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a b s t r a c t

Background: Identifying predictors of failed same-day discharge (SDD) is critical for patient selection. We
evaluated patient factors associated with failure of SDD in patients undergoing elective total joint
arthroplasty (TJA) in a hospital setting.
Methods: We retrospectively reviewed consecutive patients who underwent primary total knee
arthroplasty (TKA) and total hip arthroplasty (THA) between January 31, 2018 and February 1, 2020 by
one of the 3 fellowship-trained arthroplasty surgeons. Patient demographics, comorbidities, and clinical
data were collected. Analysis was performed to assess risk factors for failed SDD.
Results: In total, 2615 TJAs (1425 TKAs, 1190 THAs) were performed over the study period. Two hundred
seventy-one (10.4%) were SDDs (80 TKAs, 191 THAs). There were fewer TKAs than THAs (5.6% vs 16.1%, P
< .001). Forty-five patients failed SDD (16.6%). Failure rates were similar in TKA and THA (18.8%, 15.7%,
P ¼ .54). The most common reasons for failure of SDD were hypotension (11, 24.4%), delayed resolution of
spinal anesthesia (11, 24.4%), and nausea (5, 11.1%). Age over 70 years (P ¼ .007), greater than 2 self-
reported allergies (P < .001), and preoperative narcotic use (P ¼ .01) were associated with failure of
SDD. Gender, body mass index, American Society of Anesthesiologists class, and prior TJA were not
significantly associated (P > .05).
Conclusion: Success of SDD was greater than 80%. Hypotension, delayed resolution of spinal anesthesia,
and nausea accounted for 60% of failures of SDD. Patients >70 years, those with >2 self-reported drug
allergies, or patients who used preoperative narcotics were at high risk for failure of SDD after THA or
TKA.

© 2021 Elsevier Inc. All rights reserved.
Outpatient total joint arthroplasty (TJA) is becoming increas-
ingly commonplace. There are many motivating factors including
cost savings, patient safety, and patient satisfaction that are driving
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the trend toward same-day discharge (SDD). SDD has been shown
to be economical and safe when performed in appropriately
selected patients [1]. The success of SDD is reliant on a team-based
approach with standardized and comprehensive preoperative and
postoperative protocols [2]. Prior research has found outpatient
arthroplasty performed in a hospital setting to have high rates of
successful discharge with reports of 82%-100% of patients dis-
charging on the day of surgery [3,4]. The success of SDD in a hos-
pital setting has naturally evolved to increased rates of TJA
procedures being performed at ambulatory surgery centers (ASC).
The COVID-19 pandemic has accelerated the rate of TJA procedures
moving to ASCs in order to keep elective surgery patients out of
hospitals [5]. ASCs do not always have the ability to admit a patient
for overnight stay, thus with this transition comes the risk of un-
planned hospital admission for the patients who fail SDD.
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Table 2
Perioperative Multimodal Analgesia Regimen.

Time of Delivery Medicationa

Preoperative
Evening before surgery Celecoxib 200 mg PO
Within 2 h of surgery Acetaminophen 650 mg PO

Intraoperative Ketorolac IV 30 mg
Age <65 y Ketorolac IV 15 mg
Age >65 y Periarticular injection: ketorolac þ bupivacaine
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Patient selection is paramount to SDD success. Exclusion criteria
have been previously defined including factors such as age, body
mass (BMI), and other medical comorbidities. However, current risk
stratification and patient selection algorithms remain imperfect as
failures of SDD continue to occur [6e8]. Therefore, the purpose of
this study is to examine reasons for failed SDD and to evaluate
patient factors associated with failure of SDD in patients under-
going elective primary TJA in a hospital setting.
Postoperative
All patients Celecoxib 200 mg PO BID � 5 d
Age <65 y Ketorolac IV 30 mg � 1 dose
Age >65 y Ketorolac IV 15 mg � 1 dose
THA Hydrocodone/acetaminophen 5/325 mg PO Q4H

prn pain
TKA Oxycodone/acetaminophen 5/325 mg PO Q4H prn

pain

PO, by mouth; IV, intravenous; BID, twice daily; Q4H, every 4 hours; THA, total hip
arthroplasty; TKA, total knee arthroplasty.

a All medications adjusted based on age, renal function, and patient allergies.
Materials and Methods

Institutional Review Board Approval was obtained prior to
initiation of this study. We performed a retrospective review of
consecutive patients who underwent unilateral TJA at a single
multispecialty hospital between January 2018 and February 2020.
All surgeries were performed by one of the 3 arthroplasty
fellowship-trained surgeons (xx, xx, xx) in a single hospital. No
surgeries were performed at an outpatient surgery center. Two of
the 3 surgeons performed both direct anterior and posterior
approach for total hip arthroplasty (THA), and the third surgeon
performed only posterior approach for THA. Total knee arthro-
plasties (TKAs) were all performed using conventional instrumen-
tation; no navigation, robotic, or computer assistance was utilized.
Patients were included in the study group if they were designated
preoperatively as SDD. This designation is offered to all patients
who express interest in SDD and who do not have significant car-
diac, renal, pulmonary, or psychological comorbidities.

All patients underwent standardized medical evaluation by an
anesthesia practitioner at our institution’s Center for Preoperative
Assessment and Planning, designated a “joint coach” or personwho
would assist them perioperatively and participated in a preopera-
tive TJA educational class. Patients communicated with an ortho-
pedic case manager who coordinated preoperative outpatient visits
and arranged home health aftercare visits. SDD inclusion and
exclusion criteria are displayed in Table 1.

A multimodal analgesia regimen was prescribed, which is
shown in Table 2. Our preferred anesthesia was spinal anesthesia
with bupivacaine. Patients received intraoperative intravenous (IV)
tranexamic acid, which was adjusted based on age and kidney
function. Preoperative antibiotics were given prior to skin incision.
A periarticular injection was administered by the surgeon prior to
closing. Patients were hydrated with IV normal saline; 3 L given
intraoperatively and 1 L given in the postacute care unit. Institu-
tional protocol for patients receiving spinal anesthesia was to place
a Foley catheter preoperatively, which was maintained in the acute
postoperative period. Postoperatively, all patients were admitted to
our surgical inpatient unit. Patients were ordered to be out of bed
with physical therapy or nursing assistance as soon as their spinal
Table 1
Inclusion and Exclusion Criteria for SDRP Eligibility.

Inclusion Exclusion

Patient interest/
expectation

Completed CPAP
appointment

Primary joint
arthroplasty

Healthy joint coach
Safe discharge location
Established home

aftercare visits

Patient desires overnight stay
Limited support at home
Discharge location >2 h from hospital
Bilateral arthroplasty surgery
Revision or complex total joint arthroplasty
Extended care facility placement
Surgery performed for fracture
Significant medical comorbidity
Baseline physical deconditioning
Significant cardiopulmonary, renal, respiratory, or
psychiatric comorbidities

CPAP, Center for Preoperative Assessment and Planning; SDRP, same-day rapid
discharge protocol.
was light enough to permit standing. Ice was placed around the
operative extremity when patients were in bed or seated in a chair.
Once they were ambulatory, the Foley catheter was removed. Pa-
tients were felt to be safe for discharge when they met the
following criteria: physical therapy clearance, voiding indepen-
dently, tolerating oral fluids and food, pain adequately controlled
on oral medications, and felt confident in their discharge. All pa-
tients were seen by a physical therapist who evaluated 5 categories
of patient mobility as shown in Table 3. Patients were cleared for
discharge if the amount of assistance required in each category
could be met by the assistance available to the patient at their
home. If unable to discharge on the day of surgery, the reason for
failed SDD was documented.

We reviewed electronic medical records to collect demographic
information, number of patient-reported allergies, and preopera-
tive narcotic use (including tramadol). Statistical analysis was
performed using Microsoft Excel 2020 (Microsoft Office Corpora-
tion, Seattle, WA). Mean values were compared with Student’s t-
test and analysis of variance. Proportions were calculated and
analyzed with the chi-squared test. A P-value of .05 was set as the
level of significance for all analysis.

Results

Of the 2615 TJAs (1425 TKAs, 1190 THAs) performed over the
study period, 271 (80 TKAs, 191 THAs) patients (10.4% of all elective
primary TKAs/THAs) were preoperatively designated as SDD. The
rate of SDD TKA patients was lower than SDD THA patients (80/
1425, 5.6% vs 191/1190, 16.1%, P < .001) (Table 4). Overall, 45 pa-
tients failed SDD (16.6%). The failure rate was similar in TKA and
THA (18.8%, 15.7%, P ¼ .54) (Table 5). There was no difference in
average age between successful and failed SDD (Table 4). However,
when patients were grouped by age, there was higher percent
failure in the >70-year-old group compared to the <50 and 50-70-
year-old groups (37% vs 13.1%, 18.0%, P ¼ .003) (Table 5). We
compared patients less than 65 years with those 65 and older as
this is the cutoff for Medicare. However, therewas not a statistically
significant difference between the groups. Similar rates of men and
women were indicated for SDD. There was no difference in success
or failure of SDD based on BMI, American Society of Anesthesiol-
ogists class, gender, or prior TJA (Tables 4 and 5).

Themost common reasons for failure of SDDwere postoperative
hypotension (11, 24.4%), longer than anticipated spinal anesthesia
(11, 24.4%), and nausea (5, 11.1%) (Table 6). Patients with >2 self-
reported drug allergies had higher rates of failed SDD compared
to those with <2 allergies (41.9% vs 9.5%, P < .001). Patients



Table 3
Physical Therapy Assessment Prior to Discharge.

Category Tasks Assessed

Bed mobility Assistance level, maintenance of precautions/weight-bearing
status, physiologic response

Functional
transfers

Assistance level, maintenance of precautions/weight-bearing
status, safe use of DME, physiologic response

Ambulation Assistance level, maintenance of precautions/weight-bearing
status, safe use of DME, distance similar to requirement to
return home, physiologic response

Stair negotiation Assistance level, maintenance of precautions/weight-bearing
status, safe use of DME, ability to negotiate amount required
to return home, physiologic response

Overall balance/
safety

Impulsiveness, comprehension of limitations/precautions/
weight-bearing status, losses of balance requiring assistance
to recover

DME, durable medical equipment.
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reporting preoperative narcotic use, including tramadol, also had
higher rates of failed of SDD (26.5% vs 14.1%, P ¼ .01).

Discussion

In our cohort, success of SDD after primary THA and TKA with
protocolized patient selection in a hospital setting was 83%. Pa-
tients age 70 and older, those who had >2 self-reported drug al-
lergies, or patients who used preoperative narcotics were at
increased risk for failure of a planned SDD after primary TJA.

In this study, 17% of patients failed SDD and required unantici-
pated overnight stay. This is similar to previous studies, which have
reported successful SDD ranging from 74% to 100% [1,7,9e11]. Goyal
et al [7] conducted a study randomizing unselected patients into
outpatient vs inpatient THA and found that 76% of the unselected
outpatient group was successful with SDD. Patients in this study
Table 4
Patient Demographics and Success vs Failure of SDD.

Overall (n ¼ 271) Success

Age (y) 56.91 ± 11.59 (19-83) 56.56 ±
<50 61 (22.5%)
50-70 183 (67.5%)
>70 27 (10.0%)

Medicare (age in years)
<65 199 (73.4%)
65 and older 72 (26.6%)

Type of arthroplasty
THA 191 (70.4%)
TKA 80 (29.6%)

Gender
Men 143 (52.8%)
Women 128 (47.2%)

Average BMI (kg/m2) 28.6 ± 5.25 (19.2-58.5) 28.86
ASA class
1 10 (3.7%)
2 224 (82.7%)
3 37 (13.6%)

Allergies (average #) 1.04 ± 1.93 (0-21) 0.85
2 240 (88.6%)
>2 31 (11.4%)

Prior surgery
No prior sx 197 (72.7%)
Prior THA 45 (16.6%)
Prior TKA 27 (10.0%)
Both 2 (0.7%)

Preop analgesia
None 219 (80.8%)
Narcotics 30 (11.1%)
Tramadol 22 (8.1%)

General anesthesia 4 (1.5%)

ASA, American Society of Anesthesiologists; BMI, body mass index; SDD, same-day disch
were <75 years old, BMI <40, and independent ambulators. Au-
thors concluded SDD to be safe with unselected patients, however
cautioned that an overnight stay option should be available [7].

Today, many outpatient TJAs are being performed at ASCs,
where overnight stay may not be an option without transfer to a
hospital. In a systematic review of outpatient arthroplasty, Jaibaji
et al [1] found higher rates of successful SDD at ASCs compared to
the hospital setting (97.5% vs 81.4%). There are likely differences in
patient selection for surgery at an ASC vs hospital setting, which
contribute to the different rates of success. However in their review,
the only consistently different patient factors were younger age and
ASA score, which was generally lower in the ASC patients [1]. In this
study, all surgerieswere performed in a hospital setting, whichmay
influence patient selection. However, our findings of higher failure
rate in older patients and patients with multiple allergies or pre-
operative narcotic use can be used to help determine which pa-
tients are at higher risk for requiring overnight admission and
might be better suited for SDD in a hospital setting vs ASC.

The patients in this study were designated as SDD primarily
based on patient interest and surgeon judgment. Medical comor-
bidities were considered individually, especially significant renal,
cardiac, pulmonary, or psychological diagnoses. We have similar
criteria for selecting THA and TKA patients for SDD. However, the
higher rate of THA SDD patients suggests bias toward these pa-
tients, which may come from surgeon experience or preference.
Although we did exclude patients undergoing bilateral or complex
TJA, we did not have any specific age, BMI, or ASA cutoffs for SDD
patients. However, we do have an inpatient stay option in our
current hospital setting, thus the stakes of failing discharge are
lower than surgeries performed at an ASC without an overnight
stay option. Prior studies have reported specific inclusion and
exclusion criteria to help guide surgeons in safe patient selection.
Meneghini et al validated a risk assessment tool specific for
ful SDD (n ¼ 226) Failed SDD (n ¼ 45) P-Value

11.32 (20-83) 58.61 ± 12.72 (19-77) .27
50 (22.1%) 11 (24.5%)

159 (70.4%) 24 (53.3%)
17 (7.5%) 10 (22.2%)

.13
170 (75.2%) 29 (64.4%)
56 (24.8%) 16 (35.6%)

<.0001
161 (71.2%) 30 (66.7%)
65 (28.7%) 15 (33%)

.2
125 (55.5%) 18 (40%)
101 (44.5%) 27 (60%)

± 5.38 (19.2-58.5) 27.56 ± 4.37 (19.3-35.9) .12
.46

7 (3.1%) 3 (6.7%)
187 (82.7%) 37 (82.2%)
32 (14.1%) 5 (11.1%)

± 1.37 (0-10) 1.9 ± 3.46 (0-21) .0004
208 (92.0%) 32 (71.1%)
18 (8.0%) 13 (28.9%)

.12
160 (70.8%) 37 (82.2%)
39 (17.6%) 6 (13.3%)
26 (11.5%) 1 (2.2%)
1 (0.4%) 1 (2.2%)

.084
188 (83.2%) 31 (68.9%)
22 (9.7%) 8 (17.8%)
16 (7.1%) 6 (13.3%)
1 (0.4%) 3 (6.7%) .002

arge; sx, surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.



Table 5
Patient Factors vs Percent of Failed SDD.

% Fail P-Value

Age (y)
<50 11/61 (18.0%) .007
50-70 24/183 (13.1%)
>70 10/27 (37.0%)

Medicare (age in years) .07
<65 29/199 (14.6%)
65 and older 16/72 (22.2%)

Type of arthroplasty .54
THA 30/191 (15.7%)
TKA 15/80 (18.75%)

Gender .06
Men 18/143 (12.5%)
Women 27/128 (21.1%)

ASA class .46
1 3/10 (30%)
2 37/224 (12.1%)
3 5/37 (13.5%)

Allergies <.0001
�2 32/240 (9.5%)
>2 13/31 (41.9%) OR 3.9

Surgery .19
No prior sx 37/197 (18.8%)
Prior THA 6/45 (13.3%)
Prior TKA 1/27 (3.7%)
Both 1/2 (50%)

Preop analgesia .01
None 31/219 (14.1%)
Narcotic pain medication 8/30 (26.6%)
Tramadol 6/22 (27.2%) OR 2.3

General anesthesia 3/4 (75%)

ASA, American Society of Anesthesiologists; OR, odds ratio; SDD, same-day
discharge; sx, surgery; THA, total hip arthroplasty; TKA, total knee arthroplasty.
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outpatient TJA and found that scores based on 9 comorbidity areas
had higher positive predictive value for successful SDD (up to
98.8%) compared to ASA designation or Charleston comorbidity
scores [12,13]. Individual exclusion criteria that have been
commonly cited in prior studies include but are not limited to age
(<65 to<80) [7,14e18], BMI (<35 to <45) [4,7,15,16,18,19], ASA score
(<3) [12,17,20], functional independence [21], postoperative home
support [4,20,22], and nonoptimized cardiac, hepatic, pulmonary,
or renal diseases [1,4,19,21]. There is lack of consensus regarding
which factors or combination of risk factors lead to SDD failure and
based on this study, we would suggest considering multiple al-
lergies and preoperative narcotic use when evaluating patients.
Table 6
Reasons for Failure of SDD.

Reason for Failure Number of
Patients

Percent of Failures (n¼ 45)

Long spinal 11 24.4%
Hypotension 11 24.4%
Nausea 5 11.1%
Pain control 4 8.9%
Incision drainage 3 6.8%
Spouse anxiety 2 4.5%
Patient anxiety 2 4.5%
PT recommend observation 1 2.2%
Urinary retention 1 2.2%
Confusion 1 2.2%
Peroneal nerve palsy

monitoring
1 2.2%

Glucose monitoring 1 2.2%
Headache 1 2.2%
Chest pain 1 2.2%

SDD, same-day discharge; PT, physical therapy.
In their 2016 review, Pollock et al [23] reported the average age
of patient undergoing outpatient hip and knee arthroplasty to be
younger than the 2014 United States reported average (hip 53.5-63
vs 67.7, knee 55-68 vs 66.1). Similarly, Goyal et al reported average
age of outpatient TJA patients to be 58.3 compared to UK Joint
Registry averages of 70 and 69-year-old for THA and TKA respec-
tively [1]. The average age of our same-day rapid discharge protocol
designated patients was 57, which is consistent with these prior
findings. We did find that patients over age 70 had higher rates of
failure compared to those who were 70 or younger. There was
however no difference between patients under the age of 50 and
those between 50 and 70. Previous studies have associated older
age with increased length of hospital stay and pertaining specif-
ically to outpatient TJA, older age has been shown to be associated
with higher rates of adverse events or readmission [24e26]. Thus,
while there has not been an age limitation proven to predict suc-
cess, we feel age should be consideredwhen indicating a patient for
SDD.

Multiple studies have found associations between patient re-
ported allergies and negative outcomes following TJA [27e30]. In
this study, we found that patients who reported 2 or more allergies
were at increased risk for failed SDD. This is similar to findings
reported by Fraser et al [10] who found 78% of patients who re-
ported 2 or more allergies failed SDD, while the failure rate of pa-
tients reporting 0 or 1 allergies was 22%. It has been hypothesized
that patient reported allergies may be an indicator of lower func-
tional status or correlated with higher levels or depression or
anxiety, however that was not the focus of the present study
[27e29].

Preoperative narcotic use has been negatively associated with
TJA outcomes. Patients who take narcotic pain medication before
TJA surgery are at higher risk of requiring IV pain medication
postoperatively, have been found to have longer length of stay, and
have increased postoperative narcotic pain medication re-
quirements [31e33]. Chronic opioid use has been listed as an
exclusion criterion for SDD in some studies [7,34]. We found pa-
tients who reported preoperative narcotic use to be at a higher risk
of failing SDD than those who did not report narcotic use. In a
recent study, Crawford et al [35] found high rates of underreporting
of narcotic use, whichmay confound our results which are based on
self-reported narcotic use. Preoperative tramadol use has also been
associated with lower postoperative function; however, there is
limited literature focused on tramadol [36]. Although there were
fewer patients who reported preoperative tramadol use in this
study, the rates of failed SDD were similar to chronic opioid users.

In addition to identifying risk factors for failure of SDD, we
studied the reasons why patients were not able to discharge, the
most common being long-acting spinal anesthesia or hypotension.
Spinal anesthesia is generally favored over general anesthesia for
SDD patients; however, there may be increased risk of delay in
ambulation or urinary retention with spinal anesthesia [1,15].
Although long-acting spinal anesthesia was a common reason for
failed SDD in our study, general anesthesia was not a superior
alternative and 3 out of 4 patients who had general anesthesia
required overnight stay. The dosage and agents used for the spinal
anesthesia are modifiable factors, which may reduce the rate of
failed SDD due to long-acting spinal anesthesia [18]. The patients
with long-acting spinal anesthesia may have received higher
dosage per weight; however, this relationship was not directly
studied. Hypotension is another common reason cited for failure of
SDD [1]. Although we have protocols in place to stop antihyper-
tensive medications perioperatively and give patients IV fluid
during surgery, this is another area where modifying protocols may
increase successful SDD.
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There were several limitations to this study. This was a retro-
spective review of patients who were selected for SDD at a single
institution. Thus, our results may not be generalizable to all patient
populations or facilities. The main focus of this study is to examine
preoperative patient factors; however, there are perioperative
factors that were not included in this study such as length of sur-
gery, blood loss, intraoperative fluid administration, time of day
when surgery is performed, and physical therapy protocols, which
may impact success of SDD. Although we found higher rates of
failures in patients with 2 or more reported allergies, we did not
quantify the severity or type of allergies. We also did not examine
medications which are not part of our SDD protocol. This includes
the dosage used for spinal anesthesia, which was one of the com-
mon reasons for failed SDD. Bupivacaine was the anesthetic of
choice during the study period; however, we did not verify the
specific medications used in individual patients. Additionally, our
selection criteria had some degree of subjectivity as we do not use a
scoring system and consider comorbidities on an individual patient
basis. Only 10% of lower extremity arthroplasty procedures per-
formed during the study period were selected to be SDD so we are
unable to apply this data to a more general patient population.

In conclusion, we have seen high rates of success with our SDD
program but there are still some areas for improvement. We found
that patients who are over 70 years have multiple reported al-
lergies, or who take narcotic pain medication, including tramadol,
preoperatively are at increased risk for failing SDD. These factors
should be taken into consideration among other patient factors
when indicating patients for outpatient arthroplasty. We found
hypotension and long-acting spinal anesthesia to be the most
common reasons for failed SDD, both of which are potentially
modifiable and should be considered in future studies.
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