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In the Beginning...

The concept of identifying and treating patients’ comor-
bidities before surgery initially appeared in research on
cardiothoracic surgery, with a focus on reducing risk fac-
tors that increase cardiac strain such as anemia, hypothy-
roidism, and diuretic use [13]. The goal was to prepare
patients preoperatively to reduce the risk of a high-risk
surgical intervention and to allow for earlier detection of
complications.

Over time, the concept of preoperative risk factor
management has been extended to other procedures such as
total joint arthroplasty (TJA), spine surgery, urologic sur-
gery, and gastrointestinal surgery [17, 68, 78]. In ortho-
paedics, preoperative risk factor management in TJA has
grown as an area of research, resulting in reduced read-
missions, emergency department (ED) visits, length of stay
(LOS), and overall costs as well as increased discharge to
home after TJA [7, 19, 41].
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Preoperative risk management programs in orthopae-
dics are evolving, and several models have been imple-
mented to address risk factors before TJA. Some programs
have focused on screening for risk factors preoperatively
with recommended interventions when patients meet spe-
cific criteria, such as low hemoglobin levels, elevated he-
moglobin Alc levels, and elevated BMI [7, 12, 19, 28, 41,
56]. Many of these programs also use dedicated “naviga-
tors”, who typically are nurses and social workers, to guide
patients throughout the risk management process [7, 12,
19]. Other institutions simply implement preoperative
surgical selection criteria without detailed guidance re-
garding the management of modifiable risk factors [50, 51].

The Argument

Patients identifying as Black or Hispanic are more likely to
have a postoperative complication, a longer LOS, a lower
likelihood of home discharge, a visit to the ED, and be
readmitted after TJA [3, 18, 53, 59, 69]. Although patients
identifying as Black and Hispanic have experienced some
improvement in LOS after TJA, when compared with
White patients, disparities in complication rates and hos-
pital readmissions still persist [5, 70, 73]. Women are more
likely to stay longer in the hospital and have a postoperative
complication following TJA; they are also less likely to be
discharged home [14]. Similar findings of increased LOS,
ED visits, and readmissions have been discovered when
investigating the association between patients with lower
incomes versus patients with higher incomes as well as
Medicaid insurance compared with private insurance after
TJA [20, 60, 61]. Additionally, patients with lower in-
comes face an increased risk of mortality and revision after
THA than those with higher incomes [22]. However, race,
ethnicity, gender, and income do not exist in isolation and
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the intersection of these factors also is associated with in-
creased LOS [35, 36]. Understanding the disparities that
patients from racial and ethnic minority backgrounds,
women, and patients with lower incomes face related to
readmissions, ED visits, complications, and LOS after TJA
is critical to eliminating these disparities. Our review pro-
vides an overview of disparities in TJA related to race,
ethnicity, gender, income, and insurance.

Comprehensive preoperative risk management pro-
grams seek to reduce the frequency of readmissions and ED
visits as well as to shorten LOS after TJA, and some have
reported success in those areas [7, 19, 41]. However, we are
concerned that these types of programs, by enforcing strict
eligibility criteria without providing robust care manage-
ment pathways to achieve cutoffs, may worsen access for
TJA and may prevent participation in preoperative risk
management programs for patients from racial and ethnic
minority backgrounds, women, and patients with lower
incomes [3, 74]. Additionally, comprehensive risk man-
agement programs decrease readmissions, ED vists, and
LOS overall, but may not be providing those same benefits
to patients from racial and ethnic minority backgrounds,
women, and patients with lower incomes. Unconscious
bias by orthopaedic surgeons may also result in surgeons
being less likely to consider patients from racial and ethnic
minority backgrounds, women compared with men, and
patients with lower incomes as surgical candidates [23].

In addition, preoperative risk management programs
sometimes rely on services provided by other specialties
such as bariatric surgery, endocrinology, and cardiology to
assist patients in reaching safer preoperative goals. As in
orthopaedic surgery [1, 15, 40], insurance restrictions may
impede patients’ access to care, and many of the same
biases that have been observed in orthopaedic surgery in
terms of access exist in those specialties, too [2, 31,37, 71].
Some patients may also need additional assistance to pre-
pare for surgery, such as guidance from social workers,
nursing care coordinators, or substance use counselors.
These services might not be offered by all orthopaedic
practices and might not be accessible to all patients. Our
review explores the use of preoperative cutoffs in pre-
operative risk management programs and the referral
pathways for nonorthopaedic specialist care within these
programs to determine how cutoffs and specialist referrals
may be impacting patients from racial and ethnic minority
backgrounds, women, patients with lower incomes, and
patients with Medicaid.

The goal of comprehensive risk management programs
is to reduce the risk of postoperative complications, read-
missions, ED visits, and reduce LOS; consequently, these
programs should be implemented for all patients regardless
of race, ethnicity, gender, or income. Given that patients
from racial and ethnic minority backgrounds, women, and
patients with lower incomes historically have had more

frequent readmissions and ED visits, longer LOS, as well
as decreased discharges home after TJA [14, 69, 76], our
review investigates how comprehensive risk management
programs may be associated with readmissions, ED visits,
LOS, discharge disposition, and postoperative complica-
tions for these patient populations.

Essential Elements

We searched the Ovid MEDLINE and Embase databases
for articles that covered the concepts of “arthroplasty”,
“preoperative risk management”, and “healthcare dispar-
ities”  (Supplementary  Fig. 1;  http:/links.lww.
com/CORR/A753). Given the relatively small number of
articles our search returned (n = 98), we also searched
through abstracts presented at the American Association of
Orthopaedic Surgeons conferences from 2020 and 2021
and abstracts presented at the American Association of Hip
and Knee Surgeons from 2013 through 2021 and found two
articles of interest. Additionally, we performed citation
chaining, defined as examining reference lists for
additional studies and identifying articles that cited
relevant studies, on articles related to preoperative risk
management and found 12 relevant studies.

We included studies if they were original research
published after 2010, the operation of interest was elective
TJA in adult patients. The included studies needed clinical
data for the procedure of interest (THA, TKA, or both), and
focused on more than one postoperative outcome such as
LOS, readmissions, functional status, surgical site in-
fection incidence, or ED visits. Specifically for studies
describing associations between race, gender, insurance
type, and income, we excluded studies with a sample size
less than 10,000 patients. We could not apply this exclu-
sion criterion for studies describing preoperative risk
management programs because most of these studies were
retrospective institutional studies. Regarding studies de-
scribing preoperative risk management programs, we only
included programs that considered at least three patient
factors such as anemia, obesity, and hemoglobin Alc level
for potential modification and were not solely tools that
investigated associations between specific risk factors and
postoperative readmissions to estimate risk. We found 24
articles that met our inclusion criteria, 12 articles related to
healthcare disparities and 12 related to preoperative risk
management programs (Fig. 1).

Of the 12 articles related to disparities in care (Table 1),
one study was related to preoperative risk factors and the
time to TJA, number of patient comorbidities, in-hospital
complications, and discharge disposition, specifically fo-
cusing on disparities in care for women [14]. Four studies
investigated disparities in care for patients from ethnic and
racial minority backgrounds: investigating the associations
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Fig. 1. Literature search strategy and study selection process. *Criterion does not apply to studies describing preoperative risk
management programs. PCriterion does not apply to studies describing healthcare disparities; AAHKS = American Association of
Hip and Knee Surgeons; AAOS = American Academy of Orthopaedic Surgeons; TJA = total joint arthroplasty.

between race and ethnicity with procedure utilization,
LOS, readmissions, and postoperative complications [18,
62, 70, 73]. Three studies investigated disparities in com-
plications, LOS, discharge disposition, and readmissions
for THA, and investigated race, gender, comorbidity bur-
den, and insurance type [67, 75, 76]. In three studies, in-
vestigators explored the association between insurance
type and disparities in mortality, complications, read-
missions, and LOS after THA and TKA [47, 72, 77].
Finally, Holbert et al. [32] investigated associations be-
tween living in a medically underserved community and
LOS, discharge disposition, readmissions, costs, and ED
visits. We used the Methodological Index for Non-
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Randomized Studies (MINORS) criteria [65] for non-
comparative studies to critically appraise these 12 studies
(Supplementary Table 1; http:/links.lww.com/CORR/A754).
The ideal score for noncomparative studies using the
MINORS criteria is 16, and the median (range) score of
studies related to disparities in care was 8 (7 to 11)

We found an additional 12 studies that described the
implementation of comprehensive preoperative risk man-
agement programs (Table 2) [7, 12, 19, 24, 25, 29, 41, 51,
54, 56-58]. We used the MINORS criteria [65] for com-
parative studies to critically appraise these 12 studies
(Supplementary Table 2; http://links.lww.
com/CORR/A755). The ideal score for comparative
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Table 1. Description of studies found in literature search related to disparities in care

Mentions
Total Mentions preoperative
number of healthcare risk factor
Study patients Procedure Study type Study purpose Conclusions  disparities? management?
Disparities in care for women
Cheahetal. 5048371 THAand Retrospective Provide a Women present Yes (gender) No
[14] TKA study using the  population- later for TJA,
NIS based have more
epidemiologic ~ comorbidities,
assessment of  more in-hospital
preoperative risk complications,
factors and and are less
gender likely to be
disparities discharged
among patients home compared
undergoing TJA  with men.
Disparities in care for patients from racial and ethnic minority backgrounds
Cusano 262,954 TKA Retrospective Investigated Black race Yes (race and No
etal. [18] study using associations compared with  ethnicity)
ACS-NSQIP between race White race was
and ethnicity associated with
and procedure  more
utilization, LOS, readmissions,
30-day longer LOS, and
readmissions, incidence of any
and postoperative
postoperative complication.
complications Hispanic/Latino
ethnicity
compared with
non-Hispanic
White patients
was associated
with longer LOS
and incidence of
any
postoperative
complication.
Sheth etal. 11,574 THA Retrospective Investigated Between 2011 Yes (race) Yes, discussed
[62] study using recent trends in  and 2017, there that
ACS-NSQIP procedure have been preoperative
utilization, improvements management of
comorbidity in procedure risk factors is a
profiles, hospital utilization, target for
LOS, 30-day comorbidity intervention
mortality, profiles, and

readmissions,
and
complications,
and risk factors
for AEs among
patients
identifying as
Black

LOS; however,
no differences in
30-day mortality,
readmissions, or
complications.
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Table 1. continued

Mentions
Total Mentions preoperative
number of healthcare risk factor
Study patients Procedure Study type Study purpose Conclusions  disparities? management?
Trivedi 19,496  TKA Retrospective Analyzed trends Overall, there Yes (race) Yes, discussed

etal. [70]

Venugopal 12,767  TKA
etal. [73]

Retrospective

in mortality, LOS,

postoperative
surgical and
medical
complications,
and
readmissions
after TKA and
developed a

preoperative risk

stratification

model for Black

patients

undergoing TKA

Analyzed trends

in utilization,
comorbidity

profiles, hospital

LOS, 30-day
mortality,
readmissions,
and
complications

among patients

identifying as

Hispanic/Latino

have been
improvements
in annual trends
in LOS,
proportion of
inpatient

stays > 2 days,
and
postoperative
surgical
complications
for Black
patients after
TKA. The study
also developed a
risk stratification
nomogram for
Black patients.

Between 2011 Yes (race and
and 2017, there ethnicity)
have been

improvements

in procedure

utilization,

comorbidity

profiles, and

LOS, but the

incidence of any
postoperative

event and

inpatient

stay > 2 days

have increased.

Disparities in care based on race, gender, comorbidity burden, and insurance type

SooHoo 138,399 THA
et al. [67]

Retrospective

California data

Studied patient

and provider

factors that are
associated with

complications
after THA

The authors Yes (race)
found that the
incidence of 90-
day
complications
after THA,
including
dislocations and
revision surgeries,
was associated
with treatment at
low-volume
hospitals, Black
race, and patients
with more
comorbidities.

management of
risk factors
preoperatively
such as anemia
and tobacco use

Yes, discussed
that
preoperative
management of
risk factors could
be helpful for
this patient
population

No
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Table 1. continued
Mentions
Total Mentions preoperative
number of healthcare risk factor
Study patients Procedure Study type Study purpose Conclusions  disparities? management?
Weiner 41,832 THA Retrospective Investigated The authors Yes (gender, Yes, mentioned
et al. [75] study using patient found that race, and that
lllinois characteristics female gender, insurance type) preoperative risk
COMPdata associated with compared with management
administrative LOS and male gender was programs may
database discharge associated with cause patients to
disposition LOS > 3 days and be excluded
nonhome
discharge. Black
race, compared
with White race
was associated
with LOS > 5
days and
nonhome
discharge.
Medicaid
insurance was
associated with
LOS > 3 days,
LOS > 5 days,
and nonhome
discharge.
White et al. 274,851 THA Retrospective Investigated The authors Yes (race, Yes, discussion
[76] study using differences in found that income, and mentioned
California, readmission by  Medicaid insurance type) addressing
Florida, and New insurance payer, insurance modifiable risk
York SIDs race or ethnicity, compared with factors
and income private preoperatively

Disparities in care based on insurance type

Maman
et al. [47]

922,819

TKA

Maryland,

Kentucky, and
California SIDs

Retrospective
study using New
York, Florida,

Investigated
whether
insurance type is
associated with
in-hospital
mortality and
morbidity after
TKA

insurance, Black
race compared
with White race,
and lower
incomes
compared with
higher incomes
are associated
with higher
readmissions.

Medicaid
insurance is
associated with
an increased
odds of mortality
and
complications
after TKA.

Yes (insurance No
type and race)
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Table 1. continued

Mentions
Total Mentions preoperative
number of healthcare risk factor
Study patients Procedure Study type Study purpose Conclusions  disparities? management?
Veltre et al. 1,352,505 TKA Retrospective Investigated the The authors Yes (insurance  Yes, discussion
[72] study using the association found that type and race)  mentioned that
NIS between patient public insurance preoperative risk
insurance type  (Medicare or factor
and in-hospital ~ Medicaid) is management is
complications associated with important to
after TKA more medical reduce
complications modifiable risk
and greater factors before
mortality; non- surgery
White race
compared with
White race is
associated with
complications
after TKA.
Xu et al. 295,572 THA Retrospective Investigated the The authors Yes (insurance  No
[771 study using relationship found that type and race)
California, between Medicaid
Florida, and New insurance type  insurance
York SIDs and in-hospital compared with
mortality, private
postoperative insurance is
complications,  associated with
readmissions, increased in-
and LOS after hospital
THA mortality,

Disparities in care, other

Holbert
etal. [32]

11,451

THA and
TKA

Retrospective
institutional
study

Identified
associations
between living
in a medically
underserved
area and LOS,
discharge
disposition,
readmissions,
costs, and ED
visits

cardiovascular
and infectious
complications,
readmissions,

and LOS

The authors Yes (medically
found that living underserved
in a medically communities)
underserved area

was associated

with longer LOS,

nonhome

discharge,

increased costs,

and increased ED

visits

Yes, stated that
patients were
cared forin a
coordinated
Joint
Replacement
Center and
received
preoperative
medical
evaluations

NIS = National Inpatient Sample; ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Program; AEs =
adverse events; SID = State Inpatient Database; ED = emergency department.

studies using the MINORS criteria is 24, and the median
(range) score of studies related to preoperative risk
management programs was 15 (13 to 17). As citation
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Table 2. Studies describing comprehensive preoperative risk management programs

Total Includes citations  Mentions
number of Mentions eligibility  for eligibility healthcare
Study patients Procedure Study type Study purpose Conclusions criteria? criteria? disparities?
Bernstein 665 Retrospective Evaluated the The authors found  Recommended No No mention of race,
etal. [7] institutional study impact of a that the BMI < 40 kg/m? gender, or income
preoperative risk preoperative or between related to disparities
factor management protocol decreased  35-40 kg/m? if in care; insurance
program on LOS and cost, and  additional type could not be
postoperative LOS, there was no comorbidity and acquired for
readmissions, difference in recommended participants
discharge discharge location  HgbAlc < 7.0%;
disposition, and cost or 90-day additional
readmissions. recommendations for
other lab values
including platelets,
hemoglobin, and
creatinine
Bullock et al. 3114 Retrospective Evaluated Implementation of  Recommended BMI  No No mention of race,
[12] institutional study performance of a the bundle to < 40 kg/m?, HgbA1c gender, income, or
“bundle” to modify risk factors < 7.0%, and smoking insurance type
decrease PJI was associated with < 0.5 packs/day related to disparities
incidence after THA a decreased in care
or TKA incidence of PJI after
TKA.
Dlott et al. 463 Retrospective Examined Implementation of Recommended BMI  No No mention of race,
[19] institutional study associations the protocol was < 38 kg/m? and gender, income, or
between associated with HgbA1c < 8% insurance type

implementation of a
preoperative risk
factor management
protocol and LOS,
ED visits, and
readmissions
following THA or
TKA

reduced LOS and ED
visits.

related to disparities
in care
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Table 2. continued

A

i‘-: ) Total Includes citations  Mentions
62 number of Mentions eligibility  for eligibility healthcare
% Study patients Procedure Study type Study purpose Conclusions criteria? criteria? disparities?
3 Featherall 6090 THA Retrospective Assessed Implementation of Recommended Yes Male gender and
= et al. [25] institutional study association between the full protocol was HgbAlc < 7%; no White race were
% implementation of a associated with BMI cutoff specified associated with
@ care pathway for reduced LOS, an reduced LOS and
THA with LOS, increase in home increased home
discharge discharges, and discharges but did
disposition, 90-day  decreased cost. not discuss
complications, and  Implementation of disparities in care;
cost the full protocol was found that public
not associated with insurance was
change in 90-day associated with
complications. increased LOS,
decreased home
discharge, and
increased 90-day
complications but
did not discuss
disparities in care; no
mention of income
Featherall 6760 TKA Retrospective Assessed Implementation of  Same as above N/A Male gender and
et al. [24] institutional study association between the full protocol study White race were

implementation

of a care pathway
for TKA with LOS,
discharge
disposition, 90-day
complications,
and cost

was associated with
decreased LOS,
increased home
discharges, and
reduced cost.
Implementation of

the full protocol was

not associated with
change in 90-day
complications.

associated with
reduced LOS and
increased home
discharge but do
not discuss
disparities in care;
nonWhite race was
associated with
increased 90-day
complications;
found that public
insurance is
associated with
increased LOS,
decreased home
discharge, and
increased 90-day
complications; no
mention of income
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Table 2. continued

Total Includes citations  Mentions
number of Mentions eligibility for eligibility healthcare
Study patients Study type Study purpose Conclusions criteria? criteria? disparities?
Gray et al. 1536 Retrospective Evaluated Implementation of  None N/A No mention of race,
[29] institutional association between CJR model was gender, income, or
study implementation of  associated with insurance type
CJR model and cost, reduced costs, related to disparities
discharge increased home in care
disposition, discharges,
complications, decreased
readmissions, and  readmissions,
LOS complications, and
LOS.
Kim et al. [41] 1194 Retrospective Assessed the Implementation of Recommended No No mention of race,
institutional study association between this program was BMI = 40 kg/m? gender, or insurance
a preoperative risk  associated with and HgbA1c < 8% type related to
management lower readmission disparities in care;
program and proportions and Mentioned that SES
postoperative lower proportions of was not evaluated
readmissions, discharge to a though it can be
discharge location, postacute care associated with
LOS, and infection  facility. discharge
incidence disposition
Nussenbaum 995 Retrospective Determined Implementation of Recommended BMI  No No mention of race,
etal. [51] institutional study whether the preoperative = 35 kg/m?, HgbA1c gender, or income

implementation of
preoperative
screening criteria
was associated with
reduced
complications and
SSlincidence

screening criteria
was associated with
reduced total
complications and
SSlincidence.

= 7%, hemoglobin
= 11 g/dL, and
albumin = 3.5 g/dL

related to disparities
in care. Only
included patients
treated at VA facility
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Table 2. continued

Total Includes citations  Mentions
number of Mentions eligibility for eligibility healthcare
Study patients Procedure Study type Study purpose Conclusions criteria? criteria? disparities?
Plate et al. 751 THA Retrospective Evaluate Implementation of Recommended BMI  No Mentioned that
[54] institutional study implementation of  the CJR model was < 40 kg/m?, HgbA1c increased scrutiny of
the CJR model and  associated with < 7.5%, and patient selection
its associations with reduced LOS and hemoglobin > 11 may lead to
surgery time, increased home g/dL disparities in access;
discharge discharges. It was no mention of
disposition, LOS, not associated with disparities in care
and costs changes in surgery specific to race,
time, 90-day gender, income, or
readmissions, or insurance type
costs.
Ryan et al. 1248 TKA Retrospective Evaluated Implementation of Recommended BMI  No Mentioned that no
[57] institutional study implementation of the CJR bundle was < 40 kg/m?, HgbA1c difference in gender
CJR bundle and its  associated with < 7.5%, and of patients receiving
association with decreased LOS and  hemoglobin > 11 TKA before and after
surgery time, LOS,  increased home g/dL implementation of
discharge discharges. It was bundle; no mention
disposition, and not associated with of disparities in care
costs surgery time or cost. related to race,
gender, income, or
insurance type
Ryan et al. 2308 TKA Retrospective Examined Treatment ata CJR  Recommended BMI  No No mention of race,

[56]

multi-hospital
study

association of a
preoperative
checklist with LOS,
discharge
disposition, ED
visits, and
readmissions

center was
associated with
reduced LOS and
fewer discharges to
SNFs. It was not
associated with ED
visits or
readmissions.

= 40 kg/m? and
HgbA1c < 7.5%,
hemoglobin > 11
g/dL, albumin = 3
g/dL, and others
related to smoking
and platelets

gender, or income
related to disparities
in care; only
included patients
with Medicare
insurance
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study. However, given that we performed citation chaining
in addition to our comprehensive literature search, we do not
believe that we missed relevant studies that would have
impacted the findings of our review.

Mentions
healthcare
disparities?
Mentioned that
lower income is
associated with
disparities in access
to TJA in introduction
and that as a county
hospital, their patient
population often has
lower incomes. There
was no mention of
race, gender, or
insurance types
related to disparities
in care.

What We (Think) We Know

We found that an increased risk of mortality, complica-
tions, readmissions, longer LOS, and less functional im-
provement are observed among patients from racial and
ethnic minority backgrounds, women compared with men,
and patients with lower incomes (Table 1) [14, 18, 47, 62,
67, 72, 73, 75-77]. Many potential reasons for these dis-
parities have been offered in studies comparing patient
functional status, LOS, readmissions, and discharge home
after TJA, including poorer health status, delays in pre-
sentation, difficulty accessing care, and insurance type [34,
39, 52, 69, 76]. Although these factors may contribute to
disparities in care, race, gender, income, and insurance type
should not be seen as independent risk factors in TJA be-
cause they are not biological modifiers of LOS, read-
missions, ED visits, functional status, and postoperative
complication rates [44, 46]. Some studies have validated
this and found that Black patients and women have clini-
cally similar functional status and pain resolution com-
pared with White patients and men after TJA, even when
presenting with more pain, worse function, and more
comorbidities preoperatively [42, 48]. Additional research
has shown that race itself is not associated with clinically
meaningful differences for most pain and functional status
indicators after TKA, and that Black patients and White
patients are equally appropriate to be considered for TJA,
although these studies had much smaller sample sizes than
those included in our systematic search [4, 55]. The
intersection among Medicaid insurance, gender, and race
or ethnicity may further complicate the trends in LOS,
readmissions, and ED visits seen in these patients [75, 76].

One potential confounder in many of the studies found
in our review is the presence of patient comorbidities. As
previous research has shown, patients from racial and
ethnic minority backgrounds and patients with Medicaid
have been considered “high-risk” because they are more
likely to present with multiple comorbidities [47, 72, 76,
77]. In fact, biased clinical decision making tools such as
risk scores have been developed to predict the risk of 30-
day readmission after THA or TKA that assign points to
patients who identify as Black, patients with lower in-
comes, and patients insured by Medicaid [63, 64]. Bundled
payment models were introduced in TJA to reduce costs
and improve the quality of care for patients [21]; however,
these quality incentive plans may be discouraging surgeons
from operating on patients with a high number of comor-
bidities [75].

Includes citations
Mentions eligibility for eligibility

criteria?

criteria?

Required HgbA1c

N
< 8.0%; no hard
cutoff for BMI
Comprehensive Care for Joint Replacement; SES = socioeconomic status; SSI

complications, and

discharges, reduced
reduced costs.

Implementation of

association between the protocol was
associated with
reduced LOS,
increased home

Conclusions

implementation of

an accelerated

recovery protocol

disposition, and cost
emergency department; CJR

and LOS,
complications,

Study purpose
Assessed the
discharge

Retrospective
institutional
study

prosthetic joint infection; ED

Procedure Study type

THA and
TKA
Veterans Affairs; SNF = skilled nursing facility.

number of
patients

Total
216

Table 2. continued

Schultz et al.

HgbA1c = hemoglobin Alc; PJI
surgical site infection; VA

Study
[58]
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Preoperative risk management programs were
implemented to intervene in modifiable risk factors that
can be addressed preoperatively to reduce the likelihood
of complications like surgical site infections and pros-
thetic joint infections, readmissions, long LOS, and
reoperation as well as reduced costs [7, 12, 19, 24, 25,
29, 41, 51, 54, 56-58]. These programs focus on man-
aging modifiable risk factors such as obesity, malnutri-
tion, diabetes, anemia, smoking, and substance use and
make recommendations or referrals for managing these
factors preoperatively. When managing these risk fac-
tors, some programs rely on artificial cutoffs for BMI and
hemoglobin Alc that may prevent patients from re-
ceiving surgery [45, 74]. Of the 12 programs we found
describing preoperative risk management programs
(Table 2), 11 specifically included recommended values
for hemoglobin Alc[7,12,19,24,25,41,51, 54, 56-58]
and nine included recommended values for BMI [7, 12,
19, 41, 51, 54, 56-58]. The variation in recommended
values in these studies from below 6.5% to below 8% for
hemoglobin Alc and below 35 kg/m? to below 40 kg/m?
for BMI emphasizes the contrived nature of these values.
Overall, preoperative risk management programs have
been shown to reduce length of stay and readmissions,
yet these programs have not performed analyses strati-
fied by race to see their specific impact on patients from
racial and ethnic minority backgrounds, women, and
patients with lower incomes [7, 12, 19, 41]. The use of
such programs seeks to reduce the risk of postoperative
complications and, therefore, improve patient safety in
the preoperative setting. These programs should also
modify the perception that patients from racial and eth-
nic minority backgrounds, women, patients with lower
incomes, and patients insured by Medicaid need addi-
tional perioperative services.

However, despite the use of preoperative risk man-
agement programs, patients from racial and ethnic mi-
nority backgrounds, patients with lower incomes, and
patients who are insured by programs that provide low
reimbursements for services often do not access specialty
services such as dentists, weight management clinics,
endocrinologists, smoking cessation clinics, and internal
medicine providers [38]. For example, Ryan et al. [56]
found that only 34% of patients for whom a referral for
preoperative treatment was recommended for weight loss,
anemia, smoking cessation, pain management, hematol-
ogy, endocrinology, or cardiology received a referral to
the appropriate specialist. The remaining 11 studies we
found related to preoperative risk management programs
(Table 2) did not attempt to measure the success of their
referrals to outside specialists [7, 12, 19, 24, 25, 29, 41,
51, 54, 57, 58]. Without well-established referral path-
ways and nurse navigation, preoperative risk management
becomes a barrier to TJA, and fails to provide the

am—
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necessary resources for patients from racial or ethnic
minority backgrounds and patients with lower incomes to
reach preoperative guideline thresholds. Preoperative risk
management programs will not achieve their stated pur-
pose without appropriate support and standardized re-
ferral processes that will allow patients to receive
treatment for their comorbidities.

Knowledge Gaps and Unsupported Practices

Because limited research has been conducted on how pre-
operative risk management programs influence postoperative
LOS, readmissions, ED visits, and complications for patients
from racial and ethnic minority backgrounds, women, pa-
tients with lower incomes, or patients insured by Medicaid,
there are many gaps in our knowledge. Of the 12 studies we
found detailing preoperative risk management programs
(Table 2), none performed stratified analyses by race, gender,
or income level to evaluate the effectiveness of preoperative
risk management programs [7, 12, 19, 24, 25,29, 41, 51, 54,
56-58]. Only one of the 12 studies, Plate et al. [54], mentions
that preoperative risk management programs may incentivize
physicians to restrict care to patients with lower incomes or
who have a high number of comorbidities. Plate et al. [54]
also analyzed the patient demographics before and after
implementation of their Comprehensive Care for Joint
Replacement model and found no differences before and after
implementation, but they only looked at age, gender, and
BMI. Kim et al. [41] recognized in the discussion section that
patient income was not included but would be important to
include in future studies. When considering patient insurance,
one study only included Medicare patients [56], one study
was conducted at a Veterans Affairs hospital [51], and another
study used deidentified patient data and was unable to obtain
patient insurance type [7]. The remaining nine studies de-
scribing preoperative risk management programs (Table 2)
did not perform analyses considering patient insurance type.

Two studies by Featherall et al. [24, 25] found that men
(compared with women) and White race (compared with
races other than White) were associated with reduced LOS
and increased home discharges, and public insurance was
associated with increased LOS, decreased home discharges,
and increased 90-day complications. However, these studies
did not discuss how this relates to disparities in care and did
not perform stratified analyses to further investigate these
trends [24, 25]. Schultz et al. [58] discussed that as their
institution is a county hospital, they may be more likely to
have patients with lower incomes and that lower incomes can
be associated with disparities in access, but again they do not
perform stratified analyses to further investigate.

Many of these studies were conducted at an institutional
level; thus, a further analysis stratified by race, gender,
income, or insurance type may not have been possible
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Table 3. Recommendations for metrics to evaluate preoperative risk factor management programs

Metrics Tier 1 Analysis Tier 2 Analysis

Patient characteristics
Specific stratified analyses for patient outcomes should be performed, examining:

Race X X
Ethnicity X X
Age X X
Gender X X
Insurance status X X
Income X

Patient factors

Institution’s acceptable patient risk level to X X
proceed with surgery (that is, if score?,

maximum allowable score to proceed with

surgery)

Comorbidities (such as BMI, DM, X X
hypertension, heart disease, or

depression)

Quantification of patient risk during the X
initial presentation (the initial risk score)

Quantification of patient risk at POD 0 (the X
risk score® at POD 0)

Social support (lives alone, family support) X
Housing status X
Program factors

Institution hard-stop values for HA1C, X X

BMI, and albumin levels

Percentage of patients for whom X
conservative management is

recommended over surgery based on high

risk

Percentage of patients participating in X
program who subsequently undergo TJA

after spending 6 months in the risk

management program

Average time patients spend in program X
before undergoing TJA

Total number of referrals to specialists per X
patient

Total number of successfully completed X
referrals to specialist per patient

Average wait time in days to see a X
specialist

Specialists accept Medicaid, yes or no? X

(including bariatrics, nutrition or

metabolic clinic, dental, endocrinology,

infectious disease, cardiology, nephrology,

psychiatry, and hematology departments)

Partnerships established with social work X
programs that accept Medicaid or

uninsured patients (alcohol use, substance

use, psychology, smoking cessation, or

social work)
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Table 3. continued

Metrics

Tier 1 Analysis Tier 2 Analysis

Surgical factors
Inpatient versus outpatient surgery
LOS

Postdischarge resources needed
(inpatient rehabilitation, SNF, home PT or
nursing, outpatient PT or telerehabilitation
for postoperative PT)

30- and 90-day readmissions and ED visits
Transfusion usage

Frequency of SSI

Patient-reported outcome measures

X X
X X
X X
X X
X X
X X

X

@Refer to review by Howie et al. [33] for scoring tools; DM = diabetes mellitus; LOS = length of stay; POD = postoperative day; HbA1c
= hemoglobin Alc; SNF = skilled nursing facility; PT = physical therapy; ED = emergency department; SSI = surgical site infection.

because of sample size. Further research on this topic is
necessary to ensure that these programs are not worsening
healthcare disparities in readmissions, ED visits, and LOS
after TJA for patients from racial and ethnic minority
backgrounds, women, patients with lower incomes, and
patients with Medicaid, who are often the most in need
of TJA.

We found considerable heterogeneity in preoperative
risk management programs. Of the nine studies that include
recommendations for preoperative BMI and hemoglobin
Alc, only one provides specific citations to studies to
support the chosen values [25]. Additionally, only one of
the 12 studies we found related to preoperative risk man-
agement programs mentions that these programs could
restrict access to care for patients [54].

Preoperative risk management programs may place
undue burdens on patients that preclude them from re-
ceiving TJA, such as absolute cutoffs for BMI and hemo-
globin Alc levels. These binary restrictions negatively
affect patients with lower incomes and patients from racial
or ethnic minority backgrounds [74]. Enforcing strict cut-
offs without taking a comprehensive view of the patient
that looks beyond the biological aspects of health and in-
cludes an understanding of the psychosocial factors that
affect patient care is an unsupported practice and research
evaluating the impact of these cutoffs, especially within
preoperative risk management programs, is necessary to
confirm patients are receiving high-quality, equitable care.

Most importantly, we lack quantifiable metrics assess-
ing the impact of the preoperative risk management path-
way on patients from racial and ethnic minority
backgrounds, women, patients with lower incomes, and
patients with Medicaid insurance. For example, these
programs do not report their perception of an acceptable
risk level for the patient to proceed with surgery, the

{
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percentage of patients who have used risk-reduction strat-
egies, or the length of time patients remained in the pro-
gram before receiving surgery. Although preoperative risk
management programs have demonstrated improved LOS,
reduced admissions and ED visits, and reduced post-
operative complications [7, 12, 19, 24, 25, 29, 41, 51, 54,
56-58], these analyses were not stratified by race, gender,
income, or insurance type, and so we are unable to see if
there any associations between race, gender, income, or
insurance type and these improvements. Two studies found
that after implementation of these programs, race, gender,
and insurance type were associated with differences in
LOS, discharge disposition, and complications although
they did not discuss the potential implications of these
findings or perform stratified analyses to further investigate
[24, 25]. This may suggest that preoperative risk manage-
ment programs primarily improve LOS, discharge dispo-
sition, readmissions, and postoperative complications for
White patients with higher incomes, but do not provide
benefits of a similar magnitude for patients from racial and
ethnic minority backgrounds, women, patients with
Medicaid, and patients with lower incomes.

Barriers and How to Overcome Them

Several barriers related to the implementation and moni-
toring of preoperative risk management programs may be
hindering these programs from achieving their potential
benefits in terms of equitable TJA care.

First, we believe that hard cutoffs for BMI, hemoglobin
Alc, and smoking cessation should be eliminated. Instead,
surgeons should engage with patients in shared decision-
making and increased patient education regarding timing
of TJA and individualized targeted goals for management
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of these risk factors [43]. Preoperative risk management
programs should employ navigators to help patients
throughout the management process to ensure that they are
making progress on their goals and have the necessary
support to meet them before proceeding with surgery.

An additional barrier regarding implementation of pre-
operative risk management programs is reimbursement from
the Centers for Medicare & Medicaid Services (CMS). If
quality incentive measures such as bundling only emphasize
the importance of postoperative LOS, readmissions, and
complications instead of the pathways to achieve improve-
ments in these areas, meaningful and persistent changes in
preoperative risk management will be more difficult.
Advocacy efforts are necessary to ensure that reimbursement
of preoperative risk management programs matches the re-
sources needed for equitable care.

Barriers related to monitoring of preoperative risk man-
agement programs include the difficulty in recording socio-
demographic variables including race, ethnicity, and income as
well as obtaining the sample size necessary to provide stratified
analyses with these same variables. Orthopaedic surgeons
should ensure their practices are updating and maintaining race,
ethnicity, and income information for patients who seek their
expertise for management of hip and knee osteoarthritis. Given
that many of the preoperative risk management programs we
found were implemented relatively recently, we encourage
these researchers to repeat their analyses with data collected
since their implementation to reach sample sizes large enough
to perform stratified analyses by race, ethnicity, gender, in-
come, and insurance type. For any orthopaedic surgeons who
want to implement preoperative risk management programs,
we recommend initiating programs to track metrics related to
their new program now so that they can more easily research
the associations between race, ethnicity, gender, income, and
insurance type and their programs (Table 3). We have
developed a list of quantifiable metrics for two levels of anal-
ysis: Tier 1 and a more robust Tier 2 analysis for preoperative
risk management programs (Table 3). The Tier 2 analysis in-
cludes everything from Tier 1 plus additional elements that are
more difficult to capture. These recommendations are sepa-
rated into four sections: patient characteristics, patient factors,
program factors, and surgical factors. Because several of these
metrics require a quantification of patient risk, we recommend
evaluating the scoring systems detailed in a recent review [33].
This article discussed the pros and cons of 10 different risk
stratification tools that can be used to predict readmission and
discharge status after TJA. The tools included in the review are
the Total Joint Replacement Risk Calculator [10, 11], the
American College of Surgeons Risk Calculator [8], the Duke
Readmission Calculator [27], the OrthoCincy Readmission
Tool [30], the Readmission Risk Assessment Tool [9], the
Iowa Discharge Disposition Score [26], the Cleveland Clinic
Calculator [6], the Risk Assessment and Prediction Tool [66],

Copyright © 2022 by the Association of Bone and Joint Surgeons.

the Penn Arthroplasty Risk Score [16], and the Outpatient
Arthroplasty Risk Assessment [49, 79].

5-year Forecast

We believe that three main factors will make preoperative
risk management programs more common in the next few
years. First, the shift to bundled reimbursement models by
CMS will incentivize a focus on preoperative management
to reduce LOS, readmissions, ED visits, and postoperative
complications. Second, as more TJAs are performed in the
outpatient setting, these programs can help identify which
patients are most likely to tolerate outpatient arthroplasty,
and make the procedure safer for them. Third, we believe
that reimbursement for preoperative risk management will
improve, and because of this, more orthopaedic practices
will incorporate preoperative risk factor mitigation into
their care pathways.
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