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IMPORTANCE Studies of low-value care have focused on the prevalence of low-value care
interventions but have rarely quantified downstream consequences of these interventions
for patients or the health care system.

OBJECTIVE To measure immediate in-hospital harm associated with 7 low-value procedures.

DESIGN, SETTING, AND PARTICIPANTS A cohort study with a descriptive analysis using hospital
admission data from 225 public hospitals in New South Wales, Australia, was conducted from
July 1, 2014, to June 30, 2017. All 9330 episodes involving 1 of 7 low-value procedures were
evaluated, including endoscopy for dyspepsia in people younger than 55 years (3689
episodes); knee arthroscopy for osteoarthritis or meniscal tears (3963 episodes); colonoscopy
for constipation in people younger than 50 years (665 episodes); endovascular repair of
abdominal aortic aneurysm in asymptomatic, high-risk patients (508 episodes); carotid
endarterectomy in asymptomatic, high-risk patients (273 episodes); renal artery angioplasty
(176 episodes); and spinal fusion for uncomplicated low back pain (56 episodes). Sixteen
hospital-acquired complications (HACs) were used as a measure of harm associated with
low-value care.

MAIN OUTCOMES AND MEASURES For each low-value procedure, the percentage associated
with any HAC and the difference in mean length of stay for patients receiving low-value care
with and without HACs were calculated.

RESULTS Across the 225 hospitals and 9330 episodes of low-value care, rates of HACs were
low for low-value endoscopy (4 [0.1%] episodes; 95% CI, 0.02%-0.2%), knee arthroscopy
(18 [0.5%] episodes; 95% CI, 0.2%-0.7%), and colonoscopy (2 [0.3%] episodes; 95% CI,
0.0%-0.9%) but higher for low-value spinal fusion (4 [7.1%] episodes; 95% CI, 2.2%-11.5%),
endovascular repair of abdominal aortic aneurysm (76 [15.0%] episodes; 95% CI,
11.1%-19.7%), carotid endarterectomy (21 [7.7%] episodes; 95% CI, 5.2%-10.1%), and renal
artery angioplasty (15 [8.5%] episodes; 95% CI, 5.8%-11.5%). For most procedures, the most
common HAC was health care–associated infection, which accounted for 83 (26.3%) (95% CI,
21.8%-31.5%) of all HACs observed. The highest rate of health care–associated infection was
8.4% (95% CI, 5.2%-11.4%) for renal artery angioplasty. For all 7 low-value procedures,
median length of stay for patients with an HAC was 2 times or more the median length of stay
for patients without a complication. For example, median length of stay was 1 (interquartile
range [IQR], 1-1) day for knee arthroscopy with no HACs but increased to 10.5 (IQR, 1.0-21.3)
days for patients with an HAC.

CONCLUSIONS AND RELEVANCE These findings suggest that use of these 7 procedures in
patients who probably should not receive them is harming some of those patients,
consuming additional hospital resources, and potentially delaying care for other patients for
whom the services would be appropriate. Although only some immediate consequences of
just 7 low-value services were examined, harm related to all low-value procedures was noted,
including high rates of harm for certain higher-risk procedures. The full burden of low-value
care for patients and the health system is yet to be quantified.
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I nitiatives such as Choosing Wisely1 have increased aware-
ness of low-value care through publication of top 5 lists of
tests and interventions whose use should be questioned.

These clinician-constructed and endorsed recommenda-
tions define when interventions are not expected to provide
a net benefit to patients or may even cause net harm—that is,
they define when care is low value. Various measurement proj-
ects use these lists as a basis for estimating rates of low-value
care.2-10 Downstream consequences are recognized as an im-
portant component of the low-value care research agenda,11

yet measurement work to date only estimates the prevalence
and costs associated with the index low-value care interven-
tions (ie, the specific test or procedure). The next frontier is
to extend these studies to quantify the downstream conse-
quences of low-value care for patients and the health care sys-
tem, including downstream harm and costs that accrue due
to index low-value care events.

Low-value care is often discussed in terms of costs, but it
is also a patient safety issue, and framing the discussion around
harm and safety may increase both physician and patient
buy-in to reducing low-value care.12,13 Harm associated with
low-value procedures can be assessed indirectly from esti-
mated rates of both low-value care and overall rates of hospi-
tal complications.14 However, low-value care is driven partly
by physicians’ bias toward taking action despite risks15 and the
tendency to overestimate benefit and underestimate harm.16,17

Because direct measurement links specific harms to indi-
vidual use of a procedure, it should have a stronger influence
to counter these biases15 compared with indirect estimates,
such as overall rates of hospital complications. Reporting harm
directly associated with low-value care emphasizes to both phy-
sicians and patients that these procedures have risks and helps

raise conversations about whether the procedures are appro-
priate, which is a major aim of Choosing Wisely.1

A recent study of the prevalence and costs of low-value care
for 27 procedures in public hospitals in New South Wales iden-
tified between 4487 and 8986 hospital episodes as low value
(9.95%-19.93% of episodes involving these procedures) in
2016-20178 but did not examine downstream consequences
of this low-value care. Some researchers have examined the
testing and consultation cascade and associated harms spe-
cific to individual low-value screening procedures.18,19 How-
ever, to our knowledge, this is the first application of a stan-
dard list of complications to measure adverse consequences
across a range of low-value procedures. In this study, we ex-
tended the methods in this field to examine immediate in-
hospital complications associated with 7 low-value proce-

Table 1. Definitions of Low-Value Carea

Low-Value Procedure Narrower Definition of Low-Value Care Recommended Care
Arthroscopic lavage and debridement of
knee for osteoarthritis or degenerative
meniscal tears (CWA, EVOLVE, CWUS, NICE)

Knee arthroscopy in patients with diagnosis of gonarthrosis, no diagnosis of
ligament strain or damage, and no diagnosis of septic (pyogenic) arthritis;
minimum age, 55 y; both sexes included

Weight loss; physical/
occupational therapy; pain
relief medications

Carotid endarterectomy for asymptomatic,
high-risk patients with limited life
expectancy (CWA, EVOLVE, CWC, CWUS)

Carotid endarterectomy with no stroke or focal neurologic symptoms recorded in
the episode and ASA code 4-5 or age ≥75 y and ASA code 3; minimum age, 18 y;
both sexes; exclude emergency admissions and admissions from the emergency
department

Best medical therapy

Colonoscopy for constipation in people
aged <50 y (CWC)

Colonoscopy in a person aged <50 y with diagnosis of constipation and no
diagnoses of anemia, weight loss, family or personal history of cancer of digestive
system, or personal history of other diseases of the digestive system in previous
12 mo; minimum age, 18 y; maximum age, 49; both sexes

Investigations not usually
needed in absence of alarm
symptoms

Endoscopy for dyspepsia for people aged
<55 y (CWC)

Endoscopy in a person aged <55 y with diagnosis of dyspepsia and no diagnoses of
dysphagia, iron deficiency anemia, other nutritional anemia, abnormal weight loss,
personal or family history of cancer of digestive system, or personal history of
peptic ulcer disease in the previous 12 mo; minimum age, 18; maximum age, 54 y;
both sexes

Test for and, if present, treat
Helicobacter pylori; if
treatment not needed and
symptoms remain, try proton
pump inhibitors

Endovascular repair of infrarenal abdominal
aortic aneurysm (CWC)

Endovascular repair of aneurysm, with diagnosis of abdominal aortic aneurysm in
the episode and ASA code 4-5 or age ≥75 y and ASA code 3; minimum age, 18 y;
both sexes; exclude emergency admissions and admissions from the emergency
department

No intervention

Renal artery angioplasty or stenting
(Health Policy Advisory Committee on
Technology21)

Angioplasty/stenting with diagnosis of renovascular hypertension, atherosclerosis
of renal artery, hypertensive kidney disease, or hypertensive heart and kidney
disease in the episode and no diagnosis of fibromuscular dysplasia or pulmonary
edema; minimum age, 18 y; both sexes

Multifactorial medical therapy

Spinal fusion for low back pain (CWA, CWC) Spinal fusion with diagnosis of low back pain with no mention of sciatica,
spondylolisthesis, spinal abnormality, or pain in legs in previous 12 mo; minimum
age, 18 y; both sexes

Conservative treatment

Abbreviations: ASA, American Society of Anesthesiologists; CWA, Choosing
Wisely Australia; CWC, Choosing Wisely Canada; CWUS, Choosing Wisely United
States; EVOLVE, Royal Australasian College of Physicians EVOLVE initiative;

NICE, UK National Institute of Health and Care Excellence.
a Adapted from Badgery-Parker et al (eTable 1 in the Supplement).8

Key Points
Question Do patients who are admitted to the hospital for a
low-value procedure (ie, those that would not be expected to
require admission) develop hospital-acquired complications?

Findings In this cohort study and descriptive analysis of 9330
episodes of low-value use of 7 procedures (ranging from 56
low-value spinal fusions to 3963 low-value knee arthroscopies),
depending on the procedure, between 0.2% and 15.0% of
patients receiving these low-value procedures developed at least
1 of 16 hospital-acquired complications, the most common being
health care–associated infection.

Meaning Use of these 7 low-value procedures is harming patients,
consuming additional hospital resources, and potentially delaying
care for other patients for whom the services would be
appropriate.
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dures for which patients receiving appropriate care would not
usually be hospitalized.

Methods
Data and Setting
We used patient admission data from the Health Information
Exchange database of the New South Wales Ministry of Health.
Australia has a population of 25 million; New South Wales is
its most populous state, with an estimated residential popu-
lation of 7.6 million in 2015 served by 225 public hospital fa-
cilities (including small community hospitals and residential
aged-care facilities that do not provide the procedures re-
ported herein).20 The New South Wales Population and Health
Services Research Ethics Committee approved this study with
waiver of informed consent.

The Health Information Exchange database includes in-
formation on every admission at a public hospital in New South
Wales. The data include patient demographics (eg, age, sex),
details of the episode (eg, start and end dates, emergency sta-
tus), diagnoses (coded in International Classification of Dis-
eases, Tenth Revision, Australian Modification after the pa-
tients have been discharged), and procedures performed. The
data set also includes a condition-onset flag that indicates
whether each diagnosis was present on admission or arose dur-
ing the hospitalization. We used this flag to determine whether
a complication was associated with the hospital admission. Be-
cause this flag was not well recorded in the New South Wales
hospital data before 2014, we restricted the analysis to the
period from July 1, 2014, to June 30, 2017, and combined the
3 years for analysis.

Low-Value Care
We identified low-value care for 7 procedures as described pre-
viously, with slight modification. These procedures included en-
doscopy for dyspepsia in people younger than 55 years; knee
arthroscopy for osteoarthritis or meniscal tears; colonoscopy for
constipation in people younger than 50 years; endovascular re-
pair of abdominal aortic aneurysm (EVAR) in asymptomatic,
high-risk patients; carotid endarterectomy in asymptomatic,
high-risk patients; renal artery angioplasty; and spinal fusion
for uncomplicated low back pain (Table 1).8,9 In summary, we
translated recommendations describing when the procedure is
low value (from Choosing Wisely or other sources21-26) into mea-
sures of low-value care based on variables in the data set (eg,
age, sex, or diagnoses). We then extracted records for the low-
value episodes from the Health Information Exchange.

For this study, we only included episodes in which the rel-
evant procedure was recorded as the principal procedure, which
is usually the procedure for which the patient was admitted to
the hospital. In a previous report,8 the procedure was accepted
in any procedure field. Restricting to the principal procedure was
intended to exclude episodes during which the patient would
have been in the hospital even if not receiving the procedure.

The 7 procedures we selected (from 27 measures) are those
for which recommended care would not be expected to re-
quire hospital admission, so the patient is in the hospital only

to receive the low-value procedure (Table 1). Together with our
requirement that the low-value procedure be the principal pro-
cedure, this protocol allowed us to attribute harm to the un-
necessary hospitalization. We developed narrower and broader
definitions of low-value care8,9; in this study, we only discuss
results for the narrower definitions.

Harm Associated With Low-Value Care
As our measure of harm associated with low-value care, we
used the hospital-acquired complications (HACs) developed

Box: Hospital-Acquired Complications

The terms hospital-acquired complications or hospital-acquired
conditions (HACs) refer to conditions that arise during a hospital
stay and should usually be preventable with appropriate high-
quality care.

In recent years, there has been increased interest in measuring and
preventing HACs, particularly in the United States. The Agency for
Healthcare Research and Quality has developed various tools to
assist US hospitals in reducing HACs.27 In addition, the Patient
Protection and Affordable Care Act implemented the Hospital-
Acquired Condition Reduction Program, which reduces Centers for
Medicare & Medicaid Services payments to hospitals in the worst-
performing quartile on an index of HACs.28

In Australia, the Australian Commission on Safety and Quality in
Health Care (ACSQHC) has developed a list of 16 HACs based on
clinician advice and evidence regarding preventability and effect
on patients and hospital resources.29 Australia’s Independent
Hospital Pricing Authority has proposed reducing payments for
episodes involving these HACs.30

The ACSQHC HAC list was developed through a clinician-driven
process. This process involved review of the literature and hospital
incident reports to identify complications that have a high effect,
which were then discussed by a clinical reference group to pro-
duce a list based on criteria of preventability, patient and hospital
effect, and clinical priority. The initial list was then tested in a
proof-of-concept study in 15 hospitals. The results of this study
were used to refine the list, resulting in the final list of 16 HACs.
• Pressure injury
• Falls resulting in fracture or intracranial injury
• Health care–associated infection
• Surgical complications requiring unplanned return to operating

theatera

• Unplanned intensive care unit admissiona

• Respiratory complications
• Venous thromboembolism
• Renal failure
• Gastrointestinal bleeding
• Medication complications
• Delirium
• Persistent incontinence
• Malnutrition
• Cardiac complications
• Third- and fourth-degree perineal laceration during delivery
• Neonatal birth trauma

a Unplanned return to operating theater, which is used in surgical
complications requiring the unplanned return to theater category, and
unplanned admission to intensive care unit are not currently collected
in Australian hospital administrative data sets. Specifications for these
complications have been developed because the relevant data items may
be available and used within hospitals.
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by the Australian Commission on Safety and Quality in Health
Care (Box).29 The HACs are 16 complications that would usu-
ally have an effect on patient care and hospital resources and
may be reduced, but not necessarily eliminated, by appropri-
ate risk mitigation strategies; thus, they can be used for moni-
toring safety and quality of care. For our study, use of the HACs
means we are not quantifying all adverse consequences of low-
value care but instead are restricting to consequences that are
likely under the control of the treating hospital.

Statistical Analysis
We conducted a descriptive analysis of the number of HACs
associated with the low-value procedures in the inpatient set-
ting. Because patients who receive recommended care do not
appear in our data, we have no comparison group. For each of
the 7 low-value procedures, we calculated the percentage of
low-value episodes with at least 1 HAC, the total number of
HACs per 100 low-value episodes, and the total number of HACs
per 100 bed-days for low-value episodes. We also calculated
the numbers of each HAC per 100 low-value episodes. We es-
timated 95% CIs using a percentile bootstrap method account-
ing for clustering of episodes within hospitals.31

To indicate the outcome of HACs, we also calculated the
difference in mean bed-days between low-value episodes with
and without HACs and used linear regression modeling to pro-
duce estimated differences in length of stay adjusted for sex,
age, Charlson comorbidity index score, and diagnosis related
group. The significance level, determined with 2-tailed test-
ing, is P < .05. Statistical analysis was conducted with R, ver-
sion 3.5.0 (R Foundation for Statistical Computing).

Results
We identified 9330 episodes involving any of the 7 low-value
procedures across the New South Wales public hospital sys-
tem (Table 2): 3689 episodes of endoscopy for dyspepsia in
people younger than 55 years; 3963 episodes of knee arthros-

copy for osteoarthritis or meniscal tears; 665 episodes of co-
lonoscopy for constipation in people younger than 50 years;
508 episodes of EVAR in asymptomatic, high-risk patients; 273
episodes of carotid endarterectomy in asymptomatic, high-
risk patients; 176 episodes of renal artery angioplasty; and 56
episodes of spinal fusion for uncomplicated low back pain. The
percentage of low-value episodes with any HAC ranged from
0.1% (4 episodes; 95% CI, 0.02%-0.2%) for endoscopy to 15.0%
(76 episodes; 95% CI, 11.1%-19.7%) for EVAR (Table 2). For ca-
rotid endarterectomy and EVAR, in which low-value care spe-
cifically involves high-risk patients, we found high HAC rates:
1 in 7 low-value EVARs (76 [15.0%] episodes; 95% CI, 11.1%-
19.7%) and 1 in 13 low-value carotid endarterectomies (21 [7.7%]
episodes; 95% CI, 5.2%-10.1%) were associated with HACs.
Low-value renal artery angioplasty (15 [8.5%] episodes; 95%
CI, 5.8%-11.5%) and spinal fusion (4 [7.1%] episodes; 95% CI,
2.2%-11.5%) were also associated with high HAC rates. Endos-
copy (4 [0.1%] episodes; 95% CI, 0.02%-0.2%), knee arthros-
copy (18 [0.5%] episodes; 95% CI, 0.2%-0.7%), and colonos-
copy (2 [0.3%] episodes; 95% CI, 0.0%-0.9%) showed lower
HAC rates (Table 2).

The additional burden to patients who incurred an HAC was
significant. Although patients undergoing low-value endoscopy
without an HAC spent a mean of 1.4 days in the hospital, the 4
patients with HACs spent a mean of 7.9 (95% CI, 6.2 to 9.6) ad-
ditional days in the hospital (or 1.1; 95% CI, −0.2 to 2.5 days af-
ter adjusting for age, sex, Charlson comorbidity index score, and
diagnosis related group). Similarly, patients who had a low-value
knee arthroscopy and developed an HAC spent a mean 13.8 (95%
CI, 12.3 to 15.4) more days in the hospital than similar patients
with no HACs (Table 2). For all 7 low-value procedures, median
length of stay for patients with an HAC was at least 2 times the
median length of stay for patients without an HAC. For example,
median length of stay was 1 (interquartile range [IQR], 1-1) day
for knee arthroscopy with no HAC but increased to 10.5 (IQR, 1.0-
21.3) days for patients with an HAC. Similarly, median length of
stay for endoscopy increased from 1 (IQR, 1-1) day for patients
withoutanHACto4(IQR,2.8-10.5)daysforpatientswithanHAC.

Table 2. Rates of HACs for 7 Low-Value Procedures, 2014-2015 to 2016-2017

Low-Value
Procedurea

No. of
Low-Value
Episodes

Low-Value Episodes
With Any HAC, n (%)
[95% CI]

Total HACs per
100 Low-Value
Episodes, % (95% CI)

Total HACs per
100 Low-Value
Bed-Days, %
(95% CI)

Difference in Mean LOS, d Days (95% CI)b

Unadjusted Adjustedc

Endoscopy for
dyspepsia

3689 4 (0.1) [0.02 to 0.2] 0.1 (0.02 to 0.2) 0.1 (0.02 to 0.2) 7.9 (6.2 to 9.6) 1.1 (−0.2 to 2.5)

Knee arthroscopy 3963 18 (0.5) [0.2 to 0.7] 0.6 (0.3 to 0.9) 0.4 (0.2 to 0.6) 13.8 (12.3 to 15.4) 4.7 (3.7 to 5.7)

Colonoscopy for
constipation

665 2 (0.3) [0.0 to 0.9] 0.3 (0.0 to 0.9) 0.1 (0.0 to 0.3) 14.3 (1.0 to 27.6) 7.0 (0.3 to 14.0)

EVAR 508 76 (15.0) [11.1 to 19.7] 19.7 (15.2 to 25.4) 3.3 (2.6 to 4.1) 7.9 (6.2 to 9.7) 2.2 (0.5 to 3.8)

Carotid
endarterectomy

273 21 (7.7) [5.2 to 10.1] 9.5 (6.3 to 13.1) 2.2 (1.7 to 3.0) 12.1 (10.3 to 13.8) 7.9 (6.1 to 9.7)

Renal artery
angioplasty

176 15 (8.5) [5.8 to 11.5] 15.9 (8.9 to 25.0) 2.3 (1.5 to 3.0) 21.5 (17.2 to 25.9) 7.5 (3.6 to 11.4)

Spinal fusion 56 4 (7.1) [2.2 to 11.5] 10.7 (2.2 to 22.6) 1.1 (0.3 to 2.3) 29.8 (23.0 to 36.6) 31.7 (23.4 to 40.4)

Abbreviations: EVAR, endovascular repair of abdominal aortic aneurysm;
HAC, hospital-acquired complication; LOS, length of stay.
a See Table 1 for full definitions of low-value care.
b Difference in mean LOS is (mean LOS per episode with any HAC) − (mean LOS

per episode with no HAC). For example, the unadjusted mean LOS for patients

receiving low-value endoscopy was 12.4 days longer for those who developed
an HAC than for those with no HACs.

c Adjusted for age, sex, Charlson comorbidity index score, and diagnostic
related group of the episode.
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Figure. Hospital-Acquired Complications (HACs) Associated With 7 Low-Value Procedures in New South Wales Public Hospitals
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Counts per 100 low-value episodes are shown for 13 of the 16 individual HACs
for each procedure: carotid endarterectomy (A), colonoscopy (B), endoscopy
(C), endovascular repair of abdominal aortic aneurysm (EVAR) (D), knee
arthroscopy (E), renal artery angioplasty (F), and spinal fusion (G). Two HACs
(perineal laceration; neonatal birth trauma) are not relevant to any of these

procedures, and 1 HAC (unplanned admission to intensive care unit) is not
measurable in our data. Note that the horizontal scale varies between panels.
Error bars indicate 95% percentile bootstrap CIs accounting for clustering of
episodes by hospital. GI indicates gastrointestinal.
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For most procedures, the most common HAC was health
care–associated infection, which accounted for 83 (26.3%; 95%
CI, 21.8%-31.5%) of all 315 HACs observed. The highest rates
of health care–associated infection were 8.4% (95% CI, 5.2%-
11.4%) for renal artery angioplasty and 5.0% (95% CI, 2.9%-
8.0%) for EVAR (Figure). Cardiac complications were rela-
tively common for carotid endarterectomy (9.7%; 95% CI,
4.8%-14.5% per 100 low-value episodes), EVAR (5.7%; 95% CI,
4.1%-8.3% per 100 low-value episodes), and renal artery an-
gioplasty (5.9%; 95% CI, 2.6%-9.6% per 100 low-value epi-
sodes). Delirium was most common for EVAR (4.0%; 95% CI,
2.1%-6.0% per 100 low-value episodes), spinal fusion (4.1%;
95% CI, 0.0%-7.6% per 100 low-value episodes), and renal ar-
tery angioplasty (4.6%; 95% CI, 2.1%-7.5% per 100 low-value
episodes). We observed similar patterns when we used the
broader definitions of low-value care (eTable 1 and eTable 2 in
the Supplement).

Discussion
Low-value care carries the potential for harm. In this study, we
identified HACs in 0.2% to 15.0% of low-value episodes, de-
pending on the procedure. These procedures probably should
not have been provided.

To simplify interpretation of the results, we selected 7 pro-
cedures in which the recommended care for the patient sub-
group should not usually involve hospital admission and re-
stricted the selection to episodes in which the procedure was
recorded as the reason for admission. Thus, HACs should be
attributable to the procedure in these cases—patients are ad-
mitted to the hospital for an unnecessary procedure and de-
velop a complication. Although HACs are also possible when
these procedures are used as recommended, appropriate care
offsets this risk with the potential benefit, while low-value care
carries no expectation of net benefit.

Endoscopy, colonoscopy, and knee arthroscopy had low
HAC rates because these procedures are relatively safe. Yet
there were complications that occurred with these proce-
dures beyond any usually associated burden, discomfort, and
cost. Although patients receiving these procedures might ex-
pect a same-day or overnight stay, those with HACs had sub-
stantially longer stays: an unadjusted mean of 13.8 additional
days for knee arthroscopy and an additional 7.9 days for en-
doscopy. However, we cannot specifically attribute the addi-
tional length of stay to the HACs.

In high-risk patients, the risks of carotid endarterectomy
or EVAR outweigh the potential benefit of treating stenosis or

an aneurysm that is not currently causing problems.32,33 In our
cohorts, 1 in 13 carotid endarterectomies and 1 in 7 EVARs were
associated with HACs. Cardiac complications, delirium, and
infection were common in both of these groups, with gastro-
intestinal bleeding and surgical complications also occurring
in patients who underwent EVAR.

Limitations
In this study, we have extended measurement of low-value care
using routine data to also quantify some immediate down-
stream consequences of low-value care; however, there are
limitations. Our use of HACs underestimates harm associated
with these procedures. First, we looked only at HACs within
the low-value episode and did not examine subsequent hos-
pital admissions or follow-up management in the primary care
setting. Second, the list of HACs was chosen based on their out-
come associated with patient care and the possibility for hos-
pitals to ameliorate the risk of the HAC occurring by appropri-
ate preventive care.29 Some patients, especially those identified
as high risk in the carotid endarterectomy and EVAR indica-
tors, may have developed other complications, so the true harm
associated with these low-value procedures is likely to be
higher.

Conclusions
As research in measuring low-value care progresses, we
should gain a fuller understanding of the consequences of
low-value care to patients by considering morbidity, mortal-
ity, readmissions, and patient-reported outcomes. We should
compare consequences between patients receiving appropri-
ate and low-value care to gain an understanding of the addi-
tional burden of low-value care. Further research should also
consider the consequences for the health care system of pro-
viding low-value care, including the financial costs of both
the low-value care and any subsequent admissions and
issues such as waiting lists being lengthened by including
patients who are not expected to benefit. Finally, more work
must be done to measure harm resulting from low-value care
to the degree it affects patients financially, psychologically,
and psychosocially.

Although we restricted this study to 7 low-value proce-
dures and measured only some immediate in-hospital com-
plications associated with these procedures, we found high
rates of harm in some cases, with substantial additional lengths
of stay. The full burden of low-value care for patients and the
health care system is yet to be quantified.

ARTICLE INFORMATION

Accepted for Publication: November 5, 2018.

Published Online: February 25, 2019.
doi:10.1001/jamainternmed.2018.7464

Author Contributions: Mr Badgery-Parker had full
access to all the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: All authors.

Acquisition, analysis, or interpretation of data:
Badgery-Parker, Dunn, Elshaug.
Drafting of the manuscript: Badgery-Parker, Dunn,
Elshaug.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Badgery-Parker.
Obtained funding: Pearson, Dunn, Elshaug.
Administrative, technical, or material support: Dunn,
Elshaug.

Supervision: Pearson, Dunn, Elshaug.

Conflict of Interest Disclosures:
Mr Badgery-Parker receives salary support via a
doctoral scholarship from the Capital Markets
Cooperative Research Centre–Health Market
Quality Program and a university postgraduate
award from the University of Sydney and has
received consulting fees from Queensland Health
and the Victorian Department of Health and Human
Services. Dr Elshaug holds an HCF Research

Research Original Investigation Measuring Hospital-Acquired Complications Associated With Low-Value Care

E6 JAMA Internal Medicine Published online February 25, 2019 (Reprinted) jamainternalmedicine.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Hubnet by Edward Stehlik on 03/10/2019



Foundation Professorial Research fellowship and
receives income as a Ministerial appointee to the
Australian Medicare Benefits Schedule Review
Taskforce, a member of the Choosing Wisely
Australia Advisory Group, the Choosing Wisely
International Planning Committee, the Australian
Commission on Safety and Quality in Health Care’s
Atlas of Healthcare Variation Advisory Group,
a Board Member of the New South Wales Bureau of
Health Information, and as a consultant to Private
Healthcare Australia and the Queensland and
Victoria state health departments. No other
disclosures were reported.

Funding/Support: Funding for the study was
received from the Capital Markets Cooperative
Research Centre, the New South Wales Ministry of
Health, the University of Sydney, the HCF Research
Foundation, and grant 1109626 from the National
Health and Medical Research Council.

Role of the Funder/Sponsor: The funders of the
study had no role in the design and conduct of the
study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Levinson W, Kallewaard M, Bhatia RS, Wolfson D,
Shortt S, Kerr EA; Choosing Wisely International
Working Group. “Choosing Wisely”: a growing
international campaign. BMJ Qual Saf. 2015;24(2):
167-174. doi:10.1136/bmjqs-2014-003821

2. Rosenberg A, Agiro A, Gottlieb M, et al. Early
trends among seven recommendations from the
Choosing Wisely campaign. JAMA Intern Med. 2015;
175(12):1913-1920. doi:10.1001/jamainternmed.2015.
5441

3. Kirkham KR, Wijeysundera DN, Pendrith C, et al.
Preoperative testing before low-risk surgical
procedures. CMAJ. 2015;187(11):E349-E358. doi:10.
1503/cmaj.150174

4. Colla CH, Morden NE, Sequist TD, Schpero WL,
Rosenthal MB. Choosing Wisely: prevalence and
correlates of low-value health care services in the
United States. J Gen Intern Med. 2015;30(2):221-228.
doi:10.1007/s11606-014-3070-z

5. Schwartz AL, Landon BE, Elshaug AG,
Chernew ME, McWilliams JM. Measuring low-value
care in Medicare. JAMA Intern Med. 2014;174(7):
1067-1076. doi:10.1001/jamainternmed.2014.1541

6. Duckett SJ, Breadon P, Romanes D. Identifying
and acting on potentially inappropriate care. Med J
Aust. 2015;203(4):1-6. doi:10.5694/mja15.00025

7. Brett J, Elshaug AG, Bhatia RS, Chalmers K,
Badgery-Parker T, Pearson S-A. A methodological
protocol for selecting and quantifying low-value
prescribing practices in routinely collected data:
an Australian case study. Implement Sci. 2017;12(1):
58. doi:10.1186/s13012-017-0585-9

8. Badgery-Parker T, Pearson S-A, Chalmers K, et al.
Low-value care in Australian public hospitals:
prevalence and trends over time [published online
August 6, 2018]. BMJ Qual Saf. 2018;
bmjqs-2018-008338. doi:10.1136/bmjqs-2018-
008338

9. Chalmers K, Badgery-Parker T, Pearson S-A,
Brett J, Scott IA, Elshaug AG. Developing indicators
for measuring low-value care: mapping Choosing
Wisely recommendations to hospital data. BMC Res
Notes. 2018;11(1):163. doi:10.1186/s13104-018-3270-4

10. Chalmers K, Pearson S-A, Badgery-Parker T,
Brett J, Scott IA, Elshaug AG. Measuring 21 low
value health care services in an Australian private
health insurance population (2010-2014). BMJ Open.
2019. doi:10.1136/bmjopen-2018-024142

11. Morgan DJ, Brownlee S, Leppin AL, et al. Setting
a research agenda for medical overuse. BMJ. 2015;
351:h4534. doi:10.1136/bmj.h4534

12. Hicks LK. Reframing overuse in health care:
time to focus on the harms. J Oncol Pract. 2015;11
(3):168-170. doi:10.1200/JOP.2015.004283

13. Korenstein D, Chimonas S, Barrow B, Keyhani S,
Troy A, Lipitz-Snyderman A. Development of a
conceptual map of negative consequences for
patients of overuse of medical tests and
treatments. JAMA Intern Med. 2018;178(10):1401-
1407. doi:10.1001/jamainternmed.2018.3573

14. Brownlee S, Chalkidou K, Doust J, et al.
Evidence for overuse of medical services around
the world. Lancet. 2017;390(10090):156-168.
doi:10.1016/S0140-6736(16)32585-5

15. Scott IA, Soon J, Elshaug AG, Lindner R.
Countering cognitive biases in minimising low value
care. Med J Aust. 2017;206(9):407-411. doi:10.
5694/mja16.00999

16. Hoffmann TC, Del Mar C. Patients’ expectations
of the benefits and harms of treatments, screening,
and tests: a systematic review. JAMA Intern Med.
2015;175(2):274-286. doi:10.1001/jamainternmed.
2014.6016

17. Hoffmann TC, Del Mar C. Clinicians’
expectations of the benefits and harms of
treatments, screening, and tests: a systematic
review. JAMA Intern Med. 2017;177(3):407-419.
doi:10.1001/jamainternmed.2016.8254

18. Kim L, Min M, Roos D, Nguyen L, Yeoh E.
Are staging investigations being overused in
patients with low and intermediate risk prostate
cancer? J Med Imaging Radiat Oncol. 2015;59(1):77-
81. doi:10.1111/1754-9485.12234

19. Bhatia RS, Bouck Z, Ivers NM, et al.
Electrocardiograms in low-risk patients undergoing
an annual health examination. JAMA Intern Med.
2017;177(9):1326-1333. doi:10.1001/jamainternmed.
2017.2649

20. Centre for Epidemiology and Evidence. NSW
Government. HealthStats NSW. http://www.
healthstats.nsw.gov.au/. Accessed October 30,
2018.

21. Health Policy Advisory Committee on
Technology. Stenting Versus Medical Therapy for
Atherosclerotic Renal Artery Stenosis. Brisbane,
Australia: HealthPACT;2016.

22. NPS MedicineWise. Choosing Wisely Australia.
http://www.choosingwisely.org.au. Published 2016.
Accessed October 30, 2018.

23. Royal Australasian College of Physicians.
EVOLVE. https://evolve.edu.au. Published 2018.
Accessed October 30, 2018.

24. ABIM Foundation. Choosing Wisely.
http://www.choosingwisely.org. Published 2018.
Accessed October 30, 2018.

25. Choosing Wisely Canada. Choosing Wisely
Canada. https://choosingwiselycanada.org.
Published 2018. Accessed October 30, 2018.

26. National Institute of Health and Care
Excellence. Osteoarthritis: care and management
(CG177). London: NICE; 2014. https://nice.org.uk/
guidance/cg177. Accessed October 30, 2018.

27. Agency for Healthcare Research and Quality.
AHRQ tools to reduce hospital-acquired conditions.
https://www.ahrq.gov/professionals/quality-
patient-safety/hac/tools.html. Published 2017.
Accessed November 22, 2017.

28. Centers for Medicare and Medicaid Services.
Hospital-acquired condition reduction program
(HACRP). https://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Payment/
AcuteInpatientPPS/HAC-Reduction-Program.html.
Published 2017. Accessed November 22, 2017.

29. Australian Commission on Safety and Quality in
Health Care. Hospital-acquired complications.
https://www.safetyandquality.gov.au/our-work/
indicators/hospital-acquired-complications/.
Accessed September 5, 2017.

30. Independent Hospital Pricing Authority.
The pricing framework for Australian public hospital
services 2017-18. Melbourne. https://www.ihpa.gov.
au/publications/pricing-framework-australian-
public-hospital-services-2017-18. Published 2017.
Accessed October 30, 2018.

31. Ren S, Lai H, Tong W, Aminzadeh M, Hou X,
Lai S. Nonparametric bootstrapping for hierarchical
data. J Appl Stat. 2010;37(9):1487-1498. doi:10.
1080/02664760903046102

32. Woo K, Garg J, Hye RJ, Dilley RB. Contemporary
results of carotid endarterectomy for asymptomatic
carotid stenosis. Stroke. 2010;41(5):975-979.
doi:10.1161/STROKEAHA.110.578856

33. EVAR Trial Participants. Endovascular
aneurysm repair and outcome in patients unfit for
open repair of abdominal aortic aneurysm (EVAR
trial 2): randomised controlled trial. Lancet. 2005;
365(9478):2187-2192. doi:10.1016/S0140-6736(05)
66628-7

Measuring Hospital-Acquired Complications Associated With Low-Value Care Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online February 25, 2019 E7

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Hubnet by Edward Stehlik on 03/10/2019


