from
LAC-USC who led the intervention participated in a 10-

month improvement advisor professional development course
from the Institute for Healthcare Improvement.32 Applying QI
principles and methods from the course (eg, data gathering,
frontline clinician education and engagement, and plan-do-
study-act cycles), the QI nurse (1) reviewed medical records of
patients undergoing cataract surgery and extracted data about
rates of low-value preoperative testing, (2) presented overuse
data to anesthesiology and ophthalmology clinical chiefs to gar-
ner their support, (3) educated residents (with help from the
clinical chiefs) to stop the protocol of routinely ordering tests,
and (4) instructed the licensed vocational nurse to stop rou-
tinely scheduling preoperative medical visits. Next, a resi-
dent champion and the QI team emailed new preoperative
guidelines to physicians, trainees, and staff that recom-
mended eliminating routine preoperative visits and testing for
cataract surgery by October 13, 2015. The anesthesiology and
ophthalmology chiefs continued to reinforce the initiative with
faculty, trainees, and staff. The QI nurse spent approximately
20% of her time leading the initiative from March 1, 2015,
through March 1, 2016. Of importance, the QI team encour-
aged clinicians to use clinical judgment and continue to order
tests when indicated (eg, blood glucose testing for a patient
with diabetes or potassium testing for a patient with chronic
kidney disease; both tests were also available to clinicians at
the point of care on the day of surgery).

Primary Measures of Low-Value Care
Our primary outcome measures were the percentage of pa-
tients undergoing cataract surgery with preoperative medi-
cal visits, chest-x-rays, laboratory tests (complete blood cell

Figure 1. Multicomponent Intervention Timeline
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Further details on the intervention are given in the eAppendix in the Supplement. LVN indicates licensed vocational nurse; PDSA, plan-do-study-act;
QI, quality improvement.
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count, comprehensive metabolic panel, and hemoglobin A1C),
and electrocardiograms within 80 days of surgery. Preopera-
tive was defined as 80 days before surgery based on manual
medical record review of the maximum time between rel-
evant preoperative visits or testing and the procedure. We also
performed sensitivity analyses using 30 and 60 days before sur-
gery to define the preoperative period. Although many pa-
tients had 2 separate eye surgeries on different dates within
the study window, we only included the first surgery for each
patient. We used Current Procedural Terminology codes to find
these surgeries, and a coauthor (C.A.C.) verified whether the
main measures were ordered and delivered using manual
medical record review. Many options exist for attributing test-
ing to preoperative care using administrative data, such as the
novel use of biometry codes33; however, because biometry was
rarely coded at LAC-DHS, we used manual medical record re-
view to determine whether the test was associated with the
preoperative care.

Secondary measures included serious 30-day postopera-
tive adverse events (eg, myocardial infarction, stroke, or
hypoglycemia) as defined by previous research.18 Although
we originally listed wait time between cataract diagnosis and
surgery as a secondary measure in the study protocol, we
did not complete this analysis because of unforeseen techni-
cal challenges in data collection. Because the intervention
occurred during an upgrade to a new EHR, calculating accu-
rate surgical wait times was impossible, because almost all
initial cataract diagnoses artificially (and incorrectly) were
labeled to have occurred on the day of or after the EHR
rollout (May 29, 2015).

Finally, because trade-offs and unintended consequences
are often underreported in QI research,23,31,34 we assessed
additional secondary measures not listed in our protocol.
First, because reducing low-value care may unintentionally
increase staff utilization and raise costs (because of consider-
able intervention costs), we monitored clinical staffing and
performed a cost analysis. Second, we evaluated the fre-
quency of routine preoperative eye examinations as a control
utilization metric. Because these preoperative examinations
are almost always medically appropriate, reducing such ex-
aminations would be an unintended and harmful conse-
quence. Third, we measured no-shows and cancellations of
cataract surgeries, which may inadvertently increase when
reducing routine preoperative medical visits (surgeries are
often scheduled during these visits). For this latter measure,
however, we only had data available at LAC-USC; therefore, we
used no-shows and cancellations for both noncataract
ophthalmologic surgeries and all other nonophthalmologic
surgeries at LAC-USC for the 2 control metrics.

Statistical Analysis
We compared the percentage of patients scheduled for cata-
ract surgery who received preoperative care at LAC-USC Medi-
cal Center (intervention group) with that of those at Harbor-
UCLA Medical Center (control group) before and after the
intervention. For assessing utilization differences, we esti-
mated logistic regression models adjusted for patient age, sex,
race/ethnicity, Charlson comorbidity index,35,36 time, and

group, with the independent variable being the intervention
group (LAC-USC) and the dependent variable being the pri-
mary measures (preoperative utilization). We assessed time-
by-group interactions for each outcome measure. We consid-
ered 2-tailed P < .05 to be significant, and we considered
odds ratios to be significant if the 95% CI for the odds ratio
excluded one.

To evaluate costs, we performed a cost analysis from the
perspective of LAC-USC Medical Center, which receives an an-
nual capitated budget from the California Health and Human
Services Agency. We calculated costs by subtracting savings
from investments. Specifically, we included 1-time invest-
ment costs of LAC-USC paying for the QI nurse to attend the
10-month Institute for Healthcare Improvement course
($16 200 for tuition) plus 30% of her time in the course
($46 612.63 including publicly available salary and
benefits37 for 10 months). We also added the costs of the
same QI nurse spending 20% of her time after the course to
work on the project for 1 year ($38 307.95 including salary and
benefits). We then subtracted estimated savings that would be
generated from reduced use of services (using the difference
in utilization between LAC-USC and Harbor-UCLA before and
after the intervention) by applying publicly available Medi-
Cal (California Medicaid) prices for each service (eTable 1 in the
Supplement gives these payment rate estimates).38 Although
the physicians and clinicians in our study did not receive a
direct economic benefit from the savings, any cost savings
would largely benefit LAC-USC as a whole by liberating
resources for use in other areas of need.

To consider the cost outcomes under different payment
models, we also estimated costs from 2 other (hypothetical)
economic perspectives: (1) a health system under a fee-for-
service payment model and (2) US society overall (including
patients, payers, and tax payers). Although our cost analysis
primarily focused on observed costs associated with changes
in our primary end points, we used publicly available Medi-
care reimbursement prices39 and different assumptions to
extrapolate the cost savings or losses of physician time
and effort based on these different stakeholder perspectives.
For example, reducing utilization at a fee-for-service health
system would lead to revenue losses instead of savings,
using the assumption that the health system would earn on
average approximately 15% profit margin on health services
delivered.40,41 In addition, for both simulations, we used a
national mean salary estimate for the QI nurse.42 For the
societal cost analysis, we used full Medicare national facility
rates and calculated patients’ productivity losses by count-
ing 4 hours (time spent performing a test or visit instead of
working), assuming at most 1 service per patient and earn-
ings of $18 per hour based on US Bureau of Labor Statistics
national median wages during the study period.43 Finally,
we performed a 3-year projection of costs assuming that uti-
lization trends remained similar after the first year ended.
On the basis of standard cost-effectiveness analysis guide-
lines, we assumed that costs would be discounted by 5% per
year (2% for inflation and 3% in interest rate returns).44

All analyses were completed using SAS, version 9.4 (SAS
Institute Inc).
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Results

During the main study 6-month preintervention and 6-month
postintervention periods, 469 intervention and 585 control pa-
tients underwent cataract surgery (with an additional 1002 in-
tervention and 511 control patients at each site in the 12-month
follow-up period). The mean (SD) age was 60.6 (11.1) years (60.4
[10.7] years for Harbor-UCLA and 61.0 [11.7] years for LAC-USC),
and 546 (51.8%) were female. Patients at the 2 sites had some
demographic and clinical differences (Table 1). The LAC-USC
group had fewer female patients (59 of 133 [44.4%] vs 163 of 288
[56.6%], P = .02), more Hispanic patients (107 of 133 [80.5%] vs
186 of 288 [64.6%], P < .001), and patients with fewer comorbidi-
ties (mean Charlson comorbidity index, 0.5 vs 1.3; P < .001) com-
pared with at the Harbor-UCLA group at baseline.

Visit and Testing Utilization
The baseline percentage of preoperative utilization was simi-
lar at both sites. Preoperative utilization declined more for in-
tervention than for control patients (Figure 2). Preoperative vis-
its decreased from 93% to 24% in the intervention group and
increased from 89% to 91% in the control group (between group
difference, −71%; 95% CI, −80% to −62%). Chest x-rays de-
creased from 90% to 24% in the intervention group and in-
creased from 75% to 83% in the control group (between group
difference, −75%; 95% CI, −86% to −65%). Laboratory testing
decreased from 92% to 37% in the intervention group and de-
creased from 98% to 97% in the control group (between group
difference, −56%; 95% CI, −64% to −48%). Utilization of ECGs
decreased from 95% to 29% in the intervention group and in-
creased from 86% to 94% in the control group (between group
difference, −74%; 95% CI, −83% to −65%). All time-by-group
interactions had P < .001. Table 2 gives multivariable ad-
justed odds ratios of these interactions. On entering baseline
utilization trends into the analysis from the previous EHR, we
confirmed stable trends and similar results (eFigures 1-4 in the

Supplement). Surgical no-shows or cancellations increased at
the intervention site in the 6 months after the intervention;
however, the interaction tests between time and group (cata-
ract surgery vs noncataract ophthalmologic surgery and cata-
ract surgery vs all other nonophthalmologic surgeries) yielded
odds ratios for surgical no-shows (1.98 [95% CI, 0.34-11.37]) or
cancellations (2.55 [95% CI, 0.67-9.65]) that were nonsignifi-
cant (eTable 2 in the Supplement).

During the 12 months of additional follow-up, the QI
team reestablished preoperative medical visits (67%); how-
ever, low-value preoperative chest x-rays (12%), laboratory
tests (28%), and electrocardiograms (11%) remained low. All
time-by-group interactions had P < .001, including for pre-
operative medical visits.

Sensitivity analyses using 30-day and 60-day preopera-
tive periods showed similar findings to our main results.
Routine eye examinations remained unchanged (eFigure 5
in the Supplement), and serious 30-day adverse events
remained rare at both sites (eTable 3 in the Supplement).

Cost Analysis and Staff Utilization
Table 3 gives details on the cost analysis. After accounting for
the cost of the QI intervention, the intervention was associ-
ated with a loss of $42 241 for LAC-USC in year 1; however,
3-year projections revealed that the intervention would be
associated with net savings to the health system of $67 241
at LAC-USC. The intervention also was associated with an
LAC-USC ophthalmology clinic licensed vocational nurse re-
ducing her workload by 100% in the first 6 months (at which
time she began to pursue other clinical work) and 70% in the
12 months of follow-up (including after preoperative medical
visits were reinstated). Preoperative workload for other clini-
cians did not substantively change.

When extrapolating the estimated reductions in utiliza-
tion to understand the cost outcomes under a fee-for-service
payment model, the intervention would be associated with
losses of $71 281 in year 1 and $88 151 for 3 years from the start

Table 1. Patient Characteristics

Characteristic

Medical Center Site

P ValueLAC-USC (Intervention) Harbor-UCLA (Control)

Before
(n = 133)

After
(n = 336)

Follow-up
(n = 1002) P Value

Before
(n = 288)

After
(n = 297)

Follow-up
(n = 511) P Value

Time-by-
Group
Interaction

Baseline
Comparison

Age at surgery, y

Mean (SD) 61.7 (11.5) 60.7 (11.7) 62.0 (11.1)
.18

60.9 (10.4) 59.9 (10.9) 60.6 (10.8)
.47 .80 .49Median (IQR)

[range]
63 (55-71)
[31-86]

62 (53-68)
[25-94]

62 (56-68)
[19-91]

61 (55-67)
[26-88]

60 (53-66)
[25-89]

61 (54-67)
[21-101]

Sex, No. (%)

Male 74 (56) 171 (51) 435 (43)
.02

125 (43) 138 (46) 236 (46)
.70 .03 .02

Female 59 (44) 165 (49) 567 (57) 163 (57) 159 (54) 275 (54)

Race/ethnicity, No. (%)

Hispanic 107 (80) 270 (80) 715 (71)

<.001

186 (65) 208 (70) 290 (57)

<.001 .73 <.001Non-Hispanic 24 (18) 56 (17) 174 (17) 101 (35) 89 (30) 169 (33)

Unknown 2 (2) 10 (3) 113 (11) 1 (<1) 0 52 (10)

Mean (SD) Charlson
comorbidity index

0.5 (1.3) 1.1 (1.4) 1.6 (1.7) <.001 1.3 (1.5) 1.4 (1.4) 1.5 (1.6) .02 <.001 <.001

Abbreviations: IQR, interquartile range.
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of the intervention. From a societal perspective, the interven-
tion would be associated with an estimated $35 550 in sav-
ings in year 1 and an estimated $217 322 in savings for 3 years.

Discussion
This multidisciplinary QI initiative was associated with a
marked and sustained decline in low-value preoperative
testing for patients undergoing cataract surgery. After year 1,
the initiative was associated with freeing a licensed voca-
tional nurse to pursue other work but also income losses for
LAC-USC; however, 3-year projections estimated a modest
amount of cost savings for LAC-USC. Of importance, depend-
ing on the payment model, reductions in use resulted in vary-
ing financial outcomes: extrapolated income losses from a
fee-for-service payment health system’s perspective and
extrapolated savings from society’s perspective.

As noted above, a systematic review of the literature sug-
gested that multicomponent initiatives (similar to this initia-
tive) were more likely to succeed in reducing low-value care
compared with single-component initiatives.29 We high-

lighted several important factors that have not been tested in
combination, to our knowledge, and may have worked syner-
gistically to decrease low-value care. First, a well-trained QI
nurse used time-tested QI methods that favored iterative,
bottom-up approaches tailored to local contexts as opposed
to centralized, top-down planning.45,46 Specifically, these
methods included plan-do-study-act cycles and Institute for
Healthcare Improvement principles of data gathering and

Table 2. Multivariable Adjusted Logistic Regression Analysis
of Time-by-Group Interactionsa

Preoperative Care

Adjusted Odds Ratio (95% CI)
After vs Before
Intervention vs Control
Group Multivariable

Follow-up vs Before
Intervention vs Control
Group Multivariable

Medical visits 0.02 (0.01 to 0.05) 0.03 (0.01 to 0.09)

Chest x-rays 0.02 (0.01 to 0.04) 0.01 (<0.01 to 0.01)

Laboratory testing 0.04 (0.01 to 0.15) 0.02 (0.01 to 0.06)

Electrocardiograms 0.01 (<0.01 to 0.02) <0.01 (<0.01 to 0.01)

a Multivariable logistic regression models adjusted for patient age at time of
surgery, sex, race/ethnicity, and Charlson comorbidity index, and interacted
time by group for each outcome.

Figure 2. Unadjusted Percentage of Patients Receiving Preoperative Care
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multidisciplinary clinician education and engagement, includ-
ing obtaining critical buy-in from the clinical chiefs, removing
non–evidence-based protocols, and convincing faculty, train-
ees, and staff to stop routinely ordering preoperative testing.23,32

Second, point-of-care potassium and glucose tests were avail-
able on the day of surgery, and none of the preoperative utili-
zation rates declined to 0%, a finding underscoring the impor-
tance of preserving clinician judgment and autonomy to deliver
appropriate care. Third, other factors (which although present
at both the intervention and control groups, still likely aug-
mented the outcomes of the intervention) included a capi-
tated payment structure, meaning that reducing utilization
would be more likely to save resources, and the director of
LAC-DHS, who was committed to building a culture of
high-value care.

The cost analysis provided important additional insights.30

The intervention was associated with revenue losses in the first
6 months after its rollout because of considerable upfront in-
vestment costs; such losses underscore the substantial chal-
lenges associated with reducing low-value care, even when
incentives align. Of note, the cost analysis assumptions were
conservative; for example, we did not count productivity gains
from freeing the ophthalmology clinic licensed vocational
nurse to pursue other clinical work. Moreover, many health

systems employ QI nurses with similar training obtained be-
fore employment (which we counted as investments of both
tuition and time); such arrangements would allow health
systems to accrue savings even earlier. Nevertheless, 3-year
projections estimated cost savings for LAC-USC.

Although fee-for-service revenue projections will vary by
payer mix among other factors, under a fee-for-service pay-
ment model (using conservative assumptions), reductions in
low-value care would yield revenue losses each year, repre-
senting a potential barrier to reducing low-value care and a ten-
sion between health system profits vs financial gains to soci-
ety. The extent to which these relatively small revenue losses
might be outweighed by addressing other contributors to per-
sistent low-value preoperative care (eg, medico-legal con-
cerns, non–evidenced-based protocols, and the status quo bias)
will be important to investigate moving forward, particularly
in light of Medicare’s recent proposal to loosen requirements
for preoperative evaluations.47 Regardless, in our models,
(1) savings and losses were relatively small; (2) even at finan-
cially capitated LAC-USC and Harbor-UCLA, most patients
received low-value preoperative testing before the interven-
tion; and (3) substantial multidisciplinary clinician educa-
tion and engagement was required to reduce low-value test-
ing. All these factors suggest that the capitated financial

Table 3. Cost Analysis of Investments and Estimated Savings From 3 Fiscal Perspectivesa

Investments and Savings

LAC-USC (Actual)
Fee-for-Service Health System
(Simulation) Societal (Simulation)b

Price, $
Changes in
Quantityc Costs, $d Price, $

Changes in
Quantityc Costs, $d Price, $

Changes in
Quantityc Costs, $d

Training costs of QI, 10 mo
before year 1

IHI quality advisor course 16 200 1 (16 200) 16 200 1 (16 200) 16 200 1 (16 200)

30% FTE of QI nursee 46 613 1 (46 613) 25 560 1 (25 560) 25 560 1 (25 560)

Year 1 intervention costs

Registered nurse quality
officer, 20% FTE

38 308 1 (38 308) 20 448 1 (20 448) 20 448 1 (20 448)

Preoperative savings

Medical visits 18.10 −710 12 842 7.75 −710 (2750) 25.84 −710 18 334

Chest x-rays 25.98 −754 19 586 8.51 −754 (3206) 28.35 −754 21 372

Laboratory testing 9.28 −557 5171 4.31 −557 (1916) 14.37 −557 8007

Electrocardiograms 28.70 −742 21 282 5.17 −742 (1201) 17.23 −742 12 776

Total estimated savings NA NA 58 880 NA NA (9073) NA NA 60 490

Estimated avoided lost work
because of visits and testing

NA NA NA NA NA NA 72.00 518 37 268

Total observed costs through
end of year 1

NA NA (42 241) NA NA (71 281) NA NA 35 550

Total estimated projected 3-y
costs (estimated)

NA NA 67 241 NA NA (88 151) NA NA 217 322

Abbreviations: EHR, electronic health record; FTE, full-time employee;
IHI, Institute for Healthcare Improvement; LAC-USC, Los Angeles County and
University of Southern California; QI, quality improvement.
a Costs = price × changes in quantity. Cost analysis was performed from

3 fiscal perspectives: (1) LAC-USC (capitated safety-net health system),
(2) hypothetical fee-for-service private health system, and (3) societal
(US society including patients, payers, and tax payers).

b Three-year projections were extrapolated from 1 year before and after
intervention data, not including the uptick in visits during the follow-up
period. Three-year projections also assumed that costs would be discounted
by 5% per year (2% for inflation and 3% in interest rate returns) based on
standard cost-effectiveness analysis guidelines.44

c The 2 sites had slightly different denominators, and 1 year of continuous data
was not available because of the EHR upgrade. The denominator (n = 1002

patients) was used based on the extra 1 year of follow-up data at LAC-USC.
Accordingly, changes in the percentage of testing at LAC-USC vs Harbor-UCLA
before and after the intervention are given in Figure 1. We calculated changes
in quantity at LAC-USC vs Harbor-UCLA before and after the intervention as
follows: –71% × 1002 = –710 for preoperative medical visits; –75% ×
1002 = –754 for preoperative chest x-rays; –74% × 1002 patients = –742 for
preoperative electrocardiograms; and –55 × 1002 patients = –557 for
preoperative laboratory testing.

d Losses are in parentheses.
e The FTE calculation for QI nurse included actual salary plus benefits to reflect

how much the health system actually paid. The simulations used an FTE
estimate based on the national average annual salary for a QI nurse ($78 645
plus 30% for benefits) to maximize generalizability.
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incentives as currently designed are important but insuffi-
cient alone to decrease low-value preoperative care.

Interventions in complex health systems will have
trade-offs and unintended consequences, which should be
monitored and reported.23,31,34,48 In our study, we measured
many potential unintended consequences, such as reduc-
tions in preoperative eye examinations, increases in surgical
no-shows or cancellations, and adverse postoperative
events; however, none of these undesirable outcomes
changed with exposure to the intervention. Although we
were likely underpowered to detect differences in uncom-
mon no-shows or cancellations and, in particular, rare post-
operative adverse events, previous well-designed and
adequately powered randomized clinical trials did not find
that eliminating preoperative testing increased postopera-
tive adverse events in patients undergoing cataract
surgery.18 In addition, we were unable to report the inter-
vention’s outcome on access to care because the EHR
upgrade precluded our ability to measure time to surgery.
Although we did not formally evaluate access to care,
LAC-USC surgical volume did not decline after the interven-
tion, suggesting that access to care did not worsen.

An unanticipated increase in preoperative medical visits
during the follow-up period was observed, suggesting some
unintended consequences of the intervention that our evalu-
ation did not quantitatively capture. Our QI team reported that
the increase in visits occurred in response to the team notic-
ing that, after the intervention, some patients were arriving to
undergo cataract surgeries after being late for the appoint-
ment, after having eaten, or having been otherwise unpre-
pared. Recognizing that preoperative medical visits had served
as an important educational and care-coordination visit for
many safety-net patients with limited phone service and health
literacy, the QI team reinstated preoperative medical visits in
June 2016 (while still emphasizing eliminating routine preop-
erative testing). While it is reassuring that the resumption of
visits was not associated with a concomitant increase in low-
value testing in the follow-up period, such unintended con-
sequences suggests that virtually all QI interventions require
continuous monitoring, evaluation, and iterative modifica-
tion, and such continuous QI is easier in the scale of a local
health system than on the larger, national scale.23,49-51 More-
over, the importance of preoperative medical visits may be
particularly salient for clinicians at other safety-net health
systems who are interested in improving value without caus-
ing unintentional patient harm.

Ultimately, we believe these findings should be of inter-
est to others across the nation who are seeking to reduce
low-value preoperative testing.52 Although Medicare and
Medi-Cal payment rates can underestimate the true cost of
services, we used these publicly available reimbursement
rates to standardize these analyses and help facilitate com-
parisons with other health systems.53,54 Moreover, the
methods that we used were provided by an Institute for
Healthcare Improvement QI course available to all inter-
ested in improving health care quality.32 Moving forward,
it will be important for others to replicate the intervention
(ideally, in a multicentered, randomized clinical trial) to
report its effectiveness more broadly.

Limitations
Our study has several limitations. First, although declines in
low-value care were swift and marked, this was a nonran-
domized observational study, precluding causal inference.
Second, our cost analysis was intentionally conservative
and made several assumptions. For example, we assigned
the entire cost of the Institute for Healthcare Improvement
training for the QI nurse to this single intervention rather
than amortizing the cost across other QI projects. Moreover,
our cost analysis focused on observed costs associated with
changes in our primary end points and did not account for
other unmeasured costs, such as clerical or other nonphysi-
cian time or iatrogenic downstream consequences of overt-
esting. Third, we could not determine which elements of
this multicomponent initiative were most important in
reducing low-value care. Fourth, the intervention occurred
in a single health system, which limited generalizability
because local factors likely played an important role in
this initiative.

Conclusions
A multipronged QI initiative was associated with substantial
and sustained reductions in low-value preoperative testing
among patients undergoing cataract surgery, as well as a
modest amount of cost savings for the health system. The
findings suggest that reducing low-value care would be
associated with cost savings for financially capitated health
systems and society but with losses for fee-for-service
health systems, highlighting a potential barrier to eliminat-
ing low-value care.
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