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Abstract

Background: Enhanced recovery protocols (ERPs) have been shown to
improve the outcomes of gastrointestinal cancer care, leading to reduced
morbidity of gastrointestinal treatment and reduced delays in systemic
therapy. ERP implementation has also previously shown a reduction in
length of stay (LOS) without changing the readmission rate; however,
the economic cost associated with these measures has not yet been quan-
tified. The aim of this study was to evaluate the economic costs of ERP
implementation for colorectal cancer at a community hospital.

Methods: The Diagnostic Related Group (DRG) codes were used to
assess costs associated with the hospitalizations of cases in the ERP
versus non-ERP groups. The American Hospital Association (AHA)
Annual Survey from 1999 to 2015 was used to provide the expenses
per day for inpatient hospitalization in the United States. Postopera-
tive LOS, average healthcare costs, and postoperative complications
between ERP-protocol and non-ERP protocol groups were analyzed
using analysis of variance (ANOVA) and independent #-tests.
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Results: The AHA survey estimated that $2,265 was incurred per day
for non-profit hospitals in Florida and $2,346 was incurred per day for
the United States. For all DRG codes, the ERP-participating group was
associated with a shorter LOS and reduced health care costs. LOS-as-
sociated cost was compared between ERP and non-ERP groups: for
DRG 329, the total savings was $162,118.8 (n = 12 non-ERP versus n
=8 ERP, P=4.39 x 10°'8); for DRG 330, $314,552.64 (n = 36 non-ERP
versus n = 24 ERP, P =2.72 x 10-22); and for DRG 331, $89,302.73 (n
= 11 non-ERP versus n = 23 for ERP, P =4.19 x 1020).

Conclusions: The implementation of an ERP protocol for colorectal
cancer was associated with significantly reduced costs in a commu-
nity hospital.
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Introduction

Enhanced recovery protocols (ERPs) are multidisciplinary
perioperative care pathways that have been shown to improve
surgical outcomes and to reduce postsurgical complications
[1]. While ERPs have become the standard of care for patients
undergoing elective small bowel surgeries, several hospital sys-
tems have been reluctant to adopt these protocols because they
require change from traditional methods and significant resource
allocation. Community hospitals in particular, which generally
have less funding for research, have not implemented and stud-
ied ERP protocols as extensively as larger hospital systems [2].
ERP programs for bowel surgery have been associated
with several positive surgical outcomes, including the de-
creased incidence of postoperative ileus and nosocomial infec-
tions, early postsurgical recovery and mobility, and decreased
opioid resistance [3]. As postoperative complications are the
strongest indicator of healthcare costs [4], the role of ERP pro-
grams in reducing these complications has important implica-
tions for the financial wellbeing of patients and hospitals.
While some studies have demonstrated that ERP imple-
mentation trends towards lower medical costs [5], several pre-
vious studies did not reach statistical significance, included a
small sample size, or were conducted at large academic medi-
cal centers [6, 7]. There has been increased interest in the ef-
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Table 1. Descriptions of DRG Codes Used to Identify Disease Classifications

DRG Description of DRG code

DRG 329 Major bowel surgery with major complication or comorbidities
DRG 330 Major bowel surgery with comorbid conditions

DRG 331 Major bowel surgery without comorbid conditions

DRG: Diagnostic Related Group.

ficacy of ERP programs in community settings because several
large academic facilities are attempting to merge with commu-
nity hospitals to improve patient care [2]. In order to examine
the financial efficacy of ERP programs in multiple clinical set-
tings, they require implementation and evidence-based analy-
sis in settings such as community hospitals. The aim of this
study was to assess and evaluate the economic impact of ERP
implementation at a community hospital.

Materials and Methods

Data sources and study population

Diagnostic Related Group (DRG) codes were used to identify

114 patients undergoing major bowel resection (DRG 329, DRG
330, DRG 331) at the Holy Cross Hospital (HCH), a small com-
munity hospital in Fort Lauderdale, Florida (Table 1). Patients
were stratified into two comparison groups: ERP protocol (Ta-
ble 2) (“ERP”, n = 55) and non-ERP protocol (“non-ERP”, n =
59), which received care by the same group of board-certified
surgeons. The cost for length of stay (LOS) was estimated using
two components: the hotel cost, which included the overhead
fees associated with the hospital stay itself, and the treatment
cost, which included direct costs to patients. DRG codes were
used to assess costs associated with the hospitalizations of cases
in the ERP versus non-ERP groups. The American Hospital As-
sociation (AHA) Annual Survey from 1999 to 2015 was used to
provide the expenses per day for inpatient hospitalization in the
United States. These two components (hotel cost and treatment
cost) comprise the total cost for the LOS and were therefore

Table 2. Perioperative Interventions in ERP Versus Non-ERP Protocol

ERP

Non-ERP

Perioperative interventions

Counseling and education

Patient was provided counseling, booklet, and YouTube

At discretion of surgeon

video on recovery program. Pre-habilitation initiated

Fluids and fasting

Bowel preparation Minimal bowel preparation

DVT, infection, and hypothermia
prophylaxis as per guidelines

Prophylaxis

Intraoperative interventions

Analgesia

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

Multimodal analgesia with no or short-acting premedication,

No fluids or solid food allowed
after midnight before surgery

At discretion of surgeon

DVT, infection, and hypothermia
prophylaxis as per guidelines

At discretion of surgeon

minimal sedation and narcotics, routine use of nerve blocks

Postoperative interventions

NGT

Urinary catheter
Drain

Surgical approach

Intravenous fluids

Hypothermia prevention

Analgesia
Mobilization
Nutrition

IV fluids

Sparing use of NGT, early removal postoperatively
Sparing use of Foley, early removal postoperatively
Sparing use of drain, early removal postoperatively
Minimally invasive: laparoscopic/robotic

Avoid salt and water overload, minimal
administration, dependent on operation

Active warm air blanket

Multimodal with minimal opioids
Early and frequent

Early oral nutrition, gum chewing
Minimal IV fluid hydration

Routine use at discretion of surgeon
Routine use at discretion of surgeon

Routine use at discretion of surgeon

Minimally invasive: laparoscopic/robotic

At discretion of surgeon

Active warm air blanket

At discretion of surgeon
At discretion of surgeon
At discretion of surgeon

At discretion of surgeon

ERP: enhanced recovery protocol; DVT: deep venous thrombosis; NGT: nasogastric tube; IV: intravenous.
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Figure 1. Enhanced recovery protocols showing a significant reduction in costs for each DRG code at a community hospital.
X-axis is showing the Diagnostic Related Criteria; Y-axis is showing financial cost in US dollars ($) spent for a case with the cor-
responding average length of stay. *Reduction in costs per patient ($), P = 4.39 x 104. **Reduction in costs per patient ($), P =
2.72 x 1022, ***Reduction in costs per patient ($), P = 4.19 x 10-20. ERP: enhanced recovery protocol.

used to estimate total average healthcare costs.

Statistical analysis

Comparison of postoperative LOS between ERP-protocol and
non-ERP protocol groups was conducted using analysis of vari-
ance (ANOVA) and independent #-tests. Average healthcare costs
and postoperative complications were also analyzed using ANO-
VA and independent #-tests. Statistical analyses were calculated
using the R Foundation© statistical software package and statis-
tical significance was defined as P < 0.05. Charlson Comorbidity
Index (CCI) was used to predict mortality based on comorbidi-
ties. Statistical regression analysis was performed using post-
operative LOS, CCI, and patient demographics to quantify the
average cost of treatment per patient. These calculated healthcare
costs were then extrapolated to project cost-savings after imple-
mentation of ERP protocols in small community hospitals.

Ethical compliance with human study

The Institutional Review Board (IRB) approval was obtained.
The study was conducted using deidentified data and in com-
pliance with the ethical standards of the responsible institution
on human subjects as well as with the Helsinki Declaration.

Results

LOS data

LOS-associated cost was compared between ERP and non-
ERP groups using independent #-tests (Fig. 1): for DRG 329,
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the total savings was $162,118.8 (n = 12 non-ERP versus n =
8 ERP, P = 4.39 x 10!'8); for DRG 330, $314,552.64 (n = 36
non-ERP versus n = 24 ERP, P = 2.72 x 10'??); and for DRG
331, $89,302.73 (n = 11 non-ERP versus n = 23 for ERP, P =
4.19 x 10729), respectively.

Financial data

The AHA survey estimated that $2,265 was incurred in expenses
per day for non-profit hospitals in Florida and $2,346 per day
for the United States. At the Holy Cross Hospital (HCH) in Fort
Lauderdale, Florida, the LOS was reduced significantly in the
ERP-participating group compared to the non-ERP group for
each DRG code (Fig. 2). For DRG 329, the reduction in LOS
at a community hospital in the ERP participating group reduced
the cost of hospitalization from $27,297.96 (13.08 days) in the
non-ERP participating group to $7,033.19 (3.37 days) in the ERP
group. For DRG 329, ERP implementation reduced the cost by
an average of $20,264.77 per patient. For DRG 330, the reduction
in LOS at a community hospital in the ERP participating group
reduced the cost of hospitalization from $22,664.82 (10.86 days)
in the non-ERP participating group to $9,558.46 (4.58 days). For
DRG 330, ERP reduced the cost by an average of $13,106.36 per
patient. For DRG 331, the reduction in LOS at a community hos-
pital in the ERP participating group reduced the cost of hospitali-
zation from $15,172.49 (7.27 days) in the non-ERP participating
group to $7,054.06 (3.38 days). For DRG 331, ERP reduced the
cost by an average of $8,118.43 per patient.

Discussion

Implementing evidence-based methods to decrease surgical
costs without sacrificing surgical quality has vital implica-
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Figure 2. Average length of stay (LOS) is significantly reduced in patients undergoing the enhanced recovery protocols, repre-
sented by the light blue columns. Green columns are showing the number of spared hospitalization days in a patient undergoing
the enhanced recovery after surgery (ERAS) protocol at a community hospital. X-axis corresponds to the Diagnostic Related
Criteria (DRG) group; Y-axis is showing the LOS in days. *Reduction in LOS (days): 13.08 vs. 3.37, P = 6.99 x 105, **Reduction
in LOS (days): 10.86 vs. 4.58, P = 1.31 x 1077, ***Reduction in LOS (days): 7.27 vs. 3.34, P = 0.004. ERP: enhanced recovery

protocol.

tions for national healthcare. The rising cost of healthcare in
combination with limited community resources drives the im-
portance of incorporating cost-effective programs that prevent
resource waste. With increasing pressure from patients and in-
surance companies to publish and compare treatment costs and
quality, studies examining ERP programs provide such com-
parisons and justify resource allocation. As healthcare moves
towards consolidation of academic medical centers and com-
munity hospitals [2], it is more vital than ever to assure that
ERPs can be successful in both settings. In this study, imple-
mentation of an ERP was not only successful in reducing costs
and improving quality measures, but it also showed success in
a community setting.

The presence of surgical complications is the main pre-
dictor of healthcare costs. Severe complications can lead to a
five-fold increase in hospital costs compared to patients with-
out complications. Even minor complications such as nausea
and fatigue can delay discharge and have been associated with
a 10% increase in healthcare costs [4]. In consideration of the
increased costs associated with almost all complications, this
ERP pathway was designed to prevent both minor and major
complications. Measures such as fluid carbohydrate loading,
deep venous thrombosis (DVT) and pulmonary embolus (PE)
prophylaxis, early oral nutrition, and hypothermia prevention
were implemented in order to prevent both minor and major
complications in this study (Table 2). As a result, LOS and
associated costs were significantly decreased for all studied
surgical codes.

There has been controversy regarding whether readmis-
sion rates are higher with the use of an ERP pathway [8]. This
study demonstrated that when an ERP was implemented for
bowel surgery, readmission rates did not change. Several pre-
vious studies have also demonstrated that ERP pathways im-
prove outcomes without increasing readmission rates in both
colorectal [9] and non-colorectal abdominal [10] surgeries.
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Few studies have also demonstrated the success of ERP path-
ways for colorectal surgery in community settings [5, 11].
While there is literature supporting the clinical justification
for implementation of ERPs, the financial justification has
not been studied as thoroughly. In an effort to decrease costs
for patients and hospitals, it is suggested that future studies
examine the cost-effectiveness of ERPs for other surgical
fields.

There are limitations to this study that should be consid-
ered. We lacked patient demographic information because
of the Health Insurance Portability and Accountability Act
(HIPAA) patient protections; this prevented us from assessing
for any associations between demographics and cost differ-
ences. Additionally, this study was conducted at a single com-
munity hospital and the patient population and setting may not
be externally valid or reflective of other hospitals. However,
the scarcity of studies examining cost reductions in commu-
nity settings makes this study very impactful and suggests that
ERP programs for other fields could be successful in similar
settings. Hospital stays associated healthcare costs generally
consist of the hotel cost and the treatment cost, which can both
lead to exceedingly expensive healthcare bills. The hotel cost
(for services such as administration, hospital upkeep, etc.) is
constant over the course of a patient’s LOS; however, the treat-
ment cost (for laboratory testing, operating rooms, physician
care, etc.) is usually highest at the beginning of the LOS and
tapers off towards the end [12]. As a result, the total cost per
day for the LOS is generally lower than the cost for the begin-
ning of the stay and higher than the cost for the end of the stay.
As this study utilized reductions in LOS to estimate cost sav-
ings, it is possible that our estimations for cost reduction could
be slightly overestimated. However, with savings estimated at
upwards of about $20,000 per patient, even slight overestima-
tions would translate into drastic savings for patients and hos-
pital systems.
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Conclusions

This ERP program was associated with significantly decreased
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