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Abstract

Study objective: To describe recent practice patterns of preoperative tests and to examine their association with
90-day all-cause readmissions and length of stay.

Design: Retrospective cohort study using the New York Statewide Planning and Research Cooperative System
(SPARCS).

Setting: SPARCS from March 1,2016, to July 1,2017.

Participants: Adults undergoing Total Hip Replacement (THR) or Total Knee Replacement (TKR) had a preoperative
screening outpatient visit within two months before their surgery.

Interventions: Electrocardiogram (EKG), chest X-ray, and seven preoperative laboratory tests (RBCs antibody screen,
Prothrombin time (PT) and Thromboplastin time, Metabolic Panel, Complete Blood Count (CBC), Methicillin Resistance
Staphylococcus Aureus (MRSA) Nasal DNA probe, Urinalysis, Urine culture) were identified.

Primary and secondary outcome measures: Regression analyses were utilized to determine the association
between each preoperative test and two postoperative outcomes (90-day all-cause readmission and length of
stay). Regression models adjusted for hospital-level random effects, patient demographics, insurance, hospital TKR,
THR surgical volume, and comorbidities. Sensitivity analysis was conducted using the subset of patients with no
comorbidities.

Results: Fifty-five thousand ninety-nine patients (60% Female, mean age 66.14/— 9.8 SD) were included. The most
common tests were metabolic panel (74.5%), CBC (66.8%), and RBC antibody screen (58.8%). The least common tests
were MRSA Nasal DNA probe (13.0%), EKG (11.7%), urine culture (10.7%), and chest X-ray (7.9%). Carrying out MRSA
testing, urine culture, and EKG was associated with a lower likelihood of 90-day all-cause readmissions. The length of
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comorbidities.

granular clinical data.

bacteriuria, Preoperative EKG

hospital stay was not associated with carrying out any preoperative tests. Results were similar in the subset with no

Conclusions: Wide variation exists in preoperative tests before THR and TKR. We identified three preoperative tests
that may play a role in reducing readmissions. Further investigation is needed to evaluate these findings using more

Keywords: Preoperative testing, Total knee replacement, Total hip replacement, MRSA screening, Asymptomatic

Strengths and limitations of this study

+ To our knowledge, this is the first study to use a
large administrative database to examine the use
and value of preoperative testing.

+ We adjusted for confounders, including patient
age, gender, race, insurance, and hospital surgical
volume. We also controlled for all categories of the
Elixhauser comorbidity index.

+ We also assessed the relationship between receiving
each preoperative test and patient/hospital charac-
teristics.

+ We conducted sensitivity analyses, restricting our
data to the subset of patients with no Elixhauser
comorbidities.

+ One of the limitations is that it is a one-state study,
and our findings may not represent the preopera-
tive testing practices in all other states.

+ Results of these tests were not available in admin-
istrative databases, so we do not know whether the
clinicians acted on these tests or not.

« Finally, we excluded patients with no reported pre-
operative visits as we could not rule out whether
preoperative tests were conducted in the commu-
nity or not.

Introduction

Over a million total hip replacements (THR) and total
knee replacements (TKR) are performed in the US each
year [1]. Patients undergoing elective total hip replace-
ment (THR) and total knee replacement (TKR) usu-
ally undergo a medical evaluation before surgery [2].
The evaluation process involves various laboratory and
imaging tests [3]. Clinical guidelines, such as the one
set forth by the American Society of Anesthesiologists,
recommend a list of tests for THR and TKR; however,
given how these guidelines are written, the tests that
are ordered for THR and TKR patients are at the pro-
viders’ discretion and may result in considerable vari-
ability in practice [4].

Preoperative evaluation tests are ubiquitous, but
experts disagree regarding the utility of these tests
in reducing postoperative healthcare utilization. For
example, it is hotly debated whether Methicillin Resist-
ant Staphylococcus Aureus (MRSA) testing should be
done before TKR to reduce postoperative infection
[5]. In fact, performing preoperative tests is supported
by limited scientific evidence [3, 6]. In most cases, the
results of these tests do not lead to the cancellation of
the surgery or a change in the surgical course [6-10].
Nevertheless, these tests involve direct and indirect
costs to the patient, healthcare providers, insurance
companies, and society at large [6].

Studies from several other surgical fields have demon-
strated wide variability in practice [11, 12]; however, lit-
tle is known about the clinical practice of preoperative
testing done on patients before THR and TKR surgery.
Therefore, we aimed 1) to examine the current practice
patterns of preoperative investigations before elective
THR and TKR and 2) to determine the association of
nine tests with postoperative outcomes. As a preopera-
tive test is done to detect an abnormality that could affect
the outcome, it was essential to examine postoperative
outcomes. For example, Complete Blood Count (CBC)
determines if anemia exists, as evidence shows that such
illness is associated with increased readmission of ortho-
pedic patients within 90days. Despite the limitations of
administrative databases, most readmission performance
measures and risk models are founded on administrative
rather than clinical databases [13]. Therefore, vetting the
association between carrying out the preoperative tests
and the outcome measures is justifiably salient. We had
two hypotheses: the first hypothesis was wide variability
in the preoperative investigations ordered for patients
undergoing primary THR and TKR, and the second
hypothesis was that few of these tests were associated
with postoperative outcomes.

Methods

Study cohort

After obtaining the Institutional Review Board (IRB)
approval, we utilized the New York Statewide Planning
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and Research Cooperative System (SPARCS) database
to define our cohort. SPARCS is a statewide, all-payer
administrative database with unique patient identifiers
that collects patient-level data on all inpatient stays. The
inclusion criteria were all adult patients who underwent
primary THR and TKR and had an outpatient visit with a
preoperative screening code (ICD-10-CM code Z01.81x)
within two months before their surgery. We retrospec-
tively identified those patients in the SPARCS database
between March 1, 2016, and July 1, 2017. We excluded
patients who underwent THR and TKR with no infor-
mation on preoperative visits. To determine if hospitals
reporting screening visits were different from those who
did not, we compared the characteristics of patients with
a preoperative screening visit to patients with no infor-
mation on preoperative visits using chi-square tests.

Preoperative tests and outcomes

Nine preoperative investigations recommended by the
American Society of Anesthesiologists guidelines [4]
were identified using CPT codes and included in our
analyses. These included seven laboratory tests (Red
Blood Cells (RBCs) antibody screen, coagulation panel,
metabolic panel, Complete Blood Count (CBC), Methi-
cillin Resistance Staphylococcus Aureus (MRSA) Nasal
DNA probe, urinalysis, urine culture), electrocardio-
gram (EKG), and the chest X-ray. Postoperative outcomes
examined in this study were (1) 90-day all-cause readmis-
sion (primary outcome) and (2) length of stay (secondary
outcome).

Statistical analysis

We first conducted univariate analyses to describe
patients’ sociodemographic and clinical characteristics
with a preoperative visit. To investigate hypothesis one,
which is to determine the variation in preoperative test-
ing, we compared the proportion of each test among
patients who received preoperative screening visits. We
used the Marascuillo method to compare the proportion
of tests by simultaneously testing the difference between
proportions and providing a relative rank [14, 15]. Mar-
ascuillo method is a post-hoc test that maintains a pre-
specified type I error rate and keeps Family-Wise Error
Rate (FWER) under control [16]. Compared to other
methods like Bonferroni, the Marascuilo method is more
conservative [16].

To investigate the second hypothesis, which tests the
association between preoperative tests using and post-
operative outcomes, we used a hierarchical generalized
linear model with a hospital-level random effect were
then applied it to determine the association between
each preoperative test and 90-day readmission (using
logit link function) and hospital length of stay (LOS),
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identity link function. We used an exchangeable covari-
ance structure to produce smaller estimates and more
minor standard errors than other covariance structures.
We tested the log transformation of LOS and determined
it was unnecessary (Median LOS is three and mean LOS
is 2.82). Patients are admitted for a specific procedure
(joint replacement), so LOS is not as skewed as all-cause
admissions. Regressions were controlled for patient age,
gender, race, insurance, and hospital surgical volume. We
also controlled for the Elixhauser comorbidities, includ-
ing each comorbidity as a separate variable. The Elix-
hauser Comorbidity Index, a validated index based on
the International Classification of Diseases (ICD) diagno-
sis codes, was used to capture the burden of 29 comor-
bidities known to affect outcomes such as mortality [17].
Each comorbidity in the Elixhauser Comorbidity Index
is dichotomous, either present or not [17]. Models were
adjusted for patient characteristics (sex, age, race, and
ethnicity) and hospital characteristics (hospital volume:
i.e., number of primary TKR and THR surgeries per hos-
pital). Hospital volume was represented in the model in
quartiles.

Since comorbidities may be driving the preoperative
tests ordered for these patients and potential variation in
utilization, we conducted sensitivity analyses, restricting
our analyses to the subset of patients with no Elixhauser
comorbidities. We used SAS software version 9.4 to run
this analysis [18]. For preoperative tests associated with
lower readmission rates, we calculated the unadjusted
admission rates for patients who had undergone preop-
erative tests and those who did not.

Patient and public involvement statement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for the design or implementation of the
study. No patients were asked to advise on the interpreta-
tion or writing up of results. There are no plans to dis-
seminate the research results to study participants or the
relevant patient community.

Results

There were 44,964 THR and 65,292 TKR surgeries per-
formed in New York State during the study period. Of
those, 55,099 surgeries (50%, 33,930 TKR, and 21,169
THR) had an associated preoperative screening visit
code. Compared to those with no preoperative screen-
ing visit code, those with the code were more likely to
be older, non-Hispanic white, insured by Medicare, and
have knee surgery and surgery in hospitals with surgical
volume in the 25th to 75th percentile. The prevalence
of comorbidities was less than 10% in those with and
without preoperative testing, except for the following
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conditions: hypertension, obesity, chronic pulmonary
disease, diabetes, hypothyroidism, deficiency anemias,
and fluid and electrolyte disturbance (see Additional
file 1: Appendix A).

Of those patients with a preoperative screening visit,
6251 had none of the Elixhauser comorbidities. Compared
to patients with no comorbidity, those with one comor-
bidity or more were more likely to be older and insured by
Medicare. The characteristics of all patients and patients
without comorbidities are displayed in Table 1.

Practice patterns of preoperative tests

The most prevalent preoperative test was the metabolic
panel (74.5% of cases), while the least prevalent was chest
X-ray (7.9% of cases), based on the Marascuillo method.
Additionally, the proportions of Methicillin Resistance
Staphylococcus Aureus (MRSA) Nasal DNA probe, EKG,
and urine culture were 13, 12, and 11%, respectively,
lower than the top five tests (Fig. 1).

There were no differences between THR and TKR
patients in the frequency of tests, except TKR patients
received slightly more EKG testing (13% TKR vs. 10%
THR). However, there were differences based on insur-
ance type and hospital volume. For example, the fre-
quency of common preoperative tests (coagulation panel,
metabolic panel, and CBC) in Medicaid patients is the
lowest compared to patients with other insurance types.
In addition, hospitals with the highest patient volume
had lower utilization of less common preoperative tests
(urinalysis, urine culture, EKG, and chest X-ray) than
lower-volume hospitals.

Association with outcomes

The readmission rate within 90days was 8.49%, and the
average length of stay was 2.82days. Three tests were
associated with statistically lower readmission rates
in the unadjusted analyses. The unadjusted readmis-
sion rates for patients with MRSA screening (6.48%),
urine culture (5.51%), and EKG (5.62%) were statisti-
cally significantly (P<0.0001) lower than those without
MRSA screening (8.79%), urine culture (8.85%), or EKG
(8.87%). After adjusting for patient and hospital charac-
teristics, regression analysis showed that urine culture
(odds ratio (OR)=0.365, confidence interval (CI) [0.161,
0.829]), EKG (OR=0.318, CI [0.156, 0.645]), and screen-
ing for MRSA (OR=0.453, CI [0.232, 0.884]) were asso-
ciated with reduced odds of 90-day readmissions. Still,
none of the tests were associated with LOS (Table 2).
We observed similar results when we reran the regres-
sion models in the subset of patients with no Elixhauser
comorbidities (Additional file 2: Appendix B).

Page 4 of 9

Table 1 Characteristics of total knee and hip replacements
patients who have preoperative evaluation visits (primary analysis)
and the subset of patients who presented no comorbidities

(subset)

All patients with Patients
preoperative tests without
N=55,099 (primary comorbidities
analysis) N=6251
(subset)
n (%) n (%)
Sex
Male 33,037 (59.96) 2907 (46.50)
Female 22,062 (40.04) 3344 (53.50)
Age (years)
8-55 10,407 (18.89) 1759 (28.14)
56-63 10,910 (19.80) 1508 (24.12)
64-69 12,448 (22.59) 1340 (21.44)
70-75 10,304 (18.70) 867 (13.87)
764+ 11,030 (20.02) 777 (12.43)
Race
Non-Hispanic White 42,714 (77.52) 4986 (79.76)
Black 4407 (8.00) 388 (6.21)
Hispanic 4312 (7.83) 466 (7.45)
Asian/Pacific Islander 758 (1.38) 90 (1.44)
Other/Missing race 2908 (5.28) 321 (5.14)
Insurance
Medicare 28,303 (51.37) 2274 (36.38)
Medicaid 2334 (4.24) 285 (4.56)
Commercial 22,170 (40.24) 3369 (53.90)
Work Comp 1615 (2.93) 230 (3.68)
Other/Unknown 677 (1.23) 93 (1.49)
Hospital Volume
25th 5546 (10.07) 587 (9.39)
25-50th 9253 (16.79) 1015 (16.24)
50-75th 13,395 (24.31) 1559 (24.94)
75th+ 26,905 (48.83) 3090 (49.43)
Surgery Type
Total Knee Replacement 33,930 (61.58) 3299 (52.78)
Total Hip Replacement 21,169 (38.42) 2952 (47.22)

Discussion

Patterns of preoperative laboratory tests, EKG, and chest
X-rays have not been previously described for the THR
and TKR patient population. We aimed to describe these
patterns in this patient population and found wide vari-
ation in practice, even among patients with no reported
comorbidities. Moreover, while none of these tests
was associated with length of stay, three tests (MRSA
screening, urine culture, and EKG) were associated with
lower odds of 90-day readmissions, and the reduction
was 55-69%. These findings have important clinical and
healthcare policy implications.
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Metabolic panel*

CBC*

RBC's antibody screen*
Coagulation panel*

Urine analysis*

MR-Staph DNA amp probe
EKG

Urine culture

Chest X-ray

0% 10% 20% 30% 40% 50% 60% 70%

Percentage of Preop tests

B Without Comorbidities B With and Without Comorbidities

80%

Fig. 1 Percentage and ranking of preoperative tests for patients with preoperative visits*

In the absence of clear criteria for which tests should
be ordered for TKR and THR patients to assess them
for surgery, we have shown wide variability in clinical
practice. This variability has been reported in studies of
other surgical specialties. For example, a national study
analyzing preoperative testing for Medicare patients
undergoing cataract surgery found that nearly half of
patients receive no testing before surgery. In contrast,
others received at least one test [12]. In another study
of patients who underwent elective non-cardiac surgery,
only 38% of patients underwent preoperative evaluation
[11]. Multiple factors have been cited in the literature
that could explain this variation in the practice of preop-
erative testing. For example, medicolegal concerns, lim-
ited awareness of evidence-based guidelines, concerns
about surgical cancellation, practice tradition, and beliefs
about surgeons’ expectations may all play a role in order-
ing unnecessary tests [19]. Variations could also explain
this variability among hospitals in the availability of
workforce to establish preoperative screening clinics uni-
versally and among third-party payers in reimbursing for
these tests [3, 20, 21]. On the policy level, bundled pay-
ment arrangements could induce this variation as not all
arrangements to cover preoperative testing [22]. Further
investigation is needed to understand the patient, hos-
pital, geographic, and policy factors contributing to this
variation.

Our study showed that three tests, the EKG, the MRSA
screening, and the urine culture tests, were associated
with substantially lower readmission rates after surgery.
These associations were robust, even in the subset of
patients with no reported comorbidities. These tests were

among the least utilized in this patient population (only
11-13%). Hospitals are under significant financial pressure
from insurers to reduce postoperative costs, primarily
length of stay (LOS) and readmissions. For example, many
hospitals performing THR and TKR are in a bundled pay-
ment system, which provides the hospital with a lump
sum of money for the inpatient care they offer and all
subsequent care within 90 days of surgery [23]. In such an
environment, they are always looking for ways to reduce
postoperative healthcare utilization and costs [24].

Our analysis showed a reduction in the odds of 90-day
readmission by 69% in patients who underwent EKG
screening. The American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) guidelines rec-
ommend preoperative EKG for patients undergoing
intermediate- and high-cardiac risk surgeries [25]. Since
the cardiac risk in orthopedic surgeries is intermediate
[26], the findings of this study support the ACC/AHA
recommendation. As the frequency of abnormal EKG
increases with age [27, 28] and most of our study popula-
tion are older adults, we postulate that the preoperative
EKG might have led to changes in anesthesia manage-
ment which may have subsequently led to better postop-
erative outcomes [29-31]. However, further investigation
is needed to test such hypothesis.

EKG does not influence the cardiac risk but can serve
as a baseline for comparison with the postoperative EKG
if found abnormal [25]. Adjustments in preoperative test-
ing protocols to include EKG are relatively easy given
that this test is low-risk, cheap, and widely available.
However, the low rate of EKG may be due to variations
among internists who perform preoperative screening in
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Total Patients with Preoperative Tests

Patients Without Comorbidities

(Main analysis) (Subset)

90 Day Readmission LOS 90 Day Readmission LOS

OR Estimate Coefficient OR Estimate Coefficient
(95% CI) (95% CI) (95% CI) (95% CI)

Parameter
Intercept

Sex (reference group: male)
Female

Age (years) (reference group: =< 55)
56-63
64-69
70-75
76+

Race (reference group: white)
Black
Hispanic
Asian/Pacific Islander
Other/Missing race

Insurance (reference group: Medicare)
Medicaid
Commercial
Workers Compensation
Other/Unknown

Hospital volume (reference group: 0-25th)
25-50th
50-75th
75th +

Surgery (reference group: hip)
Knee

Preop Test
RBCs antibody screen
Coagulation panel
Metabolic panel
Complete blood count
MR-staph DNA amp probe
Urinalysis
Urine culture
EKG
Chest X-ray

0.14(0.07,0.28)*
1.15(0.90, 1.46)

0.57(0.37,087)*
0.54 (0.37,0.80)*
0.63(0.38,1.05)
1.09 (0.68, 1.75)

0.82(0.47,1.46)
81(0.95,3 46)
0.51(0.12, 2. 25)
0.82 (041, 1.65)
1.22(0.49,3.04)
0.67 (0.45,0.99)*
0.69 (0.29, 1.63)
0.53(0.16,1.77)

0.80 (042, 1.50)
1.14 (0.60, 2.16)
0.50(0.28,0.87)*

1.71(1.18, 2.48)*

0.91(0.62,1.34)
1.26 (0.83,1.94)
0.85(0.59,1.24)
07 (0.68, 1.68)
045 (0.23,0.88)*
0.60 (0.34, 1.08)
0.37(0.16,0.83)*
0.32(0.16,0.65)*
( )

0.56 (0.29,1.07

3.14(2.29,3.98)*

0.24 (0.06, 041)*

—0.06 (—0.26,0.14)
—0.24 (—0.74,0.25)
—0.24 (—-0.81,0.34)
0.23 (—0.43,0.89)

1.33
0.61
0.60
0.15

0.31,236)*
040, 0.82)*
—0.20, 1.41)
—0.03,0.33)

—0.39(—1.20,042)

—0.39(—1.01,0.23)
—0.11(—=0.74,051)
—044(—1.03,0.16)

—0.56 (—0.86, —0.26)*
—0.82(—1.16, —0.49)*
—0.73(—1.13,-033)*

0.24 (0.08, 0.40)*

—0.07 (—0.32,0.19)
0.13 (—0.06,0.32)

—0.15(—=0.52,0.21)
—0.06 (—0.21,0.10)
—021(=057,0.16)
0.01(—0.28,0.29)

—0.05(—=0.27,0.16)
0.004 (—0.29,0.30)*
—0.09(=033,0.16)

0.19(0.09,0.37)*
1.20 (0.95,1.52)

0.60 (0.39, 0.94)*

049 (0.33,0.75)*

0.56 (0.33,0.93)*
06 (0.64, 1.77)

0.96 (0.58, 1.60)

78(0.94,3.35)
0.52(0.13,2.11)
0.88 (048, 1.63)

1.16 (0.50, 2.68)
0.59 (0.38, 0.89)*
0.63(0.27, 1.48)
0.63(0.16,2.47)

0.77 (0.41,1.45)
1.07 (0.57,2.02)
047 (0.27,0.82)*

1.87(1.30,2.69) *

0.91(0.63,1.31)
1.19(0.79,1.81)
0.87(0.61,1.24)
1.10(0.72,1 68)
047 (0.24,091)*
0.61(0.34,1.09)
0.36(0.17,0.77)*
0.35(0.16,0.77)*

( )

0.55(0.30,1.03

3.39(2.28,4.49)*
0.22 (0.03,041)*

—0.11(=0.38,0.16)
—0.34 (—1.02,0.34)
—0.38(—1.20,0.44)
0.23(=0.72,1.18)

1.44(0.08, 2.81)*
0.64 (044, 0.85)*
0.58 (—0.21,1.38)
0.17 (=0.02,0.35)

—042 (—1.39,0.56)

—051(—1.35,032)
—0.20 (—1.00, 0.60)
—0.59 (—1.44,0.26)

—0.60 (—0.94, —0.26)*
—0.87 (—1.24, —051)*
—0.76 (=122, —0.29)*

0.23(0.02,045) *

—0.03 (—0.33,0.26)
0.11(—=0.11,0.34)

—0.20(—0.63,0.24)
—0.04 (-0.19,0.10)
—0.18(—0.61,0.24)

0.02(—0.29,0.34)

—0.10(—=0.33,0.14)
—0.01(—=0.32,0.29)
—0.14(=042,0.15)

2 Regressions of 90-day readmission and length of stay are adjusted for the Elixhauser comorbidities; full regression results are shown in the appendix

*P<.0001

categorizing different orthopedic procedures in the same
bucket of intermediate cardiac risk [32]. Further research
is warranted to reveal the barriers to performing EKG for

TKR and THR patients.

Our study also showed reduced readmissions among
patients who had MRSA screening preoperatively. These
results add to a growing body of evidence showing the

utility of this test in preventing postoperative peripros-
thetic joint infection (PJI) among TKR and THR patients
[5, 33]. Although our study evaluated all-cause readmis-
sions, PJIs constitute about one-third of readmissions
within the first few months [34, 35]. PJIs significantly
affect patient outcomes and healthcare costs [36—38].
There remains a contentious debate in the orthopedic
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community regarding the utility of the MRSA test, which
may explain the low utilization rate in our cohort [5]. The
American Academy of Orthopedic Surgeons (AAOS) has
recently called for conducting a multicenter randomized
controlled trial to evaluate the value of MRSA screen-
ing and decolonization in preventing PJI [39]. While our
cohort study was large and population-based, we support
more rigorous definitive RCT evidence as suggested by
the AAOS to address the conflicting views on this test.

Finally, our study showed that performing a urine cul-
ture before surgery was associated with lower odds of
90-day readmission. This test is usually utilized to screen
for asymptomatic bacteriuria (ASB). Although screening
for ASB is a longstanding practice [40], the limited and
conflicting evidence on its benefit could explain the low
utilization rate in our cohort [41]. Two meta-analyses
suggested an association between ASB and postoperative
PJI after arthroplasty [42, 43]. They concluded that pre-
operative ASB treatment is unnecessary due to the weak
microbiological correlation between ASB and PJI [42,
43]. It is important to note that most of the primary stud-
ies included in these meta-analyses are non-controlled
small cohort studies and may have resulted in such a
weak association. In contrast to the prior literature, our
study is the first large population-based study, and it
found a strong association between urine culture and
90-day readmission. Thus, this study may lay the ground
for further investigation of the value of urine culture
before TKR and THR.

There are implications to preoperative testing at the
patient, provider, and insurer levels. For the patient, the
impact of preoperative testing is not limited only to the
direct costs of these tests but also involves the indirect
costs in the form of travel and missed time from work to
have these tests. They also involve additional stress and
costs due to the false positives that could lead to further
preoperative testing and precautions during and after
the surgery. Moreover, these tests include allocating the
necessary resources (human and space) to hospitals to
ensure patients are fit for surgery associated with high
costs. However, identifying preoperative tests associated
with lower readmission rates provides an opportunity for
patient outcome improvement and cost reduction, which
is paramount, especially in the current bundled payment
schemes where hospitals shoulder readmission costs.
The costs of these tests are minimal compared to the
improved outcomes and savings that could be realized
from lower readmissions. This paper did not account for
the effect of bundled payment arrangement, which may
affect preoperative testing practices. We recommend that
future research investigates such an effect. As such, these
results would be of use to all stakeholders.
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Limitations

This study has some limitations. First, our findings iden-
tify the tests associated with better outcomes among
patients who underwent surgery. Since we do not observe
in this dataset those who did not proceed forward with
the surgery based on abnormal tests, we cannot assess the
value of these tests. Therefore these findings should not
belittle or negate the value of other lab tests in assessing
preoperative risks [44]. Second, this is a one-state study.
While the state is large, geographically, and socio-demo-
graphically diverse, our findings may not represent the
preoperative testing practices in all other states. Third,
we excluded about half of the patients who underwent
TKR and THR surgeries since they did not have associ-
ated preoperative screening codes. Our results might
not generalize to the whole cohort because their char-
acteristics differ from those with preoperative screening
codes. Fourth, we possibly did not capture all the tests
that patients underwent, as some tests could have been
performed within a short period before the surgery (or
for other reasons). Fifth, we did not perform a propensity
score analysis as there were too many unobserved fac-
tors (both at patients’ and physicians’ levels) which would
make matching ineffective. Finally, the results of these
tests were not available in the SPARCS database, so we do
not know whether the clinicians acted on these tests or
not. Hence, we call for more granular clinical studies to
confirm the results of this study, and we advocate against
increasing the use of EKG, MRSA screening, and urine
culture based solely on the results of this study.

Conclusions

There is wide variation in preoperative testing in TKR
and THR. While no preoperative tests are associated
with length of stay, MRSA screening, EKG, and urine
culture were associated with lower odds of 90-day
readmission. These findings call for more research to
determine a standardized list of necessary investiga-
tions before TKR and THR that should be applied to all
patients, resulting in better stewardship of these tests
and more prudent and systematic use.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512891-022-05945-y.

Additional file 1: Table A1. 2016-2017 Knee and Hip replacements for
patients with and without information on pre-operative screening visit.
Table A2. Comorbidity Profile of those with and without preoperative
testing information.

Additional file 2. Multi-variable Regression with a Hospital-level Random
Effect for Patients without comorbidities.



https://doi.org/10.1186/s12891-022-05945-y
https://doi.org/10.1186/s12891-022-05945-y

Hasan et al. BMC Musculoskeletal Disorders (2022) 23:972

Acknowledgments

This publication was produced from raw data purchased from or provided by
the New York State Department of Health (NYSDOH). However, the conclu-
sions derived and views expressed herein are those of the authors and do not
reflect the conclusions or views of NYSDOH. NYSDOH, its employees, officers,
and agents make no representation, warranty, or guarantee regarding the
accuracy, completeness, currency, or suitability of the information provided
here.

This research did not receive any specific grant from public, commercial, or
not-for-profit funding agencies.

Authors’ contributions

Mohamed Mosaad Hasan: conceptualization, methodology, investiga-

tion, writing - original draft, writing- review and edits, visualization, project
administration. Raymond Kang: conceptualization, methodology, software,
formal analysis, investigation, writing - original draft, writing- review, and
edits. Jungwha Lee: methodology, writing- review, and edits. Matthew Beal:
conceptualization, writing- review, edits, and resources. Abdalrahman Ahmed:
writing - original draft, writing- review, and edits. Yao Tian: methodology,
software, formal analysis, writing - initial draft, writing- review, and revisions.
Hassan M.K. Ghomrawi: conceptualization, methodology, validation, investiga-
tion, resources, writing - original draft, writing- review and edits, supervision,
project administration. All authors read and approved the final manuscript.

Funding
The authors received no financial support for the research, authorship, and/or
publication of this article.

Availability of data and materials

The data that support the findings of this study are available from the New
York State Department of Health (NYSDOH) but restrictions apply to the
availability of these data, which were used under license for the current study,
and so are not publicly available. Data are however available from the authors
upon reasonable request and with permission of the New York State Depart-
ment of Health (NYSDOH).

Declarations

Ethics approval and consent to participate

IRB that approved this study is Northwestern University Institutional Review
Board.Study ID: STU00208454.

All methods were carried out in accordance with relevant guidelines and
regulations.

The Northwestern University Institutional Review Board waived the need for
informed consent.

Consent for publication
Not Applicable.

Competing interests

I declare that the authors have no competing interests as defined by BMC or
other interests that might be perceived to influence the results and/or discus-
sion reported in this paper.

Author details

Center for Education in Health Sciences, Institute of Public Health and Medi-
cine, Feinberg School of Medicine, Northwestern University, Chicago, lllinois,
USA. 2Center for Community Health, Institute for Public Health and Medicine,
Northwestern University, Chicago, lllinois, USA. *Department of Preventive
Medicine, Feinberg School of Medicine, Northwestern University, Chicago,
lllinois, USA. *Center for Epidemiology & Population Health, Institute of Public
Health and Medicine, Feinberg School of Medicine, Northwestern University,
Chicago, lllinois, USA. °Hughston Clinics Orthopaedics, Nashville, Tennessee,
USA. *Medical College of Wisconsin, Milwaukee, WI, USA. ” Department of Sur-
gery, Feinberg School of Medicine, Northwestern University, Chicago, lllinois,
USA. ®surgical Outcomes and Quality Improvement Center, Feinberg School
of Medicine, Northwestern University, Chicago, lllinois, USA. “Department

of Pediatrics, Feinberg School of Medicine, Northwestern University, Chicago,
lllinois, USA. '°Center for Health Services and Outcomes Research, Institute
of Public Health and Medicine, Feinberg School of Medicine, Northwestern

Page 8 of 9

University, Chicago, lllinois, USA. ' Division of Rheumatology, Department
of Medicine, Feinberg School of Medicine, Northwestern University, Chicago,
lllinois, USA.

Received: 4 May 2022 Accepted: 2 November 2022
Published online: 10 November 2022

References

1. Maradit Kremers H, Larson DR, Crowson CS, Kremers WK, Washington RE,
Steiner CA, et al. Prevalence of Total Hip and Knee Replacement in the
United States. J Bone Joint Surg Am. 2015,97(17):1386-97.

2. King MS. Preoperative evaluation. Am Fam Physician. 2000,62(2):387-96.

3. Kash BA, Cline KM, Timmons S, Roopani R, Miller TR. International
comparison of preoperative testing and assessment protocols and best
practices to reduce surgical care costs: a systematic literature review. Adv
Health Care Manag. 2015;17:161-94.

4. Committee on S, Practice P, Apfelbaum JL, Connis RT, Nickinovich DG,
American Society of Anesthesiologists Task Force on Preanesthesia E,
et al. Practice advisory for preanesthesia evaluation: an updated report
by the American Society of Anesthesiologists Task Force on Preanesthesia
Evaluation. Anaesthesia. 2012;116(3):522-38.

5. ZhuX Sun X, ZengY, Feng W, Li J, Zeng J, et al. Can nasal Staphylococcus
aureus screening and decolonization prior to elective total joint arthro-
plasty reduce surgical site and prosthesis-related infections? A systematic
review and meta-analysis. J Orthop Surg Res. 2020;15(1):60.

6. Czoski-Murray C, Lloyd Jones M, McCabe C, Claxton K, Oluboyede Y,
Roberts J, et al. What is the value of routinely testing full blood count,
electrolytes and urea, and pulmonary function tests before elective sur-
gery in patients with no apparent clinical indication and in subgroups of
patients with common comorbidities: a systematic review of the clinical
and cost-effective literature. Health Technol Assess. 2012;16(50):1-159.

7. Roizen MF. More preoperative assessment by physicians and less by
laboratory tests. N Engl J Med. 2000;342(3):204-5.

8. Klein AA, Arrowsmith JE. Should routine pre-operative testing be aban-
doned? Anaesthesia. 2010;65(10):974-6.

9. JohanssonT, Fritsch G, Flamm M, Hansbauer B, Bachofner N, Mann E, et al.
Effectiveness of non-cardiac preoperative testing in non-cardiac elective
surgery: a systematic review. Br J Anaesth. 2013;110(6):926-39.

10. Kinley H, Czoski-Murray C, George S, McCabe C, Primrose J, Reilly C, et al.
Effectiveness of appropriately trained nurses in preoperative assess-
ment: randomised controlled equivalence/non-inferiority trial. BMJ.
2002;325(7376):1323.

11. Wijeysundera DN, Austin PC, Beattie WS, Hux JE, Laupacis A. Variation
in the practice of preoperative medical consultation for major elec-
tive noncardiac surgery: a population-based study. Anesthesiology.
2012;116(1):25-34.

12. Chen CL, Lin GA, Bardach NS, Clay TH, Boscardin WJ, Gelb AW, et al. Preop-
erative medical testing in Medicare patients undergoing cataract surgery.
N Engl J Med. 2015;372(16):1530-8.

13. Shahian DM, He X, O'Brien SM, Grover FL, Jacobs JP, Edwards FH, et al.
Development of a clinical registry-based 30-day readmission measure for
coronary artery bypass grafting surgery. Circulation. 2014;130(5):399-409.

14. Filliben JJ, Heckert A. NIST/SEMATECH e-Handbook of Statistical Methods.
Gaithersburg: NIST; 2002.

15. Marascuilo LA. Large-sample multiple comparisons. Psychol Bull.
1966;65(5):280.

16. Cangur S, Ankarali H, Pasin O. Comparing Performances of Multiple
Comparison Methods in Commonly Used 2 x C Contingency Tables. Inter
Sci Com Life Sci. 2016;8(4):337-45.

17. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity Measures for
Use with Administrative Data. Med Care. 1998;36(1):8-27.

18. SAS Institute. SAS 9.4 Output delivery system: user's guide: SAS
institute; 2014.

19. Brown SR, Brown J. Why do physicians order unnecessary preoperative
tests? A qualitative study. Fam Med-Kansas City. 2011;43(5):338.

20. Kirkham KR, Wijeysundera DN, Pendrith C, Ng R, Tu JV, Boozary AS, et al.
Preoperative Laboratory Investigations: Rates and Variability Prior to Low-
risk Surgical Procedures. Anesthesiology. 2016;124(4):.804-14.



Hasan et al. BMC Musculoskeletal Disorders

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

(2022) 23:972

Tarigq H, Ahmed R, Kulkarni S, Hanif S, Toolsie O, Abbas H, et al. Develop-
ment, functioning, and effectiveness of a preoperative risk assessment
clinic. Health Serv Insights. 2016;9:540540.

Bozic KJ, Ward L, Vail TP, Maze M. Bundled payments in total joint
arthroplasty: targeting opportunities for quality improvement and cost
reduction. Clin Orthop Relat Res. 2014;472(1):188-93.

Barnett ML, Wilcock A, McWilliams JM, Epstein AM, Joynt Maddox KE,
Orav EJ, et al. Two-year evaluation of mandatory bundled payments for
joint replacement. N Engl J Med. 2019;380(3):252-62.

Stone JL, Hoffman G. Medicare hospital readmissions: issues, policy options
and PPACA. Washington, DC: Congressional Research Service; 2010.
Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beckman JA,
Bozkurt B, et al. 2014 ACC/AHA guideline on perioperative cardiovas-
cular evaluation and management of patients undergoing noncardiac
surgery: a report of the American College of Cardiology/American

Heart Association Task Force on Practice Guidelines. Circulation.
2014;130(24):e278-333.

Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof E, Fleischmann KE,
et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evalua-
tion and care for noncardiac surgery: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the 2002 Guidelines on Perioperative Car-
diovascular Evaluation for Noncardiac Surgery): developed in collabora-
tion with the American Society of Echocardiography, American Society
of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular
Anesthesiologists, Society for Cardiovascular Angiography and Interven-
tions, Society for Vascular Medicine and Biology, and Society for Vascular
Surgery. Circulation. 2007;116(17):e418-99.

Gold BS, Young ML, Kinman JL, Kitz DS, Berlin J, Schwartz JS. The utility of
preoperative electrocardiograms in the ambulatory surgical patient. Arch
Intern Med. 1992;152(2):301-5.

Seymour D, Pringle R, MacLennan W. The role of the routine pre-
operative electro-cardiogram in the elderly surgical patient. Age Age.
1983;12(2):97-104.

Kluger M, Tham E, Coleman N, Runciman W, Bullock M. Inadequate pre-
operative evaluation and preparation: a review of 197 reports from the
Australian Incident Monitoring Study. Anaesthesia. 2000;55(12):1173-8.
Kannaujia AK, Gupta A, Verma S, Srivastava U, Haldar R, Jasuja S.
Importance of routine laboratory investigations before elective surgery.
Discoveries. 2020;8(3).

Crowley MP, Fischer B. Routine anaesthesia for joint replacement surgery.
Anaes Inten Care Med. 2006;7(3):77-80.

Salerno SM, Carlson DW, Soh EK, Lettieri CJ. Impact of perioperative
cardiac assessment guidelines on management of orthopedic surgery
patients. Am J Med. 2007;120(2):e181-6.

Sadigursky D, Pires HS, Rios SAC, Rodrigues Filho FLB, Queiroz GC, Azi
ML. Prophylaxis with nasal decolonization in patients submitted to total
knee and hip arthroplasty: systematic review and meta-analysis. Rev Bras
Ortop. 2017;52(6):631-7.

Zawadzki N, Wang Y, Shao H, Liu E, Song C, Schoonmaker M, et al. Read-
mission due to infection following total hip and total knee procedures: a
retrospective study. Medicine. 2017;96(38).

Bernatz JT, Tueting JL, Anderson PA. Thirty-day readmission rates

in orthopedics: a systematic review and meta-analysis. PLoS ONE.
2015;10(4):20123593.

Alp E, Cevahir F, Ersoy S, Guney A. Incidence and economic burden of
prosthetic joint infections in a university hospital: A report from a middle-
income country. J Infect Public Health. 2016;9(4):494-8.

Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden

of periprosthetic joint infection in the United States. J Arthroplasty.
2012;27(8):61-65 e61.

Peel T, Dowsey M, Buising K, Liew D, Choong P. Cost analysis of debride-
ment and retention for management of prosthetic joint infection. Clin
Microbiol Infect. 2013;19(2):181-6.

Tubb CC, Polkowksi GG, Krause B. Diagnosis and prevention of
periprosthetic joint infections. JAAOS-J Amer Acad Ortho Surgeons.
2020;28(8):e340-8.

Mayne AIW, Davies PSE, Simpson JM. Antibiotic treatment of asympto-
matic bacteriuria prior to hip and knee arthroplasty; a systematic review
of the literature. Surgeon. 2018;16(3):176-82.

41.

42.

43.

44,

Page 9 of 9

Gallegos Salazar J, O'Brien W, Strymish JM, Itani K, Branch-Elliman W,
Gupta K. Association of Screening and Treatment for Preoperative
Asymptomatic Bacteriuria With Postoperative Outcomes Among US
Veterans. JAMA Surg. 2019;154(3):241-8.

Zhang Q, Liu L, Sun W, Gao F, Cheng L, Li Z. Research progress of
asymptomatic bacteriuria before arthroplasty: a systematic review.
Medicine. 2018;97(7).

Gomez-Ochoa SA, Espin-Chico BB, Garcia-Rueda NA, Vega-Vera A, Osma-
Rueda JL. Risk of Surgical Site Infection in Patients with Asymptomatic
Bacteriuria or Abnormal Urinalysis before Joint Arthroplasty: Systematic
Review and Meta-Analysis. Surg Infect (Larchmt.). 2019;20(3):159-66.
Osborne TF, Suarez P, Edwards D, Hernandez-Boussard T, Curtin C. Patient
electronic health records score for preoperative risk assessment before
total knee arthroplasty. JBJS Open Access. 2020;5(2).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Is there variation in utilization of preoperative tests among patients undergoing total hip and knee replacement in the US, and does it affect outcomes? A population-based analysis
	Abstract 
	Study objective: 
	Design: 
	Setting: 
	Participants: 
	Interventions: 
	Primary and secondary outcome measures: 
	Results: 
	Conclusions: 

	Strengths and limitations of this study
	Introduction
	Methods
	Study cohort
	Preoperative tests and outcomes
	Statistical analysis
	Patient and public involvement statement


	Results
	Practice patterns of preoperative tests
	Association with outcomes

	Discussion
	Limitations
	Conclusions
	Acknowledgments
	References


