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Anesthetic modalities to mitigate the development of
phantom limb pain have not been standardized into
an evidence-based, multimodal anesthesia protocol
to promote improved patient outcomes. This quality
improvement project involved the implementation
of a lower extremity, amputation-specific anesthesia protocol. In the postimplementation group, 94
patients were anesthetized for their amputation using
an Amputation Improved Recovery Enhanced Recovery After Surgery (ERAS) protocol. Patient outcomes
before and after protocol implementation were compared. The rate of continuous peripheral nerve block
placement was higher in the postimplementation
group (37.2%) than the preimplementation group
(29.6%, P = .337). The 2 groups did not differ on average pain scores and morphine equivalent consump-

Objectives
At the completion of this course the reader will be able to:
1.	
Describe non-patient-controlled risk factors that
increase the likelihood that patients will develop
phantom limb pain (PLP).
2.	List patient-specific risk factors that increase the
likelihood that patients will develop PLP.
3.	Explain the implications PLP has on an amputation
patient’s recovery and rehabilitation process.
4.	Outline different anesthetic modalities shown to effectively mitigate the development of PLP.
5.	
Discuss potential benefits of a multimodal, evidence-based anesthesia protocol.
By the year 2050, the number of amputees in the
United States will double to 3.6 million.1 Although the
cause of most amputation surgeries is related to peripheral vascular disease or diabetes, the number of amputees
due to injuries sustained in war is rising.1 Amputation

tion rates per patient during hospitalization. The postimplementation group had significantly lower mean
pain scores during the first 24 hours after amputation
(P = .046); fewer postoperative complications (P =
.001), amputation revisions (P = .003), 30-day hospital
readmissions (P = .049), and readmissions related to
amputation surgery (P = .019); and higher rates of
early phantom limb pain that resolved during hospitalization (P = .012). Use of a standardized anesthetic
protocol designed for patients undergoing amputation
improved patient outcomes. Trials of this protocol
elsewhere may contribute to improved recovery for
patients undergoing amputations.
Keywords: Amputation, Enhanced Recovery After
Surgery, ERAS, nerve block, phantom limb pain.

is associated with phantom limb pain (PLP), a chronic
pain condition that results in 30% to 90% of patients
experiencing painful sensations in the amputated limb.2
Anesthesia providers have the potential to decrease the
incidence of PLP by using different preemptive anesthetic
techniques in the perioperative period. Research exists
regarding different intraoperative anesthetic techniques
that providers may use to mitigate or, at times, eliminate
PLP; however, before the current project, these methods
had not been standardized into an anesthetic protocol.
This article describes the creation and implementation
of the Amputation Improved Recovery (AIR) Enhanced
Recovery After Surgery (ERAS) protocol of standardized
anesthetic methods to reduce PLP.

Literature Review
The physiologic process of PLP is not explicitly known;
however, Borghi et al2 state that the mechanism is be-
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lieved to “involve peripheral and spinal mechanisms, cortical changes and disturbed body perception”. Phantom
limb pain presents in many different forms and has been
described as cramping, shooting, or pricking pain along
the missing limb.3 The Numerical Rating Scale (NRS) is a
valid and reliable tool often used to assess PLP, with additional pain assessment questions to establish the location, quality, and precipitating factors that lead to painful
sensations.4 Since the NRS is a universally recognized,
open-ended pain scale, it is an appropriate tool to initially
assess patients for PLP.
Surgical amputation is the greatest predictor for the
development of PLP. Other risk factors that predispose
patients to PLP include traumatic amputations, amputation performed under general anesthesia, severe preamputation pain, intravenous (IV) opioid-only technique
for postoperative pain control, and more proximal level
amputations leaving less residual limb such as an abovethe-knee amputation (AKA) compared with a below-theknee amputation (BKA).5,6 Additionally, amputees with
a history of smoking, chemotherapy, or a preexisting
neuroma; or those in whom a postoperative infection or
severe postamputation pain developed, had higher rates
of PLP development.5,7,8 Patients with PLP are also at
increased risk of sleep disturbance and depression.5,7,8
Despite the many risk factors that increase a patient’s
likelihood of experiencing PLP, certain anesthetic techniques have demonstrated success in reducing PLP.
Preemptive anesthetic techniques that have the potential
to limit the development of PLP include continuous peripheral nerve blocks, IV ketamine infusions, gabapentin,
and short-term opioid use.2,8-11
• Continuous Peripheral Nerve Blocks. Continuous
peripheral nerve blocks (CPNBs) have been shown to
reduce PLP by affecting conduction of neuronal action
potentials, including those specific to pain transmission after nerves are cut during amputation surgery.2 In
addition to pain reduction, Ayling et al12 noted a 40%
decrease in opioid consumption for patients undergoing BKA and AKA who received CPNBs compared with
patients who received opioid-only analgesia. Similarly,
Madabhushi et al13 also noted decreased opioid use in a
case report of a 68-year-old man who presented for an
AKA. The patient reported a history of PLP following a
previous BKA. The patient had multiple risk factors for
PLP, including severe preoperative PLP and a proximal
amputation revision. Following surgery, the patient had a
CPNB catheter placed that remained intact for 96 hours,
during which the patient required only an additional 10
mg of oxycodone. He was followed up monthly for 1 year
and did not report any symptoms of PLP.
• Ketamine. Intravenous ketamine infusions have
demonstrated the ability to treat PLP through pain dissociative properties.10 Polomano et al8 administered IV ketamine infusions at doses less than or equal to 120 μg/kg/h
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over a 3-day period to 19 inpatients with PLP resulting
from major limb injuries sustained in combat. All participants were prone to long-term neuropathic pain development with their preexisting pain and opioid requirements.
The low-dose ketamine infusions significantly lowered
patients’ pain scores and improved their global pain relief.
Patients also required less opioid in morphine equivalent
doses during and after the ketamine infusion compared
with preketamine infusion opioid consumption, although
the difference was not significant.
• Multimodal Approaches. The literature agrees that
a multimodal approach is best to control postoperative
pain and prevent PLP in amputees.1 A Cochrane systematic review by Alviar et al10 summarizes multimodal
approaches to reduce postoperative pain and control the
onset of PLP. The authors concluded that gabapentin and
short-term opioid use are effective therapies for reducing
or eliminating PLP. Additionally, Finnerup et al11 noted
a strong recommendation in using gabapentin and pregabalin to treat neuropathic pain in their systematic review
and meta-analyses. Overall, the body of evidence supports a multimodal anesthetic protocol for amputation.
Enhanced Recovery After Surgery protocols encompass evidence-based, multimodal strategies to reduce
patients’ pain, recovery time, and hospital length of stay
(LOS).14 The goal of ERAS protocols is to reduce the
metabolic stress response of surgery through multimodal
pain management, nutritional supplementation before
surgery, and maintenance of fluid homeostasis.14 Often,
ERAS protocols delineate the transition of patients’ care
after surgery to ensure patients are followed up closely
until discharge.14 Since the global inception of ERAS
protocols, the mean LOS has been reduced by 2 to 3 days,
with a 30% to 50% decrease in surgical complications.14
• Lidocaine. At the time of the AIR ERAS protocol’s
development, literature existed to support the efficacy of
IV lidocaine infusions’ ability to reduce pain and opioid
consumption postoperatively.15 Additionally, lidocaine
infusions had demonstrated the ability to lower NRS
pain scores in patients with suspected neuropathic
pain.16 During the postimplementation phase, however, a
Cochrane systematic review was published citing uncertainty as to whether perioperative IV lidocaine infusions
reduce patients’ pain and morphine equivalent consumption in the postoperative period.17 None of the patients
in the postimplementation group were administered
lidocaine infusions as a part of the AIR ERAS protocol.

Methods
• Project Aims. This quality improvement project created
and implemented the evidence-based AIR ERAS protocol
focused on pain management to decrease the development of PLP for patients undergoing BKA; AKA; and toe,
toe and metatarsal, and metatarsal amputations (Table
1). The project aimed to (1) develop and implement an
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Preoperative
By mouth:
• Gabapentin, 300 mg
• Acetaminophen, 975 mg
• Celecoxib, 200 mg
Postoperative nausea and vomiting
(PONV) prophylaxis:
•S
 copolamine patch if age < 65 y and
patient does not have narrow angle
glaucoma
• Aprepitant (Emend), 40 mg orally,
for age > 65 y or history of failed
prophylaxis with scopolamine patch
Perineural: Start of femoral and high
sciatic CPNBs: 0.2% ropivacaine with
1:400,000 epinephrine at 6-8 mL/h after
initial 20-mL bolus for both femoral and
high sciatic catheters. If using for surgical
anesthesia, bolus CPNBs with 0.5%
ropivacaine with 1:400,000 epinephrine.

Intraoperative

Postoperative
Perineural: CPNB remains in place:
0.2% ropivacaine at 6-8 mL/h (maximum infusion rate = 16 mL/h)
By mouth:
• Gabapentin, 300 mg every 8 h
• Acetaminophen, 975 mg every 8 h
• Celecoxib, 100 mg every 12 h
•O
 xycodone, 5-10 mg every 4 h as
needed

Intravenous (IV): ketamine infusion
= 4 μg/kg/min with 0.5 mg/kg bolus
(maximum of 40 mg) before incision
Perineural: CPNB managed during the
case
Ventilation/oxygenation:
• Tidal volumes 6-8 mL/kg (ideal body
weight)
• Minimize fraction of inspired oxygen
(Fio2) to 35%-40% to decrease
absorptive atelectasis
• Keep fresh gas flow at 1 L/min
•M
 aintain positive end-expiratorypressure (PEEP) as appropriate
PONV prophylaxis: ondansetron, 4 mg,
at closure

Table 1. Amputation Improved Recovery (AIR) ERAS Protocol
Abbreviations: CPNB, continuous peripheral nerve block; ERAS, Enhanced Recovery After Surgery.

amputation-specific, evidence-based ERAS protocol to
standardize perianesthetic care management of patients
presenting for amputation surgery; (2) increase compliance with CPNB catheter placement before surgery postimplementation of the AIR ERAS protocol; (3) reduce
postoperative pain scores following amputation surgery as
measured by NRS pain scores before and after implementation of the ERAS protocol; and (4) decrease postoperative opioid requirements, measured by morphine equivalent doses after implementation of the ERAS protocol.
• Design. This quality improvement project employed
a quasi-experimental design without random assignment,
comparing 2 groups: patients with usual care before implementation of the protocol (preimplementation group)
and patients receiving the protocol care (postimplementation group). The following outcomes related to the implementation of the AIR ERAS protocol were evaluated: (1)
increased compliance with CPNB catheter placement; (2)
reduced NRS pain scores; and (3) decreased opioid medication requirements in patients who received BKA; AKA;
and toe, toe and metatarsal, and metatarsal amputations.
The project was submitted to the institutional review
board and determined to be exempt.
• Setting. The implementation site is an academic,
level I trauma center with 957 inpatient beds. There are
54 operating rooms and approximately 40,000 surgeries
performed annually. In 2016, a total of 350 amputation
surgeries were performed: 31.3% AKAs, 37.6% BKAs,
0.4% midfoot, 12.7% toe, 6.2% toe and metatarsal, and
11.8% transmetatarsal. Before implementation, all perioperative personnel essential to the project were educated
on the evidence, protocol, and implementation strategy.
• Sample. The project included adult patients 18 years
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of age or older undergoing amputation procedures at our
institution. Patients were categorized as BKA, AKA, or
other, which consisted of patients undergoing toe, metatarsal, or toe and metatarsal amputation. Patients unable
to verbalize their pain score or who were allergic to the
protocol medications were excluded. Both the preimplementation and postimplementation groups included all
patients undergoing amputation procedures that met the
eligibility criteria in 2 separate 3-month data collection
periods: September to November 2017 for the preimplementation group (N = 81) and April to July 2018 for the
postimplementation group (N = 94).
• Protocol Procedure and Data Collection. Anesthesia
providers (anesthesiologists, nurse anesthetists, residents, and fellows), acute pain service (APS) staff, preoperative registered nurses, and postanesthesia care unit
(PACU) registered nurses were educated on the protocol.
Additionally, the APS established a standardized workflow
for transferring patients from the perioperative team to
their service following amputation and hospital admission.
The APS followed up patients until discharge, evaluating
and treating their pain to optimize them for discharge.
Patient demographic data retrieved from the electronic
health record included gender, ASA classification, comorbidities, age, and body mass index (BMI). Chemotherapy
treatments and smoking status data points were also retrieved because both have been linked to higher rates of
PLP development.5,7,8 The amputation category (AKA vs
BKA vs other), previous amputation history, reasons for
the amputation or amputations, and type of anesthesia
(general vs regional) were also included.
Data collected during the 3-month preimplementation
and postimplementation phases included the following:
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Characteristic
Female gender, No. (%)
Age, y, mean (SD)
ASA class, No. (%)
2
3
4-5
BMI, kg/m2, mean (SD)
PVD, No. (%)
Diabetes, No. (%)
Chronic pain, No. (%)
Chemotherapy, No. (%)
Smoking, No. (%)
Other, No. (%)
Amputation type, No. (%)
AKA

Preimplementation
group
(N = 81)

Postimplementation
group
(N = 94)

P value

24 (29.6)
62.0 (12.6)

34 (36.2)
62.3 (14.7)

.359
.899

1 (1.2)
52 (64.2)
28 (34.6)
30.2 (8.3)
33 (40.7)
57 (70.4)
15 (18.5)
1 (1.2)
16 (19.8)
81 (100.0)

7 (7.4)
57 (60.6)
30 (31.9)
27.9 (7.6)
47 (50.0)
56 (59.6)
27 (28.7)
0 (0)
28 (29.9)
93 98.9)

.150

.057
.228
.155
.155
—
.162
> .999

22 (27.2)

27 (28.7)

.942

BKA
Other
Previous amputation, No. (%)
Reason for previous amputation, No. (%)

20 (24.7)
39 (48.1)
39 (48.1)

24 (25.5)
43 (45.7)
35 (37.2)

.145

Diabetes or PVD
Both
Other
Type of anesthesia, No. (%)

16 (19.7)
5 (6.2)
19 (23.5)

14 (14.9)
3 (3.2)
18 (19.1)

.399

General only
Regional technique
Type of nerve block, No. (%)

14 (17.3)
67 (82.7)

11 (11.7)
83 (88.3)

.293

CPNB
SSNB
Preoperative average pain
score on NRS (0-10), median
(25th and 75th percentiles)

24 (29.6)
29 (35.8)
4.3 (1.7, 5.9)

35 (37.2)
34 (36.2)
4.6 (1.4, 7.0)

.337
—
.331a

Table 2. Sample Characteristics
Abbreviations: AKA, above-knee amputation; BKA, below-knee amputation; BMI, body mass index; CPNB, continuous peripheral nerve
block; NRS, Numerical Rating Scale; PVD, peripheral vascular disease; SSNB, single shot nerve block.
aMann-Whitney test performed for preoperative average pain score per patient.

(1) CPNB compliance as measured by a binary outcome
(0 = CPNB not placed; 1 = CPNB placed), (2) amputees’
pain scores assessed via the NRS tool, and (3) opioid
medication requirements in morphine equivalent doses.
Compliance, was defined as placement of a CPNB in accordance with the AIR ERAS protocol unless otherwise
contraindicated. The NRS pain tool was used by preoperative nurses, anesthesia personnel, PACU staff, and the
APS staff to assess and collect postimplementation pain
score data. Assessment of patient-reported pain scores
preoperatively and postoperatively via the NRS Likerttype pain scale, with 0 indicating no pain present and
10 the worst pain imaginable, was and continues to be
standard practice at the site. For each patient, the average
NRS pain score and opioid consumption during hospitalization was calculated.

328

AANA Journal



August 2020



Vol. 88, No. 4

Secondary outcome measures included hospital readmissions within 30 days related to amputation surgery,
the presence of chronic pain before amputation, hospital LOS, and type of CPNB placed for the amputation
procedure (single shot vs CPNB). Data on postoperative
complications, such as the development of early PLP, a
neuroma, or postoperative infection were also collected
during the hospital stay. Additionally, once the patient
had an APS consult ordered, data were collected as to
whether the APS consulted with the patient.
• Statistical Analyses. Descriptive statistics were used
to detail the sample characteristics and outcomes for the
2 implementation groups (before vs after). The data were
analyzed using statistical analysis software (SPSS Version
23, IBM Corp). Nondirectional statistical tests were performed with the level of significance set at .05 for all tests.
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Outcome
Postoperative average pain scores (0-10)
for LOS on NRS
Postoperative average morphine
equivalent doses for LOS
Hospital LOS, d
Postoperative complications, No. (%)
Amputation revision, No. (%)
Early PLP, No. (%)
Early PLP resolved during LOS, No. (%)
30-Day hospital readmission, No. (%)
Readmission related to amputation, No. (%)

Preimplementation
group
(N = 81)

Postimplementation
group
(N = 94)

P value

3.8 (1.3, 5.2)

3.5 (1.0, 6.2)

.859

87.4 (4.5, 397.4)

186.0 (7.5, 799.5)

.125

9 (4, 17)
47 (58.0)
13 (16.0)
6 (7.4)
0 (0)
30 (37.0)
22 (73.3)

8 (5, 15)
31 (33.0)
3 (3.2)
15 (16.0)
10 (66.7)
22 (23.4)
9 (40.9)

.921
.001
.003
.083
.012
.049
.019

Table 3. Patient Outcomesa
Abbreviations: LOS, hospital length of stay; NRS, Numerical Rating Scale; PLP, phantom limb pain.
aData are median (25th and 75th percentiles) where not otherwise indicated. The Mann-Whitney test was conducted for continuous
measures because of severe skewness.

Independent t tests were conducted to evaluate preimplementation vs postimplementation group differences
in continuous measures (alternatively, Mann-Whitney
[U] test). Chi-square tests (alternatively, Fisher exact
tests) were performed to test for a group difference in
proportion for categorical measures. A nonparametric
analysis approach was applied when the assumptions of
the parametric methods were violated.
Supplemental trajectory analyses were conducted to
compare the direction and rate of change in postoperative
pain scores and postoperative morphine equivalent doses
received over the first 24 hours following amputation.
Change in pain scores collected every 4 hours postoperatively (times 1-6) were examined. The analysis was conducted using a hierarchical linear mixed-effects model for
longitudinal data, with preplanned contrasts to test for a
group difference at each time. The model included group,
time, and group-by-time interaction as fixed effects, with
patient and patient-by-time as random effects.

Results
• Sample Characteristics. Table 2 details the sample
demographic and clinical characteristics for both groups
(before and after implementation). The 2 groups did not
differ significantly on any of the demographic and clinical characteristics. Thus, the outcome analyses did not
require covariate adjustments.
• CPNB Placement Compliance. The difference in rate
of CPNB placement was not significant in the postimplementation group (37.2%) compared with the preimplementation group (29.6%, P = .337); however, there was
a 7.6-percentage point improvement after the AIR ERAS
protocol implementation. There was no significant difference in APS consultation rate after the implementation
of the protocol (P = .244). However, more consultations
with the APS were noted after protocol implementation.
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Furthermore, 100% of the consultations placed were followed in both groups.
• Patient Outcomes. The average pain score and
average opioid consumption measured in morphine
equivalent doses during hospitalization was derived for
each patient in each group (Table 3). The 2 groups did
not differ on average pain scores per patient (P = .859)
and average morphine equivalent consumption (P =
.125) during the hospital stay. Additionally, hospital LOS
did not differ significantly between groups (P = .921).
The incidence of postoperative complications was significantly lower in the post implementation group (33%)
compared with the preimplementation group (58%, P
= .001). The infection rate decreased from 30% before
implementation of the AIR ERAS protocol to 15% after
implementation. Other complications, such as incision
dehiscence, that would necessitate revision surgeries
were reported in 21% of patients in the preimplementation group (17/81) compared with 2% of the postimplementation group (2/94). The decrease in incision dehiscence and associated complications after implementation
is reflected by the significant decrease in amputation
revision surgeries (preimplementation: 16%; postimplementation: 3.2%, P = .003).
Early development of PLP did not significantly differ
between groups (P = .083); however, the resolution of such
early PLP during the patient’s hospitalization did significantly increase (P = .012). In the preimplementation group,
6 patients (7.4% of 81) experienced early PLP during their
initial hospitalization, with none of the patients experiencing PLP resolution. In the postimplementation group, early
PLP developed in 15 (16%) of the 94 patients during their
initial hospitalization, with 10 of the 15 patients (67%)
noting PLP resolution before discharge (P = .012).
Hospital readmission in the 30-day period following a patient’s discharge was significantly lower in the
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Outcome

Postoperative
time (T)

Preimplementation
(N = 81)

Postimplementation
(N = 93)a

P value

T1: 4 h

2.8 (1.2)

1.8 (1.2)

.036

Pain

Morphine

T2: 8 h

3.1 (1.3)

2.3 (1.3)

.036

T3: 12 h

3.4 (1.4)

2.8 (1.4)

.058

T4: 16 h

3.8 (1.4)

3.3 (1.5)

.272

T5: 20 h

4.1 (1.5)

3.8 (1.5)

.784

T6: 24 h

4.5 (1.6)

4.3 (1.6)

.809

T1: 4 h

33.9 (62.7)

33.5 (58.7)

.512

T2: 8 h

27.9 (55.8)

31.7 (52.4)

.181

T3: 12 h

21.9 (49.2)

29.9 (46.3)

.022

T4: 16 h

15.9 (43.0)

28.1 (40.6)

.004

T5: 20 h

9.9 (37.5)

26.3 (35.5)

.005

T6: 24 h

3.9 (32.9)

24.5 (31.2)

.014

Table 4. Trajectory Analysis: Mean Adjusted Pain and Morphine Equivalent Scores

postimplementation group (23.4%) compared with the
preimplementation group (37.0%, P = .049). Among those
readmitted, 73.3% of preimplementation readmissions
were related to the patient’s amputation surgery compared
with 40.9% in the postimplementation group (P = .019).
• Trajectory Outcomes Over First 24 Hours
Postoperatively. As a supplemental analysis, the trajectory of change in pain scores and cumulative morphine
equivalent doses in both groups across the postoperative
24-hour period were compared. Table 4 provides the
mean adjusted pain scores and morphine equivalent
doses for each group every 4 hours during the 24-hour
postoperative period (times 1-6). The mean at each time
for each outcome was adjusted for the fixed and random
effects included in the trajectory model.
The Figure (A) presents the mean adjusted postoperative pain scores across time for both groups. The trajectory analysis did not include immediate postoperative
pain scores (time 0) because all patients reported a “0”
pain score at that time. The results indicated a significant
effect of group (F = 4.01, df = 1,893, P = .046) and time
(F = 41.84, df = 1,84, P < .001) in the postoperative pain
scores. The group-by-time interaction, however, was not
significant (F = 1.99, df = 1,895, P = .158). The group
effect indicated that the preimplementation group had
significantly higher mean pain scores (mean = 3.6, SD
= 1.5) compared with the postimplementation group
(mean = 3.0, SD = 1.6) over the 6 times (P = .046). The
significant time effect demonstrated that mean pain
scores for both groups significantly increased across 6
times (P < .001). The preplanned contrasts at each time
demonstrated that the preimplementation group had
significantly higher mean pain scores relative to the
postimplementation group at 4 hours (time 1: P = .036)
and 8 hours (time 2: P = .036) after surgery. Although
not statistically significant, the preimplementation group
tended to have higher mean scores 12 hours after surgery
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(SD)a

(time 3: P = .058). The 2 groups, however, did not significantly differ in mean pain scores after 12 hours.
Figure B shows change over time in the mean postoperative morphine equivalent consumption at each of
the 6 times for both groups. For this morphine consumption outcome, the effects of group (F = 0.06, df =
1,946, P = .814), time (F = 3.51, df = 1,96.7, P = .064),
and group-by-time interaction (F = 1.20, df = 1,953, P
= .273) were not significant. However, the trajectory
shows a trend toward a linear reduction in morphine
equivalent consumption for both groups across the 24
hours. Preplanned contrasts at each time demonstrated
that the preimplementation group did not significantly
differ from the postimplementation group in morphine
equivalent consumption at 4 hours and 8 hours after
surgery. However, the postimplementation group had
significantly higher morphine equivalent consumption
of opioids at 12 hours (P = .022), 16 hours (P = .004), 20
hours (P = .005), and 24 hours (P = .014) after surgery.

Discussion
The primary goals of this project were to decrease the
number of amputation surgeries performed with general
anesthesia as the sole anesthetic technique and increase
the number of CPNBs placed for amputation surgeries. A
comparison from before to after implementation of the
AIR ERAS protocol demonstrated a decrease in general
anesthetic techniques from 17.3% to 11.7%, with an increase in CPNB placement by 7.6 percentage points, also
reflective of the increase in APS consults after implementation by 8.7%. The increase in APS consults was mainly
due to the percentage point increase in CPNB placement
between groups, because patients with CPNBs placed
before surgery were automatically consulted by the APS.
Anecdotally, however, it seemed the APS was consulted
more frequently in cases in which management of patients’ pain was more challenging in the postimplementa-

www.aana.com/aanajournalonline

Figure. Trajectory of 24-Hour Postoperative Pain (A)
and 24-Hour Morphine Equivalent Opioid Consumption
Scores (B)

tion group, accounting for the additional increase in APS
consults outside the initial CPNB placement.
The trajectory analysis results of the 24-hour pain
scores suggest that the AIR ERAS protocol helped significantly reduce patients’ pain scores during the first
8 hours postoperatively. Although not statistically significant at 12, 16, 20, and 24 hours postoperatively, it
is clinically relevant that pain scores were reported to be
lower than in the preimplementation group.
Although the trajectory analysis results of 24-hour
morphine equivalent opioid consumption suggest that
increased morphine equivalent consumption in the postimplementation group contributed to reduced pain scores,
the difference in morphine equivalent consumption did

www.aana.com/aanajournalonline

not significantly differ during the entire LOS. Furthermore,
at postoperative hours 4 and 8 when postimplementation
group pain scores were reported to be significantly less
than their preimplementation group counterparts, morphine equivalent consumption did not significantly differ
between groups, suggesting that AIR ERAS protocol components were responsible for the significantly decreased
pain scores. Morphine equivalent consumption significantly differed only within the first 12 to 24 hours in the
postoperative recovery period (time 3: P = .022; time 4: P
= .004; time 5: P = .005; time 6: P = .014). Consequently,
during these times (times 3-6) patient-reported pain scores
did not significantly differ between groups (time 3: P =
.058; time 4: P = .272; time 5: P = .784; time 6: P = .809),
also making the case that significantly increased morphine
equivalent consumption did not have a significant impact
on patient-reported pain scores.
Of note, the postimplementation group included 2
level I trauma patients who required lower extremity
amputations because of injuries sustained in their respective accidents. In addition to concomitant amputation,
these level I trauma patients had multiple injuries, such
as rib fractures, that may have contributed to significant
differences in postoperative morphine equivalent consumption as pain interventions from their anesthetics
wore off in the initial 12- to 24-hour recovery period. As
these patients’ conditions improved, they would likely
require less opioid medication, possibly explaining why
morphine equivalent consumption for the entire LOS
did not differ significantly. The significant reduction
in patients’ pain scores in the first 8 hours after surgery
(time 1: P = .036; time 2: P = .036) without a significant
difference in morphine equivalent consumption (time
1: P = .512; time 2: P = .181), postoperative complications (P = .001), amputation revisions (P = .003), 30-day
hospital readmission (P = .049), and readmission related
to amputation (P = .019), and the significant increase in
early PLP that resolved during LOS (P = .012) suggest the
AIR ERAS protocol provided benefit to postimplementation group patients. A significant increase in morphine
equivalent consumption during the first 12 to 24 postoperative hours (time 3: P = .022; time 4: P = .004; time 5: P
= .005; time 6: P = .014) without a significant difference
in patients’ pain scores at the same times (time 3: P =
.058; time 4: P = .272; time 5: P = .784; time 6: P = .809)
would not produce such marked results.
This project had a number of limitations. The inability to
monitor patient-reported pain scores and morphine equivalent opioid consumption rates beyond hospital discharge
was a limitation of the project. Patients’ hospitalization
periods could be considered short term when opioid consumption was observed, and although morphine equivalent
consumption rates were higher in the postimplementation
group at the times examined during the trajectory analysis,
they were not significantly different during the entire LOS.
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Monitoring of patients’ pain scores and morphine equivalent consumption rates after discharge may provide additional insight for future projects. The long-term benefits
of the AIR ERAS protocol could not be measured in the
limited timeframe of patients’ hospital LOS.
The sample size of 81 for the preimplementation
group and 94 for the postimplementation group provided
80% power for medium effect sizes (Cohen d equivalent
of 0.50-0.55) when we conducted 2-tailed statistical tests
with the level of significance set at .05. The observed
effect sizes, however, were smaller than expected. Thus,
the sample size per group did not provide adequate
power for detecting group differences for the small effect
sizes observed and was a limitation of the project.

Conclusion
The AIR ERAS protocol was an enhanced recovery initiative designed for patients undergoing amputation
that leveraged a robust perioperative pain management
strategy. Implementation of the AIR ERAS protocol led
to improved patient outcomes, specifically, an increased
number of CPNBs placed, which may have contributed to
lower patient-reported pain scores in the first 24 hours
after amputation. Additionally, initiatives outside the
AIR ERAS protocol incorporated a multidisciplinary care
team focused on best practices to reduce postoperative
complications. As a result, surgical morbidity was significantly reduced, decreasing the infection rate by half from
before to after implementation while also significantly
lowering the incidence of other complications. Early
resolution of PLP during patients’ initial hospitalization
significantly increased in the postimplementation group,
and total 30-day readmission rates and 30-day readmission rates related to a patient’s recent amputation surgery
significantly decreased. Trials of the AIR ERAS protocol
at other facilities may help improve outcomes for patients
having amputations across the United States and abroad.
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