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Abstract

Background: Enhanced recovery protocols (ERPs) have become the 
standard of care for patients undergoing elective small bowel surger-
ies but have not yet been adequately studied in community hospi-
tals. In this study, a multidisciplinary ERP was developed and imple-
mented at a community hospital to include minimal anesthesia, early 
ambulation and enteral alimentation, and multimodal analgesia. The 
aim of this study was to determine the effects of the ERP on postop-
erative length of stay (LOS), readmission (RA) rates following bowel 
surgery, and postoperative outcomes.

Methods: The study design was a retrospective review of patients un-
dergoing major bowel resection at Holy Cross Hospital (HCH) from 
January 1, 2017 to December 31, 2017. Patient charts for diagnostic-re-
lated group (DRG) 329, 330, and 331 were retrospectively reviewed at 
HCH in 2017 to compare outcomes in ERP versus non-ERP cases. The 
Medicare claims database (CMS) was also retrospectively reviewed to 
compare HCH data to the national average LOS and RA for the same 
DRG codes. Mean values for LOS and RA were statistically compared 
to determine significant differences between ERP versus non-ERP pa-
tients at HCH and national CMS data versus HCH patients.

Results: LOS was analyzed for each DRG at HCH. At HCH, for DRG 
329, the mean LOS for non-ERP was 13.0833 days (n = 12) versus 

3.375 days (n = 8) (P ≤ 0.001) for ERP. For DRG 330, the mean LOS 
for non-ERP was 10.861 days (n = 36) versus 4.583 days (n = 24) (P ≤ 
0.001) for ERP. For DRG 331, the mean LOS for non-ERP was 7.272 
days (n = 11) versus 3.348 days (n = 23) (P = 0.004) for ERP. LOS 
was also compared to national CMS data. The LOS at HCH for DRG 
329 improved from the 10th to 90th percentile (n = 238,907); DRG 
330 improved from the 10th to the 72nd percentile (n = 285,423); 
DRG 331 improved from 10th to 54th percentile (n = 126,941) (P < 
0.001). The RA at HCH in ERP and non-ERP cases was 3% at 30 and 
90 days. CMS RA for DRG 329 was 25.1% at 90 days and 9.9% at 30 
days; DRG 330 RA was 18.3% at 90 days and 6.6% at 30 days; DRG 
331 RA was 11% at 90 days and 3.9% at 30 days.

Conclusion: Implementation of ERP following bowel surgery at 
HCH significantly improved outcomes, in comparison to non-ERP 
cases, national CMS data, and Humana data. Further research on ERP 
for other fields and its impact on outcomes in other community set-
tings is recommended.

Keywords: Enhanced recovery protocols; Length of stay; Readmis-
sion rate; HCH; MGH; CMS; Humana

Introduction

Enhanced recovery protocols (ERPs) include a multimodal 
perioperative care pathway proven to decrease recovery times 
and postoperative complication rates for patients undergoing 
major surgery [1]. ERP combines evidence-based periopera-
tive interventions with multidisciplinary approaches in which 
healthcare professionals of different disciplines collaborate to 
achieve multiple elements of a protocol [2]. Prior ERP studies 
have demonstrated the improved survival and quality of life 
resulting from the perioperative effects of improved nutrition 
and metabolic function, reconciliation of patient expectations, 
enhanced performance status, and psychological wellbeing [2]. 
Standardized pathways for perioperative management have 
been shown to reduce postoperative length of stay (LOS) by 
more than 30% and postoperative complications by up to 50% 
[3]. This drastic reduction in LOS and complications also leads 
to a subsequent reduction in community healthcare costs [4].

ERP has been implemented successfully for several types 
of surgeries including coronary artery bypass, sigmoid resec-
tion, pancreaticoduodenectomy, among others [5-8]. More re-
cently, ERPs have been studied for bowel cancer surgery and 
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have also shown favorable postoperative outcomes. However, 
the postoperative outcomes reported in the literature seem to 
vary by institution. While some studies report a reduction in 
LOS [9-11] after ERP implementation, others show no differ-
ence in LOS [12]. Other reported benefits include an improve-
ment in gastrointestinal function [12], receiving on-time adju-
vant chemotherapy [13]. One recent study even demonstrates 
a postoperative reduction in narcotic use after implementation 
of an ERP at their institution [9]. Reduction in LOS has also 
been shown to vary depending on physician adherence to ERP, 
with larger reductions in LOS for providers more closely ad-
hering to the ERP [14]. A recent meta-analysis studying gastro-
intestinal function after ERP implementation reports that the 
literature was too heterogeneous and precludes a meaningful 
result [15]. For this reason, single-institution studies may still 
be necessary to assess the function of an ERP on a smaller 
scale. Bowel cancer patients suffer from a high rate of physi-
cal debility and treatment-associated morbidity, resulting in 
high rates of malnutrition, hospital admissions, medical and 
perioperative complications [16, 17]. As current methods of 
postoperative management following bowel surgery are ex-
tremely costly, have not changed for several years, and lead 
to lengthy hospital stays, there is need for a prospective ERP 
design and its implementation across various institutions and 
healthcare systems [18]. A perioperative care pathway for all 
elective bowel surgery and bowel cancer surgery patients may 
thus lead to improved quality of life and decreased complica-
tions, LOS, and financial burden.

This elective bowel surgery ERP was developed by Holy 
Cross Hospital (HCH) in collaboration with Massachusetts 
General Hospital (MGH). It combines the successful elements 
of previous programs with a proactive and personalized ap-
proach to improve quality and reduce costs in community-
based settings. In this study, all elective bowel surgery patients 
were offered an individualized intervention program based 
on a multidisciplinary assessment, integrating resources from 
physical therapy, social work, nutrition, spiritual services, acu-
puncture, alternative medicine, nursing, anesthesia and sur-
gery. The aim of this study was to evaluate the clinical efficacy 
of this individualized perioperative ERP for patients undergo-
ing elective bowel surgery and to compare outcomes based 
on postoperative morbidity, mortality, LOS, and readmission 
(RA) rates [4].

Materials and Methods

Study design

The study design was a retrospective review of patients un-
dergoing major bowel resection at HCH from January 1, 2017 
to December 31, 2017. LOS was compared between ERP and 
non-ERP participating patients by two methods. One method 
compared the LOS of ERP participating surgeons before (Fig. 
1: pre, light blue bar) and after (Fig. 1: post, light blue bar) they 
implemented ERP into their practice. In this fashion, LOS was 
compared before and after ERP use among the same surgeons 
to reduce risk of user bias. The LOS of ERP versus non-ERP 

participating surgeons after implementation of ERP was then 
compared subsequently.

At HCH, a total number of 114 (ERP = 55 and non-ERP 
= 59) patients underwent major bowel surgery from January 
1, 2017 to December 31, 2017. As demonstrated in Table 1, 
all ERP patients underwent a multidisciplinary multimodality 
regimen of standardized perioperative care. In contrast, non-
ERP patients underwent care that was at the discretion of the 
providers on an ad hoc basis, other than the standard require-
ments set by quality and safety standards such as deep vein 
thrombosis (DVT) prophylaxis, infection control, etc. (Table 
1). With the implementation of a multidisciplinary team to 
track outcomes and monitor adherence to ERP, all ERP pa-
tients were in compliance with the ERP perioperative program.

The study was approved by IRB, and conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as with the Helsinki Declaration.

Inclusion and exclusion criteria

Inclusion criteria consisted of patients undergoing major bow-
el resection at HCH, a small community hospital in Fort Lau-
derdale, Florida, consisting of patients with DRG 329, DRG 
330, or DRG 331 documented into their records. The surgeon 
performing the bowel surgery decided whether or not to par-
ticipate in the ERP for their patients.

Exclusion criteria consisted of patients undergoing emer-
gency, urgent, or non-elective procedures. Patients not in com-
pliance with the ERP were also included in the exclusion crite-
ria, although no patients ended up meeting these criteria.

Data sources and study population

One hundred and fourteen patients undergoing major bowel re-
section (DRG 329, DRG 330, and DRG 331) at HCH, a small 
community hospital in Fort Lauderdale, Florida, were identi-
fied in this comparative analysis. Patients were stratified into 
two comparison groups: ERAS protocol (“ERP”, n = 55) and 
non-ERAS protocol (“non-ERP”, n = 59). Both groups were 
subject to preoperative, intraoperative, and postoperative care 
by the same group of board-certified surgeons.

A retrospective chart review was conducted for DRG 329, 
330, and 331 at HCH between January 1, 2017 and December 
31, 2017 and through a Health Insurance Portability and Ac-
countability Act (HIPPA) compliant national database to com-
pare outcomes in ERP versus non-ERP cases. Between January 
1, 2007 and December 31, 2012, the CMS query resulted in a 
total number of 694,554 patients who underwent major bowel 
surgery. In the Medicare query, 238,907/651,271 patients un-
derwent DRG 329, 285,423 underwent DRG 330, and 126,941 
had major bowel surgery without comorbid conditions (DRG 
331). The quest in Humana showed a total result of 43,283 
cases. Of these, there were 13,286 for DRG 329, 19,370 for 
DRG 330, and 10,627 for DRG 331.

The national Medicare database contains demograph-
ics, procedure volume, and average cost information for each 
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diagnostic-related group (DRG). Data queried for the present 
comparison were derived from the database between January 
1, 2007 and December 31, 2012. For the purpose of this study, 
the database was queried for patients undergoing major bowel 
surgeries with or without major complications, or comorbid 
conditions, using the DRG codes mentioned in Table 2. Access 
to the database was granted from the provider for the purpose 
of academic research.

Demographic information of study population

The gender distribution in the Medicare patient population 

showed that more females underwent major bowel surgery 
with a percentage of 59.60% and 40.40% males, while there 
was an approximately close result in Humana with 44.02% 
males and 54.98% females. Within both the Medicare and Hu-
mana populations, the regional distribution is represented with 
a high incidence of cases in the Southern United States fol-
lowed by the Midwest, Northeast, and the West. In the Medi-
care database, the Charlson Comorbidity Index (CCI) ranges 
from 1 to 33 for DRG 329, with an average of 8 and median of 
7. For DRG 330, CCI ranges from 1 to 32 with an average and 
median of 7. DRG 331 shows CCI ranges between 1 and 29 
with an average and median of 6. In the Humana database, for 
DRG 329 CCI ranges from 0 to 29 with an average and median 

Figure 1. (a) Average LOS was significantly reduced in the ERP participating group DRG 329 at HCH. LOS significantly improved 
among ERP participating surgeons when compared before and after ERP implementation (*Reduction in LOS (days) 11.0 vs. 
3.375, *P = 0.001). LOS significantly improved in patients undergoing ERP compared to patients undergoing non-ERP (**Reduc-
tion in LOS (days) 13.0833 vs. 3.375 (**P = 6.99 × 10-5)). (b) Average LOS was significantly reduced in the ERP participating 
group DRG 330 at HCH. LOS significantly improved among ERP participating surgeons when compared to before and after ERP 
implementation (*Reduction in LOS (days) 7.88 vs. 4.58 (*P = 0.008)). LOS significantly improved in patients undergoing ERP 
compared to patients undergoing non-ERP (**Reduction in LOS (days) 10.861 vs. 4.583 (**P = 1.31 × 10-7)). (c) Average LOS 
was significantly reduced in ERP participating group DRG 331 at HCH. LOS significantly improved among ERP participating 
surgeons when compared before and after ERP implementation (*Reduction in LOS (days) 4.03 vs. 3.34 (*P = 0.1689)). LOS 
significantly improved in patients undergoing ERP compared to patients undergoing non-ERP (**Reduction in LOS (days) 7.272 
vs. 3.34 (**P = 0.004)). ERP: enhanced recovery protocol; DRG: diagnostic-related group; LOS: length of stay; HCH: Holy Cross 
Hospital.
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of 5. For DRG 330, CCI ranges between 0 and 25 with an aver-
age of 5 and a median of 4. DRG 331 shows a CCI between 0 
and 25 with an average and median of 3.

Statistical analysis

Analysis of variance (ANOVA) analyses and independent 
t-tests were utilized to evaluate and compare group demo-
graphics and to compare the mean values of the following 
dependent variables: postoperative hospital LOS, RA rate 
within 30 and 90 days, average charge information, and rate 

of postoperative complications (including morbidity and 
mortality). Percent utilization was established by collect-
ing the number of patients who were invoiced for at least 
one of the DRG codes listed above within 90 days after the 
surgical procedure. All statistical analyses were performed 
using The R Foundation© statistical software package, with 
statistical significance defined as P < 0.05. Top quartile and 
top 10th percentile were stratified for each individual DRG, 
with demographic, cost, and RA analysis performed for each. 
Statistical significance was tested between each subgroup for 
average cost, LOS, and comorbidity. Comorbidity was quan-
tified by use of the CCI. Statistical regression analysis was 

Table 2.  DRG, 2007 - 2012, for Bowel Surgeries Which Were Utilized to Identify Cases for Chart Review

DRG code Description
329 Major bowel surgery with major complication or comorbidities
330 Major bowel surgery with comorbid conditions
331 Major bowel surgery without comorbid conditions

DRG is a classification of patients by diagnosis or surgical procedure based on the premise that treatment of similar medical diagnoses generates 
similar costs. This system sometimes includes age and classifies into major diagnostic categories, each containing specific diseases, disorders or 
procedures, for the purpose of determining payment of hospitalization charges. This system of classification was developed as a collaborative project 
by Robert B. Fetter, PhD, of the Yale School of Management and John D. Thompson, MPH of the Yale School of Public Health. DRG: diagnostic-
related group.

Table 1.  Preoperative, Intraoperative, and Postoperative Care Protocols for the Patients Undergoing ERP and not Undergoing ERP

ERP Non-ERP
Perioperative
  Counseling and education Patient provided counseling, booklet, and YouTube 

video on recovery program. Pre-habilitation initiated.
At discretion of surgeon

  Fluids and fasting Fluid carbohydrate loading until 2 h before 
surgery. No solids foods after midnight.

No fluids or solid food allowed 
after midnight before surgery.

  Bowel preparation Minimal bowel preparation At discretion of surgeon
  Prophylaxis DVT, infection, and hypothermia prophylaxis as per guidelines DVT, infection, and hypothermia 

prophylaxis as per guidelines
Intraoperative
  Analgesia Multimodal analgesia with no or short-acting premedication, 

minimal sedation and narcotics, routine use of nerve blocks.
At discretion of surgeon

  NGT Sparing use of NGT, early removal postoperatively Routine use at discretion of surgeon
  Urinary catheter Sparing use of Foley, early removal postoperatively Routine use at discretion of surgeon
  Drain Sparing use of drain, early removal postoperatively Routine use at discretion of surgeon
  Surgical approach Minimally invasive: laparoscopic/robotic Minimally invasive: laparoscopic/robotic
  Intravenous fluids Avoid salt and water overload, minimal 

administration, dependent on operation
At discretion of surgeon

  Hypothermia prevention Active warm air blanket Active warm air blanket
Postoperative
  Analgesia Multimodal with minimal opioids At discretion of surgeon
  Mobilization Early and frequent At discretion of surgeon
  Nutrition Early oral nutrition, gum chewing At discretion of surgeon
  IV fluids Minimal IV fluid hydration At discretion of surgeon

ERP: enhanced recovery protocol; DVT: deep vein thrombosis; NGT: nasogastric tube; IV: intravenous.
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performed using LOS, CCI, and demographics data to quan-
tify average cost per patient. Extrapolations were then made 
to project cost-savings after implementation of ERPs in small 
community hospitals.

Results

In this retrospective study, the implementation of the ERP for 
bowel surgery at HCH significantly decreased LOS without in-
creasing hospital RA rates, morbidity, or complications. When 
compared to national CMS data, the ERP implemented at HCH 
also demonstrated decreased LOS without increasing hospital 
RA rates, morbidity, or complications.

RA rate and LOS data between ERP and non-ERP patients 
at HCH

The RA rate at HCH in ERP and non-ERP cases was 3% at 
30 and 90 days, without any statistical difference between the 
groups. The LOS was significantly reduced in the ERP group 
compared with the non-ERP group. This is demonstrated in 
Figure 1, showing average LOS among surgeons prior to ERP 
implementation in their patients (pre: light blue bar) and af-
ter ERP implementation (post, light blue bar). When LOS was 
compared by the surgeon’s average LOS among patients, com-
pared before and after ERP implementation, LOS was signifi-
cantly reduced in the ERP group after implementation of the 
protocol (Fig. 1a-c).

Figure 2. (a) CMS average LOS distribution for DRG 329 (2007 - 2012) compared with HCH. LOS significantly improved in 
patients undergoing ERP compared to CMS LOS (*Reduction in LOS (days) 14.870 vs. 3.375 (*P = 5.76 × 10-9). There was no 
significant difference in LOS between non-ERP and CMS (**Reduction in LOS (days) 14.87 vs. 13.083 (**P = 0.324)). (b) CMS 
average LOS distribution for DRG 330 (2007 - 2012) compared with HCH. LOS significantly improved in patients undergoing 
ERP compared to CMS LOS (*Reduction in LOS (days) 8.73 vs. 4.58 (*P = 2.03 × 10-6). There was no significant difference in 
LOS between non-ERP and CMS (**Difference in LOS (days) 8.73 vs. 10.861 (**P = 0.01)). (c) CMS average LOS distribution 
for DRG-331 (2007 - 2012) compared with HCH. LOS significantly improved in patients undergoing ERP compared to CMS LOS 
(*Reduction in LOS (days) 5.2 vs. 3.34 (*P = 0.002)). There was no significant difference in LOS between non-ERP and CMS 
(**Difference in LOS (days) 5.2 vs. 7.27 (**P = 0.045)). ERP: enhanced recovery protocol; DRG: diagnostic-related group; LOS: 
length of stay; HCH: Holy Cross Hospital.
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RA rate and LOS data between ERP and non-ERP patients 
at HCH compared to national CMS data

The RA rate at HCH in ERP and non-ERP cases was 3% at 
30 and 90 days. For DRG 329, CMS has shown an RA rate of 
25.1% at 90 days and 9.9% at 30 days; for DRG 330, the RA 
was 18.3% at 90 days and 6.6% at 30 days and DRG 331 RA 
was 11% at 90 days and 3.9% at 30 days.

For all three DRG codes, there was a statistically signifi-
cant reduction in LOS at HCH as demonstrated in Figure 2a-c. 
ERP at HCH improved LOS after major bowel surgery com-
pared to Humana data. The LOS was statistically significantly 
reduced for all three DRG codes, as demonstrated in Figure 3a-
c. In addition, when compared to other hospitals in the CMS 

database, the LOS at our community hospital migrated to the 
top percentiles for reduced LOS after bowel surgery, as dem-
onstrated by the green arrow in Figure 4a-c, which shows the 
migration along a distribution curve of the average LOS after 
bowel surgery per DRG in the CMS database. Based on the 
CMS data, the migration was from the 10th percentile before 
ERP, to the 90th, 72nd and 54th percentile after ERP, per DRG, 
respectively. The improvement in LOS was achieved without 
any change in RAs, remaining stable at 3%, at 30 and 90 days.

In addition, when compared to other hospitals in the Hu-
mana database, the LOS at our community hospital migrated to 
the top percentiles for reduced LOS after bowel surgery, as dem-
onstrated by the green arrow in Figure 5a-c, which shows the mi-
gration along a distribution curve of the average LOS after bowel 

Figure 3. (a) Humana average LOS distribution for DRG 329 (2007 - 2015) compared with HCH. LOS significantly improved 
in patients undergoing ERP compared to Humana LOS (*Reduction in LOS (days) 14.65 vs. 3.375 (*P = 1.28 × 10-10)). There 
was no significant difference in LOS between non-ERP and Humana (**Reduction in LOS (days) 14.87 vs. 13.08 (**P = 0.354)). 
(b) Humana average LOS distribution for DRG 330 (2007 - 2015) compared with HCH. LOS significantly improved in patients 
undergoing ERP compared to Humana LOS (*Reduction in LOS (days) 8.35 vs. 4.58 (*P = 2.89 × 10-5)). There was no signifi-
cant difference in LOS between non-ERP and Humana (**Difference in LOS (days) 8.35 vs. 10.86 (**P = 0.354)). (c) Humana 
average LOS distribution for DRG 331 (2007 - 2015) compared with HCH. LOS significantly improved in patients undergoing 
ERP compared to Humana LOS (*Reduction in LOS (days) 5.11 vs. 3.34 (*P = 0.0001)). There was no significant difference in 
LOS between non-ERP and Humana (**Difference in LOS (days) 5.11 vs. 7.27 (**P = 0.354)). ERP: enhanced recovery protocol; 
DRG: diagnostic-related group; LOS: length of stay; HCH: Holy Cross Hospital.
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surgery per DRG in the Humana database. The result in days, 
as well as the number of patients tracked (n) are stated for each 
DRG: for DRG 329, the mean LOS for non-ERP was 13.0833 
days (n = 12) versus 3.375 (n = 8) (P ≤ 0.001); for DRG 330, the 
mean LOS for non-ERP was 10.861 days (n = 36) versus 4.583 
(n = 24) (P ≤ 0.001); for DRG 331, the mean LOS for non-ERP 
was 7.272 days (n = 11) versus 3.348 (n = 23) (P = 0.004). Based 
on CMS data, at HCH the query of DRG 329 shows a signifi-
cant improvement from the 10th to 90th percentile (n = 238,907), 
DRG 330 from 72nd to 90th percentile (n = 285,423), and DRG 
331 from 10th to 54th percentile (n = 126,941) (P < 0.001).

Demographic data analysis

When demographic data were compared between ERP and 

non-ERP patients at HCH, there was no difference in the me-
dian age, sex, or medical comorbidities for these patients un-
dergoing elective major bowel surgery.

Discussion

In recent years, there has been increased interest in imple-
menting comprehensive perioperative protocols including 
perioperative optimization and education, perioperative goal-
directed fluid management, and postoperative fast-tracking 
[19]. For patients undergoing elective small bowel surgeries, 
such ERPs are becoming the standard of care as they maintain 
bowel function and reduce the incidence of postoperative ileus 
[20]. While previous studies have demonstrated the efficacy of 
bowel surgery ERPs for reducing LOS, RA rates, and compli-

Figure 4. (a) The curve plots the distribution of LOS for DRG 329 at all hospitals in the CMS database. HCH non-ERP LOS is 
represented by the dark blue line. HCH ERP LOS is represented by the light blue line. CMS LOS is represented by the dashed 
purple line. The green arrow demonstrates the migration along the distribution curve, bringing HCH into the left skew after im-
plementation of ERP. Reduction in LOS (days) 14.870 vs. 3.375 (P = 5.76 × 10-9). (b) The curve plots the distribution of LOS for 
DRG 330 at all hospitals in the CMS database. HCH non-ERP LOS is represented by the dark blue line. HCH ERP LOS is rep-
resented by the light blue line. CMS LOS is represented by the dashed purple line. The green arrow demonstrates the migration 
along the distribution curve, bringing HCH into the left skew after implementation of ERP. Reduction in LOS (days) 8.73 vs. 4.583 
(P = 2.039 × 10-6). (c) The curve plots the distribution of LOS for DRG 331 at all hospitals in the CMS database. HCH non-ERP 
LOS is represented by the dark blue line. HCH ERP LOS is represented by the light blue line. CMS LOS is represented by the 
dashed purple line. The green arrow demonstrates the migration along the distribution curve, bringing HCH into the left skew after 
implementation of ERP. Reduction in LOS (days) 5.20 vs. 3.348 (P = 0.002). ERP: enhanced recovery protocol; DRG: diagnostic-
related group; LOS: length of stay; HCH: Holy Cross Hospital.
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cations, there is little evidence regarding their success in com-
munity hospitals [21]. The implementation of an ERP in an 
integrated community healthcare system requires adoption of 
interdisciplinary change and allocation of resources, which can 
cause hesitation. This study demonstrated that an ERP provid-
ed significant benefit in a community healthcare system and 
that ERP programs could be implemented in similar settings.

In this study, an ERP for bowel surgery was successfully 
introduced at HCH, which was determined by a significantly 
decreased LOS. HCH, MGH, and 700 other US hospitals par-
ticipate in a national surgical quality improvement program, 
which was designed to enhance the quality of surgical care by 
safely replacing traditional practices. The data proven model 
was created to improve quality of life, preparedness for sur-
gery, postsurgical recovery, and to assist patients in regaining 

presurgical performance level. To achieve these measures, a 
multimodal and multidisciplinary approach was utilized which 
included perioperative, intraoperative, and postoperative inter-
ventions. The perioperative prehabilitation program was de-
signed to adjust to each patient’s personalized treatment plan 
through the collaboration of physical therapists, dieticians, 
social workers and other necessary specialists. Multimodal an-
algesia involved tailoring medication adjustment and adminis-
tration to individual pain levels with minimal opioid use. Post-
operatively, DVT and pulmonary embolism (PE) prophylaxis 
were accomplished via assisted walking on the same day of 
surgical intervention and gastrointestinal complications were 
prevented by administration of adequate or supplementary nu-
trition, clear liquids, and chewing gum for a minimum of 30 
min. This ERP also included collaboration with the spiritual 

Figure 5. (a) The curve plots the distribution of LOS for DRG 329 at all hospitals in the Humana database. HCH non-ERP LOS 
is represented by the dark blue line. HCH ERP LOS is represented by the light blue line. Humana LOS is represented by the 
dashed orange line. The green arrow demonstrates the migration along the distribution curve, bringing HCH into the left skew 
after implementation of ERP. Reduction in LOS (days) 14.65 vs. 3.37 (P = 1.28 × 10-10). (b) The curve plots the distribution of 
LOS for DRG 330 at all hospitals in the Humana database. HCH non-ERP LOS is represented by the dark blue line. HCH ERP 
LOS is represented by the light blue line. Humana LOS is represented by the dashed orange line. The green arrow demonstrates 
the migration along the distribution curve, bringing HCH into the left skew after implementation of ERP. Reduction in LOS (days) 
8.35 vs. 4.58 (P = 2.89 × 10-5). (c) The curve plots the distribution of LOS for DRG 331 at all hospitals in the Humana database. 
HCH non-ERP LOS is represented by the dark blue line. HCH ERP LOS is represented by the light blue line. Humana LOS is 
represented by the dashed orange line. The green arrow demonstrates the migration along the distribution curve, bringing HCH 
into the left skew after implementation of ERP. Reduction in LOS (days) 8.35 vs. 4.58 (P = 2.89 × 10-5). ERP: enhanced recovery 
protocol; DRG: diagnostic-related group; LOS: length of stay; HCH: Holy Cross Hospital.
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care department to reduce hospitalization-related anxiety, fear, 
and uncertainty, as a reduction in these measures has been as-
sociated with improved surgical outcomes.

Several limitations of this study should be discussed. Pri-
marily, the retrospective design of the study precludes a ran-
domized design. There are also several confounding variables 
that have the potential to affect study outcomes, although they 
were mitigated to the best of our abilities. As adherence to 
ERPs has been studied to affect outcome measures, the imple-
mentation of a multidisciplinary team to track outcomes was 
implemented to monitor adherence to the ERP. All ERP pa-
tients were in compliance with the ERP perioperative program. 
Additionally, the results from HCH represent the results of im-
plementation at a single institution in a community setting and 
therefore may not be generalizable to other hospitals or more 
specifically, to academic centers. The results were compared 
with a national database, however, to compare our findings at 
HCH with a large cohort and therefore increase our generaliza-
bility to a larger population. The extensive network of hospitals 
included in the databases utilized for this study differed in size, 
capacity, and staff. The significant decrease in LOS and cost of 
treatment at HCH compared to these databases demonstrates 
that this ERP was thoroughly compared to various treatment 
settings and conditions and subsequently, that this ERP pro-
gram can be of similar success in other community hospitals. 
While implementation of ERP programs requires significant 
change from traditional methods, decreased treatment cost, 
improved recovery, and expected increases in patient satisfac-
tion justify the resource allocation. Further studies comparing 
the cost of ERP implementation to cost savings over time in 
community hospitals are recommended. These types of studies 
can further expand upon the financial and clinical incentive for 
ERP programs.

Conclusion

In this retrospective study, the implementation of an ERP 
developed by HCH and MGH for bowel surgery was imple-
mented at HCH and significantly decreased LOS and hospital 
costs without increasing hospital RA rate, morbidity, or com-
plications. Our findings demonstrate that this ERP not only 
improves outcomes for bowel surgery but can also be imple-
mented successfully in a community setting.
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