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Abstract

Background: Overuse of preoperative cardiac testing contributes to high healthcare costs and 

delayed surgeries. A large body of research has evaluated factors associated with variation in 

preoperative cardiac testing. However, patient, provider, and system level factors associated with 

variation in testing have not been systematically studied.

Objectives: To conduct a systematic review to better delineate the patient, provider, and system 

level factors associated with variation in preoperative cardiac testing.

Methods: We included studies of an adult US population evaluating a patient, provider, or system 

level factor associated with variation in preoperative cardiac testing for non-cardiac surgery since 

2012. Our search strategy used terms related to preoperative testing, diagnostic cardiac tests, 

and care variation, with Ovid MEDLINE and Embase from inception through January 2023. We 

extracted study characteristics and factors associated with variation and qualitatively analyzed 

them. We assessed risk of bias using the Newcastle-Ottawa Scale and Evidence Project Risk of 

Bias tool.

Results: Twenty-eight articles met inclusion criteria. Older age and higher comorbidity were 

strongly associated with higher intensity testing. The evidence for provider and system level 

covariates was weaker. However, there was strong evidence that a focus on primary care and 

away from preoperative clinic and cardiac consultations was associated with less testing and that 

interventions to reduce low-value testing can be successful.

Conclusions: There is significant inter-provider and inter-hospital variation in preoperative 

cardiac testing, the correlates of which are not well-defined. Further work should aim to better 

understand these factors.
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Introduction

Variation in healthcare intensity has been studied at regional,1,2 health system,3,4 hospital,5 

and provider levels.6-8 Much of this variation reflects low-value care which is defined as 

care for which “the harms or costs outweigh the benefits.”9 Recent estimates suggest that 

low-value care contributes between $76 and $101 billion to US healthcare costs annually.10 

Preoperative testing, especially preoperative cardiac testing, is often low-value care when 

used on patients for whom it is unlikely to yield actionable information. In addition 

to increasing healthcare costs, low-value preoperative cardiac testing can delay surgeries 

leading to worse outcomes and increased length of stay.

As a result, six organizations have included preoperative cardiac testing among their list 

of low-value care to avoid as a part of the Choosing Wisely© campaign of the American 

Board of Internal Medicine, which began in 2012. The American College of Cardiology in 

2012 recommended clinicians “avoid performing stress testing, coronary calcium scoring, 

or advanced cardiac imaging as part of preoperative cardiovascular risk assessment in 

patients scheduled for low-risk non-cardiac surgery.”11 Also in 2012, the American 

Society of Nuclear Cardiology recommended against preoperative cardiac imaging before 

low- or intermediate-risk non-cardiac surgery.12 In 2013, the American Society of 

Echocardiography recommended avoiding preoperative echocardiograms in patients without 

a history or symptoms of heart disease.13 That same year, the Society of General Internal 

Medicine recommended against routine preoperative testing (including electrocardiograms 

[EKGs]) before low-risk surgical procedures.14 The American Society of Anesthesiologists 

recommended against echocardiography and stress testing in “asymptomatic stable” patients 

undergoing low or moderate risk non-cardiac surgery.15 Additionally in 2013, the American 

Academy of Ophthalmology recommended against preoperative medical tests (including 

EKGs) without medical indications for eye surgery.16

These recommendations are consistent with the most recent perioperative testing guidelines 

from the American College of Cardiology and American Heart Association published in 

2014.17 However, these guidelines do leave the question of ischemic evaluation up to the 

provider in patients at elevated risk of major adverse cardiac events and low or unknown 

metabolic equivalents. More recent preoperative guidelines published in 2022 by the 

European Society of Cardiology recommend against routine preoperative echocardiogram 

or stress testing but do allow for consideration of these tests in certain clinical scenarios.18

Many studies have quantified the use of low-value preoperative cardiac testing. However, 

the patient, provider, and system level drivers of this practice are not well-understood, 

which hampers development of effective interventions to mitigate it. Thus, we sought to 

systematically review the literature to determine which patient, provider, and system level 

characteristics are associated with higher levels of preoperative cardiac testing in the United 

States.
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Methods

We registered the protocol in Prospero before beginning the review process (January 19, 

2023; CRD42023390531).

Study Inclusion/Exclusion Criteria

We sought to include articles that assessed patient, provider, or system level factors 

associated with variation in preoperative cardiac testing. We excluded abstracts that did 

not primarily include a US population, primarily include adults, and study overuse of 

or variation in intensity of preoperative cardiac testing (rather than focusing on what 

preoperative cardiac testing should be done from a clinical standpoint) (Supplement 

Document 1). In the full text review, we also excluded: 1) articles that did not describe 

a patient, provider, or system level factor associated with variation in preoperative cardiac 

testing, 2) articles published before 2012 (the first year of the Choosing Wisely© campaign), 

3) articles only examining preoperative cardiac testing before cardiac surgery, 4) articles 

presenting a survey that asked providers their preferences in hypothetical clinical scenarios, 

rather than what they actually do with respect to preoperative cardiac testing, and 5) abstract 

only references (Supplement Document 2).

Data Sources and Search Strategy

We developed a search strategy using keywords and medical subject headings relevant to 

preoperative testing, diagnostic cardiac tests, and variation in care (Supplement Document 

3). We searched Ovid MEDLINE and Embase from inception through January 2023. These 

databases were accessed through our university library, and reference lists were downloaded 

and exported to Zotero version 6.0.26 (Bethlehem, Pennsylvania), which was used for 

de-duplication and reference management. The de-duplicated list was exported to Covidence 

(Melbourne, Australia), an online platform to facilitate collaboration. The team also hand-

searched the reference lists of included articles for additional articles meeting inclusion 

criteria.

Review Process

Two reviewers independently screened titles/abstract for inclusion. Articles for which 

there was disagreement at the title/abstract screening stage were included in the full text 

review. Two independent reviewers then performed full text review. Disagreements between 

reviewers were resolved by discussion between the two reviewers.

Data Extraction Process

The research team developed a three-part extraction form: 1) study design (including details 

on type of intervention (if any), comparator, cardiac test, location, patient population, 

inclusion/exclusion criteria, data source, and type of surgery), 2) results (non-significant and 

significant patient, provider, and system level characteristics, as well as clinical/comorbidity 

variables), and 3) risk of bias. One reviewer extracted data, and a second reviewer checked 

for accuracy. We extracted the most fully adjusted results for each study.
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Risk of Bias Assessment

Both reviewers conducted a risk of bias assessment. For observational studies, we used the 

Newcastle-Ottawa Scale. This was originally developed for case-control studies.19 However, 

more recently, it has been operationalized to be used with cross-sectional and cohort 

studies.20 For studies with an intervention, we used the Evidence Project Risk of Bias tool.21 

Differences of opinion were resolved through discussion (Supplement Tables 1-4).

Data Synthesis and Analysis

We summarized the included studies by study characteristics: design, setting, inclusion 

criteria, type of surgery and preoperative testing, and risk of bias (Table 1). We grouped 

significant associations under subcategories of patient, provider, and system level factors, 

providing a qualitative description of the results for each relevant study within a subcategory 

and also a general interpretation of the findings of multiple studies within each subcategory 

(Table 2). Additionally, we summarized non-significant and significant findings by study 

at the patient (Supplement Table 5), provider (Supplement Table 6), and system level 

(Supplement Table 7). Given the heterogeneity of the studies, quantitative pooling of results 

was not feasible.

Results

Our search strategy yielded 681 titles, of which 129 underwent full text review and 28 met 

inclusion criteria for data extraction (Figure 1).

Characteristics of Included Studies

Most of the studies were broadly focused on the adult population, but a minority were 

focused on the older adult population.22-28 Two studies were focused on Veterans.29,30 Only 

a minority of studies had specific cardiac exclusion criteria.24,29,31-35 Most of the included 

studies were observational using either cross-sectional22,27,28,31,32,35-40 or retrospective 

cohort designs (Table 1).23-26,29,30,33,34,41-43 Of those with an intervention,44-49 none 

was a randomized controlled trials although one was a non-randomized controlled trial 

(Supplement Table 8).44 Five other studies used pre-post designs45-49 of which all were 

prospective, interventional studies except one.49 The most frequently studied surgery was 

hip fracture repair.22,26,28,38,46 Fewer than half used a nationally representative patient 

sample.23-25,27,29,30,36,38,40,42,43 The preoperative study of interest varied: nine studies 

focused on stress tests,25,27,29,32,33,35,39,40,47 seven on EKGs24,30,41,44,45,48,49 (two of 

which24,30 also studied cascades of care after an EKG), three on echocardiograms,22,26,46 

one on cardiac catheterization,34 and the remaining eight on a combination of 

tests.23,28,31,36-38,42,43

Risk of Bias

Fourteen of the 28 studies had a moderate risk of bias.22,23,25,29,31-33,36,38,39,41,44,46,47 Nine 

had a low risk of bias,24,27,30,34,35,40,42,43,49 and five had a high risk of bias (Table 1; 

Supplement Tables 1-4).26,28,37,45,48
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Of the studies deemed to have a low-risk of bias, most24,27,30,42,43 were cohort studies that 

used a nationally representative data set with well-designed adjustment for patients’ clinical 

characteristics. Two were single-center studies – one pre-post49 and one cross-sectional35 

– that were well-designed and benefited from granular data. Three used causal inference 

techniques – propensity score matching30,34 and difference-in-difference analysis.43

Patient Level Factors

Older patients22,24,26,29,31,38,40 were more likely to have preoperative cardiac testing, as 

were patients with greater comorbidity as measured by Elixhauser score,24,30,38 Charlson 

Comorbidity Index,22,27,28,36,42 American Society of Anesthesiologists Classification 

Score,26,31 Myocardial Infarction and Cardiac Arrest Score,35 and Revised Cardiac Risk 

Index (RCRI) Score29,31,35,40,42 (Table 2; Supplement Table 5). RCRI was the most 

commonly used perioperative risk stratification tool. The adjusted odds ratio of receiving 

a preoperative stress test with an RCRI of 1 (vs an RCRI of 0) ranged from 2.69 (95% CI, 

2.46-2.93)42 to 4.35 (95% confidence interval (CI), 4.18-4.53).40 Individuals with Medicare 

or Medicaid, relative to commercial plans,23,24,36,38 were more likely to have preoperative 

cardiac testing; similarly, individuals in non-capitated health plans relative to capitated 

plans40 had more testing (adjusted odds ratio of stress testing for capitated plan 0.80 (95% 

CI, 0.73-0.87). Two studies found that low-value preoperative EKGs can lead to downstream 

testing.24,30

Provider Level Factors

Patients visiting a preoperative clinic, compared to a primary care clinic,43 or those having 

a preoperative referral to a cardiologist31 had more testing (Table 2; Supplemental Table 6). 

A single-center, quality improvement (QI) project demonstrated that when the hospitalist 

alone was tasked with determining the necessity of a preoperative echocardiogram, rather 

than the hospitalist, cardiologist, and anesthesiologist together, fewer echocardiograms were 

ordered.46 Another single-center study found that a preoperative clinic provider’s general 

tendency to order preoperative stress tests was strongly associated with the probability that 

a given patient would receive a stress test (a physician at the 95th percentile of stress test 

ordering intensity was three times more likely to order a stress test than a physician at the 

5th percentile of ordering intensity).35

System Level Factors

A higher regional density of cardiologists,24,27 greater regional spending per Medicare 

beneficiary,27 and more populous metropolitan statistical areas27 were associated with 

more preoperative cardiac testing (Table 2; Supplemental Table 7). There was not a 

clear association between hospital size and intensity of preoperative cardiac testing.27,30,38 

However, community hospital care relative to care at a tertiary hospital was associated with 

more preoperative echocardiograms.28 Implementation of preoperative testing guidelines at 

an institution were associated with fewer EKGs.44,45,48,49
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Conclusions

Between 2012 and 2013, six organizations included avoidance of certain preoperative 

cardiac tests among their Choosing Wisely© recommendations. Since then, a large body 

of literature has critically evaluated preoperative cardiac testing, but to date, it has not 

been systematically reviewed. We conducted a systematic review to determine the patient, 

provider, and system level factors associated with higher levels of preoperative cardiac 

testing rates. Understanding drivers of high intensity preoperative cardiac evaluations will 

allow for development of successful QI initiatives and realignment of incentives to promote 

cost-effective care. About half of the included articles were explicitly evaluating overuse 

whereas the other half evaluated variation in diagnostic intensity, though this distinction was 

not one that we defined ex ante as an element for data extraction.

The included studies consistently reported that older age and increasing comorbidity 

are associated with more preoperative cardiac testing.22,24,26-31,35,36,38,40,42 However, 

significant inter-provider35 and inter-hospital29,32-34 variation in preoperative cardiac testing 

was observed, suggesting that variation in diagnostic intensity was not entirely driven by 

patient characteristics. We expected that use of low-value preoperative cardiac testing is 

a function of provider and system characteristics, specifically incentives and processes of 

care. Indeed, we found that a higher regional density of cardiologists,24,27 a preoperative 

cardiology referral,31 and a visit to a preoperative clinic rather than a primary care clinic43 

were associated with more preoperative testing. These findings are consistent with previous 

work studying low-value care more generally, which showed that a higher ratio of specialists 

to primary care physicians was associated with more low-value care2 and that a higher 

regional concentration of cardiologists was associated with more low-value cardiac testing.50

The extent to which financial incentives contribute to low-value preoperative cardiac testing 

is unclear from our review. Patients with government sponsored insurance (Medicare and 

Medicaid) relative to commercial plans23,24,36,38 as the primary payer were more likely to 

receive preoperative testing. We do not know the mechanism for this relationship. While 

these studies did control for comorbidities, the finding may be due to residual confounding 

in that older, more medically complex patients (who are more likely to be on government 

sponsored insurance) typically receive more preoperative cardiac testing. Patients with non-

capitated relative to capitated insurance plans received more testing.40 We suspect this has 

more to do with hospital or clinic payer mix rather than physicians basing management 

decisions on an individual patient’s insurance. Previous work has demonstrated a significant 

relationship between hospital payer mix and diagnostic intensity.51 A prior study also found 

that primary care physicians in capitated payment models ordered less low-value screening 

tests than those in non-capitated payment models.6

Our review included several studies testing interventions designed to reduce low-value 

preoperative cardiac testing,44-49 and all but one47 successful reduced testing. The one 

intervention that was not successful was aimed at reducing stress tests with imaging and 

not specifically preoperative stress tests, although it did provide results separately for 

preoperative stress testing. It is encouraging that five of the six interventional studies 

successfully reduced preoperative cardiac testing. These results speak to the extent to which 
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social processes and dynamics might impact the intensity of preoperative cardiac testing. Of 

course, there could be an element of publication bias. Notably, four of the five successful 

interventions were focused on reducing preoperative EKGs.44,45,48,49 EKGs are the least 

expensive (and presumably least profitable, at least in a fee-for-service system) type of 

cardiac testing. Of note, one study which calculated the cost of the intervention at two safety 

net hospitals noted cost-savings due to the capitated nature of the safety net hospitals.44 

However, in a simulation of the intervention at a fee-for-service hospital, they estimated 

significant financial losses.

Our review also found strong evidence suggesting that preoperative EKGs may lead to 

further downstream testing (“cascade” events).24,30 This is important because much of the 

research on this topic, and most of the QI research, focused on EKGs, which are a relatively 

low-cost diagnostic test without radiation or risk of direct clinical harm. This finding 

suggests that though the per-unit cost of EKGs is small, the implications of unnecessary 

EKG testing may still be significant. Moreover, previous work has shown that low and 

very low cost services contribute more to the total cost of low-value care than high 

and very high cost services, due to greater volume.52 Further supporting the concept of 

care cascades in preoperative cardiac testing, a study published after our literature search 

measured downstream effects of preoperative stress testing and used a causal inference 

strategy to show that they were associated with a higher incidence of coronary angiography, 

percutaneous coronary intervention, and delayed and cancelled non-cardiac surgery.53

This review has limitations, most notably that the heterogeneity of the research precluded 

quantitative pooling of the data. Additionally, we did not focus on one specific type of 

preoperative cardiac testing, and it is possible that different factors may perpetuate the 

overuse of different types of testing. Much of the research we reviewed focused on non-

modifiable patient-level factors, and a relatively small portion focused on provider and 

system level factors that may be modifiable to reduce diagnostic overuse. An even smaller 

fraction dealt with easily modifiable care processes. Finally, much of the research that 

was focused on a single hospital or small number of hospitals was conducted at academic 

medical centers, so the results may not be applicable to community hospitals.

Future research should further evaluate provider and system (particularly hospital and 

health system) characteristics that are associated with, and potentially drivers of, low-

value preoperative cardiac testing. At the provider level, degree and training (physician 

versus advanced practicing provider; years of experience) may have explanatory power. 

At the hospital level, provider compensation mechanisms and the relationship between 

surgeons and non-surgeons in managing surgical patients may yield insights. Additionally, 

understanding the impact of institutional culture on clinical care would be valuable. Culture 

likely informs differential emphasis placed on issues of patient safety and clinical outcomes, 

efficiency (like length of stay and time to surgery), avoidance of low-value care, and 

optimization of revenue streams.

The relationship between institutional culture and preoperative cardiac testing intensity 

could be elucidated though qualitative analyses involving structured interviews with 

surgeons, cardiologists, and generalists (primary care physicians and hospitalists) regarding 
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their opinions on the value of preoperative cardiac testing. A recent positive deviance 

analysis utilizing interviews of health system leaders found that both health system culture 

and clinicians’ attitudes were important factors in allowing certain health systems to provide 

lower-than-average overuse while still delivering adequate quality of care.54 A mixed 

methods approaching quantitatively and qualitatively comparing preferences for and actual 

testing utilization among surgical subspecialties performing surgeries with a similar level 

of perioperative risk within a single hospital would be one way to help isolate various 

aspects of culture. Another way to better understand how institutional culture impacts 

low-value preoperative cardiac testing would be to evaluate the impact of hospital mergers 

and acquisitions. In these situations, processes of care and financial incentives are likely to 

change faster than clinicians’ attitudes and overall institutional culture and this would allow 

a causal inference approach to understanding the most important drivers.

At the regional level, the malpractice environment and payer and health system market 

power may have meaningful associations with preoperative cardiac testing. Identifying these 

drivers will help us understand the causes of low-value preoperative cardiac testing but 

also, more generally, low-value care. Special attention should be focused on identifying 

modifiable drivers of low-value care, for example, hospital processes of care.

In conclusion, increasing age and medical complexity are associated with higher intensity 

preoperative cardiac testing. There is also significant inter-provider and inter-hospital 

variation in preoperative cardiac testing, though the evidence supporting individual factors 

driving variation at these levels is weaker.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 –. 
Evidence Search and Selection
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