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Neuraxial and general anesthesia for outpatient total
joint arthroplasty result in similarly low rates of major
perioperative complications: a multicentered

cohort study
Edward Yap

ABSTRACT

Background Neuraxial anesthesia when compared
with general anesthesia has shown to improve outcomes
following lower extremity total joint arthroplasty. It is
unclear whether these benefits are present in outpatient
surgery given the selection of healthier patients.
Objective To compare the effects of neuraxial versus
general anesthesia on outcomes following ambulatory
hip and knee arthroplasty.

Methods Multicentered retrospective cohort study in
ambulatory hip or knee arthroplasty patients between
January 2017 and December 2019. Primary endpoint
examined 30-day major postoperative complications
(mortality, myocardial infarction, deep venous
thromboembolism, pulmonary embolism, stroke, and
acute renal failure).

Results Of 11 523 eligible patients identified, 10 003
received neuraxial anesthesia, while 1520 received
general anesthesia. 30-day major complications did

not differ between neuraxial anesthesia and general
anesthesia groups (1.8% vs 2.3%; aOR=0.85, Cl: 0.56
to 1.27, p=0.39). There was no difference in 30-day
minor complications (surgical site infection, pneumonia,
urinary tract infection; 3.3% vs 4.1%; aOR=0.83,

Cl: 0.62 to 1.14, p=0.23). The neuraxial group
demonstrated reduced pain and analgesia requirements
and had less postoperative nausea and vomiting (PONV).
Median recovery room length of stay was shorter by 52
min in the general anesthesia group, but these patients
were more likely to fail same day discharge (33% vs
23.4%; p<0.01).

Conclusion Anesthesia type was not associated with
an increased risk for complications. However, neuraxial
anesthesia improved outcomes that predict readiness for
discharge: patients had less pain, required less opioids,
and had a lower incidence of PONV, thus improving the
rate of same day discharge.

Trial registration number NCT04203732.

INTRODUCTION

Total joint arthroplasties are commonly performed
elective orthopedic surgeries in the USA that can
dramatically improve quality of life.! Histori-
cally, a multiday hospitalization has been common
after total joint arthroplasty. More recently, these
surgeries are performed with a short hospital stay
or even as an outpatient surgery.” The drive
towards this new paradigm for reduced hospital
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time is multifactorial. The creation of bundled
payments, the removal of total hip and knee arthro-
plasty from the Medicare inpatient-only procedure
list, and an increased demand for these surgeries
have created an economic incentive for decreasing
hospital length of stay after surgery.* Advancements
in surgical techniques, improvements in anesthesia
care, the development of multimodal pain manage-
ment pathways, and enhanced rehabilitation and
home healthcare protocols have helped make this
shift possible.”” ¢

Outpatient total joint arthroplasty has been
shown to be safe and feasible, having similar or
possibly decreased risk of complications when
compared with standard hospitalized care.”” With
the continuing increase in demand for total joint
arthroplasty and the aim of healthcare systems to
provide value-based patient care, the move towards
outpatient arthroplasty will likely continue. The
type of anesthesia can play a critical role in estab-
lishing a successful outpatient total joint arthro-
plasty program. Investigations on the impact of
the type of anesthesia on postoperative outcomes
for total joint arthroplasty and other surgery types
have consistently found a reduction in postoper-
ative morbidity, mortality, and healthcare costs
when neuraxial anesthesia was used compared with
general anesthesia.'®'* However, it is unclear if the
benefits of neuraxial anesthesia also exist in outpa-
tient total joint arthroplasty given the generally
healthier patient population undergoing ambula-
tory surgery.’>™ Concurrently, general anesthesia
has been suggested to enhance recovery following
fast-track arthroplasty.'® ' Therefore, the optimal
anesthetic technique for outpatient total hip or
knee arthroplasty has yet to be determined.?

The goal of this study was to compare the
effects of neuraxial anesthesia versus general anes-
thesia on intraoperative, early postoperative, and
30-day postoperative outcomes in patients under-
going outpatient unilateral primary total hip or
knee arthroplasty. We hypothesized that neuraxial
anesthesia reduces the incidence of adverse post-
operative outcomes when compared with general
anesthesia.

METHODS

This article was prepared according to the Strength-
ening the Reporting of Observational Studies in
Epidemiology guidelines.

294 Regional  Pain
Anesthesia - Medicine

Yap E, et al. Reg Anesth Pain Med 2022;47:294-300. doi:10.1136/rapm-2021-103189

BM)


http://www.rapm.org
http://rapm.bmj.com/
http://orcid.org/0000-0001-7992-5572
http://dx.doi.org/10.1136/rapm-2021-103189
http://dx.doi.org/10.1136/rapm-2021-103189
http://crossmark.crossref.org/dialog/?doi=10.1136/rapm-2021-103189&domain=pdf&date_stamp=2022-03-23
http://dx.doi.org/10.1136/rapm-2021-103411
http://dx.doi.org/10.1136/rapm-2021-103411
NCT04203732

Original research

Study design

We performed a retrospective cohort study comparing patients
who received neuraxial anesthesia to those who received general
anesthesia for outpatient lower extremity total joint arthroplasty.
Outpatient surgery was defined as planned same day discharge
as surgery day. The primary endpoint of our study was a 30-day
major postoperative complication. A major complication
included a composite incidence of mortality, myocardial infarc-
tion, deep venous thromboembolism, pulmonary embolism,
stroke, and acute renal failure. Secondary outcomes examined
a 30-day minor postoperative complication, which comprised
of a composite incidence of surgical site infection, pneumonia,
and urinary tract infection. Other important intraoperative and
postoperative outcomes included 30-day readmission rates,
surgical duration, estimated surgical blood loss, red blood cell
(RBC) transfusion, length of postanesthesia care unit (PACU)
stay, amount of opioid administered intraoperatively and in the
PACU, PACU pain scores, incidence of postoperative nausea and
vomiting (PONV) in the PACU, and failure rate for same day
discharge.

Setting

Kaiser Permanente Northern California is a multicentered inte-
grated healthcare medical system consisting of 21 medical centers
in Northern California that use the same electronic medical
record (EMR, Epic, Verona, WI, USA). In 2017, an outpatient
total joint arthroplasty pathway was established throughout
Kaiser Permanente Northern California. The pathway helped
streamline preoperative medical optimization, patient education,
and perioperative care for patients. The pathway included guide-
lines for patient selection for outpatient total joint arthroplasty,
which included younger, medically optimized, non-smokers, and
non-anemic patients. The guidelines were used by surgeons to
screen patients, and the decision to include patients for outpa-
tient surgery was ultimately decided by the surgeon and patient.
Prior to pathway implementation, there was a preference by
anesthesia departments to use neuraxial anesthesia. The choice
of anesthesia after implementation was determined by the anes-
thesiologist and was dependent on clinical factors and patient
preference. All total joints were performed in a hospital setting
and not at a free-standing ambulatory surgery center. Our insti-
tution utilized a standard PACU order set for patients to receive
analgesic and opioid medications on an as needed basis depen-
dent on patient pain scores.

Study population

We identified patients aged 18 and older who underwent
outpatient primary unilateral total hip or knee arthroplasties
at one of our 21 medical centers between January 1, 2017 and
December 31, 2019. Excluded were patients undergoing emer-
gent, unicompartmental, oncologic tumor, fracture related, revi-
sion, and bilateral total joint arthroplasties, and patients who
received both general and neuraxial anesthesia. Patients who
had more than one arthroplasty during the study period had
only the first surgery included. Patients undergoing outpatient
total joint arthroplasty were all seen in a perioperative medicine
clinic prior to surgery. The clinics exist at each hospital and help
medically optimized patients using standardized workflows. The
workflows included addressing chronic medical conditions such
as hypertension and diabetes medication management, as well as
standardize cessation of antiplatelet and anticoagulant medica-
tions to allow for the choice of neuraxial anesthesia.

Exposure variable

Our exposure of interest was type of anesthesia, neuraxial or
general anesthesia, obtained through intraoperative records.
Combined neuraxial and general anesthesia was not typically
used in our setting and not included as an exposure variable.

Outcome variables

The 30-day postoperative outcomes were obtained using Inter-
national Classification of Diseases, 10th Edition (ICD-10) codes
(online supplemental table 1) documented in the EMR. The
outcomes were adjudicated by one of the study’s authors by
confirming clinical, imaging, or laboratory documentation of
diagnosis by chart review. Readmission was defined as hospital
admission within 30-days of surgery discharge for any reason.
Surgical site infection included superficial or deep wound infec-
tion located at the surgical incision site. Myocardial infarction
included both non-ST segment elevation and ST segment eleva-
tion myocardial infarction. Pneumonia, deep vein thromboem-
bolism and pulmonary embolism, and stroke required a diagnosis
made by imaging. Acute renal failure was defined by meeting
at minimum stage 1 criteria in the Kidney Disease Improving
Global Outcomes criteria (Creatinine 1.5-1.9 times baseline or
increase >0.3 mg/dL).

Perioperative medications administered were collected through
the Medication Administration Record. Opioids administered
was reported in Morphine Milligram Equivalents (MME). Pain
scores were recorded using the Numeric Rating Scale for pain
(scale from 0 to 10) and we calculated the average pain score
during PACU stay for each patient. PONV was recorded using
a postanesthetic scoring system (2 representing none/minimal,
1 moderate, 0 severe; we categorized patients as either having
PONV (if they ever had a score of 0 or 1) or no PONV (patients
only ever having a of score 2)). Surgery duration was defined as
the time from procedure start to procedure end. PACU length
of stay was defined as the time the patient arrived in the PACU
to the time the patient met discharge criteria from the PACU.
Blood loss and RBC transfusion was obtained from the EMR
flowsheet. Planned same day discharge was documented in the
surgical booking. Failure of same day discharge was identified
by a discharge day different than the surgery date in the EMR.

Statistical analysis

Categorical data were described as frequencies (percentages)
while continuous data were reported as means and SD for
normally distributed data and medians and quartiles (Q) for non-
normally distributed data. Bivariate analysis was performed to
determine associations between outcomes and anesthesia type.
Comparisons of categorical variables were performed using the
x> or Fisher’s exact tests. Normally distributed continuous vari-
ables were compared using Student’s t test, while non-normally
distributed continuous variables were compared using Wilcoxon
rank-sum test. Since the outcomes from the same facility are
likely to be correlated, we used hierarchical multivariable regres-
sion analysis models to control for ‘clustered’ data. Hospital
(center) was included as a random effect, not fixed effect. We
fit a random intercept model using the center (hospital) as the
cluster variable. All multivariable models were adjusted by age,
sex, race/ethnicity, body mass index (BMI), and American Society
of Anesthesiologists (ASA) classification. We performed logistic
regression to examine the associations between 30-day outcomes
and the anesthesia type with adjustments for patients’ demo-
graphics and clinical characteristics. Variables that were deemed
clinically important or with observed statistically significant
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p-value in the bivariate analyses were included in the final multi-
variable regression models. The only variables that had missing-
ness were BMI (0.009% missing) and Last Hemoglobin Before
Surgery (10.5% missing). We imputed BMI to be the median
value of 30 in the multivariable models that included BMI as
a covariate. No other variables had missing data. Models were
not adjusted for multiple comparisons. Because of the potential
for type I error due to multiple comparisons, findings for these
analyses should be interpreted as exploratory.”! * Multivariable
analysis outcomes were reported as adjusted ORs (aOR, 95%
CI). A p-value of <0.05 was considered significant. All data
management and analysis were performed using SAS V.9.4 (SAS
Institute, Cary NC).

RESULTS

Patient characteristics

We identified 14 589 patients who underwent outpatient unilat-
eral primary total hip or knee arthroplasty from the start of 2017
through the end of 2019. We excluded 2143 patients under 18,
who had emergent, oncologic tumor, fracture related, revision,
and bilateral total joint arthroplasties, and patients who received
both general anesthesia and neuraxial. There were 923 surgeries
excluded as patients who had more than one arthroplasty during
the study period. Of the 11 523 patients (9866 with knee
arthroplasty, 1657 with hip arthroplasty) included in the study,
1520 (13.2%) had general anesthesia and 10 003 (86.8%) had
neuraxial anesthesia. Baseline demographic and clinical charac-
teristics of the cohort are presented in table 1.

The average age of patients was 68 (SD 8.9) with a small
difference in age between the general anesthesia group and
neuraxial group (67.3 vs 68.2, p<0.01). There were more
women than men (60.3% vs 39.7%), but there was no associ-
ation between gender and type of anesthesia. A higher percent
of patients receiving general anesthesia were Black and Hispanic
compared with those receiving neuraxial anesthesia (9.1%-
15.5% vs 5.8%-12.8%, respectively). Similarly, a higher percent
of patients receiving general anesthesia had higher BMI, ASA
classification and Charlson comorbidity index (CCI) compared
with neuraxial anesthesia. Patients undergoing hip arthroplasty
had a higher rate of general anesthesia compared with knee
arthroplasty (17.6% vs 12.4%, p<0.01).

30-Day postoperative adverse outcomes

There were no significant differences in our primary endpoint of
30-day major postoperative complications between the neuraxial
and general anesthesia groups (1.8% vs 2.3%; aOR=0.85, 95%
CI: 0.56 to 1.27). No significant difference was also found in
30-day minor complications (3.3% vs 4.1%; aOR=0.83, 95%
CI: 0.62 to 1.14), and 30-day readmission rates (2.3% vs 3%;
aOR=0.86, 95% CI: 0.59 to 1.25) between the two groups
(figure 1). Unadjusted outcomes found a significantly lower odds
for 30-day postoperative myocardial infarction in the neuraxial
group compared with the general anesthesia group (unadjusted
OR=0.36, 95% CI: 0.17 to 0.76, p=0.01); however, after
multivariable hierarchical modeling, the difference was no
longer significant (aOR=0.48, 95% CI: 0.21 to 1.09, p=0.08).
No other significant differences were found in individual 30-day
postoperative complications (table 2).

Secondary outcomes

The general anesthesia group received higher median amounts
of opioids intraoperatively (40 MME (Q1-Q3: 19-65) vs
0 MME (Q1-Q3: 0-22.5); p<0.01), in the PACU (36 MME

Table 1 Baseline characteristics of patients who underwent
outpatient total knee or hip arthroplasty by anesthesia type
Anesthesia type
Total Neuraxial General

Characteristic n=11523 n=10 003 n=1520 P value

Mean age in years 68.0 (8.9) 68.2 (8.8) 67.3(9.2) <0.01*

(SD)

Sex, n (%) 0.79
Male 4577 (39.7) 3978 (39.8) 599 (39.4)

Female 6946 (60.3) 6025 (60.2) 921 (60.6)

Race/ethnicity, n (%) <0.01
Non-Hispanic 7844 (68.1) 6830 (68.3) 1014 (66.7)

White

Asian 931 (8.1) 864 (8.6) 67 (4.4)
Black 720 (6.3) 581 (5.8) 139 (9.1)
Hispanic 1515 (13.2) 1280 (12.8) 235 (15.5)
Other 513 (4.5) 448 (4.5) 65 (4.3)

BMItt, n (%) <0.01
Normal 1727 (15.0) 1549 (15.5) 178 (11.7)
Overweight 3967 (34.4) 3488 (34.9) 479 (31.5)

Obese 5828 (50.6) 4965 (49.6) 863 (56.8)

ASA class, n (%) <0.01
| 172 (1.5) 165 (1.7) 7(0.5)

Il 6874 (59.7) 6182 (61.8) 692 (45.5)
1] 4396 (38.2) 3608 (36.1) 788 (51.8)
\% 81(0.7) 48 (0.5) 33(2.2)

Surgery type, n (%) <0.01
Knee 9866 (85.6) 8638 (86.4) 1228 (80.8)

Hip 1657 (14.4) 1365 (13.7) 292 (19.2)

Comorbidity scoret#, n (%) 0.01
0 4412 (38.3) 3865 (38.6) 547 (36.0)

1-2 4854 (42.1) 4223 (42.2) 631 (41.5)
3+ 2257 (19.6) 1915 (19.1) 342 (22.5)

Laterality, n (%) 0.72

Left 5470 (47.5) 4755 (47.5) 715 (47.0)
Right 6053 (52.5) 5248 (52.5) 805 (53.0)
Mean hemoglobin 13.6 (1.4) 13.7(1.4) 13.5(1.5) <0.01*

before surgery
within 3 months
of surgery date§§
(SD)

*P value calculated with Student t-test.

10.008% missing BMI (one patient).

$Charlson comorbidity index used as comorbidity score.

§10.5% missing last hemoglobin before surgery (1214 patients).
BMI, body mass index; ASA, American Society of Anesthesiologists.

(Q1-Q3: 15-60) vs 15 MME (Q1-Q3: 7.5-37.5); p<0.01),
and had higher reported median average (2.5 (Q1-Q3: 1.8-3.2)
vs 1.5 (Q1-Q3: 1.1-2.3); p<0.01) and median maximum pain
scores (7 (Q1-Q3: 5-8) vs 5 (Q1-Q3: 2-7); p<0.01) (table 3).
We found that patients in the general anesthesia group more
frequently received gabapentinoids, ketamine, alpha-2 agonist,
magnesium sulfate, and corticosteroids. The neuraxial anesthesia
group more frequently received non-steroidal anti-inflammatory
drugs, acetaminophen, and periarticular injections. There was
no difference in the use of peripheral nerve blocks between the
two groups (table 4).

The general anesthesia group had higher rates of PONV in
the PACU compared with the neuraxial group (4.5% vs 3%;
p=0.01). Median estimated blood loss was higher in the general
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Adjusted Odds Ratio (95% Cl)

30-day Postoperative
Outcome

Figure 1

Major Outcome

Minor Outcome

Readmission

Mortality

Myocardial Infarction

Cerebrovascular Accident

VTE/PE

Acute Renal Failure

Urinary Tract Infection

Surgical Site Infection

Pneumonia

0.85 (0.56 - 1.27); p=0.39

. 0.83 (0.62 - 1.14); p=0.23

—_— 0.86 (0.59 - 1.25); p=0.39

0.86 (0.20 - 3.73); p=0.83

—_— 0.48 (0.21 - 1.09); p=0.08
2.31(0.25 - 21.37); p=0.44

—_— 0.87 (0.48 - 1.56); p=0.61

—_— 0.76 (0.38 - 1.50); p=0.40

—_— 0.82 (0.50 - 1.34); p=0.40

—_— 0.83 (0.51 - 1.33); p=0.41

—_— 0.76 (0.36 - 1.61); p=0.45

T T T | T T
01 02 05 10 2 5 10 20
+—— —_—

Favors Neuraxial
Anesthesia

Favors General
Anesthesia

Major Outcome includes mortality, myocardial infarction, cerebrovascular accident, VTE/PE, and acute renal failure
Minor Outcome includes urinary tract infection, surgical site infection, pneumonia
All models adjusted for Age, Race/Ethnicity, Sex, BMI, ASA class and accounting for clustering by hospital facility

BMI, body mass index; PE, pulmonary embolism; VTE, venous thromboembolism.

anesthesia group compared with the neuraxial group (75 mL
(Q1-Q3: 45-100) vs 50 mL (Q1-Q3: 25-100); p<0.01). Rate
of RBC transfusion was higher in the general anesthesia group
(0.6% vs 0.1%; p<0.01). The median surgical duration was

Adjusted OR of 30-day postoperative outcomes for outpatient total knee and hip arthroplasty. ASA, American Society of Anesthesiologists;

higher by 10 min in the general anesthesia group, and median
PACU length of stay was higher by 52 min in the neuraxial
group. Patients in the general anesthesia group failed same day
discharge at a higher percentage than those in the neuraxial

Table 2 30-day adverse postoperative outcomes for outpatient knee and hip arthroplasty

Anesthesia type

Unadjusted OR

Adjusted OR from hierarchical multivariable regression*

Neuraxial General

n=10 003 n=1520
Postoperative outcome N (%) N (%) ¥* p-value OR (95% ClI) P value aOoR (95% CI) P value
Major outcomet 175 (1.8) 35(2.3) 0.13 0.75 (0.52 to 1.09) 0.13 0.85 (0.56 to 1.27) 0.39
Minor outcome} 325(3.3) 62 (4.1) 0.09 0.79 (0.60 to 1.04) 0.09 0.83 (0.62 to 1.14) 0.23
Readmission 233(2.3) 45 (3.0) 0.14 0.78 (0.57 to 1.08) 0.14 0.86 (0.59 to 1.25) 0.39
Individual adverse outcomes
Mortality 15(0.2) 3(0.2) 0.728 0.76 (0.22 t0 2.63) 0.66 0.86 (0.20 t0 3.73) 0.83
Myocardial infarction 24(0.2) 10(0.7) 0.01§ 0.36 (0.17 t0 0.76) 0.01 0.48 (0.21 to 1.09) 0.08
Cerebrovascular accident 15(0.2) 1(0.1) 0.41 2.28(0.30to 17.27) 0.42 2.31(0.25 to 21.37) 0.44
VTE/PE 92 (0.9) 16 (1.0) 0.61 0.87 (0.51 to 1.49) 0.62 0.87 (0.48 to 1.56) 0.61
Acute renal failure 58 (0.6) 15 (1.0) 0.06 0.59 (0.33 to 1.04) 0.07 0.76 (0.38 to 1.50) 0.40
Urinary tract infection 161 (1.6) 31(2.0) 0.22 0.79 (0.52 to 1.16) 0.22 0.82 (0.50 to 1.34) 0.40
Surgical site infection 131 (1.3) 25 (1.6) 0.29 0.79 (0.52 t0 1.22) 0.29 0.83 (0.51 to 1.33) 0.41
Pneumonia 43 (0.4) 10(0.7) 0.22 0.65 (0.32 to 1.30) 0.22 0.76 (0.36 to 1.61) 0.45

*All hierarchical multivariable regression models adjusted for age, race/ethnicity, sex, BMI, ASA class and accounting for clustering by hospital facility.
tMajor outcome composite incidence of mortality, myocardial infarction, cerebrovascular event, VTE/PE, acute renal failure.
+Minor outcome composite incidence of urinary tract infection, surgical site infection, pneumonia.
§P-value calculated with Fisher Exact Test.
VTE, venous thromboembolism; PE, pulmonary embolism; aOR, adjusted OR; ASA, American Society of Anesthesiologists.
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Table 3 Secondary outcomes for outpatient total knee and hip arthroplasty+§

Anesthesia type
Neuraxial General
Postoperative outcome n=10 003 n=1520 P value
Pain and PONV outcomes
Intraoperative opioid (MME), median (Q1-Q3) 0(0-22.5) 40 (19-65) <0.01
PACU opioid usage (MME), median (Q1-Q3) 15 (7.5-37.5) 36 (15-60) <0.01
PACU average pain scores, median (Q1-Q3) 1.5(1.1-2.3) 2.5(1.8-3.2) <0.01
PACU maximum pain scores, median (Q1-Q3) 5(2-7) 7 (5-8) <0.01
PACU PONV, n (%) 297 (3.0) 69 (4.5) 0.01*
Blood loss and transfusion outcomes
Intraoperative blood loss (mL), median (Q1-Q3) 50 (25-100) 75 (45-100) <0.01
Transfusion (intraoperative and postoperative), n (%) 13 (0.1) 9 (0.6) <0.01t
Tranexamic acid administered, n (%) 9646 (96.4) 1492 (98.2) <0.01*
Duration and admission outcomes
Surgical duration (min), median (Q1-Q3) 76 (66-87) 86 (74-101) <0.01
Length of PACU stay (min), Median (Q1-Q3) 188 (111-278) 136 (89-225) <0.01
Admitted after surgery, n (%) 2336 (23.4) 502 (33.0) <0.01*

*P value calculated using y” test.

P value calculated using Fisher exact test.

tPain scores reported by Numeric Rating Scale, scale from 0 to 10.

8All p values are calculated using Wilcoxon rank-sum test unless indicated otherwise.

MME, morphine milligram equivalents; PACU, postanesthesia care unit; PONV, postoperative nausea and vomiting; Q, quartile.

anesthesia group (33% vs 23.4%; p<0.01). Patient characteris-
tics in those who were discharged the same day as surgery and
those who failed same day discharge were examined in online
supplemental table 2.

DISCUSSION

Our study was motivated by the shift in practice towards outpa-
tient total joint arthroplasty and our gap in knowledge about the
impact of anesthesia type on adverse postoperative outcomes in
this patient population. Investigating 11 523 patients who under-
went outpatient primary total hip or knee joint arthroplasty from
2017 to 2019, we found no difference in 30-day major complica-
tions, 30-day minor complications, and 30-day readmission rates
between patients who received neuraxial anesthesia compared
with those who received general anesthesia. While more serious
adverse events did not differ between groups, several secondary
outcomes suggest benefits in patients undergoing surgery with
neuraxial anesthesia. Patients undergoing surgery with general

Table 4 Prevalence of non-opioid adjunct administered among
outpatient total knee and hip arthroplasty

anesthesia had more pain in the PACU despite receiving higher
amounts of intraoperative and postoperative opioids and more
frequent use of non-opioid adjuncts. Higher opioid administra-
tion might have contributed to a higher incidence of moderate
to severe PONV in the general anesthesia group. Despite consis-
tent use of antifibrinolytic agents (table 3), we were still able to
demonstrate a higher estimated blood loss and a higher transfu-
sion rate in the general anesthesia group. While shorter PACU
recovery times in the general anesthesia group appear to suggest
faster recovery, these patients were nonetheless more likely to
fail discharge on the day of surgery. Although we would like to
attribute these secondary findings to anesthesia type received,
the general anesthesia group did have a higher percent of
patients with higher comorbidities (ASA class >III and CCI=3),
which was positively associated with failed same day discharge
(online supplemental table 2).

An anesthetic plan that improves patient outcomes, reduces
harm and helps facilitate discharge home is important in deciding
on the type of anesthesia for outpatient total joint arthroplasty,
and can also affect patient satisfaction.”® Multiple large data-
base studies' ***” have compared anesthesia type in total hip
and knee arthroplasty. Memtsoudis et al® examined 382 236
patients in a national database and compared perioperative
outcomes between anesthesia techniques for total hip and knee
arthroplasty. They found neuraxial anesthesia to be a positive
modifier in reducing perioperative complications. General anes-
thesia, when compared with neuraxial anesthesia, had significant
increased odds of multiple major postoperative complications
and 30-day postoperative mortality. However, unlike their study
and results from other large database studies,”*” we did not
find any difference in serious complications between anesthesia
types in our study. The benefits of neuraxial anesthesia have
been attributed to its physiological effects such as a reduced
sympathetic stress response from surgery, reduced immunomod-
ulation, and the avoidance of mechanical ventilation associated
with general anesthesia.'® However, these benefits of neuraxial
anesthesia may be more pronounced in patients with higher

Anesthesia type

Neuraxial General

n=10 003 n=1520
Medication N (%) N (%) % p-value
Non-steroidal anti- 7904 (79.0) 641 (42.2) <0.01
inflammatory
Acetaminophen 9447 (94.4) 1408 (92.6) <0.01
Gabapentinoids 1299 (13.0) 496 (32.6) <0.01
Ketamine 1627 (16.3) 771 (50.7) <0.01
Alpha-2 agonist 1090 (10.9) 260 (17.1) <0.01
Magnesium sulfate 435 (4.4) 543 (35.7) <0.01
Corticosteroid 6747 (67.5) 1198 (78.8) <0.01
Periarticular injection 5646 (56.4) 700 (46.1) <0.01
Nerve block 7745 (77.4) 1152 (75.8) 0.16
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comorbidities.”* The selection of healthier patients for outpa-
tient surgery is likely to result in a lower overall rate of compli-
cations, making it more challenging to demonstrate differences
in complication rates between anesthesia techniques. In addi-
tion, the improved surgical techniques and shorter duration of
hospital stays may further decrease the risk of complications.?®

Anesthesia type can also impact hospital length of stay and
is an important consideration for outpatient total joint surgery.
Studies have shown that neuraxial anesthesia is associated with
a reduction in length of hospital stay when compared with
general anesthesia.”” ** ° For example, a recent study by Kelly
et al”® comparing neuraxial to general anesthesia in 500 total
hip arthroplasty patients at their institution found a significant
reduction in length of hospital stay in the neuraxial group (32.7
hours, SD 14.8 vs 38.1 hours, SD 24, p=0.003). However, these
studies did not exclusively look at outpatient total joint patients
where patients are expected to be discharged from the PACU. In
this setting, neuraxial anesthesia may not be as favorable. Longer
PACU recovery times in patients undergoing neuraxial anesthesia
have been previously reported®” and is considered the Achilles
heel of this anesthetic approach. Slow recovery from residual
leg weakness and urinary retention are known to increase the
time to meet discharge criteria. Since PACU turn over time is
important in an ambulatory surgery center, this disadvantage has
prevented neuraxial anesthesia from becoming the standard of
care for ambulatory surgery of the lower extremity. Nonethe-
less, we feel that this disadvantage is being more than compen-
sated for by the reduced rate of unplanned hospital admissions
in the neuraxial anesthesia group. This finding was not entirely
surprising considering patients with higher pain scores and
PONV are more likely to be admitted after ambulatory surgery.
Consequently, within our health system, neuraxial anesthesia
continues to be the preferred anesthetic modality as reflected
in the higher rates of neuraxial versus general anesthesia in our
study cohort.

Our study had several strengths that included a large sample
size, a multicentered community-based setting and a strong
statistical analysis that utilized hierarchical multivariable regres-
sion analysis models. These strengths may help generalize our
study’s findings to other community-based practices. Our study’s
findings also have significant implications to the perioperative
care of patients undergoing outpatient total joint arthroplasty
and support the feasibility and benefits of the use of neuraxial
anesthesia in this patient population.

There are several limitations in our study to be noted. Our
null results to detect statistically significant differences in major
and minor complications may be due to inadequate power.
Therefore, our findings should be interpreted as exploratory,
not confirmatory. However, the observed differences were small,
suggesting that both anesthetic approaches are associated with
a similar number of complications. Another limitation includes
our institution’s preference for selecting neuraxial anesthesia as
seen by a large percentage of patients in this group, and thus the
choice for general anesthesia may be for reasons that precluded
a patient from neuraxial anesthesia. The retrospective design
of the study subjects it to numerous biases, and despite adjust-
ment and clustering for hospital center, there may be residual
confounding factors. Available information on the reasons for
extended PACU stay or the reason for admission could have
supported our assumptions about the effects of neuraxial anes-
thesia on outcome. In our setting, surgeries were performed in
a hospital setting, which may have resulted in different patient
selection than in an isolated ambulatory surgery center. Since
unplanned admissions can be managed easily, even patients who

may be marginal for same day surgery may have been sched-
uled. Although our health system is integrated and most patients
return to our hospitals if issues arise, an incomplete capture of
30-day adverse postoperative outcomes for those patients who
present to outside hospitals presents a limitation to our study.
Finally, our practice in an integrated healthcare system may be
unique and care elements not accounted for could have influ-
enced postoperative outcomes.

CONCLUSION

Our study investigating patients who underwent outpatient
primary total hip or knee joint arthroplasty demonstrated no
difference in 30-day postoperative major and minor compli-
cations and 30-day readmission rates between general anes-
thesia and neuraxial anesthesia. However, neuraxial anesthesia
was associated with improved secondary postoperative patient
outcomes leading to improved rates of same day discharge.
Our study’s findings support the current practice that favors
neuraxial anesthesia over general anesthesia for outpatient joint
arthroplasty and highlights the benefits of neuraxial anesthesia
in this patient population.
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