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Development and
Implementation of a
Colorectal ERAS Pathway
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Enhanced recovery after surgery (ERAS) pathways
for patients can reduce variation in care and improve
perioperative outcomes through the development and
implementation of standardized, evidence-based perioperative pathways. The concept of “fast-track” surgery, introduced by Dr. Henrik Kehlet in the 1990s, has
evolved into what we know today as ERAS programs, in
which comprehensive, multidisciplinary (including surgery, anesthesiology, and nursing) perioperative care
pathways, using evidence-based best practices when
available, are developed and implemented to facilitate
early recovery for patients undergoing surgery. Previously, ERAS pathways were used mostly in Europe, and
the literature indicates that implementing ERAS pathways will result in decreases in hospital length of stay
(LOS) and complications.1,2 Increased interest in ERAS
pathways has been evident in the United States only in
the past few years, partly due to the increased emphasis by payors on quality-based reimbursement and bundled payments.3-5
Initiation of an ERAS pathway may be challenging, as
it is essentially an implementation of a culture change
within an institution or department. The transition from
a traditional siloed approach of perioperative care to
a coordinated, multidisciplinary model that integrates
diverse care components into an ideally seamless pathway can be difficult. At the Johns Hopkins Hospital
(downtown Baltimore campus), we initially developed
and implemented an evidence-based ERAS pathway
for colorectal surgery and then expanded our ERAS
pathways to liver resection, radical cystectomy, gynecologic oncology and pediatric surgery. We have plans
to develop ERAS pathways for thoracic surgery, hyperthermic intraperitoneal chemotherapy (HIPEC), pancreatoduodenectomy, and breast surgery in the near

future. This article describes the process of how we
developed our colorectal ERAS pathway, and the successes and challenges associated with its development
and implementation.

Creating the Anesthesiology Portion of an
ERAS Pathway
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Because no two ERAS pathways are identical, there
is no specific way to create an evidence-based, standardized anesthesiology regimen for any given ERAS
pathway. There are general principles on which all ERAS
pathways will be based, including optimization of perioperative nutrition, early mobilization, a multimodal
analgesic regimen, and patient education. ERAS pathways may differ partly due to differences in available
local resources and expertise. Many resources are available for the clinician interested in developing an ERAS
pathway (Table 1).
For our colorectal ERAS pathway at Johns Hopkins
Hospital at the downtown Baltimore campus, we were
interested in not only decreasing LOS but also preserving perioperative immune function, which theoretically
may reduce surgical site infections (SSIs) and cancer
recurrence. Although we reviewed published pathways and guidelines, we created our colorectal pathway from scratch as our goal of preservation of immune
function differed from most other pathways. An extensive PubMed literature search was conducted for each
of the possible components of our colorectal pathway (Table 2). The results of each systematic literature
search were carefully examined for relevant evidence,
which was incorporated into a preliminary pathway.
Once a basic pathway was created, it was sent to the
dedicated group of ERAS providers (anesthesiologists,
CRNAs, surgeons, nurses) who reviewed the preliminary pathway and provided suggestions for changes.

Table 1. Resources for Developing an ERAS Pathway
Website

Available Items

Comments

American Society of
Enhanced Recovery

aserhq.org

Sample pathways from several
Implementation guide
North American institutions; online for members
newsletter

ERAS Society

erassociety.org

Societal published guidelines

Other resources for
purchase

Agency for Healthcare
Research and Quality
Safety Program for
Enhanced Recovery After
Surgery

ahrq.gov/professionals/
quality-patient-safety/hais/
tools/enhanced-recovery/
index.html

Provides details for several
CUSP programs that can be
incorporated into ERAS pathways

Ongoing implementation
project aims to help
hospitals adopt the
ERAS protocol using the
CUSP method

American Society of
Regional Anesthesia and
Pain Medicine

asra.com

General educational materials
on regional anesthesia and
multimodal analgesia for patients
and providers

Some sections only
available to members

d.

Resource

CUSP, Comprehensive Unit-based Safety Program; ERAS, enhanced recovery after surgery
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Table 2. The Johns Hopkins Hospital (downtown Baltimore campus)
Colorectal ERAS Pathway
Preoperative Phase
1. Carbohydrate drink
• Gatorade or clear liquid 2 h prior to surgery.
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2. Preoperative analgesics with sip of water:
• Gabapentin 600 mg PO x 1 (do not give to patients on hemodialysis; 300 mg for patients with decreased renal function,
age >70 y).
• Acetaminophen 1 g PO x 1 (do not give to patients with liver failure or elevated liver enzymes).
• Celecoxib 200 mg PO x 1.
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3. Preoperative antiemetic:
• Scopolamine patch x 1 (do not give to patients with angle-closure [narrow angle] glaucoma; consider not giving to
elderly patients).
4. Convective warming blanket
• To be started in the preanesthesia holding area.

Intraoperative Phase

For All Patients:
• Metronidazole 500 mg with no redosing/cefazolin 2 g (3 g for patients >120 kg) IV (clindamycin and gentamicin for
penicillin allergy). Cefazolin should be redosed every 4 h.
• Heparin (unfractionated) 5,000 U SC at time of incision.
5A. For Open Surgical Cases: Epidural anesthesia + TIVA
• TIVA: propofol infusion titrated to BIS of 40-60; IV midazolam as needed.
• Epidural (T7-8): 2% lidocaine with 1:200,000 epinephrine as a test dose (3 mL) followed by a bolus (up to 10 mL
in divided doses) to obtain T4 level. This is followed by an infusion of 2% lidocaine (no epinephrine) at 4-6 mL/h.
Consider giving an appropriate bolus (4-6 mL) of 0.25% bupivacaine via epidural at end of case depending on clinical
status of the patient.
• Muscle relaxant: Titrate to effect; will reverse at end of case.
• Opioids: Titrate as needed for breakthrough pain uncontrolled by epidural anesthesia.
5B. For Laparoscopic Surgical Cases (or cases where epidural anesthesia is not used): TIVA + IV lidocaine
• TIVA: propofol infusion titrated to BIS of 40-60; IV midazolam as needed.
• IV lidocaine infusion: 1.5 mg/kg bolus on induction + 1.5 mg/kg/h; stop prior to the end of surgery.
• TAP block for laparoscopic cases/ileostomy reversals.
• Muscle relaxant: Titrate to effect; will reverse at end of case.
• Opioids: Titrate as needed for breakthrough pain uncontrolled by IV lidocaine infusion.

6. Adjuvant Analgesics:
• Magnesium: 2 g/h rate to a total of 4 g (2-h infusion); start on induction.
• Ketorolac 30 mg IV at end of case if celecoxib not given preoperatively (decrease to 15 mg IV for age >75 y).
• Acetaminophen 1 g IV if oral acetaminophen not given preoperatively.

d.

7. Fluid Management (goal is euvolemia):
• Initial lactate Ringer’s/PlasmaLyte carrier at 1-3 mL/kg/h. If hypotensive despite use of phenylephrine, additional
boluses of 250-500 mL LR can be given; titrate to effect desired. May adjust carrier rate as desired for open abdomen
maintenance or bolus as appropriate. May give albumin judiciously as needed. Phenylephrine infusion: Titrate to maintain
appropriate blood pressure.
8. Lung-Protective Ventilation Strategy; Oxygenation:
• Tidal volume = 6-8 mL/kg of predicted body weight/PEEP 2-5 cm H2O; 50% inspired FiO2 intraoperatively.
9. Antiemetics:
• Ondansetron 8 mg IV 30 min prior to end of case.

20
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Postoperative Phase
While Patient is NPO:
Patient-Controlled Epidural Analgesia:
• 0.0625% or 0.125% bupivacaine only at 4-6 mL/h + a demand dose of 2-4 mL every 10-20 min PRN (no fentanyl to start).
Adjust as needed and continue ideally for at least 1 full day after patient tolerating oral intake including oral analgesics.

A
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Adjuvant Analgesics (assuming no contraindications):
• Acetaminophen 1 g IV every 8 h (we are limited to 2 doses).
• Ketorolac 30 mg IV every 6 h (decrease to 15 mg IV every 6 h for age >75 y).
• Lidoderm patch: 1 patch every 24 h.
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Breakthrough/PRN Analgesics:
• IV opioids PRN as needed.
When Oral Intake Resumes:

Scheduled Analgesics:
• Acetaminophen 1 g PO every 8 h.
• Ibuprofen 400 mg PO every 6 h.
• Gabapentin 100 mg PO 3 times a day.

Breakthrough/PRN Analgesics:
• Tramadol 50 mg PO every 4 h PRN (max dose 400 mg/d, or 300 mg/d age >75 y). (Avoid in patients with history of
seizures and those taking SSRIs.)
• If tramadol fails, PRN opioid of choice (eg, hydromorphone 2 mg PO every 4 h prn; may also give IV PRN opioid
breakthrough if PO opioid fails; no combination [with acetaminophen] products).
BIS, bispectral index; ERAS, enhanced recovery after surgery; FiO2, fraction of inspired oxygen; NPO, nothing by mouth; PEEP, positive
end-expiratory pressure; PO, orally; PRN, as needed; SC, subcutaneously; SSRIs, selective serotonin reuptake inhibitors; TAP, transversus
abdominis plane; TIVA, total intravenous anesthesia

Proposed changes were discussed and incorporated
into a revised pathway, which was initiated for a group
of several colorectal patients. Based on our initial clinical experience, further minor adjustments were made
before the final pathway was rolled out in early 2014.
We continue to update our pathway as new relevant literature is published.

Our Results

The details of the colorectal ERAS pathway at Johns
Hopkins Hospital are provided in this section together
with the rationale and evidence behind our decisions,
realizing that these selections were made in the context
of our own overall goals and available resources at our
institution/department. Other institutions/departments
may make different choices based on their local goals
and available resources and expertise.
Specifically, one of our main goals was to design a
pathway to preserve perioperative immune function in
an attempt to reduce perioperative infection and, theoretically, cancer recurrence. Our breakdown of the
pathway into pre-/intra-/postoperative phases is for
explanatory purposes only, as ideally an ERAS pathway
should be thought of as a seamless continuum rather
than siloed phases of care.

d.

Upon implementation of our colorectal ERAS pathway, we saw an immediate decrease in LOS totaling
approximately 2 days.6 This decrease has been maintained since we initiated this pathway in 2014. Our
decreased LOS has also been seen in subsequent
ERAS pathways (liver resection, radical cystectomy) at
our institution (Table 3). In addition, we have seen a
reduction in the rate of SSI, which dropped from 20.7%
before ERAS (2013) to 7.3% after ERAS (2014).6 Our SSI
rate for colorectal surgery continues in the range with
our most recent data, showing an infection rate ranging
from approximately 5.5% to 6.5% in the first half of 2016.
In addition, we realized actual cost savings for the institution: a net savings of $395,717 for the first year of the
program compared with the cost of previous conventional perioperative care.7

Details of the Colorectal Pathway

Preoperative Phase
During the preoperative surgical visit, the surgical team introduces the basic anesthesiology parts of
the ERAS pathway, especially the use of epidural anesthesia in open cases and transversus abdominis plane
(TAP) blocks in laparoscopic cases. More details of the
anesthesiology portion of the colorectal ERAS pathway
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are discussed in a patient booklet given at the time of
the surgical preoperative visit.
1. Carbohydrate Loading: 20 oz of Gatorade is given
up to 2 hours before surgery.
Rationale/evidence: Systematic reviews indicate
that preoperative carbohydrate administration may be
associated with an attenuation in postoperative insulin resistance, possible reduction in hospital LOS, and
earlier return of bowel function.8-12 Another systematic
review indicated that there was no evidence to suggest
that a shortened fluid fast resulted in an increased risk
for aspiration or related morbidity, and drinking water
preoperatively actually resulted in significantly lower
gastric volumes.13 The American Society of Anesthesiologists allows clear liquids up to 2 hours and a light
meal 6 hours before induction of anesthesia in healthy
patients who are undergoing elective procedures.14
2. Analgesics: Gabapentin 600 mg PO x 1, acetaminophen 1 g PO x 1, celecoxib 200 mg PO x 1.
Rationale/evidence: Administration of nonopioid
analgesics prior to surgery may result in preventive
analgesia, improved postoperative pain, and decreased
opioid use and opioid-related side effects. Several
meta-analyses indicate that a single dose of preoperative gabapentin may be associated with decreased
postoperative pain and opioid consumption, although
this may be accompanied by an increased incidence of
sedation, dizziness, and possibly blurred vision.15-29 Initial randomized controlled trials of preoperative gabapentin used a dose of 1,200 mg, which is associated
with significant sedation compared with lower doses
(300-900 mg).20 In addition, administering acetaminophen prior to surgery will decrease postoperative pain
scores, opioid consumption, and incidence of postoperative vomiting.30 Finally, nonsteroidal anti-inflammatory agents (NSAIDs) are potent analgesics and should
be an integral part of most ERAS pathways. Several
meta-analyses indicate a benefit of preoperative celecoxib on reducing postoperative pain, opioid use, and
postoperative nausea and vomiting (PONV).31,32 Cyclooxygenase-2 (COX-2) inhibitors (eg, celecoxib) may be
preferred prior to surgery as they have minimal effect
on platelet function,33 and a recent meta-analysis of
COX-2 inhibitors revealed that these agents did not significantly increase the risk for perioperative bleeding.34
3. Antiemetics: Scopolamine transdermal patch x 1
(other antiemetics to be given intraoperatively).
Rationale/evidence: Control of PONV is vital to facilitate patient oral intake and recovery, which is an important central goal of every ERAS pathway. Many of the
antiemetic agents are typically administered during the
intraoperative period to maximize their antiemetic effect,
but some agents ideally should be administered in the
pre- or early intraoperative time frame. Although dexamethasone is an effective and widely used antiemetic
and exhibits analgesic properties,35 we decided to omit it
after discussion with our surgical colleagues who voiced
some concerns about theoretical altered immune function. Systematic reviews on the perioperative use of
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dexamethasone revealed no increase in SSI or delayed
wound healing, but noted elevated glucose levels postoperatively.36,37 Instead, we chose to use transdermal
scopolamine, which is initiated prior to surgery and has
been shown to significantly reduce PONV.38,39
In addition, the gabapentanoids given preoperatively,
mostly for analgesia, may also exhibit antiemetic properties, with recent meta-analyses indicating that preoperative gabapentanoids may be associated with a
reduction in PONV.20,40 Finally, the benzodiazepines
commonly administered for sedation prior to surgery
may also have antiemetic properties; recent meta-analyses have also indicated that perioperative midazolam
may be associated with a reduction in PONV.41,42
4. Thermoregulation: convective warming blanket to
be started in the preanesthesia holding area.
Rationale/evidence: There is high-quality evidence
linking maintenance of normothermia using preoperative and intraoperative warming with a decrease in
SSI rates.43 A collaborative guideline from the Society for Healthcare Epidemiology of America, Infectious Diseases Society of America, American Hospital
Association, Association for Professionals in Infection
Control and Epidemiology, and the Joint Commission
recommends maintenance of normothermia (35.5°C
or higher) during the perioperative period, based on
Grade I evidence.43 Other societies also recommend
maintenance of normothermia during surgery in the
perioperative period to reduce SSI.44,45 A meta-analysis of care bundles to reduce SSI in colorectal surgery
noted that maintenance of normothermia was a component of almost all bundles in decreasing SSI.46
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A standardized, evidence-based intraoperative anesthetic pathway is an integral part of every surgical ERAS
protocol and should incorporate core components of
fluid management, multimodal analgesia with minimization of opioid use, prevention of PONV, and attenuation of the surgical stress response. Obviously, there are
many possible combinations of anesthetic agents that
can be used to achieve these goals, but the intraoperative anesthetic should be tailored to optimize anesthetic depth while facilitating rapid awakening after
completion of the surgical procedure.
Our overall goals during this period are to preserve
perioperative immune function by avoiding medications
(eg, inhalation agents, opioids, possibly ketamine) or
actions (eg, blood transfusions, hypothermia) that may
contribute to perioperative immunosuppression. Our
open colorectal cases receive epidural anesthesia (local
anesthetic only, no opioids) with total intravenous anesthesia (TIVA) using propofol, whereas our laparoscopic
cases receive TIVA with propofol, intravenous lidocaine
infusion, and typically a TAP block postoperatively.
5A. For Open Surgical Cases: Epidural Anesthesia +
TIVA
• TIVA: propofol infusion titrated to bispectral
index (BIS) of 40 to 60; IV midazolam as needed.

d.

22

Intraoperative Phase
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Epidural (at T7-8): 2% lidocaine with 1:200,000
epinephrine as a test dose (3 mL) followed by a
bolus (up to 10 mL in divided doses) to obtain
T4 level. This is followed by an infusion of 2%
lidocaine (no epinephrine) at 4 to 6 mL per hour.
Consider giving an appropriate bolus (4-6 mL)
of 0.25% bupivacaine via epidural at end of case
depending on the clinical status of the patient.
• Muscle relaxant: Titrate to effect; reverse at end
of case.
• Breakthrough pain: If needed, use opioid first,
then inhalation agent.
Rationale/evidence: Use of thoracic epidural analgesia results in superior postoperative analgesia (compared with opioids) and a decrease in some pulmonary/
cardiac morbidity, and facilitates earlier return of gastrointestinal function.48-54 If used intraoperatively at appropriate doses, epidural anesthesia may attenuate the
surgical stress response. We chose to avoid ketamine,
inhalation agents, and opioids since these agents have
been associated with immunosuppression,55-57 although
they certainly can be (and are widely) used in other
ERAS pathways with goals that differ from ours.
5B. For Laparoscopic Surgical Cases, or cases
in which epidural anesthesia is not used: TIVA + IV
lidocaine
• TIVA: propofol infusion titrated to BIS of 40 to
60; IV midazolam as needed.
• IV lidocaine infusion: 1.5 mg/kg bolus on induction + 1.5 mg/kg per hour; stop prior to the end
of surgery.
TAP block for laparoscopic cases/ileostomy reversals.
• Muscle relaxant: Titrate to effect; reverse at end
of case.
• Breakthrough pain: If needed, use opioid first,
then inhalation agent.
Rationale/evidence: We do not use epidural anesthesia/analgesia for laparoscopic surgical procedures
as the overall benefits of thoracic epidural analgesia (TEA) in improving recovery or decreasing LOS in
these cases are uncertain (especially in the context
of an ERAS pathway).58-60 Several meta-analyses of
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perioperative IV lidocaine infusions indicate that they
may result in decreased postoperative pain, reduced
opioid consumption, and earlier return of bowel function.61-68 The optimal dose and duration of the IV lidocaine infusion are uncertain, although the majority of
randomized controlled trials (RCTs) have used a bolus
of 1.5 mg/kg followed by an infusion of 1.5 mg/kg per
hour65; a meta-analysis noted that continuing an IV lidocaine infusion beyond 60 minutes after surgery provided no added analgesic or gastrointestinal benefit.67
TAP blocks are generally performed under ultrasound
guidance; several meta-analyses have indicated that
use of TAP blocks is associated with lower pain scores,
decreased opioid consumption, and possibly reduced
opioid-related side effects.69-75
6. Adjuvant: Magnesium: 2 g per hour to a total of 4
g (2-hour infusion); start at induction
Rationale/evidence: Several meta-analyses indicate
that systemic magnesium administered in the perioperative period is associated with significant decreases
in postoperative pain scores and opioid consumption,
without increasing adverse events.76-79 There is no consensus on the precise dosing or timing of perioperative
magnesium administration.
7. Fluid Management: The goal is euvolemia. An
initial lactated Ringer’s/PlasmaLyte carrier is administered at 1 to 3 mL/kg per hour. A phenylephrine infusion is titrated to maintain appropriate blood pressure,
assuming the patient is euvolemic. If hypotension persists despite use of phenylephrine, additional boluses
of 250 to 500 mL lactated Ringer’s/PlasmaLyte can
be titrated to the effect desired, and albumin may be
administered judiciously as needed. Goal-directed fluid
therapy (GDFT) devices may be used in higher-risk
patients or surgical procedures.
Rationale/evidence: The goal of perioperative fluid
therapy for an ERAS pathway is to maintain euvolemia
and a “near-zero” fluid balance,80,81 because excessive
fluid administration may result in increased demands
on cardiac and renal function, inhibition of gastrointestinal function, and delayed recovery.81,82 Intraoperative fluid requirements can be generally met with an

Table 3. Length of Stay (Johns Hopkins Downtown Baltimore Campus)
LOS Before Implementation, d

LOS After Implementation, d

P Value

Colorectal

7.2 (mean)

5.3 (mean)

<0.00

Liver resection

6 (median)

5 (median)

0.037

Radical cystectomy

8.5 (median)

5 (median)

<0.001

d.

ERAS Pathway

Wick EC, Galante DJ, Hobson DB, et al. Organizational culture changes result in improvement in patient-centered outcomes:
implementation of an integrated recovery pathway for surgical patients. J Am Coll Surg. 2015;221(3):669-677.
Page AJ, Gani F, Crowley KT, et al. Patient outcomes and provider perceptions following implementation of a standardized perioperative
care pathway for open liver resection. Br J Surg. 2016;103(5):564-571.
LOS, length of stay
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isotonic balanced crystalloid solution at a rate of 3±2
mL/kg per hour.81 Use of GDFT devices, which measure changes in stroke volume and allow the individualization of fluid therapy, may be particularly useful in
higher-risk patients or surgical procedures.83-85 Several
meta-analyses have suggested that when compared
with a liberal fluid therapy regimen, a GDFT regimen is
associated with a reduction in complication rates (eg,
wound infection, cardiac complications, and LOS).84-94
It is not clear whether GDFT is superior to a restrictive
fluid strategy.86
8. Lung-protective ventilation strategy: Tidal volume = 6 to 8 mL/kg of predicted body weight; positive
end-expiratory pressure (PEEP), 2 to 5 cm H2O
Rationale/evidence: Several meta-analyses confirmed that anesthetized patients who received ventilation at lower tidal volumes (6-8 mL/kg) versus higher
volumes (10-12 mL/kg) during surgery had a lower risk
for lung injury and pulmonary infection.95-97
Oxygenation: 50% FiO2 intraoperatively and then
100% face mask for 2 hours in recovery room
Rationale/evidence: Although several meta-analyses incorporating many different surgical procedures
have provided mixed results on whether perioperative supplemental oxygen therapy will result in fewer
SSIs,98-108 subgroup analyses from some of these metaanalyses suggest that colorectal patients are one of the
groups that would benefit from perioperative supplemental oxygen therapy for decreasing SSIs.98,100,104,105,107
There was some concern that a high FiO2 during surgery
might reduce long-term survival in cancer patients, but
a follow-up study showed no difference in new or recurrent cancers in patients given 80% or 30% oxygen during and 2 hours after abdominal surgery.109,110
9. Antiemetics: Ondansetron 8 mg IV 30 minutes
prior to end of case
Rationale/evidence: An important anesthesiology
component of any ERAS pathway is to control PONV to
facilitate oral intake and speed patient recovery. Some
of these antiemetic agents can be given preoperatively
(eg, scopolamine transdermal, midazolam, gabapentin),
whereas others (eg, serotonin antagonists, dexamethasone) are given intra- or postoperatively. In addition,
use of some techniques, such as regional anesthesia
or TIVA with propofol, will reduce perioperative opioid
use and PONV. A multimodal approach using multiple
classes of antiemetic agents (including the 5-hydroxytryptamine [5-HT3] receptor antagonists, corticosteroids, butyrophenones, antihistamines, anticholinergics,
and neurokinin-1 receptor antagonists) for PONV prophylaxis is recommended, and ERAS pathways often
incorporate multimodal preventive PONV strategies.111
Thermoregulation: Continue use of convective
warming blanket from preanesthesia area; warm all IV
fluids; circuit humidified 50% low-flow oxygen (<2-3 L/
min)
Rationale/evidence: As noted above, there is highquality evidence linking maintenance of normothermia
and pre- and intraoperative warming with a decrease

in SSI rates,43,46 and several societal guidelines recommend maintenance of normothermia (35.5°C or higher)
to reduce SSI.44,45

Postoperative Phase
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A standardized, evidence-based postoperative multimodal analgesic regimen is an important component of
any ERAS pathway because superior pain control facilitates patient mobility and recovery. The multimodal
analgesic regimen is designed with multiple nonopioid analgesic agents being administered on a scheduled basis in an attempt to minimize the use of and
side effects from opioids, and that can be administered
as rescue analgesics on an as-needed basis after other
analgesics have failed to control postoperative pain.
While the patient is NPO: we continue thoracic epidural analgesia (in open colorectal cases) using patientcontrolled epidural analgesia: 0.0625% or 0.125%
bupivacaine at a continuous infusion of 4 to 6 mL per
hour and a bolus of 2 to 4 mL every 10 to 15 minutes,
as needed. We avoid using opioids in epidural solution
and will adjust the epidural solution as needed, ideally
continuing for at least one full day after the patient tolerates oral intake, which will include oral analgesics. In
addition, we will administer a scheduled regimen of
multimodal analgesics, including IV acetaminophen,
ketorolac, and transdermal lidoderm patch.
Scheduled Analgesics:
• Acetaminophen: 1 g IV every 8 hours (x 2 doses).
• Ketorolac: 30 mg IV every 6 hours (decrease to 15
mg IV every 6 h for age >75 y; max 5 days total).
• Lidoderm patch: 1 patch every 24 hours.
Breakthrough/PRN Analgesics: Hydromorphone IV
0.2 to 0.5 mg every 3 hours PRN for breakthrough pain
(if needed, order IV PCA for pain not controlled with
above analgesic meds).
Once the patient is able to successfully resume oral
intake: a standardized scheduled regimen of multimodal analgesics is administered (assuming there are
no contraindications). Tramadol is available as the first
breakthrough pain analgesic, and an opioid (typically
hydromorphone, both oral and IV) is available as the
second breakthrough analgesic if tramadol is ineffective.
Scheduled Analgesics:
• Acetaminophen: 1 g PO every 8 hours.
• Gabapentin: 100 mg PO 3 times daily.
• Ibuprofen: 400 mg PO every 6 hours.
• Lidoderm patch: 1 patch every 24 hours.
• Breakthrough/PRN Analgesics:
• Tramadol: 50 mg PO every 4 hours.
• Hydromorphone: 2 mg PO every 4 hours.
• Hydromorphone: 0.2 to 0.5 mg IV every 4 hours.
Rationale/Evidence:
Continuous Epidural Analgesia: Epidural analgesia
with a local anesthetic–based regimen (vs opioids) provides superior postoperative analgesia, facilitates earlier return of gastrointestinal function, and decreases
perioperative pulmonary-cardiac morbidity in high-risk
patients.47-50
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Acetaminophen: Several meta-analyses demonstrate
that acetaminophen provides effective postoperative
analgesia and decreases opioid use.112-121 If the patient
is NPO, scheduled IV acetaminophen, if available, can
be administered as meta-analyses reveal that IV acetaminophen provides effective postoperative analgesia, decreases opioid use, and decreases PONV.112-114,121 If
the patient is tolerating oral intake and medications, an
oral (pill or liquid) formulation of acetaminophen can
be administered on a scheduled basis.
Gabapentanoids: Although meta-analyses indicate
that a single dose of preoperative gabapentin may be
associated with decreased postoperative pain, opioid
consumption, and PONV,15-29 there are scant data on the
continued postoperative and post-discharge administration of gabapentanoids. Because there are few systematic data to guide the postoperative dosing of these
agents, a lower initial dose (gabapentin 100 mg PO TID)
was chosen.
Lidocaine (transdermal): Although a meta-analysis of
5 relatively small RCTs122 suggested that the application
of a transdermal lidocaine patch may not be an effective adjunct for acute and postoperative pain globally,
the transdermal lidocaine patch is associated with minimal systemic absorption and side effects and may be
more effective in certain populations, such as patients
undergoing laparoscopic procedures.123,124
NSAIDs: Meta-analyses examining the perioperative
use of NSAIDs (including COX-2 inhibitors) demonstrate that these agents provide very effective analgesia125-130 and should be administered on a scheduled
basis. If the patient is NPO, scheduled IV NSAIDs can
be administered and converted to an oral formulation
when the patient is taking PO. Although there is concern about perioperative bleeding with NSAIDs, recent
meta-analyses in noncolorectal surgical procedures
suggest there is no increase in postoperative bleeding
with NSAIDs.131,132
Another controversial issue is whether the use of
NSAIDs is definitively associated with an increase in
anastomotic leakage, since one meta-analysis of human
and animal trials suggests a relationship133 whereas
another meta-analysis134 of human RCTs did not demonstrate a difference in incidence of anastomotic dehiscence; however, the quality of the data is very poor,
heterogeneous, and often biased.135 There are many
other factors that may be associated with an increased
risk for colorectal anastomotic leakage (eg, diabetes
mellitus, hyperglycemia or high glycosylated hemoglobin, anemia, blood loss, blood transfusions, prolonged operating time, intraoperative events, and lack
of antibiotics).136
Tramadol: Tramadol produces analgesia via opioid
(very weak mu receptor activation) and nonopioid (inhibition of serotonin and norepinephrine reuptake) mechanisms of action. Although less potent than opioids or
NSAIDs as analgesics, tramadol produces analgesia
with a theoretically relatively lower risk for addiction,137
less constipation, minimal cardiovascular side effects
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and minimal respiratory depression,138 and can be an
effective analgesic when administered with acetaminophen.139 Tramadol is associated with a slightly higher
incidence of seizures, and should be used with caution
in patients with a history of seizures and patients taking concurrent selective serotonin reuptake inhibitors,
as there is a theoretical increased possibility of serotonin syndrome.140
Opioids: Every ERAS pathway will attempt to limit
the amount of opioids to minimize related side effects,
which may delay patient recovery; however, opioids
are still part of many ERAS pathways. Opioids are typically administered as a “rescue” (PRN) when all other
nonopioid analgesic agents have failed to control the
patient’s pain. Despite that approach, opioids should
not be withheld from opioid-tolerant patients, as they
will require continuation of their baseline opioid requirements to prevent withdrawal.

Challenges, Solutions, and Opportunities

d.

There are always challenges in implementing any
ERAS pathway. What essentially occurs with the initiation of an ERAS pathway is a change in culture and
the way care is traditionally delivered. Many health care
providers (both anesthesiologists and nonanesthesiologists) will be resistant to changing the way they
have practiced. In addition, there are potential process-related issues (eg, creating new order sets, ensuring drugs will be available in Pyxis machines), some
of which are unique to each institution, that will need
to be addressed. Finally, a significant amount of “face
time” will be needed to educate health care providers
on the changes in the way that perioperative care will
be delivered.
There are several possible solutions to the typical challenges encountered in implementing an ERAS
pathway:
Choose a pathway that will be easiest to implement. Most commonly, colorectal ERAS pathways are
one of the first to be implemented in each institution,
as there are several pathways already published in the
literature. The research on colorectal ERAS pathways is
far more developed than for other surgical procedures;
as a result, colorectal surgeons are more aware and
typically more amenable to participating in an ERAS
pathway. In addition, the colorectal surgical cases (eg,
colectomy) are generally more straightforward and
need fewer resources (eg, minimal use of ICUs). The
colorectal ERAS pathway was the first one developed at
the Johns Hopkins University Hospital (downtown Baltimore campus), and the success of this pathway led to
demand for ERAS pathways for other surgical services.
Identify champions in each area. One of the keys to
successful implementation is to identify people who will
be representing anesthesiology, nursing, and surgery,
as these champions will coordinate and drive the process forward. It is ideal to have a champion in each of
these areas, as they will constitute the core of any ERAS
pathway. There may also be champions from other
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areas, including pharmacy, rehabilitation/physical therapy, the preoperative clinic, the preanesthesia/recovery
room, and the ICU. For our colorectal ERAS pathway,
the surgeon (EW) and nurse (DH) leaders had already
worked together on an SSI Comprehensive Unit-base
Safety Program (CUSP) and had developed an excellent
rapport. They approached the anesthesiology department and identified an anesthesiology champion (CW)
who would work with them to develop and implement
an evidence-based colorectal ERAS pathway. This team
approach has worked very well for us with regard to
clinical implementation and research production. One
benefit for the anesthesiology department is that the
ERAS pathways allow us to demonstrate the added
value we provide to our patients, our colleagues, and
the institution.
Identify a core group of health care providers who
will work with you. Not everyone in your group or
department will be willing to provide care according to
an ERAS pathway; however, often many others are willing (in varying degrees) to participate. When possible,
limit ERAS cases to anesthesiology providers who are
committed to fully participating in delivering anesthesia according to the ERAS pathway. In our department,
we have a dedicated core of anesthesiology physicians,
CRNAs, and rotating anesthesiology residents who provide care for our ERAS cases. We work with our schedulers to attempt to match as many ERAS surgical cases
with ERAS anesthesiology providers as possible.
Consider the availability of local resources and
use available evidence to develop the pathway. Even
though all ERAS pathways should be based on evidence, no two ERAS pathways will be identical, partly
due to differences in local resources, expertise, and
goals. Within the Hopkins health care system, we have
at least 4 local/regional hospitals that have a colorectal
ERAS pathway, yet no two colorectal ERAS pathways
are the same—again, partly due to local differences. At
the Johns Hopkins Hospital (downtown Baltimore campus), we developed our colorectal ERAS pathway with
one goal being preservation of perioperative immune
function. We are able to utilize epidural anesthesia/
analgesia for our cases, as we have additional resources
in the form of residents and a stand-alone Acute Pain
Service.
Obtain input while developing the pathway and
modify the pathway as needed. Although usually it
is the anesthesiology champion who coordinates and
pulls together the evidence to create the anesthesiology portion of the ERAS pathway, it is important to
obtain feedback from the whole group to ensure group
ownership of the pathway. In addition, many in the
group may have experiences from outside institutions
or additional knowledge from the literature and will be
able to provide valuable insight. For the Johns Hopkins
Hospital (downtown Baltimore campus), the anesthesiology champion (CW) pulled together the evidence to

create the anesthesiology portion of the ERAS pathway,
and the preliminary version then was sent out via email
to the group. Several modifications were made based
on the feedback. Once the initial version was finalized,
we implemented the anesthesiology portion of the
ERAS pathway on approximately 10 patients, which led
to further very minor modifications.
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One thing to note is that once an ERAS pathway
is created, it should not be viewed as the final pathway. We have continued to update the pathway based
on published literature and clinical experience. For
instance, several articles came out on lung protective
strategies95-97 after our colorectal pathway was created. This information was incorporated into a revised
pathway.
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Obtain administration/C-suite support. There are
often administrative costs associated with implementation of an ERAS pathway. The hospital administration may be reluctant to provide adequate resources to
fully implement an ERAS pathway. If so, a limited implementation with a small cohort of patients may provide
the results you need to re-engage the hospital administration for additional resources. For us, we proposed
a pilot study that was extremely successful, and additional resources were allocated based on these results.
Implementation of an ERAS pathway is one of the few
times when anesthesiology providers can visibly demonstrate the added value we provide to our patients,
our colleagues, and the institution.

Conclusion

The development and implementation of an ERAS
pathway allows anesthesiology providers to be an integral part of a successful patient-centered, cost-effective, and evidence-based program. ERAS pathways
are one of the more visible ways to show the added
value we provide to our patients, our colleagues, and
the hospital/institution, which is particularly important
in the current environment where there is increasing
economic pressure on hospitals and institutions to provide high-quality and high-value health care. There are
always challenges in the development and implementation of an ERAS pathway; we have discussed several
possible solutions to the typical challenges encountered in implementing an ERAS pathway.

d.
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Be open to feedback and provide feedback on outcomes/results. Once the front-line health care providers
see that their patients are having less pain, recovering
faster, and being discharged earlier (and happier for the
most part), they generally will become more enthusiastic and active in facilitating the implementation of the
ERAS pathway. We attempt (although not always successfully) to provide regular feedback on our metrics to
our providers. We are still working on a system in which
major metrics (eg, LOS, SSI rates) will be routinely available on a dashboard.
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