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Abstract Enhanced Recovery after Surgery (ERAS) protocols have been demonstrated to
improve hospital length of stay and outcomes in patients undergoing colorectal
surgery. This article presents the specific components of an ERAS protocol implemen-
ted at the authors’ institution. In particular, details of both surgical and anesthetic ERAS
pathways are provided with explanation of all aspects of preoperative, perioperative,
and postoperative care. Evidence supporting inclusion of various aspects within the
ERAS protocol is briefly reviewed. The ERAS protocol described has significantly
benefitted postoperative outcomes in colorectal patients and can be employed at
other institutions wishing to develop an ERAS pathway for colorectal patients. A

checklist is provided for clinicians to easily reference and facilitate implementation of a
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An ERAS Protocol for Elective Colorectal
Procedures

Enhanced Recovery after Surgery (ERAS) pathways have
been shown to reduce postoperative complications and
hospital length of stay in patients undergoing elective color-
ectal surgery.'> An ERAS protocol for colectomy patients was
first introduced at our institution, Massachusetts General
Hospital, in 2014, and has since been expanded to all color-
ectal operations. Introduction of the ERAS pathway required
very close collaboration with various providers and nurses
taking part in the patient’s journey through various phases of
care. The implementation began after five town hall meet-
ings that included representatives from surgery, anesthesia,
preoperative testing, intraoperative nursing, and posta-
nesthesia recovery room and floor nursing. Following a
careful discussion of various aspects of the pathway with
these various members of the team, a small pilot of 30
patients was first performed. Each case was followed care-
fully throughout all phases of care and a debrief meeting was
held to determine which steps of the pathway required
refinement or fine-tuning. After the first 30 cases, an audit
was conducted to make sure the surgical outcomes did not
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deteriorate. We were pleased to find that the audit showed a
1 day reduction in patient length of stay and a 60% reduction
in postoperative complications, including surgical infections.
Readmission rates remained unchanged. Armed with this
reassuring data, the ERAS pathway was rolled out to all color-
ectal resections. A few modifications were added prior to the
official roll out to include surgical site infection (SSI) reduction
steps. Since then, we have followed the protocol in over 500
patients undergoing colorectal resection. The patients on the
protocol continue to be closely followed postoperatively, and
the data suggest continued reduction in length of stay with
excellent outcomes with regard to rates of infections, anasto-
motic leaks, and renal and cardiac complications (these data
are currently under review for publication).

This article summarizes the Massachusetts General Hospi-
tal ERAS pathway as it is currently being practiced, with some
supporting evidence and useful implementation advice.

Preoperative Phase

Patient Education
Central to the success of the ERAS pathway at our institution
has been active patient education across multiple levels of
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patient care. Surgeons engage all patients in a discussion
focused on the operation, as well as both preoperative
optimization and postoperative recovery at the initial out-
patient office visit. This discussion sets expectations for
patient care with the shared goal of early recovery and
discharge. All patients receive perioperative ERAS instruc-
tions at the initial outpatient visit with a detailed outline of
all components of pre- and postoperative care, as well as key
patient objectives for preoperative preparation, including
nutrition, hydration, bowel preparation, and infection con-
trol. After the initial office visit, a dedicated patient educa-
tion nurse practitioner (NP) is notified of all patients enrolled
in the protocol. The role of the patient education NP is to
counsel patients through the preoperative process, answer-
ing all questions and alleviating anxiety. Intensive preopera-
tive education appears to have a positive impact on hospital
length of stay, especially in a population of patients enrolled
in an ERAS pathway.># Preliminary data from our institution
suggest that patient education NP may independently
decrease hospital length of stay for patients within an
ERAS protocol.

Nutrition

Patients are instructed to hydrate and eat carbohydrate-rich
meals 2 days prior to surgery to ensure that patients enter
the perioperative period in an anabolic state optimal for
wound healing and recovery of preoperative functional
status. In addition, we encourage patients to remain well
hydrated while undergoing their preoperative mechanical
and antibiotic bowel preparation (see more details later).
With this goal in mind, we recommend all patients drink two
bottles (24 oz.) of Gatorade before midnight on the day before
surgery. Patients are then NPO at midnight (for 7:30 a.m.
cases), except for a preoperative nutritional supplemental
drink given 3 hours before induction of anesthesia, which
needs to be fully ingested no later than 2 hours prior to the
induction of anesthesia. Patients scheduled for afternoon
surgery are allowed to drink clear liquids until 3 hours prior
to surgery. When the patient reaches the 3-hour prior to
surgery mark, they are asked to drink a carbohydrate drink
containing at least 45 g of complex carbohydrates in at least
400 mL of fluid (e.g., 24 oz of ClearFast). At our institution,
this drink is provided to the patient free of charge. Alter-
natively, up to 20 oz of Gatorade may be used as an alter-
native. This practice is based on randomized control trial
data demonstrating preoperative carbohydrate loading leads
to a significantly reduced postoperative hospital stay in
patients undergoing colorectal surgery when compared
with patients who undergo usual preoperative fasting pro-
tocols.”> Additionally, preoperative carbohydrate-rich drinks
have been shown to reduce preoperative thirst, hunger, and
anxiety, as well as postoperative insulin resistance.®’

Infection Control

To optimize infection control, patients are instructed to
shower or bathe with liquid chlorhexidine soap 2 days prior
to and on the morning of surgery. Patients are additionally
given instructions for mechanical and oral antibiotic

preparation for all colon resections. A wide variety of
mechanical preparation regimens to be taken on the day
prior to surgery are acceptable and include (1) two to four
Dulcolax pills at 2 p.m. followed by one bottle of Miralax in 64
oz of clear liquid taken from 3 to 5 p.m.; (2) 4 L of GoLytely
preparation from noon to 4 p.m.; (3) two to four Dulcolax
pills at 2 p.m. followed by one bottle of Mg citrate at 3 p.m. A
combination of at least two antibiotics (Neomycin 1,000 mg/
erythromycin 500 mg or neomycin 1,000 mg/metronidazole
500 mg) should be given 1 hour after completion of any of the
aforementioned mechanical bowel preps for three doses. We
emphasize to the patient that the antibiotics need to be taken
after the ingestion of the bowel prep has been completed
(=~Fig. 1).

Analgesia

Preemptive analgesia is administered to patients on arrival to
the preoperative care unit, approximately 2 hours prior to
the scheduled surgery. Typically, patients are asked to take
acetaminophen 1,000 mg and gabapentin 600 mg by mouth
with a sip of clear liquid. The dose of gabapentin is adjusted
for elderly patients. Alternative agents include celecoxib
400 mg by mouth and ketorolac, depending on surgeon
preference and patient renal function. Our institution does
not routinely administer preoperative anxiolytic medica-
tions due to unpredictable effects on postoperative recovery
and sedation.

Perioperative Phase

Anesthesia

An anesthetic plan that will facilitate recovery and return of
gastrointestinal motility is critical to the enhanced recovery
pathway. The primary goals of anesthesia have been
described in a “trimodal approach”—limitation of the stress
response to surgery, fluid balance, and analgesia.® Short-
acting anesthetic agents are generally preferred for induc-
tion and continuous anesthesia (propofol, cisatracurium,
fentanyl), allowing for attenuation of sympathetic stimula-
tion and for postoperative recovery to begin as early as
possible in the postoperative care unit. Intraoperative main-
tenance of normal physiologic parameters is additionally
achieved by temperature monitoring via esophageal probe
every 5 minutes to ensure normothermia, and hourly glucose
monitoring to prevent hyperglycemia. Regional anesthetic
blocks are often utilized to minimize intraoperative anes-
thetic requirements, as well as to reduce postoperative
opiate use. Epidural catheters are placed preoperatively for
most patients undergoing open abdominal surgery. Ideally,
the epidural is placed at the T7-T9 level for right-side
resections and T9-TO level for left-side and rectal resections.
Bupivacaine 0.2% at 3 mL/hour is used and often reduces
hypotension. Epidural anesthesia has been shown to impede
recovery after laparoscopic colorectal resections® and is
therefore avoided in such cases. Instead, most patients
undergoing laparoscopic surgery receive a transverse abdo-
minis plane (TAP) block. Postoperative TAP blocks facilitate
shorter length of stay in ERAS protocols in an efficient and
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NULYTELY

concentrate to the solution.

plain Jell-O.

prior to your surgery.

Pre-op Antibiotics

* ERYTHROMYCIN

* NEOMYCIN

Additional Pre-Procedure Patient Instructions

* This preparation is designed to allow rapid cleansing of the colon needed for colon surgery. In order
for it to be effective, you must drink the large amount of solution prescribed. This will not be
absorbed through the bowel, therefore, flushing waste material before it.

* Please start the prep (NULYTELY) between 12 noon and 4pm. Please make sure you give yourself
enough time so that you are able to finish it before midnight.

* To make NuLYTELY more palatable, you can chill it and add small amounts of lemon or lime

* While you are drinking the prep, make sure you are staying hydrated by drinking plenty of clear
liquids. This includes: water, clear fruit juices (apple, grape, cranberry), bullion, clear broths and

* NO solid foods, milk/milk products, or juice with pulp are allowed.

= We specifically ask that you drink two (2) 12 oz. bottles of Gatorade prior to midnight on the day
before surgery. Any flavor (even the red/cherry) is fine, as long as you are not having a colonoscopy

* To help prevent surgical infection, you will be prescribed two antibiotics to take pre-operatively.
* Take 1 tablet (500mg) at 5pm, 6pm, and 8pm on the night before your surgery.
= Note: if you are taking a statin medication (i.e. atorvastatin/Lipitor or simvastatin/Zocor), please

stop this medication the day before surgery since it is not compatible with erythromycin.

* Take 2 tablets (1000 mg) at 5pm, 6pm, and 8pm on the night before your surgery.

Fig. 1 Mechanical and oral antibiotic bowel preparation instructions.

cost-effective manner'® and have been shown to be non-
inferior to epidural analgesia for laparoscopic colorectal
surgery.'! TAP blocks may be placed preoperatively; how-
ever, postoperative placement is preferred to prevent case
delay. Placement is assisted by ultrasound guidance, and the
preferred agent is ropivacaine 0.5%. If epidural anesthesia is
not used, particularly in open cases, additional anesthetic
options commonly utilized include ketamine (both for induc-
tion and maintenance) and ketorolac, again with the goal of
minimizing postoperative narcotic use.

Antiemetics

Postoperative nausea and vomiting is a common impedi-
ment to early recovery. As previously described, anesthetic
agents are selected to optimize return of gastrointestinal
motility and decrease postoperative ileus. Furthermore, all
patients receive intraoperative antiemetics for prophylaxis
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of postoperative nausea and vomiting. Common agents admi-
nistered before the end of the case include Decadron 4 to 6 mg
IV (early in the case), Zofran 4 mg IV (30 minutes before the
end of the case), and Haldol 1 mg IV (used at variable time
points depending on anesthesiologist preference).

Fluid Management

Perioperative fluids are managed judiciously in the ERAS
protocol, as liberal use of fluids has been demonstrated to
delay return of normal gastrointestinal function'? and may
increase postoperative complications.' A strict protocol has
been used to dictate fluid management at our institution. First,
patients are not administered fluids in the preoperative hold-
ing area. If patients are hypotensive at induction, a bolus of 5 to
7 mL/kg of crystalloid is administered. Maintenance crystal-
loid infusion of up to 2 mL/kg/hour for laparoscopic cases and 3
mL/kg/hour for open cases is recommended, though this is not
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always easy to follow, and some members of the anesthesia
team utilize additional monitoring at their discretion. For most
cases, simple physiologic monitoring is achieved with a blad-
der catheter, blood pressure cuff, and pulse oximetry. Gen-
erally, urine output of 0.2 mL/kg/hour is considered acceptable
if other physiologic parameters suggest euvolemia. Intrao-
perative hypotension is approached first by determining the
etiology. If a patient is demonstrating a distributive physiology
and is not hypovolemic, vasopressor medications are used. If
patients are hypovolemic, patients may be given up to two
boluses of 250 mL of colloid. If patients remain hypotensive,
the anesthesiologist may proceed to a goal-directed fluid
therapy protocol with device-based monitoring. At present,
the esophageal Doppler is the only evidence-based option'*
and is used to ensure adequate left ventricular stroke volume
before further titration of vasopressors. This being said, there
are at least two other devices that have recently entered the
market that seem to achieve similar outcomes.

Infection Control

Due to the nature of most colorectal procedures, the operative
field is often contaminated and wound infection becomes a
significant consideration. As is standard in all colorectal sur-
gery, patients receive a preoperative antibiotic regimen within
60 minutes of incision. Chloraprep is the preferred agent for
skin preparation; however, Duraprep is also used depending
on surgeon preference. Careful attention is given to handling of
dirty surgical equipment. When an enterotomy or colotomy is
made, an additional tray or mayo stand is brought to the field.
All instruments used during this portion of the operation are
taken from and placed on this surface until the bowel is closed.
If another clean instrument is needed from the sterile table,
another sterile instrument must be used to retrieve the
instrument to prevent contamination from dirty gloves. If
drapes are contaminated, a sterile towel is placed over the
contaminated area. After the bowel is closed, all instruments
including suction tips and electrocautery are passed placed on
the tray and passed off the field. All surgeons and assistants
change gloves and gowns if contaminated, before proceeding
to the next portion of the operation. To further minimize
wound infection, wound protectors are routinely used in open
cases and at the time of bowel division in laparoscopic cases.
The wound protector is covered in towels at the time of
enterotomy/colotomy. Once the dirty portion of the procedure
is finished, the wound protector is removed without contam-
ination of subcutaneous tissue. If the wound protector is
contaminated during the case, it should be removed and
replaced.

Drains|Tubes

The routine use of intra-abdominal drains and nasogastric
tubes should be avoided in patients in an ERAS protocol.
Randomized trials have shown that patients who do not
receive nasogastric tubes in the immediate postopera-
tive period have no difference in nausea, vomiting, time to
return of bowel function, or increased length of stay.'>~"’
Similarly, evidence suggests that intra-abdominal drainage
does not improve postoperative outcomes and is associated

with drain-related complications, and thus should be
avoided.'8-20 [f Foley catheters are used intraoperatively to
monitor urine output, they should be removed in the oper-
ating room at the end of the case, if possible.

Postoperative Care

Enhanced Recovery after Surgery Colorectal Order
Template

Members of both surgery and anesthesia departments have
access to a standard set of ERAS postoperative order sets that
includes all components of the ERAS pathway described
here. These order sets help ensure adherence to the specific
protocol for all designated ERAS patients across a variety of
services performing colectomies within the hospital (color-
ectal surgery, acute care surgery, surgical oncology, gyneco-
logic oncology, transplant surgery). All faculty and house
staff who are involved in the care of ERAS patients received a
laminated copy of the “checklist” (=~ Fig. 2) for easy reference
in the postoperative period. Of note, postoperative order
templates include specific orders for both the postanesthesia
care unit (PACU) and the inpatient surgical floor.

Early Mobilization

Early mobilization is strongly encouraged in the ERAS path-
way. All patients who have undergone either laparoscopic or
open surgery are instructed to ambulate at least from the bed
to chair within 3 hours of arriving to the PACU. Upon arrival
to the floor, patients are asked to ambulate at least once on
postoperative day 0. On postoperative day 1, patients ambu-
late in the hallway at least three times daily. For patients
having undergone abdominoperineal resection (APR), sitting
is not permitted until postoperative day 2, at which point
patients may sit on a soft surface (pillow or cushion). The
benefits of early mobilization are multifold—increased mus-
cle strength, decrease in pulmonary complications, and ear-
lier return of bowel function.

AnalgesiaJAntiemetics

A multimodal postoperative analgesic regimen is employed
with the goal of allowing for early mobilization and promot-
ing early return of gastrointestinal function. As mentioned
earlier, epidural analgesia is administered for patients who
have had open surgery and TAP blocks are often used for
laparoscopic surgery. Randomized control trials have
demonstrated that midthoracic epidural analgesia is asso-
ciated with an earlier return of bowel function and tolerance
of an oral diet compare with opiate-based analgesia.’’
Epidural catheters are removed by postoperative day 2, or
earlier if patients are tolerating PO. Once the epidural
catheter is removed, analgesia is achieved with nonsteroidal
anti-inflammatory drugs (Toradol and/or ibuprofen if kidney
function is acceptable), standing gabapentin, and standing
Tylenol. Patients with TAP blocks are administered standing
Tylenol and gabapentin from the onset. Opiates are reserved
only for breakthrough pain and patient-controlled analgesia
(PCAs) are used only in patients with chronic narcotic
dependence.
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Fluid Management

Postoperative fluid management parallels intraoperative
fluid management: judicious administration of resuscitation
and maintenance fluids with the goal of maintaining

Colorectal Enhanced Recovery After Surge

hemodynamic stability while preventing the adverse
effects of fluid overload and edema. Crystalloids are run at
1 mL/kg/hour and discontinued postoperatively after 6 hours
or 300 mL of oral intake, whichever occurs first. If

ERAS) Checklist-Protocol

Include all patients considered for elective colorectal resections

1} Preoperative Surgeon Checklist

2] Preoperative Patient Checklist

ERAS cases will be marked as such on OR schedule

Surgeon meets with patient to discuss
procedure and set expectations

ALL elective colorectal surgeries will follow
ERAS pathway (effective immediately)

All ERAS patients will pre-operatively receive
written peri-operative ERAS instructions (diet,
mechanical and oral bowel preparation, in-
house goals, etc.)

Surgeons will use precp ERAS order set
Surgeons will ask patient to pick up the ERAS
SSI KIT at the pharmacy
Surgeons will notify their designated patient
education NP so she/he can call patients and
council them

Maintain physical activity
Hydration & carbohydrate-rich meals 2 days prior to
surgery
Take mechanical and oral antibiotic prep while
staying hydrated on clears
Take 2 bottles (24 oz) of Gatorade before midnight
NPO at midnight, except take:
o 12 oz of Gatorade or Clearfast 3 hours prior to
SUrgery
Report to hospital at least 2 hours prior to surgery
o Inpre-op, promptly ask for “oral medications”
(Acetaminophen 1000 mg, Gabapentin 600 mg). Take
with sip.

3) Perioperative Anesthesia and Surgeon Checklist

4) PACU Anesthesia and Surgeon Checklist

Confirm
a  Timing of Gatorade, meds. If not taken in CPC,
give Gabapentin/Acetaminophen PO
o Bowel preparation status
Obtain consent including regional (TAP block or
epidural)* for lap cases
Epidural pre-op placement for open cases.
Intraop multimodal pain control:
o if not using epidural during surgery, consider:
Ketamine 0.25-0.5 mg/kg as part of
induction
Ketamine Smecg/kg/min gtt (post-
induction through fascial closure)
Ketorolac 30 mg
Minimal to no narcotics
Intraop: Multimodal anti-emetics
o Ondansetron 2-4 mg po, consider
dexamethasone, haloperidol, ephedrine,
metoclopramide, more
Intraop fluid management:
o Suggest limit fluid to 2 mL/kg/br for lap and
3 mL/kg/hr for open
o Limit IV bolus to 250 cc x2 (at a time)
o Goal is continued urine output, stable 5V
o Consider GDFT if bolus x2 does not work
Intraop: avoid NG-OG tubes/drains/foley. If
needed, DC in OR if possible.
Post-op: TAP** block or epidural (if converted)

Input standard anesthesia PACU order set
TAP block** on arrival to PACU (if not done in OR)
Minimize narcotics, but use to temporize until TAP
block is effective (or if TAP block is not done)
Surgeon PACU orders : please use postop ERAS
colectomy order set which includes:
o Fluid sparing to 1 cc/kgfhr

Stop IVF after first 300 cc of POs
Ambulate on day of surgery

No pca

Ketorolac 15 mg IV QID

PLUS ERAS SCHEDULED MEDS TEMPLATE for:
Gabapentin 100 mg po TID

o Acetaminophen 1000 mg po QID

o o o0

[=]

Fig. 2 (A) and (B). Enhanced Recovery after Surgery (ERAS) protocol checklist: This checklist provides an important clinical reference tool for
physicians implementing an ERAS protocol, and contains all important aspects including preoperative care, perioperative anesthetic and

surgical care, and postoperative management guidelines.
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5) postoperative floor Period

6) Discharge Criteria and Prescriptions

Early mobilization
o Ambulate within 3 hours of surgery
o Ambulate BID or more often every day
Early nutrition:
o Clears on day of surgery
o Softdiet on POD 1
Multimodal antiemetic regimen***

o Ondansetron 2-4 mg po, consider
dexamethasone, haloperidol, ephedrine,
metoclopramide, more

orazepam prn
Multimodal pain control
Acetaminophen 1000 mg PO QID
Ketorolac 15 mg IV QID. D/C on floor, then
Ibuprofen 600 mg PO TID (after D/C ketoralac)
Gabapentin 100 mg PO TID to 300 TID
Hydromorphone or Oxycodone PRN (if all else
fails)

O OO0 0O

Able to tolerate POs
o Do not await flatus or BM
At home services in place
Pain well controlled on discharge regimen prior to
discharge.

Prescriptions at home:
Acetaminophen 1000mg PO QID
Ibuprofen 600 mg PO TID
Hydromorphone or Oxycodone PRN
Antiemetics PRN

Gabapentin per surgeon preference

o0 000

**TAP block: 25-30 mL/side of 0.25% Bupivacaine with 1:200,000 epinephrine

Fig. 2 (Continued)

hypotension occurs, up to three boluses of 250 mL of crystal-
loid or colloid are given for resuscitation. Specific criteria for
requiring a bolus are systolic blood pressure greater than 15%
below normal, mean arterial pressure less than 65, or urine
output less than 0.25 mL/kg/hour. If patients continue to be
unresponsive to fluids, more objective measures of fluid
status are utilized in a goal-directed manner. The most
commonly used measure is simple bedside echocardiogra-
phy, which all house staff are taught to perform.

Nutrition

Patients are allowed to drink clear liquids immediately in
the postoperative period once awake and able to safely
drink. Diet is advanced as tolerated on postoperative day 1
after a clear liquid breakfast, if patients are clinically
progressing. If nausea or vomiting develops, advancement
is delayed until symptoms resolve. Early diet advance-
ment has been shown to improve outcomes with earlier
return of bowel function and shorter length of stay with
no increase in nasogastric tube reinsertion or anastomotic
complications.??

Urinary Catheter

Urinary catheters are often placed intraoperatively for mon-
itoring of urine output as well as bladder decompression in
patients with epidural catheters; however, they are a nidus
for urinary tract infection. It is standard at our institution
that all urinary catheters placed in patients who are within
an ERAS protocol be removed in the operating room for
colonic resections and within 72 hours for rectal resections.
In cases of urinary retention, replaced catheters are removed
within 48 hours.

Discharge Criteria

Patients must meet a defined set of criteria prior to dis-
charge. First, the patient must be able to tolerate an oral diet

sufficient to meet nutritional needs. Importantly, patients
are not required to stay as inpatients until return of flatus or
bowel movements, contrary to usual practice on general
surgical services. Despite this, patients are discharged
home with no apparent increase in readmission for post-
operative ileus. Second, postoperative pain must be well
controlled on a multimodal oral pain regimen while in the
hospital. This multimodal regimen includes Tylenol, ibupro-
fen, gabapentin, and oral oxycodone or Dilaudid, and
patients are given prescriptions for a 2-week supply of all
medications at discharge. Specific discharge criteria are often
individualized based on patient characteristics and complex-
ity of the operation; however, all patients must meet the
aforementioned criteria.

Summary

Institution of an enhanced recovery protocol for patients
undergoing colon and rectal resections requires comprehen-
sive input and collaboration from both surgery and anesthe-
sia teams. Importantly, protocols should follow detailed
pathways for preoperative, perioperative, and postoperative
phases of patient care and all aspects of care should be
aligned to optimize patient nutrition, fluid status, gastro-
intestinal function, and pain control. Protocols inclusive of
these principles have been demonstrated to reduce inpatient
length of stay and improve surgical outcomes. The logistics of
rolling out an ERAS protocol within a department can be
facilitated by the utilization of standardized order sets, open
communication between surgeons, anesthesiologists, house
staff, and nursing; as well as distribution of a simplified
checklist to all providers caring for patients within the
protocol.
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