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BACKGROUND: We describe the implementation of enhanced recovery after surgery (ERAS)
programs designed to minimize postoperative nausea and vomiting (PONV) and pain and reduce
opioid use in patients undergoing selected procedures at an ambulatory cancer surgery center.
Key components of the ERAS included preoperative patient education regarding the postopera-
tive course, liberal preoperative hydration, standardized PONV prophylaxis, appropriate intraop-
erative fluid management, and multimodal analgesia at all stages.

METHODS: We retrospectively reviewed data on patients who underwent mastectomy with or
without immediate reconstruction, minimally invasive hysterectomy, thyroidectomy, or minimally
invasive prostatectomy from the opening of our institution on January 2016 to December 2018.
Data collected included use of total intravenous anesthesia (TIVA), rate of PONV rescue, time
to first oral opioid, and total intraoperative and postoperative opioid consumption. Compliance
with ERAS elements was determined for each service. Quality outcomes included time to first
ambulation, postoperative length of stay (LOS), rate of reoperation, rate of transfer to acute care
hospital, 30-day readmission, and urgent care visits <30 days.

RESULTS: We analyzed 6781 ambulatory surgery cases (2965 mastectomies, 1099 hyster-
ectomies, 680 thyroidectomies, and 1976 prostatectomies). PONV rescue decreased most
appreciably for mastectomy (28% decrease; 95% confidence interval [Cl], =36 to —22). TIVA
use increased for both mastectomies (28%; 95% Cl, 20-40) and hysterectomies (58%; 95% Cl,
46-76). Total intraoperative opioid administration decreased over time across all procedures.
Time to first oral opioid decreased for all surgeries; decreases ranged from 0.96 hours (95% Cl,
2.1-1.4) for thyroidectomies to 3.3 hours (95% Cl, 4.5 to —1.7) for hysterectomies. Total post-
operative opioid consumption did not change by a clinically meaningful degree for any surgery.
Compliance with ERAS measures was generally high but varied among surgeries.
CONCLUSIONS: This quality improvement study demonstrates the feasibility of implementing
ERAS at an ambulatory surgery center. However, the study did not include either a concurrent
or preintervention control so that further studies are needed to assess whether there is an
association between implementation of ERAS components and improvements in outcomes.
Nevertheless, we provide benchmarking data on postoperative outcomes during the first 3
years of ERAS implementation. Our findings reflect progressive improvement achieved through
continuous feedback and education of staff. (Anesth Analg 2021;133:1391-401)

KEY POINTS

- Question: What are the rates of postoperative nausea and vomiting (PONV) and opioid use
in patients undergoing ambulatory cancer surgeries with enhanced recovery after surgery
(ERAS) programs?

- Findings: We report low rates of PONV rescue and time to first oral opioids in our practice
which incorporates ERAS.

- Meaning: ERAS programs are applicable in the ambulatory setting and outcomes reflect an
iterative process of continuous improvement.
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Enhanced Recovery Programs in an ASC

GLOSSARY

95% Cl = 95% confidence interval; ASA = American Society of Anesthesiologists; AXR = ambulatory
extended recovery; BMI = body mass index; EMR = electronic medical record; ERAS = enhanced
recovery after surgery; ERP = enhanced recovery program; GAM = general additive model; IBW =
ideal body weight; IQR = interquartile range; IRB = institutional review board; IV = intravenous; JRSC
= Josie Robertson Surgery Center; LOS = length of stay; MME = morphine milligram equivalents;
MSK = Memorial Sloan Kettering Cancer Center; NPO = nil per os; OR = operating room; PACU =
postanesthesia care unit; PEC1 = pectoralis 1; PONV = postoperative nausea and vomiting; RCTs
= randomized controlled trials; RTLS = real-time location system; SQUIRE = Standards for Quality
Improvement Reporting Excellence; TIVA = total intravenous anesthesia; UCC = urgent care center

recovery after surgery (ERAS) programs, are

multidisciplinary care pathways that standard-
ize and optimize perioperative care to improve post-
operative outcomes. ERAS, originally developed for
inpatient surgeries, include multiple elements such
as preoperative optimization of comorbid conditions,
standardized multimodal analgesic and anesthetic
regimens, and early postoperative resumption of diet
and mobilization.! These measures are intended to
reduce length of stay (LOS), speed functional recov-
ery, and minimize postoperative nausea and vomiting
(PONV) and pain. Though the latter goals are equally
desirable and beneficial for ambulatory surgery, few
ERAS implementations have been reported in the out-
patient or short-stay settings. Benchmarking data on
the processes and outcomes of ambulatory ERAS will
facilitate quality improvement as ambulatory surgery
facilities expand their scope of services.

At the Josie Robertson Surgery Center (JRSC), a
freestanding ambulatory surgical facility of Memorial
Sloan Kettering Cancer Center (MSK) designed to
perform complex cancer surgeries in the ambula-
tory setting,? we have implemented ERAS for several
ambulatory extended recovery (AXR) procedures.
AXR refers to select complex ambulatory procedures
after which the patient is permitted a single overnight
hospital stay. These include mastectomy with and
without immediate tissue expander reconstruction,
minimally invasive (laparoscopic and robot-assisted)
hysterectomy, thyroidectomy, and minimally invasive
prostatectomy. These ERAS programs were developed
by surgery-specific workgroups, led by anesthesiolo-
gists and including surgeons, nurses, advanced prac-
tice providers, pharmacists, nutritionists, and physical
therapists. As few ambulatory ERAS had yet been
reported in the literature, these pathways were based
on broad guidelines from the ERAS Society (erasso-
ciety.org), American Society of Enhanced Recovery
(aserhq.org), and American Society of Regional
Anesthesia and Pain Medicine (asra.com), and the
literature regarding other efforts to improve recovery
following these and similar procedures®!* in both the
inpatient and short-stay settings. After careful consid-
eration of each procedure in this ambulatory setting,

E nhanced recovery programs (ERPs), or enhanced
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each ERAS was created and approved by workgroup
consensus. Furthermore, as various outcome data and
practice patterns were observed, these protocols were
periodically modified based on the new literature and
the consensus of the clinicians involved.

Here, we present our ERAS and provide bench-
marking data on postoperative outcomes evolving
over the first 3 years of their implementation. Our
findings reflect progressive improvement achieved
through training, education, and adaptation of staff to
changing clinical practices.

METHODS

All patients for the designated surgeries were placed
on the enhanced recovery track (Table 1). For each
ERAS, an electronic order set was created to initiate
standardized pre- and postoperative practices. For
intraoperative care, an educational guide was posted
in each operating room and regularly updated. Before
implementation and each revision, staff were edu-
cated about ERAS elements. Staff were initially edu-
cated at departmental meetings with specific ERAS
pathway information. Hard copies of pathways were
immediately available in the operating rooms for ref-
erence, as well as in an electronic version. Any updates
or revisions were communicated to staff by e-mail and
subsequently updated simultaneously in all versions.

ERAS Common Elements
All patients are evaluated in advance at presurgi-
cal testing clinics, where perioperative ERAS orders
are placed and the need for comorbidity optimiza-
tion is noted. Patients with an American Society of
Anesthesiologists (ASA) physical status IV are redi-
rected to have surgery at the main MSK hospital.
Quality perioperative education continues to be
beneficial for patients with improved satisfaction,
knowledge level, well-being, and reduced anxiety
level.!* Patient education started in the surgeon’s
office, with dedicated nursing staff instructing the
ERAS patients on their pathway based on our guide-
lines. Education about milestones and clinical path-
way is again reiterated by the preoperative nursing
staff to the ambulatory patient and documented in the
medical chart.
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able 1. Overview of Ambulatory Surgery ERAS

Phase Category Intervention
Preoperative Optimization of  Varies depending on patient’s condition
comorbidities
Patient Discussion regarding postoperative
education course (sore throat, nausea, and
pain), ambulation
Hydration Clear liquids up to 2 h before scheduled
arrival
PONV Aprepitant 40 mg orally, for patients
prophylaxis with Apfel score of 4
Multimodal Gabapentin 300 mg orally, immediately
analgesia before surgery
Paravertebral, serratus anterior, and
PEC1 block
Intraoperative  Fluid 1-3 mL/kg-IBW/h maintenance
management
Anesthesia Total intravenous anesthesia
Multimodal Acetaminophen 1 g IV at start
analgesia Ketorolac 15-30 mg IV
Local anesthesia infiltration
PONV Dexamethasone 4 mg IV at start
prophylaxis Ondansetron 4 mg IV at end
Intubation 4% lidocaine 1-2 mL via endotracheal
recovery tube at start of closure
Postoperative ~ Multimodal Acetaminophen 1 g orally, every 8 h to
analgesia maximum 3 g in 24 h

Gabapentin 300 mg orally,
at night
Diclofenac 75 mg orally, at night

Postextubation Benzocaine lozenges

Ambulation Patients encouraged to walk as soon as
they felt able
Diet Patients encouraged to resume full diet

as soon as they felt able

MIS MIs
Mastectomy hysterectomy  Thyroidectomy prostatectomy
X X X X
X X X X
X X X X
X X X
X X X
X
X X X Fluid restriction
until bladder
closure
0] 0] (0] (0]
X X X X
X X X
X X X X
X X X + dexamethasone X
8 mg IV
X
X X X X
X X X
X X X
X
X X X X
X X X X

0 indicates optional measures and X indicates standard measures (encouraged but applied at clinicians’ discretion).
Abbreviations: ERAS, enhanced recovery after surgery; IBW, ideal body weight; IV, intravenous; MIS, minimally invasive surgery; PEC1, pectoralis 1; PONV,

postoperative nausea.

All patients were allowed up to 12 ounces of water
2 hours before arrival at the ambulatory center. NPO
status was guided by both ASA guidelines and hospi-
tal recommendations. Carbohydrate loading or immu-
nonutrition drinks were not part of the ambulatory
ERAS. PONV risk is assessed using the Apfel score!s;
for those with a score of 4, preoperative aprepitant!®!”
is ordered per the standardized MSK antiemetic
guideline (Supplemental Digital Content, Figure 1,
http:/ /links.Iww.com/AA /D318). Preoperative oral
gabapentin 300 mg is ordered for patients <65 years of
age undergoing mastectomy, hysterectomy, or pros-
tatectomy to reduce postoperative pain and opioid
consumption.’®® Although higher doses have been
reported,’? we selected 300 mg because the side effects
of dizziness and sedation may be exacerbated in the
ambulatory setting. To maintain hydration, patients
are encouraged to drink clear liquids up to 2 hours
before their scheduled arrival.

All patients receive a general anesthetic, either vola-
tile anesthesia (sevoflurane or desflurane) or total intra-
venous anesthesia (TIVA) per the clinician’s discretion.
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TIVA was encouraged as part of all 4 ERAS for patients
at increased risk of PONV.22 PONV reduction with
TIVA is not novel in ambulatory surgery.® A recent
meta-analysis of 229 randomized controlled trials
(RCTs) on the efficacy of propofol versus inhalational
agents in both ambulatory and in-patient surgical pro-
cedures showed perioperative TIVA providing a better
patient experience.* However, Schaefer et al®® did not
show a difference in overall risk of PONV when single-
drug antiemetic prophylaxis was added to inhalational
anesthesia compared to TIVA. To minimize intraopera-
tive opioids, patients are given acetaminophen 1 g intra-
venous (IV) and ketorolac 15-30 mg intravenous (IV),
if there are no surgical contraindications. All patients
receive dexamethasone (4 mg IV) and ondanse-
tron (4 mg IV) intraoperatively as PONV prophy-
laxis. Neuromuscular blocking agents and reversal
were used per clinician discretion. Postanesthesia
care aims to minimize use of opioids, facilitate early
ambulation, and commence oral intake before dis-
charge. Standardized postoperative orders include
nonopioid pain medications (ketorolac, diclofenac,
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acetaminophen, and an evening dose of gabapen-
tin) and antiemetics. Intravenous opioid medications
are converted to oral as soon as patients tolerate oral
intake. Early diet resumption was incorporated in all
surgical services postoperatively. Mobility and ambu-
lation were encouraged by the postanesthesia care unit
(PACU) recovery nursing staff with specific instruc-
tions for patients to complete “laps” around the floor.
Patients remain in the same physical room on arrival
from operating room to discharge home. Postoperative
LOS was defined as the time from patient entry
into the PACU to discharge home or transfer from
the facility.

Patients are encouraged to ambulate within a few
hours postoperatively and discharged when their
postanesthesia score, reflecting consciousness, oxy-
gen saturation, hemodynamic stability, pain, and
nausea/vomiting, reaches 8 of 10 on 2 consecutive
assessments (Supplemental Digital Content, Figure 2,
http:/ /links.Iww.com/AA /D318).

Surgery-Specific Considerations

Some ERAS include additional considerations for
specific procedures. Mastectomy patients having
immediate reconstruction are offered preoperative
paravertebral nerve blocks, with or without fascial
plane blocks, to reduce postoperative pain,? and
lorazepam postoperatively for chest wall tightness
distinct from surgical pain. For thyroidectomies,
smaller endotracheal tubes are used to minimize the
risk of laryngeal edema, recurrent laryngeal nerve
dysfunction, and throat discomfort: size 6.0 tubes for
patients <180 cm (5" 11”) and size 7.0 for taller patients.
Also, to reduce PONYV, thyroidectomy patients receive
dexamethasone 8 mg IV intraoperatively instead of
the usual 4 mg dose.”?® Lidocaine 4% is sprayed
down the endotracheal tube before surgical closure
to reduce the risk of coughing and bleeding on emer-
gence.” Finally, benzocaine lozenges are provided in
the PACU. We revised the thyroidectomy and hyster-
ectomy ERAS in 2018 to advise TIVA use with pro-
pofol and dexmedetomidine in patients with Apfel
scores of 3 or 4. For minimally invasive prostatecto-
mies, fluid administration is restricted from surgical
incision until bladder closure to facilitate visualiza-
tion and minimize airway and facial edema from the
steep Trendelenburg positioning.* After that point,
fluid deficits are replenished with IV fluids up to 2
L. Routine use of orogastric tubes was minimized
unless necessary, as in steep Trendelenburg cases in
robotic hysterectomies and prostatectomies.

Data Collection

This retrospective study was approved by the MSK
institutional review board (IRB) with waiver of writ-
ten informed consent. Data were collected for all
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ERAS cases performed between the opening of JRSC
(January 4, 2016) to December 31, 2018. When patients
underwent >1 procedure at JRSC during the study
period, the first case was retained, and subsequent
cases were excluded.

Patient demographics extracted from the elec-
tronic medical record (EMR) included age, gender,
ASA physical status, and body mass index (BMI).
Medication administration was obtained from the
electronic anesthesia record and the medication
administration record.

Clinical outcomes analyzed included percentage of
patients receiving any opioid in PACU, total intraoper-
ative and postoperative opioid consumption measured
in oral morphine milligram equivalents (MME), time
from PACU arrival to first oral opioid, and percent-
age of patients requiring PONV rescue, defined as the
administration of any antiemetic drug in the PACU.

Quality outcomes included time to first ambulation
and LOS. Ambulation was measured using our real-
time location system (RTLS; Midmark Corp., Traverse
City, MI). All JRSC patients wear RTLS badges, which
are detected by sensors placed throughout the facility,
approximately 3 m apart. First ambulation is recorded
as the time a patient’s badge is first detected outside
of their PACU room. Postoperative LOS was defined
as the time from patient entry into the PACU to dis-
charge home or transfer from the facility.

Additional quality outcomes gathered from the
EMR included transfer to the main hospital for esca-
lation of care, reoperation, and hospital readmissions
and urgent care center (UCC) visits to MSK within 30
days. Reoperation was defined as a return to an oper-
ating room either at JRSC or the MSK main hospital
on postoperative day 0 or 1. ERAS protocol compli-
ance was determined using the EMR.

Statistical Analysis
To estimate outcomes over time, we used a general
additive model (GAM). The GAM allows for nonlinear-
ity of relationships between the mean of the response
variable and sum of smooth functions of the explana-
tory variable, in this case date of surgery.’! We estimated
the association between date of surgery and proportion
of patients using TIVA and requiring a PONV rescue
medication using GAMs separately for each surgery
type. Time to first oral opioid and total postoperative
opioid, by date of surgery, were also estimated using
GAMs with a logit link separately for each surgery type.
Compliance was defined as whether the required
task was performed and the compliance rates for vari-
ous analgesic and antiemetic medications were sum-
marized by surgery type. Patients who had medically
recognized contraindications to these various medica-
tions were excluded from the compliance rate calcu-
lation. Real-time interactive compliance dashboards

ANESTHESIA & ANALGESIA


http://links.lww.com/AA/D318

=2 ORIGINAL CLINICAL RESEARCH REPORT

were created to track compliance over time and to drive
clinical practice and not for data analysis purposes
(Supplemental Digital Content, Figure 3, http://links.
lww.com/AA /D318). All calculations were performed
using R version 3.5.1 with GAM implementation using
the “mgcv” package (R Foundation for Statistical
Computing, Vienna, Austria). This article adheres to
the applicable Standards for Quality Improvement
Reporting Excellence (SQUIRE) reporting guidelines.

RESULTS

From January 4, 2016 to December 31, 2018, 6781
ERAS-directed procedures were performed at JRSC.
Only the first case for each patient was retained, for
a total of 6720 cases. Patient and surgical character-
istics are reported in Table 2 and are consistent with
a healthy outpatient population. Changes in direct
outcomes for each ERAS over the study period are
shown in Figures 1-4 (grouped by ERAS-directed
procedure), compliance rates in Supplemental Digital
Content, Table 1, http://links.lww.com/AA/D318;
Supplemental Digital Content, Figure 3, http://
links.Ilww.com/AA/D318; and Supplemental Digital
Content, quality indicators in Table 2, http://links.
lww.com/AA/D318.

Among mastectomies, use of TIVA increased by
28% (95% CI, 20-40) (Figure 1A) and rates of PONV
rescue decreased by 28% (95% CI, 22-36) (Figure 1B),
consistent with this change in practice. Intraoperative
opioid use also decreased by 17 MME (95% CI, 12-23)
(Figure 1C). Time to convert to oral opioids decreased
by 1.7 hours (95% CI, 0.42-2.4) (Figure 1D), while total
postoperative opioid consumption did not change
meaningfully (Figure 1E).

Similarly, among minimally invasive hysterecto-
mies, TIVA use also increased, in this case by 56% (95%
CI, 46-76) (Figure 2A), with concomitant decrease in
PONV rescue by 11% (95% CI, 0.01-24) (Figure 2B),
and intraoperative opioid use decreased by 24 MME
(95% CI, 20-36). Time to convert to oral opioids
decreased by 3.3 hours (95% CI, 1.7-4.5) (Figure 2D).
Total postoperative opioid consumption increased

slightly, by 2.9 MME, but the upper bound of the CI
does not exclude the possibility that the increase was
clinically meaningful (95% CI, 0.23-6.4) (Figure 2E).

Analogous patterns were observed for thyroidec-
tomies: TIVA use increased by 11% (95% ClI, 2.3-49)
(Figure 3A), and PONV rescue decreased by 9.7%
(95% CI, 0.00-31) (Figure 3B). Intraoperative opioid
use decreased by 16 MME (95% CI, 6.2-24), with vari-
ability over time, possibly reflecting medication short-
ages (eg, remifentanil shortage in 2017) and change
in ERAS protocol in mid-2018 (Figure 3C). Time to
convert to oral opioids decreased by 0.96 hours (95%
CI, 1.4-2.1) (Figure 3D) and total postoperative opioid
consumption did not change (Figure 3E).

As PONV risk among patients undergoing prosta-
tectomy is lower, TIVA use was not encouraged in this
ERAS and did not increase (Figure 4A); PONV res-
cue rates did not meaningfully decrease (Figure 4B).
Intraoperative opioid use decreased by 30 MME (95%
CI, 20-34) (Figure 4C). Time to convert to oral opioids
decreased by 2.1 hours (95% ClI, 1.0-3.1) (Figure 4D).
Total postoperative opioid consumption increased by
4.9 MME (95% CI, 3.2-7 4) (Figure 4E).

Across all procedures, we noted that a consider-
able proportion of patients (ranging from 16% to 25%)
received no opioid at all in the PACU (data not shown).

Compliance with ERAS measures was generally
high and improved over time (Supplemental Digital
Content, Table 1, http://links.Iww.com/AA/D318;
Supplemental Digital Content, Figure 3, http://links.
Iww.com/AA/D318). Compliance for mastectomy
elements was 93% or greater except for aprepitant
(76%) and ketorolac (46%). For hysterectomy, compli-
ance was 82% or greater except for aprepitant at 74%.
For thyroidectomies, compliance was 85% or greater
except for aprepitant (75%) and lidocaine (46%).
Compliance was 93% or greater for prostatectomies
except for ketorolac (83%).

Time to first ambulation was similar across surger-
ies (approximately 5-6 hours) (Supplemental Digital
Content, Table 2, http://linksIww.com/AA/D318).
PACU LOS was similar for most surgeries, averaging

able 2. Patient and Surgical Characteristics by Surgery Type
Minimally invasive
hysterectomy, n = 1099

Characteristic Mastectomy, n = 2965

Age (y) 50 (43-61) 57 (48-65)
Female 2912 (98%) 1099 (100%)
ASA physical status

-1 1745 (59%) 649 (59%)

1] 1218 (41%) 450 (41%)

\% 2 (<0.1%) 0 (0%
BMI 5 (22-29) 8 (24-34)
Apfel score >3 2723( 2%) 1011( 2%)
TIVA used 948 (32%) 207 (19%)

Minimally invasive

Thyroidectomy, n = 680 prostatectomy, n = 1976

46 (35-57) 62 (57-67)
505 (74%) 0 (0%)
469 (69%) 1222 (62%)
211 (31%) 749 (38%)

0 (0%) 5 (0.3%)
7 (23-32) 8 (26-31)
479 (70%) 7 (3.9%)
58 (8.5%) 6 (1.3%)

Data are presented as median (IQR) or n (%).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; TIVA, total intravenous anesthesia.
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Figure 1. Clinical outcomes of mastectomies from January 1, 2016 to December 31, 2018 visualized using a generalized additive model. A,
TIVA use; (B) PONV rescue; (C) total intraoperative opioid administered (MME); (D) time to first oral opioid; and (E) total postoperative opioid
administered (MME). Shaded area represents 95% confidence interval. MME indicates morphine milligram equivalents; PONV, postoperative

nausea and vomiting; TIVA, total intravenous anesthesia.

approximately 20 hours, except hysterectomy, which
was shorter, at 17.6 hours (interquartile range [IQR] 7.8—
20.8). Reoperation rates were <1%, with the exception of
mastectomies (3.2%). Hospital transfer rates were <2%
for all surgeries. Of the 30-day MSK UCC visits (made by
6.8% of all patients), 58% occurred >7 days after surgery.

DISCUSSION
We demonstrated the feasibility of implementing
ERAS for complex ambulatory cancer surgeries and
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provide the evolving outcomes of 6720 surgical cases
over 36 months. In addition, we report compliance,
an important component of an effective ERAS. Our
results establish benchmarks for specific outcomes
following 4 advanced ambulatory surgery procedures
using ERAS and can be used by other facilities as
they expand their scope of services. Furthermore, we
demonstrate continued improvement resulting from
increasing protocol compliance as well as data-driven
incremental changes to these programs. Importantly,
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Figure 2. Clinical outcomes of minimally invasive hysterectomies from January 1, 2016 to December 31, 2018 visualized using a generalized
additive model. A, TIVA use; (B) PONV rescue; (C) total intraoperative opioid administered (MME); (D) time to first oral opioid; and (E) total
postoperative opioid administered (MME). Shaded area represents 95% confidence interval. MME indicates morphine milligram equivalents;
PONV, postoperative nausea and vomiting; TIVA, total intravenous anesthesia.

accelerating recovery after surgery allows patients to
receive their next chemotherapy treatment sooner,
potentially further improving long-term outcomes.*
We report clinically meaningful decreases in total
intraoperative opioid administered and in time to
transition to oral analgesics across all 4 procedures.
Patients switch from intravenous to oral pain medica-
tions when their level of pain can be adequately man-
aged with oral medications, making this transition
an important component of ambulatory surgery pain
management® and a surrogate for improved analgesia.
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We also note that a considerable proportion of patients
(ranging from 16% to 25% among the 4 procedures)
received no opioid at all in the PACU. This suggests a
successful trend toward opioid minimization in ambu-
latory patients undergoing the prescribed pathways.
In this study, we report median time to first ambu-
lation (approximately 5-6 hours), which has not been
previously examined in the ambulatory surgical liter-
ature. The success of ambulatory surgery depends on
patients’ functional recovery, and early mobilization
is believed to reduce pulmonary complications and
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Figure 3. Clinical outcomes of thyroidectomies from January 1, 2016, to December 31, 2018 visualized using a generalized additive model. A,
TIVA use; (B) PONV rescue; (C) total intraoperative opioid administered (MME); (D) time to first oral opioid; and (E) total postoperative opioid
administered (MME). Shaded area represents 95% confidence interval. MME indicates morphine milligram equivalents; PONV, postoperative

nausea and vomiting; TIVA, total intravenous anesthesia.

thrombotic events,*® especially in the cancer patient
population. Our metric for this outcome was auto-
mated via RTLS, making it less subjective than obser-
vations; this system can also quantify the distance
ambulated until discharge. Future study may exam-
ine the relationships between mobilization, time to
discharge, and postoperative recovery trajectory and
complications, perhaps using novel technology to
follow patients after discharge.**

Rates of inpatient readmissions (2.6%) and urgent
care visits (6.8%) within 30 days are comparable to
the 1 prior report from Steiner et al*® on readmissions
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(2.7%) and emergency room visits (5.9%) after ambu-
latory surgery, despite the higher complexity of pro-
cedures at our center and their exclusion of cancer
surgeries. Note that our rates are only for patients
returning to MSK facilities and do not capture patients
going to local emergency rooms or hospitals, and thus
underestimate the overall rate of patients” postdis-
charge acute care.

Compliance exceeded 90% for the majority of ERAS
elements across all programs (Table 3) and improved
over time for nearly all ERAS components for which
compliance was initially <90% (Supplemental Digital
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additive model. A, TIVA use; (B) PONV rescue; (C) total intraoperative opioid administered (MME); (D) time to first oral opioid; and (E) total
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Content, Figure 3, http://links.lww.com/AA/D318).
This high compliance reflects deliberate efforts includ-
ing preimplementation and periodic education of
staff, real-time compliance dashboards (Supplemental
Digital Content, Figure 3, http:/ /links.lww.com/AA/
D318), maintaining updated summary materials in
all operating rooms, and, importantly, regular, open
discussion of outcome data and mitigation strategies
with clinical staff."

Many factors contributed to ERAS noncompli-
ance. First, not every patient agreed to a peripheral

December 2021 o VVolume 133 e Number 6

nerve block or to preoperative medications.
Second, in the early phase of ERAS implementa-
tion, there was not always clear understanding
among the staff as to which cases were covered by
an ERAS. Interventions that were new to clinicians,
such as preoperative administration of aprepitant
and gabapentin, were not consistently ordered.
In addition, ketorolac was not unanimously sup-
ported by surgeons, as some felt that its benefits
did not outweigh the risk of postoperative bleed-
ing. Finally, intermittent drug shortages affected
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compliance values. Taken together, these factors
made it impossible to reach 100% compliance for
all ERAS measures.

LIMITATIONS

All patients undergoing AXR procedures at JRSC
were managed using ERAS, so we were unable to
compare ERAS outcomes to those of other proto-
cols. Before JRSC’s opening, these procedures were
performed by many of the same surgeons but were
conducted at the main hospital, which treats both
inpatients and outpatients, without standardized
clinical pathways or dedicated ambulatory surgery
perioperative nursing staff; these and other con-
founding variables prevent meaningful comparisons.
Therefore, we chose to report changes in outcomes
among JRSC patients over the 3 years following the
implementation of the program. We report opioid
consumption rather than pain scores because the lat-
ter are inherently subjective and are affected by activ-
ity level, stress, anxiety among other factors at time
of pain assessment. Similarly, we quantified objective
rates of PONV using antiemetic rescue rather than
nursing assessments of patient nausea and vomiting
in the postoperative period because these are also
subjective. We recognize that our ERAS procedures
are not standard for many ambulatory surgery facili-
ties and therefore our results are limited, yet those
practices contemplating expanding their scope of ser-
vices may find our processes adaptable and results
encouraging.

We highlight the multifactorial, interrelated, and
temporal factors potentially contributing to clinical
outcomes. However, as our study did not include
a concurrent control arm, we cannot determine
whether similar trends would have resulted with-
out these interventional factors. Ideally, we would
have designed a randomized trial to assess the
effect of different interventions on the outcomes,
however, we made many small changes over time
to our ERAS protocol. We recognize this as a limi-
tation and have since started up various clinically
integrated randomized trials to assess specific
interventions. In contrast to a research protocol, a
continuous quality improvement process may not
allow determination of which of several overlap-
ping changes are responsible for improvement in
outcomes, but our experience reveals steady prog-
ress toward improving those outcomes. We do not
claim that any specific interventions were respon-
sible for improvements seen in Figures 1-4 but that
outcomes improved concurrently with our con-
tinually evolving ERAS program. Future studies to
ascertain causal relationships between individual
ERAS interventions and the outcomes should be
conducted.

1400 www.anesthesia-analgesia.org

CONCLUSIONS

Our study demonstrates the feasibility of implement-
ing ERAS at an ambulatory surgery center. However,
the study did not include either a concurrent or prein-
tervention control, so that further studies are needed
to assess whether there is an association between
implementation of ERAS components and improve-
ments in outcomes. Nevertheless, we demonstrate
meaningful decreases in the time to transition to oral
analgesic in this setting. The outcome data presented
here, on a large cohort of more than 6720 complex
ambulatory surgery cases with standardized ERAS
care for 4 common surgical procedures, provide ini-
tial benchmarks for future ambulatory ERAS studies.
In our experience, the 3 key elements for developing
effective ERAS are (1) clearly defined pathway ele-
ments based on the best available information, (2)
communication of compliance with these measures
to providers, and (3) meaningful outcomes collected
from clinical data. Future studies that directly com-
pare individual ERAS interventions to standard of
care in the same or different institutions are needed,
as such studies can assess association and potentially
even causation between ERAS implementation and
outcomes of interest. 22
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