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ABSTRACT

Objective: Enhanced Recovery Protocols (ERPs) have been shown in many different settings to lead to quicker recovery for
most patients, with a significantly reduced average length of post-operative stay (LOS). A less studied impact of ERPs has been
their effect on hospital profitability. While these protocols are resource-intensive and expensive to implement, we argue that they
can lead to significantly improved margins. This can be attributed to fewer complications and, more significantly, reductions in
LOS resulting in increased patient capacity.
Methods: Our ERP was implemented in June of 2014. The protocol was initially used only for colo-rectal cases, both elective
and emergent. It contained over 20 pre-, intra-, and post-operative elements of surgical care. One year of data from the ERP cases
was compared to contemporaneous controls that did not go through the ERP. Financial data was obtained from the hospital cost
accountant. Average LOS was obtained from the EHR.
Results: Patients who underwent colo-rectal procedures and participated in the ERP had an average LOS of 5.60 days, while
controls stayed for an average of 8.51 days. Financial analysis determined that a full year of compliance with Enhanced Recovery
After Surgery (ERAS) protocols added over 2 million dollars to the margin for a return on investment (ROI) of over 10 to 1,
mainly by increasing hospital capacity and allowing more admissions.
Conclusions: The results demonstrate that ERPs significantly reduce LOS, increasing hospital patient capacity. The higher
patient load more than recoups ERP costs. Further collection and analysis of data aims to determine the effect on complications,
which also have cost saving potential.
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1. INTRODUCTION
Enhanced Recovery Protocols (ERPs), also known as En-
hanced Recovery After Surgery (ERAS) , are evidence-based
approaches to peri-operative surgical care aimed at attenuat-
ing the stress response following surgery, promoting early
return of function, and minimizing common post-operative
complications. ERPs were pioneered in the setting of colo-

rectal procedures[1] but have since been studied in urolog-
ical,[2] thoracic,[3] and vascular procedures[4] among oth-
ers. While no two ERPs are identical, most contain pre-
operative components that serve to optimize both physio-
logic and psychological function prior to surgery, intra- and
post-operative techniques that promote maintenance of organ
function and minimization of the surgical stress response,
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and peri-operative measures that reduce the risk of common
complications. Common themes include preadmission coun-
seling and nutritional optimization, utilization of thoracic
epidurals, minimal use of narcotics for anesthesia/analgesia,
avoidance of salt and water overload, and early stimulation
of organ function.

Numerous studies have demonstrated the effectiveness of
ERPs in reducing post-operative length of hospital stay
(LOS) in colo-rectal procedures, which serves as a surro-
gate for common discharge criteria, such as return of bowel
function, tolerance of diet, return of activity, and control of
post-operative pain.[1, 5, 6] A 2011 systematic review of ERPs
in colo-rectal surgery noted an average LOS reduction of
2.53 days for ERP patients as compared to those managed
with traditional care pathways. Additionally, an increasing
number of studies are exploring the role of ERPs in the
prevention of common post-operative complications, with
promising results.[7]

While the ERP movement is slowly gaining steam, imple-
mentation of ERPs remains fairly low despite these well-
documented improvements in outcomes. This may be due to
the challenge they pose to entrenched surgical practices and
the necessity of considerable resource inputs – both person-
nel and monetary. Indeed, questions raised by critics often
focus on the sustainability of ERPs from a cost perspective.
Although there are still relatively few studies on this issue,
a 2010 study by Sammour et al. demonstrated that imple-
menting an ERAS program offset its input costs by reducing
resource utilization in the post-operative period alone,[8] and
a more recent 2013 article by Roulin et al. further examined
cost-effectiveness of ERPs in colo-rectal surgery, finding
their program to be cost-effective, even in the initial imple-

mentation period.[9] And a further study by Michard et al. (in
press) comes to the same conclusion using a very different
methodology, including a very large data base and expected
savings from reductions in complications after employing
peri-operative goal-based fluid therapy, one of the corner-
stones of ERPs.[10] Our study builds on this growing body
of evidence that well-developed and executed ERPs are cost-
effective. It also explores the potential for ERPs to increase
revenue generation for the institution, further building the
case for adoption of ERPs into surgical practice.

2. METHODS
Carilion Roanoke Memorial Hospital (CRMH) is a busy,
783-bed tertiary care facility in southwestern Virginia. The
hospital is frequently on diversion for lack of capacity. In
fiscal year 2014, 817 transfers were declined as a result, with
an ensuing loss of the income that those patients would have
generated.

Carilion’s ERP was implemented in colo-rectal procedures
in June of 2014. This study reflects one year of ERP im-
plementation data from July 1, 2014 through June 30, 2015.
During the study period, the subgroup of patients who did
not participate in the protocol served as contemporaneous
controls. The patient populations are roughly comparable
(see Table 1), with none of the differences reaching statistical
significance at the .05 level. LOS served as the main variable
for this study as it has the greatest impact on cost and cost-
recovery for surgical procedures. Other variables, including
complications, readmissions, returns to the operating room,
and total morbidity and mortality were also collected, but
proper and meaningful analysis of these variables requires
more than one year of data.

Table 1. Comparison between the enhanced recovery patients and the non-enhanced recovery patients
 

 

Risk Factor Avg age Avg BMI Avg ASA Hx MI (%) Hx CHF (%) Dyspnea (%) Diabetes (%) 

ERP patients 56.1 29.1 2.55 6.0% 1% 9.2% 17.9% 

Non-ERP patients 61.1 27.6 2.57 10.7% 1.5% 10.7% 23.1% 

Note. No difference reached statistical significance at the .05 level; ERP: Enhanced Recovery Protocols; BMI: body mass index; ASA: American Society 
of Anesthesiologists; Hx MI: history of myocardial infarction; Hx CHF: history of congestive heart failure 

The specific ERP designed and implemented at Carilion in-
cluded 28 official “elements” of care. A complete listing
can be seen in Figure 1. The five major components of
the protocol include pre-operative care, multimodal anesthe-
sia/analgesia, peri-operative goal-directed fluid management,
early post-operative stimulation of function, and complica-
tion prophylaxis. The pre-operative component involves
an educational class that serves to reduce patient anxiety
and optimize function leading up to the procedure. Patients

are given resources and instructed to focus on proper nu-
trition, exercise, oral hygiene, smoking cessation, incentive
spirometry, and the use of statins in appropriately selected pa-
tients.[11, 12] Standardized, multimodal analgesia/anesthesia
– utilizing epidurals, nerve blocks, and non-narcotic anal-
gesics – is another key component of the protocol, since
successful pain control is essential to attenuating the surgi-
cal stress response, and narcotic use can delay recovery and
return of bowel function.[13] The protocol also employs peri-
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operative goal-directed fluid therapy, which aims to eliminate
the great variability in fluid management during colo-rectal
procedures. This is achieved via the use of minimally in-

vasive cardiac output monitoring in order to minimize both
hypovolemia and fluid overload, both of which are associated
with increased rates of post-operative complications.[14]

Figure 1. Components of carilion clinic’s ERP

Our ERP also included prophylactic treatment of nausea with
two drugs, early feeding by mouth, and same-day mobiliza-
tion. Several best practices were added to the protocol to
address common complications. These include no use of
bowel preparation or nasogastric tubes, use of wound protec-
tors, and early removal of Foley catheters unless there was a
documented indication for it to remain.

In terms of data collection, LOS data was obtained directly

from the electronic health record (EHR). It should be noted
that patients with a LOS greater than 30 days were excluded
because of the disproportionate effect they have on averages.
During the study period, there were three such patients ex-
cluded with LOS up to 151 days. Two were in the ERP group
while one not, making the effect of their exclusion negligible
in the calculations. Financial data was obtained from the
hospital cost accountant.
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3. RESULTS
After one year of ERP implementation, a total of 193 colo-
rectal patients had participated in the protocol while 194 had
not. This was not randomized, but based upon the preference
of the surgeon. However, the groups were roughly compa-
rable as mentioned above. The average LOS for patients
participating was 5.60 days, while that of non-participants
was 8.51 days. This yields a difference of 2.91 days between
the two groups, which is consistent with figures generated in
most ERP studies.[8] Statistical significance of these results
was established using a simple T-test for means, yielding a
p-value of less than .001.

Results of financial analysis
The pre-habilitation classes cost $40 per patient, while all
other costs combined amounted to $460 per patient. Multiply-
ing by the possible 400 colo-rectal patients per year yielded
the maximum calculated input investment of $200,000. The
contemporaneous comparison between patients who partici-
pated in the ERP and those that did not yielded a difference
in LOS of 2.91 days for all cases. Since most hospital pay-
ments are under the diagnosis-related groups (DRG) system,
the payments per admission are generally fixed. Therefore,
shorter LOS generates some savings, but this is small com-
pared to the revenue generated by admissions of new patients.

We used a LOS reduction figure of three days to calculate
cost savings and increased revenue generation. The analysis
makes several assumptions including average LOS for all
admissions to CRMH of 5.07 days, average added revenue of
$6,688 per new admission, and savings from variable costs
of $343 per day.

By converting the reduced average LOS information to
hospital-bed-days saved and using the internal figure of $343
for end-of-hospital-stay cost per day, we calculated that the
ERP potentially saved approximately $400,000.

More significantly, financial analysis demonstrated that the
reduced LOS achieved by implementation of the ERP might
allow our institution to accept 240 more patients per year than
it otherwise could have because of increased patient capacity.
Using the average margin per admission, the analysis deter-
mined that this intervention resulted in over 2 million dollars
in additional revenue. This reflects a return on investment
(ROI) of over 10 to 1.

If we assume a more conservative 2-day reduction in LOS,
it would still allow the system to accept an additional 164
patients per year. This would result in a savings from the
reduced LOS of $285,376 for the institution and the potential
to generate an additional $1,097,547 by accepting patients
who it would otherwise be unable to accept due to lack of

capacity. Totaling the figures and subtracting the input costs
($200,000) yields a 7 to 1 ROI.

4. DISCUSSION

Our results demonstrate that ERPs can potentially lead to
both cost recovery and substantial revenue generation. Re-
duced LOS alone represents an area for cost savings, albeit a
relatively small one, given that the daily variable cost of an
uncomplicated post-operative hospital stay at our institution
is approximately $343. The true value from a financial per-
spective of reduced LOS is the resulting increase in patient
capacity. This would be so for any hospital that is sufficiently
busy to turn down transfers or that might need to delay elec-
tive admissions for procedures because of lack of capacity.
The results documented should serve as evidence that ERPs
are well worth the input costs, as they produce a significant
ROI.

ERPs have the potential to further benefit the hospital bot-
tom line in two other areas: incidence of complications and
rate of readmissions. According to a 2011 study, thirty-day
readmissions occur in approximately 11.4% of patients un-
dergoing colo-rectal surgery, and an additional 11.9% are
readmitted within 90 days of their procedure. On average,
these patients were hospitalized for 8 days per readmission,
costing the health system $8,885 each.[15] Clearly, readmis-
sions represent an opportunity for quality improvement and
cost savings, as readmissions for complications or failed pro-
cedures decrease bed space and potentially reduce Medicare
reimbursements. Historically, there has been concern that
ERP implementation might increase readmissions, but the
literature, including a 2011 systematic review, has demon-
strated that this has not been the case.[7] More recent studies
not only reinforce this conclusion, but also suggest that ERPs
have the potential to reduce the rate of readmissions in colo-
rectal procedures.[16]

The cost burden of post-operative complications is highly
variable and challenging to accurately quantify, but it is ar-
guably an area ripe for quality improvement and further cost
savings. While the role of ERPs in reducing complications
remains an area that requires more investigation, several
studies have demonstrated reductions in certain complication
rates,[17] which is unsurprising given that many ERPs, includ-
ing this one, contain elements specifically addressing this
goal. While more research is required, both of these areas
represent potential benefits of ERPs in terms of cost-savings
which serve to further support the case for implementation
of ERPs.

It is also important to acknowledge the limitations involved
in the implementation of Carilion Clinic’s ERP. Given the
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authors’ assertion that ERPs lead to improved outcomes, ran-
domization to treatment and control groups was not possible,
and the study, therefore, relied on physicians opting out of
the protocol to establish a contemporary control group. This
introduces a difficult to quantify bias in the selection of the
intervention and control groups. Although the two groups
are roughly similar, subtle selection bias cannot be totally
excluded. Additionally, the protocol was quite complex and
adherence to every component as well as proper documenta-
tion was difficult. Initially, many surgeons and anesthesiolo-
gists were quite reluctant to participate, which accounts for
a rate of compliance with all components of the protocol of
approximately 50%. Of note, compliance with the protocol
improved dramatically over the course of the study period
as physicians and nursing staff became more familiar with
the protocol, a process that was aided by specific educational
interventions throughout the year. It is reasonable to assume
that improving adherence to all components of the proto-
col might result in an even greater effect on LOS, and thus

greater cost-saving potential. Finally, this study rests on the
assumption that demand exceeds available resources; more
specifically, that patients are being turned away due to lack
of availability, so greater availability would lead to more
revenue generation. While this is the case at our institution,
a busy tertiary care center, it should be acknowledged that it
may not be the case at some institutions.

It should be remembered that, by far, the strongest evidence
and motive for implementing ERPs in colo-rectal procedures
is their effect on patient care. In general, patients partici-
pating in ERPs recover more quickly and are able to return
to daily activities sooner. Further, these patients experience
less anxiety and fewer complications prior to and after their
procedures. The additional benefit that ERPs potentially
have for hospital cost-savings is merely a bonus – one that
hopefully serves to convince even more physicians, patients,
hospital executives, quality improvement champions, and
other stakeholders to seriously consider exploring ERPs and
their ability to improve peri-operative surgical care.
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