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Hip fracture is a common reason for urgent inpatient surgery.
In the past few years, several professional societies have
identified preoperative echocardiography and stress testing
for noncardiac surgeries as low-value diagnostics. We utilized
data on hospitalizations with a primary diagnosis of hip
fracture surgery between 2011 and 2015 from the State
Inpatient Databases (SID) of Maryland, New Jersey, and
Washington, combined with data on hospital characteristics
from the American Hospital Association (AHA). We found
that the rate of preoperative ischemic testing is surprisingly

ip fracture is a common reason for unexpected,

urgent inpatient surgery in older patients. In 2005,

the incidence of hip fracture was 369.0 and 793.5

per 100,000 in men and women respectively.! These
numbers declined over the preceding decade, potentially as a
result of bisphosphonate use. Age- and risk-adjusted 30-day
mortality rates for men and women in 2005 were approximate-
ly 10% and 5%, respectively.

Evidence suggests that timely surgical repair of hip fractures
improves outcomes, although the optimal timing is controver-
sial. Guidelines from the American College of Surgeons Com-
mittee on Trauma from 2015 recommend surgical intervention
within 48 hours for geriatric hip fracures.? A 2008 systematic
review found that operative delay beyond 48 hours was asso-
ciated with a 41% increase in 30-day all-cause mortality and a
32% increase in one-year all-cause mortality.® Recent evidence
suggests that the rate of complications begins to increase with
delays beyond 24 hours.*

There has been a focus over the past decade on overuse of
preoperative testing for low- and intermediate-risk surgeries.>’
Beginning in 2012, the American Board of Internal Medicine
initiated the Choosing Wisely® campaign in which numerous
societies issued recommendations on reducing utilization
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but encouragingly low (stress tests 1.1% and cardiac
catheterizations 0.5%), which is consistent with studies
evaluating the outpatient utilization of these tests for low-
and intermediate-risk surgeries. The rate of echocardiograms
was 12.6%, which was higher than other published reports.
Our findings emphasize the importance of ensuring that
quality improvement efforts are directed toward areas where
quality improvement is, in fact, needed. Journal of Hospital
Medicine 2019;14:224-228. © 2019 Society of Hospital
Medicine

of various diagnostic tests, a number of which have focused
on preoperative tests. Two groups—the American Society of
Anesthesiologists (ASA) and the American Society of Echocar-
diography (ASE)— issued specific recommendations on pre-
operative cardiac testing.® In February 2013, the ASE recom-
mended avoiding preoperative echocardiograms in patients
without a history or symptoms of heart disease. In October
2013, the ASA recommended against transthoracic echocar-
diogram (TTE), transesophageal echocardiogram (TEE), or
stress testing for low- or intermediate-risk noncardiac surgery
for patients with stable cardiac disease.

Finally, in 2014, the American College of Cardiology (ACC)/
American Heart Association (AHA) issued updated periopera-
tive guidelines for patients undergoing noncardiac surgeries.?
They recommended preoperative stress testing only in a small
subset of cases (patients with an elevated perioperative risk
of major adverse cardiac event, a poor or unknown functional
capacity, or those in whom stress testing would impact periop-
erative care).

Given the high cost of preoperative cardiac testing, the po-
tential for delays in care that can adversely impact outcomes,
and the recent recommendations, we sought to characterize
the rates of inpatient preoperative cardiac testing prior to hip
fracture surgery in recent years and to see whether recent rec-
ommendations to curb use of these tests were temporally as-
sociated with changing rates.

METHODS

Overview

We utilized two datasets—the Healthcare Cost and Utilization
Project (HCUP) State Inpatient Databases (SID) and the Amer-
ican Hospital Association (AHA) Annual Survey—to character-
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ize preoperative cardiac testing. SID data from Maryland, New
Jersey, and Washington State from 2011 through September
2015 were used (the ICD coding system changed from ICD9 to
ICD10 on October 1, 2015). This was combined with AHA data
for these years. We included all hospitalizations with a prima-
ry ICD9 procedure code for hip fracture repair—78.55, 78.65,
79.05, 79.15, 79.25, 79.35, 79.45, 79.55, 79.65, 79.75, 79.85, and
79.95. We excluded all observations that involved an interhos-
pital transfer. This study was exempt from institutional review
board approval.

Measurement and Outcomes

We summarized demographic data for the hospitalizations
that met the inclusion criteria as well as the associated hos-
pitals. The primary outcome was the percentage of patients
undergoing TTE, stress test, and cardiac catheterization during
a hospitalization with a primary procedure code of hip fracture
repair. Random effects logistic regression models for each type
of diagnostic test were developed to determine the factors that
might impact test utilization. In addition to running each test as
a separate model, we also performed an analysis in which the
outcome was performance of any of these three cardiac tests.
Random effects were used to account for clustering of testing
within hospitals. Variables included time (3-month intervals),
state, age (continuous variable), gender, length of stay, payer
(Medicare/Medicaid/private insurance/self-pay/other), hospi-
tal teaching status (major teaching/minor teaching/nonteach-
ing), hospital size according to number of beds (continuous
variable), and mortality score. Major teaching hospitals are de-
fined as members of the Council of Teaching Hospitals. Minor
teaching hospitals are defined as (1) those with one or more
postgraduate training programs recognized by the American
Council on Graduate Medical Education, (2) those with a med-
ical school affiliation reported to the American Medical Associ-
ation, or (3) those with an internship or residency approved by
the American Osteopathic Association.

The SID has a specific binary indicator variable for each of
the three diagnostic tests we evaluated. The use of the diag-
nostic test is evaluated through both UB-92 revenue codes and
ICD9 procedure codes, with the presence of either leading to
the indicator variable being positive.'® Finally, we performed
a sensitivity analysis to evaluate the significance of changing
utilization trends by interrupted time series analysis. A level of
0.05 was used to determine statistical significance. Analyses
were done in STATA 15 (College Station, Texas).

RESULTS

The dataset included 75,144 hospitalizations with a primary
procedure code of hip fracture over the study period (Table).
The number of hospitalizations per year was fairly consistent
over the study period in each state, although there were fewer
hospitalizations for 2015 as this included only January through
September. The mean age was 72.8 years, and 67% were fe-
male. The primary payer was Medicare for 71.7% of hospitaliza-
tions. Hospitalizations occurred at 181 hospitals, the plurality of
which (42.9%) were minor teaching hospitals. The proportions
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of hospitalizations that included a TTE, stress test, and cardiac
catheterization were 12.6%, 1.1%, and 0.5%, respectively. Over-
all, 13.5% of patients underwent any cardiac testing.

There was a statistically significantly lower rate of stress tests
(odds ratio [OR], 0.32; 95% ClI, 0.19-0.54) and cardiac cathe-
terizations (OR, 0.46; 95% Cl, 0.27-0.79) in Washington than in
Maryland and New Jersey. Female gender was associated with
significantly lower adjusted ORs for stress tests (OR, 0.74; 95%
Cl, 0.63-0.86) and cardiac catheterizations (OR, 0.73; 95% CI,
0.59-0.91), and increasing age was associated with higher ad-
justed ORs for each test (TTE, OR, 1.033; 95% ClI, 1.031-1.035;
stress tests, OR, 1.007; 95% Cl, 1.001-1.013; cardiac catheter-
izations, OR, 1.011; 95% ClI, 1.003-1.019). Private insurance was
associated with a lower likelihood of stress tests (OR, 0.65;
95% Cl, 0.50-0.85) and cardiac catheterizations (OR, 0.67; 95%
Cl,0.46-0.98), and self-pay was associated with a lower likeli-
hood of TTE (OR, 0.76; 95% Cl, 0.61-0.95) and stress test (OR,
0.43; 95% Cl, 0.21-0.90), all compared with Medicare.

Larger hospitals were associated with a greater likelihood of
cardiac catheterizations (OR, 1.18; 95% Cl, 1.03-1.36) and a low-
er likelihood of TTE (OR, 0.89; 95% CI, 0.82-0.96). An unweight-
ed average of these tests between 2011 and October 2015
showed a modest increase in TTEs and a modest decrease
in stress tests and cardiac catheterizations (Figure). A multi-
variable random effects regression for use of TTEs revealed
a significantly increasing trend from 2011 to 2014 (OR, 1.04,
P <.0001), but the decreasing trend for 2015 was not statistical-
ly significant when analyzed according to quarters or months
(for which data from only New Jersey and Washington are
available).

In the combined model with any cardiac testing as the
outcome, the likelihood of testing was lower in Washington
(OR, 0.56; 95% ClI, 0.31-0.995). Primary payer status of self-
pay was associated with a lower likelihood of cardiac testing
(OR, 0.73; 95% Cl, 0.58-0.90). Female gender was associated
with a lower likelihood of testing (OR, 0.93; 95% Cl, 0.88-0.98),
and high mortality score was associated with a higher likeli-
hood of testing (OR, 1.030; 95% ClI, 1.027-1.033). TTEs were
the major driver of this model as these were the most heavily
utilized test.

DISCUSSION
There has been limited research into how often preoperative
cardiac testing occurs in the inpatient setting. Our aim was to
study its prevalence prior to hip fracture surgery during a time
period when multiple recommendations had been issued to
limit its use. We found rates of ischemic testing (stress tests
and cardiac catheterizations) to be appropriately, and per-
haps surprisingly, low. Our results on ischemic testing rates are
consistent with previous studies, which have focused on the
outpatient setting where much of the preoperative workup for
nonurgent surgeries occurs. The rate of TTEs was higher than
in previous studies of the outpatient preoperative setting, al-
though it is unclear what an optimal rate of TTEs is.

A recent study examining outpatient preoperative stress
tests within the 30 days before cataract surgeries, knee ar-
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TABLE. Descriptive Statistics, Patient, and Hospital Characteristics

Overall testing volume, total number (% of patients)

Echocardiograms

Stress tests

Cardiac catheterizations
Patient characteristics
Age (standard deviation)

Gender (female)

9,441 (12.6)
801 (1.1)

381(0.5)

(n = 75,144 admissions)

Primary payer®
Medicare 53,903
Private insurance 13,753
Medicaid 3,959
Other 1,663
Self-pay 1,613
No charge 248
Hospital characteristics (n
State
Maryland 19,283
New Jersey 32,467
Washington 23,394
Bed size
< 100 beds 4,595
100-199 beds 13,855
200-299 beds 18,185
300-399 beds 12,174
400-499 beds 11,708
> 500 beds 14,487
Teaching status?
Major teaching 15,473
Minor teaching 34,548
Nonteaching 25,002

72.8(21.1)
67.1%
71.7%
18.3%
5.3%
2.2%
2.2%
0.3%
=75,144 admissions) (n = 181 hospitals)
Patients Hospitals®
25.6% 47 26.0%
43.2% 66 36.5%
31.1% 68 37.6%
4.5% 48 20.8%
18.4% 56 24.2%
24.9% 54 23.4%
15.8% 34 14.7%
16.3% 23 10.0%
18.2% 16 6.9%
20.6% 21 10.0%
46.1% 90 42.9%
33.3% 99 47.1%

*Missing payer observations by patient = 5

“Number of hospitals by bed size and teaching status adds to greater than 181 because of changes in hospital size and teaching status over the study period.

“Missing bed size observations = 140

9Missing teaching status observations = 121

throscopies, or shoulder arthroscopies found a rate of 2.1%
for Medicare fee-for-service patients in 2009 with little region-
al variation.”” Another evaluation using 2009 Medicare claims
data found rates of preoperative TTEs and stress tests to be
0.8% and 0.7%, respectively.”? They included TTEs and stress
tests performed within 30 days of a low- or intermediate-risk
surgery. A study analyzing the rate of preoperative TTEs be-
tween 2009 and 2014 found that rates varied from 2.0% to
3.4% for commercially insured patients aged 50-64 years and
Medicare-advantage patients, respectively, in 2009."® These
rates decreased by 7.0% and 12.6% from 2009 to 2014. These
studies, like ours, suggest that preoperative cardiac testing has
not been a major source of wasteful spending. One explana-
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tion for the higher rate of TTEs we observed in the inpatient
setting might be that primary care physicians in the outpatient
setting are more likely to have historical cardiac testing results
compared with physicians in a hospital.

We found that the rate of stress testing and cardiac cath-
eterization in Washington was significantly lower than that in
Maryland and New Jersey. This is consistent with a number of
measures of healthcare utilization — total Medicare reimburse-
ment in the last six months of life, mean number of hospital
days in the last six months of life, and healthcare intensity in-
dex—for all of which Washington was below the national mean
and Maryland and New Jersey were above it."

Finally, we found evidence of a lower rate of preoperative
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FIG. Unweighted total transthoracic echocardiograms, stress tests, and cardiac catheterizations over time
stress tests and cardiac catheterizations for women despite  CONCLUSION

controlling for age and mortality score. Of course, we did
not control directly for cardiovascular comorbidities; as a re-
sult, there could be residual confounding. However, these
results are consistent with previous findings of gender bias in
both pharmacologic management of coronary artery disease
(CAD)" and diagnostic testing for suspected CAD."

We focused on hospitalizations with a primary procedure
code to surgically treat hip fracture. We are unable to tell if
the cardiac testing of these patients had occurred before or
after the procedure. However, we suspect that the vast ma-
jority were completed for preoperative evaluation. It is likely
that a small subset were done to diagnose and manage cardi-
ac complications that either accompanied the hip fracture or
occurred postoperatively. Another limitation is that we cannot
determine if a patient had one of these tests recently in the
emergency department or as an outpatient.

We also chose to include only patients who actually had hip
fracture surgery. It is possible that the testing rate is higher for
all patients admitted for hip fracture and that some of these
patients did not have surgery because of abnormal cardiac
testing. However, we suspect that this is a very small fraction
given the high degree of morbidity and mortality associated
with untreated hip fracture.
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We found a low rate of preoperative cardiac testing in patients
hospitalized for hip fracture surgery both in the years before
and after the issuance of recommendations intended to curb
its use. Although it is reassuring that the volume of low-value
testing is lower than we expected, these findings highlight the
importance of targeting utilization improvement efforts toward
low-value tests and procedures that are more heavily used,
since further curbing the use of infrequently utilized tests and
procedures will have only a modest impact on overall health-
care expenditure. Our findings highlight the necessity that
professional organizations ensure that they focus on true areas
of inappropriate utilization. These are the areas in which im-
provements will have a major impact on healthcare spending.
Further research should aim to quantify unwarranted cardiac
testing for other inpatient surgeries that are less urgent, as the
urgency of hip fracture repair may be driving the relatively low
utilization of inpatient cardiac testing.

Disclosures: The authors have nothing to disclose.

Funding: This project was supported by the Johns Hopkins Hospitalist Scholars
Fund and the Johns Hopkins School of Medicine Biostatistics, Epidemiology
and Data Management (BEAD) Core.

Journal of Hospital Medicine® Vol 14 | No 4 | April 2019 227



Ellenbogen et al | Preoperative Cardiac Testing Prior to Hip Surgery

References

1.

228

Brauer CA, Coca-Perraillon M, Cutler DM, Rosen A. Incidence and mortali-
ty of hip fractures in the United States. JAMA. 2009;302(14):1573-1579. doi:
10.1001/jama.2009.1462.

ACS TQIP - Best Practices in the Management of Orthopaedic Trauma.
https://www.facs.org/~/media/files/quality programs/trauma/tqip/tgip bpgs
in the management of orthopaedic traumafinal.ashx. Published 2015. Ac-
cessed July 13, 2018.

Shiga T, Wajima Z, Ohe Y. Is operative delay associated with increased mor-
tality of hip fracture patients? Systematic review, meta-analysis, and meta-re-
gression. Can J Anesth. 2008;55(3):146-154. doi: 10.1007/BF03016088.
Pincus D, Ravi B, Wasserstein D, et al. Association between wait time
and 30-day mortality in adults undergoing hip fracture surgery. JAMA.
2017;318(20):1994. doi: 10.1001/jama.2017.17606.

Clair CM, Shah M, Diver EJ, et al. Adherence to evidence-based guidelines
for preoperative testing in women undergoing gynecologic surgery. Obstet
Gynecol. 2010;116(3):694-700. doi: 10.1097/A0G.0b013e3181ec448d.

Chen CL, Lin GA, Bardach NS, et al. Preoperative medical testing in Medi-
care patients undergoing cataract surgery. N Engl J Med. 2015;372(16):1530-
1538. doi: 10.1056/NEJMsa1410846.

Benarroch-Gampel J, Sheffield KM, Duncan CB, et al. Preoperative laborato-
ry testing in patients undergoing elective, low-risk ambulatory surgery. Ann
Surg. 2012; 256(3):518-528. doi: 10.1097/SLA.0b013e318265bcdb.

Choosing Wisely - An Initiative of the ABIM Foundation. http://www.choos-
ingwisely.org/clinician-lists. Accessed July 16, 2018.

Journal of Hospital Medicine® Vol 14 | No 4 | April 2019

10.

1.

12.

13.

14.

15.

Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA Guide-
line on perioperative cardiovascular evaluation and management of pa-
tients undergoing noncardiac surgery. JACC. 2014;64(22):278 LP-e333. doi:
10.1016/j.jacc.2014.07.944.

HCUP Methods Series - Development of Utilization Flags for Use with UB-
92 Administrative Data; Report # 2006-04. https://www.hcup-us.ahrg.gov/
reports/methods/2006_4.pdf.

Kerr EA, Chen J, Sussman JB, Klamerus ML, Nallamothu BK. Stress testing
before low-risk surgery - so many recommendations, so little overuse. JAMA
Intern Med. 2015;175(4):645-647. doi: 10.1001/jamainternmed.2014.7877.
Schwartz AL, Landon BE, Elshaug AG, Chermnew ME, McWilliams JM. Mea-
suring low-value care in medicare. JAMA Intern Med. 2014;174(7):1067-1076.
doi: 10.1001/jamainternmed.2014.1541.

Carter EA, Morin PE, Lind KD. Costs and trends in utilization of low-value ser-
vices among older adults with commercial insurance or Medicare advantage.
Med Care. 2017;55(11):931-939. doi: 10.1097/MLR.0000000000000809.

The Dartmouth Atlas of Health Care. http://www.dartmouthatlas.org. Ac-
cessed December 7, 2017.

Williams D, Bennett K, Feely J. Evidence for an age and gender bias in the
secondary prevention of ischaemic heart disease in primary care. Br J Clin
Pharmacol. 2003;55(6):604-608. doi: 10.1046/j.1365-2125.2003.01795.x.

. Chang AM, Mumma B, Sease KL, Robey JL, Shofer FS, Hollander JE. Gender bias

in cardiovascular testing persists after adjustment for presenting characteristics and
cardiac risk. Acad Emerg Med. 2007;14(7):599-605. doi: 10.1197/j.aem.2007.03.1355.

An Official Publication of the Society of Hospital Medicine



