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ABSTRACT

Background. Enhanced-recovery (ER) protocols are

increasingly being utilized in surgical practice. Outside of

colorectal surgery, however, their feasibility, safety, and

efficacy in major oncologic surgery have not been proven.

This study compared patient outcomes before and after

multispecialty implementation of ER protocols at a large,

comprehensive cancer center.

Methods. Surgical cases performed from 2011 to 2016

and captured by an institutional NSQIP database were

reviewed. Following exclusion of outpatient and emergent

surgeries, 2747 cases were included in the analyses. Cases

were stratified by presence or absence of ER compliance,

defined by preoperative patient education and electronic

medical record order set-driven opioid-sparing analgesia,

goal-directed fluid therapy, and early postoperative diet

advancement and ambulation.

Results. Approximately half of patients were treated on

ER protocols (46%) and the remaining on traditional

postoperative (TP) protocols (54%). Treatment on an ER

protocol was associated with decreased overall complica-

tion rates (20% vs. 33%, p\ 0.0001), severe complication

rates (7.4% vs. 10%, p = 0.010), and median hospital

length of stay (4 vs. 5 days, p\ 0.0001). There was no

change in readmission rates (ER vs. TP, 8.6% vs. 9.0%,

p = 0.701). Subanalyses of high magnitude cases and

specialty-specific outcomes consistently demonstrated

improved outcomes with ER protocol adherence, including

decreased opioid use.

Conclusions. This assessment of a large-scale ER imple-

mentation in multispecialty major oncologic surgery

indicates its feasibility, safety, and efficacy. Future efforts

should be directed toward defining the long-term oncologic

benefits of these protocols.

For several decades fast-track and enhanced-recovery

(ER) surgical protocols have been described, mainly by

European centers.1 More recently, the concept of ER has

been integrated into surgical practice in North America,

resulting in a paradigm shift in perioperative care. ER is a

multimodality approach to patient care that is implemented

by a multidisciplinary team. The driving principle behind

these evidence-based care pathways is that by reducing

stress associated with surgery, patients are able to recover

The study was presented as an oral abstract at Society of Surgical

Oncology Annual Meeting, Chicago, IL, March 22, 2018.

Electronic supplementary material The online version of this
article (https://doi.org/10.1245/s10434-018-07150-5) contains
supplementary material, which is available to authorized users.

� Society of Surgical Oncology 2019

First Received: 22 September 2018;

Published Online: 9 January 2019

T. A. Aloia, MD, FACS

e-mail: taaloia@mdanderson.org

Ann Surg Oncol (2019) 26:782–790

https://doi.org/10.1245/s10434-018-07150-5

https://doi.org/10.1245/s10434-018-07150-5
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-018-07150-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-018-07150-5&amp;domain=pdf
https://doi.org/10.1245/s10434-018-07150-5


more rapidly and completely, thereby minimizing compli-

cations and delays in further treatment.1,2 As ER has been

incorporated into more surgical specialties, data are rapidly

accumulating that demonstrate the benefits of ER protocols

on patient outcomes. These benefits include reduced post-

operative complications and inpatient length of stay

(LOS).3–8 As personalized care and precision medicine

have become increasingly importantly concepts, studies

examining more patient-centric, long-term outcomes

reflecting functional recovery also are being reported.9–11

Despite this revolution in perioperative care, much of

the ER literature focuses on the impact of ER on patients

undergoing nononcologic procedures.6,8,12 When oncologic

patients are described, they often have early-stage disease

amenable to less invasive surgical intervention.13,14

Because colorectal surgeons were amongst the earliest to

incorporate ER into their practice, the largest amount of

oncologic data on ER exists in this patient cohort. How-

ever, the majority of oncologic specialties are

underrepresented in the ER literature.15–18 To address this

knowledge gap, we assessed the impact of ER implemen-

tation on patient outcomes across multiple oncologic

surgical specialties at a large, comprehensive cancer center.

METHODS

Defining Enhanced-Recovery Protocols

ER protocol implementation began in 2012 with a

phased roll-out performed across disease sites and surgical

specialties over a 3-year period. Surgical specialties

included in the analyses were Colorectal, Gynecology,

Hepatobiliary, Thoracic, and Urology. Each service area

program was formed around a multidisciplinary team that

included surgery, anesthesia, nursing, pharmacy, nutrition,

rehabilitation services, and informatics support. Provider

education regarding the core components of ER was sup-

plemented by presentations at regularly scheduled CME

meetings, surgical service orientations, and other didactics.

For the purpose of this study, ER protocol compliance was

defined as patient care that included preoperative patient

education on ER and use of both pre- and postoperative

ordersets in the institutional electronic medical record that

incorporated the four pillars of ER: multimodal opioid-

sparing analgesia, goal-directed fluid therapy, early feed-

ing, and early ambulation.1,2,19

Patient education was performed by providers and

nursing staff at preoperative clinic visits. Patients received

education on both the indicated operation and on ER

principles and goals, with the objectives of reducing anx-

iety by transparently sharing plans of care and setting

patient expectations regarding their perioperative

experiences.2,19 For opioid-sparing, multimodal analgesia,

although each service had latitude to select the exact

components, all used some combination of regional anes-

thetic options (e.g., epidural and transverse abdominus

plane [TAP] blocks) with acetaminophen, nonsteroidal

anti-inflammatories, and nonnarcotic neuromodulators.

Goal-directed fluid therapy, performed both intraopera-

tively and postoperatively, involved titrating the amount of

fluid being administered based on hemodynamic indices,

low maintenance fluid rates, early discontinuance with per

oral intake, and data-driven bolus strategies.19,20 Early

feeding was built into order sets, begun in most cases on

postoperative day 0, and programmatically advanced to

regular diet. Early ambulation was likewise hard-wired into

order sets and initiated in most cases on the day of

surgery.21–28

National Surgical Quality Improvement Program

Analysis

This study was approved by the University of Texas MD

Anderson Cancer Center institutional review board and

performed in compliance with the National Surgical

Quality Improvement Program (NSQIP) data use agree-

ment. For the entire duration of the study, the center

participated in the Essentials data collection model, cap-

turing approximately 14% of the surgical volume across all

specialties. Patient data were obtained from the institu-

tional American College of Surgeons (ACS)-NSQIP

database from January 2011 to December 2016 for the

following surgical specialties: Colorectal, Gynecology,

Hepatobiliary, Thoracic, and Urology. Both open and

minimally invasive surgical cases were included in the

analyses, but all outpatient and emergent cases were

excluded. For patients undergoing surgeries involving

more than one surgical team, the operation was classified

by the primary team’s specialty. The date of ER protocol

initiation was determined for each specialty, and the cases

from each specialty were subsequently divided into two

cohorts: those treated on ER versus TP protocols.

Variable collection was performed by Surgical Clinical

Reviewers trained in the analysis of medical records and

audited by the ACS. Demographic and clinical informa-

tion, operative details, and 30-day outcomes were included

in the analyses. Age, American Society of Anesthesiolo-

gists (ASA) classification, preoperative functional status

(defined as independent if assistance from another person

for any activities of daily living was not required vs.

dependent if some or total assistance was required), and

preoperative comorbidities were compared between

patients treated on ER and TP protocols.29 Wound class,

operative time, and hospital length of stay (LOS) were

assessed. Postoperative complications, as defined by the
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NSQIP Participant Use Data File, were compared between

ER and TP cohorts and included wound infection, pneu-

monia, pulmonary embolism, urinary tract infection, renal

failure, myocardial infarction, cardiac arrest, stroke, sepsis,

and unplanned return to the operating room. A severe

complication was defined per prior publications as having

one or more of the following: organ space infection, wound

dehiscence, pneumonia, unplanned intubation, acute renal

failure, myocardial infarction, sepsis, septic shock, or

unplanned return to the operating room.10 Thirty-day

readmission and mortality rates also were compared.

Mortalities that occurred during a continuous postoperative

admission lasting longer than 30 days were included.

Before implementation, throughout the study period, and

after implementation, NSQIP patient outcomes reports

were shared with each team and associated frontline pro-

viders. Likewise, individual teams internally reported their

general and specialty-specific outcomes from existing

department-level databases.

Analysis of High Magnitude Surgeries

A subanalysis was performed to assess the effects of

implementation of ER protocols on patients undergoing

high-magnitude surgery. Case magnitude was determined

by primary CPT RVU, and cases with RVU [30 were

considered high magnitude. All variables included in the

complete ER versus TP cohort analyses also were assessed

in this subanalysis.

Statistics

Statistical analyses were performed using JMP Pro

software program (Version 12, SAS institute Inc., Cary,

NC). Univariate analyses were performed using Chi square

or Fisher’s exact test for categorical variables and the

Mann–Whitney U test for continuous variables. Continu-

ous variables are reported as median values and

interquartile ranges. A two-tailed univariate p\ 0.05 was

considered significant.

RESULTS

Study Population Demographics and Clinical Profile

A total of 2747 patients entered into the institutional

NSQIP database between January 2011 and December

2016 were included in the analyses (Supplementary Fig. 1).

Median age at the time of surgery was 60 years (in-

terquartile range [IQR] 51-68 years), 1,548 (56%) were

female, and the mean ASA score was 3. Fourteen percent

of cases were performed laparoscopically, and the

remainder were performed via an open surgical approach.

Preoperative comorbidities are detailed in Table 1: 360

patients (13%) had diabetes, 1208 (44%) medication-con-

trolled hypertension, and 82 (3%) required chronic steroids.

Also, 365 patients (13%) were documented smokers within

the 12 months before surgery, although the overall rates of

COPD and dyspnea were low. With regard to their onco-

logic diagnoses, 1335 (48%) received preoperative

chemotherapy within 30 days of surgery, and 495 (18%)

received preoperative radiation within 90 days of surgery.

At the time of surgery, 746 (27%) of patients had dis-

seminated cancer and 72 (3%) reported loss of[ 10% of

their body weight during the 6 months before surgery.

A total of 1252 (46%) patients were treated on ER

protocols. Compared with patients treated on TP protocols,

patients on ER protocols had similar median age (60 vs.

60 years, p = 0.742) and rates of ASA C 3 classification

(88% vs. 87%, p = 0.270). Although patients treated using

ER protocols had slightly lower rates of medication-con-

trolled hypertension (42% vs. 46%, p = 0.027) and

disseminated cancer (24% vs. 30%, p = 0.001), they were

more likely to have undergone preoperative treatment with

chemotherapy (51% vs. 47%, p = 0.014) and radiation

(20% vs. 16%, p = 0.004).

Outcomes of Patients Treated using ER Versus TP

Protocols

Compared with TP protocols, treatment using ER pro-

tocols was associated with decreased perioperative

complications (Table 2). Specifically, patients on ER pro-

tocols were less likely to have complications (20% vs.

33%, p\ 0.0001), including severe complications (7% vs.

10%, p = 0.010). The median hospital LOS was lower for

patients on ER protocols (4 vs. 5 days, p\ 0.0001).

Despite the shorter LOS, unplanned 30-day readmission

rates did not increase in the ER cohort (107 vs. 134

patients, 8.6% vs. 9.0%, p = 0.701). Lastly, while the

30-day mortality rates were low for both cohorts, a reduced

mortality rate was observed amongst patients treated on

ER protocols (0.2% vs. 0.6%, p = 0.245).

Individual Specialty Outcomes of Patients treated

on ER Versus TP Protocols

The previously described analyses also were performed

on an individual basis for each of the surgical specialties

included in the NSQIP database. These analyses demon-

strated that many of the beneficial effects of ER protocol

adoption observed for all cases were seen within each

specialty. Although the exact factors that significantly

improved with ER-protocol implementation differed for

each specialty, these protocols uniformly resulted in
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decreased rates of complications (Fig. 1a), including severe

complications. This included decreased rates of surgical

site infections following ER protocol implementation for

all specialties except thoracic surgery, for which no change

in the already low rates of SSIs was observed (1.0% vs.

2.8%, p = 0.085). Patients across all specialties treated

using ER protocols also had shorter median hospital LOS

(Fig. 1b). Lastly, evaluation by the individual specialties of

their patients’ average postoperative opioid use, measured

as morphine-equivalent daily doses, demonstrated a

42–85% decrease in opioid use after ER protocol imple-

mentation.30 Although no data regarding patient-reported

pain scores are collected within the NSQIP database,

results of previously published studies utilizing ER proto-

cols suggest that the lower observed opioid use was

associated with improved patient-reported pain scores.31–33

Assessment of High Magnitude Case Outcomes

To further assess the effects of ER protocol implemen-

tation on patient outcomes and to better control for case

complexity, a subanalysis was performed on those patients

undergoing high-magnitude surgeries (primary CPT

RVU[30); 1,022 cases (37%) satisfied this definition.

High-magnitude cases by surgical subspecialty are shown

in Supplementary Fig. 2. Within this cohort of patients,

TABLE 1 Clinical

characteristics, based on

recovery protocol

Factor Total Traditional Enhanced recovery p Value

No. of patients 2747 1495 (54) 1252 (46)

Surgical subspecialty

Colorectal 663 (24) 273 (18) 390 (31)

Gynecology 634 (23) 401 (27) 233 (19)

Hepatobiliary 291 (11) 230 (15) 61 (5)

Thoracic/vascular 856 (31) 390 (26) 466 (37)

Urology 303 (11) 201 (13) 102 (8)

Preoperative

Age, year, median (IQR) 60 (51–68) 60 (50–69) 60 (51–68) 0.742

Gender, female 1548 (56) 856 (57) 692 (55) 0.296

ASA score

I/II 347 (13) 199 (13) 148 (12) –

III/IV 2375 (87) 1287 (87) 1088 (88) 0.270

Diabetes 360 (13) 182 (12) 178 (14) 0.114

Current smoker 365 (13) 215 (14) 150 (12) 0.065

Dyspnea 190 (7) 98 (7) 92 (7) 0.415

COPD 128 (5) 72 (5) 56 (4) 0.671

HTN requiring medication 1208 (44) 686 (46) 522 (42) 0.027

Disseminated cancer 746 (27) 443 (30) 303 (24) 0.001

Steroid use 82 (3) 48 (3) 34 (3) 0.448

[ 10% weight loss 72 (3) 46 (3) 26 (2) 0.102

Bleeding disorder 97 (4) 61 (4) 36 (3) 0.088

Preoperative radiation 495 (18) 240 (16) 255 (20) 0.004

Preoperative chemotherapy 1335 (48) 693 (47) 642 (51) 0.014

Perioperative

MIS procedure 394 (14) 174 (12) 220 (18) \0.0001

Wound classification

Clean 84 (3) 50 (3) 34 (3) –

Clean/contaminated 2543 (93) 1379 (92) 1164 (93) –

Contaminated 74 (3) 38 (3) 36 (3) –

Dirty/infected 46 (2) 28 (2) 18 (1) 0.862

Operative time, min, median (IQR) 218 (141–316) 234 (152–335) 198 (126–294) \0.0001

Bold values are statistically significant (p\ 0.05)

IQR interquartile range, ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary

disease, HTN hypertension, MIS minimally invasive surgery
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371 (36%) were treated using ER protocols. Compared

with patients on TP protocols, ER-protocol patients were

less likely to have disseminated cancer at the time of sur-

gery (19% vs. 36%, p\ 0.0001) but were more likely to

have undergone radiation (27% vs. 19%, p = 0.001).

Median procedure duration was similar between the ER

and TP cohorts (327 vs. 326 min, p = 0.466; Table 3).

Compared with patients undergoing surgeries of any

magnitude, patients undergoing high-magnitude operations

had increased rates of perioperative complications (41% of

cases with RVU[ 30 vs. 27% of all cases, p\ 0.0001),

longer median LOS (6 vs. 4 days, p\ 0.0001), and higher

readmission rates (13% vs. 9%, p = 0.0003). Despite this

confirmation of increased case complexity, a beneficial

effect of ER protocols was still observed, and many of the

key findings from the analysis of the entire study popula-

tion also held true for patients who underwent high-

magnitude surgery. Specifically, patients undergoing more

complex cancer surgery and on ER protocols were less

likely than traditionally treated patients to have any com-

plication (35% vs. 44%, p = 0.002). The median LOS for

the ER protocol-treated cohort also was shorter (5 vs.

6 days, p\ 0.0001), while no corresponding increase in

30-day readmissions was observed (14% vs. 12%,

p = 0.348). No significant differences in the rates of severe

complications or 30-day mortality were found in this sub-

analysis; however, both were trending in a confirmatory

direction in the ER cohort (Table 4).

DISCUSSION

This study found that the adoption of enhanced recovery

protocols for the perioperative care of oncologic patients

resulted in improved patient outcomes, including decreased

rates of complications, reduced hospital LOS without a

TABLE 2 Postoperative complications, based on recovery protocol

Factor Total

(n = 2747)

Traditional (n = 1495) Enhanced recovery (n = 1252) p Value

Superficial incisional SSI 95 (3) 64 (4) 31 (2) 0.010

Deep incisional SSI 15 (1) 13 (1) 2 (0.2) 0.016

Organ space infection 88 (3) 51 (3) 37 (3) 0.499

Wound disruption/dehiscence 35 (1) 26 (2) 9 (1) 0.018

Pneumonia 80 (3) 52 (3) 28 (2) 0.054

Urinary tract infection 81 (3) 63 (4) 18 (1) \0.0001

Transfusion B 72 h of OR 512 (19) 344 (23) 168 (13) \0.0001

Unplanned return to OR 75 (3) 46 (3) 29 (2) 0.241

Any complication 747 (27) 493 (33) 254 (20) \0.0001

Any severe complicationa 244 (9) 152 (10) 92 (7) 0.010

LOS, days, median (IQR) 4 (3–7) 5 (3–7) 4 (2–5) \0.0001

Mortality B 30 days 12 (0.4) 9 (1) 3 (0.2) 0.245

Readmission B 30 days 241 (9) 134 (9) 107 (9) 0.701

Bold values are statistically significant (p\ 0.05)

SSI surgical site infection, OR operating room, IQR interquartile range, LOS length of stay
aSevere complications include: organ space infection, wound disruption/dehiscence, pneumonia, unplanned intubation, acute renal failure,

myocardial infarction, sepsis, septic shock, unplanned return to OR
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FIG. 1 Specialty-specific outcomes based on recovery protocol.

Comparison of a complication rates and b median hospital length of

stay between patients managed on traditional versus enhanced

recovery protocols
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concomitant increase in readmission rates, and lower opi-

oid utilization. These findings of ER protocol

implementation at a large comprehensive cancer center

mirror those reported in the ER literature for other surgical

specialties.3–8 To our knowledge, this is the largest study to

date looking at multispecialty ER implementation within

the setting of oncologic surgery, and so provides substan-

tial evidence that ER protocols can be successfully utilized

in the treatment of this complex patient population.

Unlike other reported ER studies, this analysis looked at

ER implementation across multiple surgical specialties.

Overall, the findings for each specialty were similar to

those for the entire cohort with regard to patient outcome

improvement. Even if a significant improvement in an

individual outcome was not seen, a trend in the improved

direction was observed. An exception to this was the out-

comes observed for the HPB group, which demonstrated

equivalent patient outcomes following adoption of ER

protocols. These findings were likely the result of smaller

included case volume and later provider adoption of ER

protocols. It should be noted that this group has previously

published on their larger experience with implementation

of ER protocols in liver surgery and demonstrated that

these protocols resulted in improved patient

outcomes.10,31,34

Perhaps more important than the effects seen following

ER implementation for all cases were those seen amongst

patients undergoing high-magnitude surgery. While it is

TABLE 3 Clinical

characteristics for high–

magnitude casesa, based on

recovery protocol

Factor Total Traditional Enhanced recovery p Value

No. of patients 1022 651 (64) 371 (36)

Surgical subspecialty

Colorectal 262 (26) 111 (17) 151 (41)

Gynecology 128 (13) 82 (13) 46 (12)

Hepatobiliary 291 (28) 230 (35) 61 (16)

Thoracic/vascular 49 (5) 32 (5) 17 (5)

Urology 292 (29) 196 (30) 96 (26)

Preoperative

Age, year, median (IQR) 60 (50–69) 60 (50–60) 60 (50–68) 0.879

Gender, female 462 (45) 287 (44) 175 (47) 0.341

ASA score

I/II 126 (12) 80 (12) 46 (13) –

III/IV 889 (88) 569 (88) 320 (87) 0.911

Diabetes 136 (13) 82 (13) 54 (15) 0.375

Current smoker 129 (13) 92 (14) 37 (10) 0.054

Dyspnea 54 (5) 36 (6) 18 (5) 0.641

COPD 39 (4) 26 (4) 13 (4) 0.694

HTN requiring medication 448 (44) 289 (44) 159 (43) 0.634

Disseminated cancer 302 (30) 232 (36) 70 (19) \0.0001

Steroid use 28 (3) 21 (3) 7 (2) 0.207

[ 10% weight loss 22 (2) 17 (3) 5 (1) 0.262

Bleeding disorder 40 (4) 27 (4) 13 (4) 0.610

Preoperative radiation 225 (22) 123 (19) 102 (27) 0.001

Preoperative chemotherapy 616 (60) 395 (61) 221 (60) 0.730

Perioperative

Wound classification

Clean 18 (2) 18 (3) 0 (0) –

Clean/contaminated 952 (93) 600 (92) 352 (95) –

Contaminated 33 (3) 19 (3) 14 (4) –

Dirty/infected 19 (2) 14 (2) 5 (1) 0.002

Operative time, min, median (IQR) 327 (255–419) 326 (251–422) 327 (266–409) 0.466

Bold values are statistically significant (p\ 0.05)

IQR interquartile range, ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary

disease, HTN hypertension
aDefined as RVU[ 30
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challenging to amalgamate outcomes across multiple spe-

cialties, focusing on high-magnitude cases enabled analysis

of a cohort of patients undergoing operations of more

uniform complexity. This is reflected by the equivalent

median procedure durations for patients undergoing high-

magnitude surgery and treated on ER versus TP protocols

(327 vs. 326 min, p = 0.466). That patients in the high

magnitude cohort on ER protocols also were found to have

improved outcomes, including decreased complications

and reduced LOS, suggests the results of the analysis for all

cases were not driven by a single specialty performing a

large number of lower-complexity cases.

Because all surgical programs engage in continuous

quality improvement at some level, one critique of this study

is that it is possible that other simultaneous initiatives con-

tributed to the observed improved patient outcomes. For

example, the hepatobiliary and colorectal groups developed

a quality improvement program around urinary tract infec-

tions that preceded ER implementation, and the gynecology

group designed a perioperative bundle to reduce their rates of

surgical site infections in parallel with their implementation.

However, there were no ongoing system-wide improve-

ments that could explain the consistency or magnitude of our

cross-specialty findings, including the dramatic decrease in

opioid utilization shared by all groups.

A second critique of the methodology may be the defi-

nition of ER protocol compliance. As previously discussed,

the four pillars of ER protocols have been well described,

and each pillar includes more than one patient intervention.

Although specific interventions were not proscribed at an

institutional level, each team designed ordersets and path-

ways that facilitated high compliance rates with multiple

accepted individual elements. Several studies have shown

that ER protocol compliance of C 70% results in a

demonstrable effect on patient outcomes.1,35,36 Regarding

the adherence to guidelines in this study, preoperative

education, preoperative carbohydrate loading (where indi-

cated), and preoperative multimodal nonnarcotic oral

analgesia were uniform. To facilitate consistent imple-

mentation and trainee education, electronically

implemented ordersets (including the postoperative proto-

cols and the analgesia plans) were utilized in more than

90% of ER pathway patients across all disciplines. Each of

these ordersets was designed to include[ 70% of recom-

mended postoperative elements. Case audits demonstrated

60% to 100% compliance for each core component of the

ER protocols (i.e., preoperative patient education and the

four pillars of ER clinical care).

Lastly, the retrospective nature of this study makes it

possible that other unmeasured confounding factors

impacted our results. Although it is possible that con-

founding factors may have resulted in overestimation of the

observed benefits of ER protocols, several elements of this

study counter the potential for selection bias and support

the conclusion that improvements in outcomes were

attributable to ER protocol implementation. These include

TABLE 4 Clinical characteristics for high-magnitude casesa, based on recovery protocol

Factor Total n = 1,022 Traditional n = 651 (64) Enhanced recovery n = 371 (36) p Value

Superficial incisional SSI 51 (5) 36 (6) 15 (4) 0.294

Deep incisional SSI 10 (1) 8 (1) 2 (0.5) 0.281

Organ space infection 61 (6) 38 (6) 23 (6) 0.814

Wound disruption/dehiscence 24 (2) 16 (2) 8 (2) 0.760

Pneumonia 29 (3) 19 (3) 10 (3) 0.836

Mechanical ventilation[ 48 h 8 (1) 6 (1) 2 (1) 0.718

Urinary tract infection 48 (5) 35 (5) 13 (4) 0.174

Transfusion B 72 h of OR 305 (30) 214 (33) 91 (25) 0.005

Sepsis 24 (2) 17 (3) 7 (2) 0.462

Unplanned return to OR 45 (4) 31 (5) 24 (5) 0.459

Any complication 416 (41) 288 (44) 128 (35) 0.002

Any severe complicationb 136 (13) 90 (14) 46 (12) 0.519

LOS, days, median (IQR) 6 (4–8) 6 (5–8) 5 (3–7) \0.0001

Mortality B 30 days 3 (0.3) 3 (0.5) 0 (0) 0.558

Readmission B 30 days 130 (13) 78 (12) 52 (14) 0.348

Bold values are statistically significant (p\ 0.05)

SSI surgical site infection, OR operating room, IQR interquartile range, LOS length of stay
aDefined as RVU[ 30
bSevere complications include: organ space infection, wound disruption/dehiscence, pneumonia, unplanned intubation, acute renal failure,

myocardial infarction, sepsis, septic shock, unplanned return to OR
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the NSQIP methodology, random case sampling, consis-

tency of implementation within and across specialties,

correlation with high-magnitude cases, and large patient

numbers.

CONCLUSIONS

This analysis of a multispecialty enhanced recovery

implementation at a large comprehensive cancer center

demonstrates that not only is ER protocol implementation

feasible for oncologic patients, but it is safe and effective in

improving postoperative outcomes. This study provides

evidence in support of ER utilization for a population of

patients previously underrepresented in the ER literature.

Considering the number of major oncologic operations

performed annually across the world, wide-scale adoption

of ER protocols is likely to improve the outcomes of many

patients. As postoperative complications and delayed

postoperative recovery is known to prevent return to

adjuvant treatment for oncologic patients, future work

should focus on defining the potential long-term oncologic

benefits of ER protocols.9,16,37–39
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