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Abstract

AIM: To determine the impact of different chara-
cteristics on postoperative outcomes for patients in a
joint arthroplasty Perioperative Surgical Home (PSH)
program.

METHODS: A retrospective review was performed for
patients enrolled in a joint arthroplasty PSH program
who had undergone primary total hip arthroplasty
(THA) and total knee arthroplasty (TKA). Patients
were preoperatively stratified based on specific
procedure performed, age, gender, body mass index
(BMI), American Society of Anesthesiologists Physical
Classification System (ASA) score, and Charleston
Comorbidity Index (CCI) score. The primary outcome
criterion was hospital length of stay (LOS). Secondary
criteria including operative room (OR) duration, trans-
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fusion rate, Post-Anesthesia Care Unit (PACU) stay,
readmission rate, post-operative complications, and
discharge disposition. For each outcome, the predictor
variables were entered into a generalized linear model
with appropriate response and assessed for predictive
relationship to the dependent variable. Significance level
was set to 0.05.

RESULTS: A total of 337 patients, 200 in the TKA
cohort and 137 in the THA cohort, were eligible for
the study. Nearly two-third of patients were female.
Patient age averaged 64 years and preoperative BMI
averaged 29 kg/m’. The majority of patients were ASA
score Il and CCI score 0. After analysis, ASA score
was the only variable predictive for LOS (P = 0.0011)
and each increase in ASA score above 2 increased LOS
by approximately 0.5 d. ASA score was also the only
variable predictive for readmission rate (P = 0.0332).
BMI was the only variable predictive for PACU duration (P
= 0.0136). Specific procedure performed, age, gender,
and CCI score were not predictive for any of the
outcome criteria. OR duration, transfusion rate, post-
operative complications or discharge disposition were
not significantly associated with any of the predictor
variables.

CONCLUSION: The joint arthroplasty PSH model
reduces postoperative outcome variability for patients
with different preoperative characteristics and medical
comorbidities.

Key words: Perioperative Surgical Home; Arthroplasty;
Length of stay; American Society of Anesthesiologists
Physical Classification System; Body mass index
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Core tip: The Perioperative Surgical Home (PSH)
model is designed to improve healthcare delivery
and reduce medical costs. In this study, patients in a
joint arthroplasty PSH program were stratified based
on preoperative characteristics and comorbidities to
determine if these variables would impact postoperative
results. Our results suggest that a joint arthroplasty
PSH program may improve postoperative consistency
and limit the influence of different patient attributes on
surgical outcome. Arthroplasty patients with preopera-
tive characteristics traditionally considered risk factors
for negative outcomes, such as a high body mass index
or an elderly age, may benefit from enrollment in a
PSH program.
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INTRODUCTION

The relative increase in the elderly population, combined
with changing indications for younger patients, is pre-
dicted to result in a growing number of patients under-
going total joint arthroplasty (TJA)">. This will likely
result in a diverse surgical population, with different
medical comorbidities and characteristics, which can
potentially lead to equally variable results. Standardizing
and streamlining the operative experience and mini-
mizing procedural and patient variables will thus be
essential to ensure optimal and predictable outcomes.

The Perioperative Surgical Home (PSH) has been
promoted as a patient-centered model to improve health,
healthcare delivery, and reduce medical costs™®. A
multidisciplinary team led by the primary surgeon and
anesthesiologist engages with the patient, starting from
the moment the decision for surgery is made all the way
through to the post-operative 30-d recovery phase, to
yield the best possible results and optimize value for both
the patient and the healthcare system. PSH is ideally
designed to enhance the perioperative experience, re-
gardless of preoperative patient conditions, and has
been implemented in different patient populations with
beneficial results”.

The purpose of this study was to examine the results
of a TJA PSH protocol designed and adopted at our
institution. Preoperative stratification and postoperative
outcomes for patients undergoing primary total knee (TKA)
and primary total hip (THA) arthroplasty were analyzed
to determine the effects of PSH. Our hypothesis was
that the joint arthroplasty PSH will lead to equivalent
or improved perioperative outcomes regardless of our
patients’ preoperative comorbidity burden.

MATERIALS AND METHODS

After institutional review board approval was obtained, a
retrospective review was performed of joint arthroplasty
PSH patients undergoing elective primary TKA and THA
at our institution from October 2012 through February
2015. The structure of the PSH protocol is detailed in
Figure 1. All surgeries were performed by the senior
author. Exclusion criteria included revision, bilateral,
and acute post-traumatic arthroplasty. During surgery,
all TKA patients were supine and underwent a medial
parapatellar approach with the use of a tourniquet,
while THA patients were lateral decubitus and under-
went either a posterolateral or modified lateral surgical
approach.

Patient charts were pulled from the PSH data mart
for analysis. Preoperative variables that were stratified
included: Specific procedure, age, gender, body mass
index (BMI), Charleston Comorbidity Index (CCI),
and American Society of Anesthesiologists Physical
Classification System score (ASA). The primary outcome
criteria measured was length of stay (LOS); secondary
outcomes included operating room (OR) duration, trans-
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Preoperative clinic
Decision for surgery
Medical clearance, preoperative labwork, EKG, CXR
Joint replacement education class
Preoperative pain control, surgical site infection, and VTE
management protocols

Perioperative arena
Perioperative pain control protocol
Spinal anesthesia; tranexamic acid; pericapsular injections
PACU pain management protocol
Physical therapy on POD 0

Hospital stay

Postoperative pain management procotol
VTE prophylaxis protocol with warfarin or aspirin
CBC, INR labwork as needed

Physical therapy twice daily; occupational therapy once daily

Discharge
Physical therapy session prior to discharge
VTE with warfarin to target INR 1.8 to 2.3

instructions, patient safety instructions

Home exercise program, outpatient physical therapy, wound care

Review patient expectations and care satisfaction

Postoperative clinic
Optional telemedicine follow-up

Anticoagulation clinic follow-up on day after discharge
Nursing phone follow-up 1 wk after discharge
Orthopaedic clinic follow-up 2 wk after discharge

Figure 1 Total joint arthroplasty Perioperative Surgical Home protocol. PACU: Post-anesthesia care unit; EKG: Electrocardiogram; CXR: Chest X-ray; VTE:
Venous thromboembolism; POD: Postoperative day; CBC: Complete blood count.

fusion rate, Post-Anesthesia Care Unit (PACU) stay,
readmission rate, post-operative complications, and
discharge disposition up to 30-d post-surgery.

Statistical analysis

For the primary and secondary outcomes, the predictor
variables were entered into a generalized linear model
with appropriate response (Linear for scalar measures,
Gamma for counts or time, logit for binary outcomes like
readmissions) and assessed for predictive relationship
to the dependent variable. Significance level was set to
0.01 to correct for multiple comparisons. Demographics
and variable summaries were presented as mean + SD,
or as percentage for binary outcomes. Statistics were
performed with Microsoft Excel (Microsoft, Redmond,
WA); SPSS (IBM, Armonk NY), and R (R-Project, https://
WWW.r-project.org/).

RESULTS

Our cohort included 337 patients, 200 undergoing TKA
and 137 undergoing THA. The average age was slightly
over 60 years of age and almost two-thirds of patients
were female. The most common preoperative medical
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comorbidity was hypertension, while the majority of
patients were rated as ASA Il and CCI 0 when eva-
luating for overall medical condition. Complete patient
demographics are shown in Table 1. The average total
OR time was slightly over three hours and the average
PACU stay was slightly over two hours. The average
hospital length of stay was two and a half days. The rate
of hospital readmission was minimal. Complete surgical
outcomes are shown in Table 2.

With regards to the primary outcome, age, BMI, and
ASA score were all predictive of LOS. Specific procedure
performed, gender, and CCI scores were non-significant.
ASA score was strongly predictive of LOS (P = 0.0011)
as shown in Figure 2; on average each increase in ASA
score above 2 increased LOS by 0.5 d. Age was only
weakly predictive (P = 0.0021), with older patients
having a slightly shorter LOS. Similarly, BMI was weakly
predictive (P = 0.0003), with higher BMI patients having
slightly shorter LOS.

With regards to secondary outcomes, ASA score
was the only variable predictive of readmission rate
(P = 0.0332). With a 0.6% readmission rate, however,
the power for this outcome was low. BMI was the only
variable predictive of increased PACU duration (P =
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Table 1 Patient demographics and comorbidities

Number 337

Age (yr) 63.7+13.8
Gender (M/F) 123/214
Procedure (THA/TKA) 137/200
BMI (kg/m’) 29.4+6.2
Congestive heart failure 6 (1.8%)
Chronic obstructive pulmonary disease 25 (7.4%)
Diabetes mellitus 59 (17.5%)
Hypertension 198 (58.8%)
History of myocardial infarction 17 (5.0%)
American Society of Anesthesiologist 1-0(0.0%)

score 11-67 (19.9%)
1M-255 (75.7%)
IV-15 (4.5%)
0-226 (67.1%)
1-85 (25.2%)
2-24 (7.1%)
6-2 (0.6%)

Charlson Comorbidity Index score

THA: Total hip arthroplasty; TKA: Total knee arthroplasty; BMI: Body
mass index; M: Male; F: Female.

Table 2 Surgical outcomes

OR duration (min) 189 £ 60
PACU duration (min) 138 +80
Transfusion rate 32(9.5%)
Length of stay (d) 25+0.8
Severe postoperative nausea and vomiting 15 (4.5%)
Emergency department visits 7 (2.1%)
Readmissions 2(0.6%)

PACU: Post-anesthesia care unit; OR: Operative room.

0.0136), with higher BMI leading to slightly longer PACU
stay. Specific procedure performed, age, gender, and
CCI score were not predictive for any of the secondary
outcome criteria. OR duration, transfusion rate, post-
operative complications or discharge disposition were
not significantly associated with any of the predictor
variables.

DISCUSSION

TKA and THA are common orthopaedic procedures that
provide reliable and beneficial outcomes for the majority
of patients™. However, despite advancements in surgical
implants, technique, and management, a minority of
patients continue to do comparatively poorly™®*!, The
expected significant increase in the patient population
eligible for TJA will only increase the overall number of
patients that have suboptimal outcomes. The goal of this
study was to examine if TJA patients, managed under a
new surgical home care model, perioperative outcomes
were equivalent or better as compared to national
standards.

The PSH has been endorsed by the American Society
of Anesthesiologists as a model to decrease the varia-
bility in perioperative care!”. PSH starts in the office,
where immediately after a decision for surgery is made,
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Length of stay (d)
N
T

ASA score

Figure 2 Box plots showing American Society of Anesthesiologists score
was strongly predictive of length of stay (P = 0.0011) as shown in the figure;
on average each increase in American Society of Anesthesiologists score
above 2 increased length of stay by 0.5 d.

both surgical and anesthesiology teams are in constant
communication with the patient. Perioperative factors
such as surgical technique, anesthetic delivery, pain
control, and discharge disposition are addressed to help
formulate an operative plan and set expectations. During
surgery, perioperative variables are minimized due to
consistent protocol based surgical and anesthesiology
performance; potential pitfalls are avoided by adhering
to the operative plan and perioperative pathways and
deviating only when necessary. After surgery, dedicated
inpatient ancillary staff, including nurses and therapists,
assist the surgical and anesthesiology teams to provide
a smooth transition to discharge. Patients follow-up
with the surgical and anesthesiology teams to ensure
postoperative continuity of care. By having a patient-
centered team assuring continuity of care throughout
the surgical period and applying evidence-based
medicine in a consistent and standardized manner, PSH
is designed to minimize errors, reduce unnecessary
costs, and improve patient outcomes. Studies examining
the benefits of PSH are currently limited, likely due to
only a recent increase in popularity. However, PSH has
been implemented in cardiac and vascular patients''” as
well as in a Veterans Affairs populationt® with success,
and results are expected to be forthcoming as more
institutions adopt the PSH model.

In the current orthopaedic literature, only 2 signifi-
cant studies have been published analyzing patients
in @ PSH model. Boraiah et al™ recently published a
study examining the utility of a scoring system, the
Readmission Risk Assessment Tool, for TJA patients in
their PSH model and noted that preoperative patient
stratification could predict readmission rates. However,
the benefits of PSH on patient outcomes were not directly
examined. The results of PSH implementation have
recently been published after adoption of a TJA protocol
at our institution, with postoperative outcome measures
comparable to national benchmarks!®, However, this
study did not stratify patients preoperatively to determine
if the outcomes were due to PSH or if there was an
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inherent selection bias that played a role. The current
study is a follow-up to that first initial analysis to examine
if the benefits of the PSH model could be isolated and
specified, and to predict if similar outcomes could be
achieved among patients with a differing preoperative
comorbidity burden.

Preoperative stratification took into account different
variables, all of which have been examined previously
in the literature. An increased patient age has been
shown to result in higher hospital LOS™"", readmission
rates™'®?” increased complication rate!****?, and
disposition to an extended care facility™®. Interestingly,
a relatively young age at time of surgery has also
been shown to increase readmission rates!**. Male
gender resulted in a higher readmission rate in most
studies!'****** while female gender was the predictor of
readmission in another™, and associated with a longer
LOSP®!, Male gender also predicted a higher complication
rate®”. Obesity resulted in a longer hospital LOS!7*"*®,
readmission rate!"*****! and complication rate!**>?*®,
An underweight status has also been shown to increase
the rate of readmission. A higher ASA score predicted
a longer LOS™®, higher rate of readmission*****, and
complication rate®®®. A higher CCI score predicted higher
rate of readmission® and a higher complication rate™".

In the current study, the influence of preoperative
variables appeared to be minimized as patients under-
went TJA in a PSH care model. As contrasted to the
previously mentioned studies, patient gender, procedure
type, and CCI score did not have any significant corre-
lation with peri-operative outcome criteria, including
LOS, PACU duration, discharge disposition, complication
rate, and readmission rate. This does not imply that
these variables do not play a role in patient outcomes.
Rather, it suggests that within a PSH care model, the
effects of these variables on the outcomes in TJA patients
are reduced. This is likely due to standardization of the
entire continuum of perioperative care that includes
close follow-up of patients by a dedicated PSH team, and
incorporation of evidence-based clinical pathways. These
processes help reduce the variability in the delivery and
quality of care typically found within a traditional care
model. The effect of age was also diminished. Similarly,
preoperative BMI also had a diminished effect with
outcome criteria, aside from PACU duration.

The effects of both age and BMI on LOS, while very
weak, were the opposite of what has been previously
reported in other studies (both increasing age and BMI
led to marginally but statistically significant shorter LOS).
We hypothesize that this may be because younger,
thinner patients who are having total joint replace-
ments are more likely to have other physical or social
factors contributing to their need for replacement which
may contribute to longer LOS (for example narcotic
dependence), as opposed to older or heavier patients
who are more likely to have uncomplicated primary
osteoarthritis joint degeneration.

Higher ASA scores were strongly predictive for an
increase in hospital LOS, with each point increase above
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2 resulting in an increased stay of 0.5 d. Similarly,
higher ASA scores were strongly predictive for patient
readmission rates. There was not a strong correlation
between ASA scores and other outcome criteria, which
is surprising because a large number of readmissions
are due to post-operative complications. Also surprising
is that CCI scoring did not result in a similar correlation
to LOS and readmission rates. Like the ASA model,
CCI is designed to evaluate overall patient comorbidity
and as such it would be expected that stratification of
both would lead to comparable outcomes. It is possible
that the ASA score intrinsically includes the information
contained in CCI such that using both in the same
model becomes redundant. The ASA score is also more
discriminating between the full range of mild to severe
comorbidity, whereas the CCI tends to discriminate
better between moderate and severe comorbidity only.

There were several limitations to the study that may
have affected the results. The study was retrospective
in nature, which may have led to inadvertent biases.
However, preoperative exclusion criteria and stratification
was stringently designed in order to limit any bias. The
surgeries were all performed by one surgeon, which
may have skewed outcomes but also limited surgical
variation. This was supported by using standard surgical
approaches and the same implant system for all patients.
Although samples sizes were not small, a larger patient
population would have increased the power of the study.
Patient outcomes were included only up to the 30-d
postoperative period and changes afterwards were not
incorporated into outcome analysis. Finally, patients
readmitted elsewhere would not have been captured
within our study, although such a limitation is not unique
to our study. Our joint replacement PSH was designed
to encompass perioperative patient care up to 30-d
after surgery; as such we felt it appropriate to end data
collection at this time point.

The PSH is a patient-centered care model designed
to provide coordinated care through shared decision-
making and standardization using evidence-based
medicine. Through physician-led multidisciplinary care,
this care model aims to add value and help achieve
Institute for Healthcare's Triple Aim of improving patient-
care experience and population health at a reduced
cost. Our study suggests that patient factors, which
have historically influenced TJA results, such as age,
gender, CCI scores, and BMI, may be minimized. To the
best of our knowledge, this is the first study examining
the outcomes of TJA patients in a PSH model. Further
prospective studies are needed in order to support our
results.

COMMENTS

Background

Perioperative Surgical Home (PSH) is a patient-centered program designed to
improve clinical efficiency, optimize surgical results, and decrease the financial
burden on healthcare. The increasing number of patients who will undergo total
joint arthroplasty (TJA) makes this subset of the medical population ideal for
enrollment in a PSH protocol.
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Research frontiers

PSH has been used selectively with beneficial results in different patient
populations in the last decade. Optimizing patient outcome after TJA has been
a focus of analysis since these surgeries were invented and recent studies
have highlighted different factors, such as age, weight, gender, and procedure
performed, that have an influence on outcomes.

Innovations and breakthroughs

To our knowledge, this study is the first of its kind stratifying TJA PSH patients
preoperatively based on different characteristics and comorbidities and
identifying associations with postoperative outcomes. The results suggest that
a majority of patients with different preoperative variables may have equivalent
outcomes due to perioperative optimization in a PSH protocol.

Applications

The study shows the efficacy and safety for TJA patients enrolled in a PSH
protocol and suggests that preoperative differences may be minimized through
this patient-centered model.

Terminology
PSH: Patient-centered multidisciplinary team led by the lead surgeon and
anesthesiologist.

Peer-review
The manuscript is well written and the use of English is good.
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