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OBJECTIVE The purpose of this study was to compare total cost and length of stay (LOS) between spine surgery patients enrolled in an enhanced perioperative care (EPOC) pathway and patients receiving traditional perioperative care
(TRDC).
METHODS All spine surgery candidates were screened for inclusion in the EPOC pathway. This cohort was compared
to a retrospective cohort of patients who received TRDC and a concurrent group of patients who met inclusion criteria
but did not receive the EPOC (no pathway care [NOPC] group). Direct and indirect costs as well as hospital and intensive
care LOSs were analyzed between the 3 groups.
RESULTS Total costs after pathway implementation decreased by $19,344 in EPOC patients compared to a historical
cohort of patients who received TRDC and $5889 in a concurrent cohort of patients who did not receive EPOC (NOPC
group). Hospital and intensive care LOS were significantly lower in EPOC patients compared to TRDC and NOPC patients.
CONCLUSIONS The implementation of a multimodal EPOC pathway decreased LOS and cost in major elective spine
surgeries.
https://thejns.org/doi/abs/10.3171/2019.1.FOCUS18630
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E

nhanced recovery after surgery (ERAS) initiatives
attempt to standardize surgical care, reduce unnecessary variation, improve outcome, and reduce
cost. This movement has taken hold in several surgical
specialties including gynecology,13 hepatobiliary,11 urology,3 colorectal,6 head and neck,5 breast,22 and bariatric
surgery.23 The ideas behind the ERAS guidelines of today
were born from Dr. Kehlet’s early work based on the attenuation of surgical stress, maintenance of postoperative
physiological function, and early mobilization after surgery more than 2 decades ago.10
The application of ERAS to spine surgery is a next step
for many institutions; however, it is an arduous undertaking requiring coordination of multidisciplinary perioperative service lines. Studies examining the benefits to patient
outcome as well as cost reduction in spine and brain sur-

gery are limited. Across many surgical specialties, there
appears to be a cost-effectiveness to implementation of an
ERAS pathway.21 In pediatric scoliosis surgery, accelerated discharge protocols focusing on preoperative patient
education and multimodal analgesia have led to a decrease
in hospital length of stay (HLOS) of 1.3 to 2 days and a
22% decrease in hospital charges.7,18 However, another
study demonstrated that intraoperative variables such as
implant and bone graft choices may influence cost more
than an accelerated discharge program.17 Individual elements of ERAS such as intravenous acetaminophen have
shown cost reduction in spine surgery.9 Standardization of
preoperative medical assessment and optimization of patients allows preparation from a psychological and physical
standpoint and may reduce inpatient LOS. Contemporary
ERAS guidelines advocate for the implementation of ap-
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proximately 20 multimodal care elements in order for the
treatment pathway to be successful. The marginal gains
theory helps to explain this concept. Whereas individual
care elements create only small unmeasurable changes,
when they are aggregated as part of a multimodal pathway
of care over time, they will lead to significant improvement in outcome.
Implementation of standardized care and reduction in
unnecessary variation through ERAS requires significant
institutional commitment. The process is best supported
through education and data accrual to achieve the necessary culture change. Our institutional enhanced perioperative care (EPOC) program was developed to operationalize these objectives.4 The purpose of this study was
to delineate the financial impacts of instituting an EPOC
pathway for adult patients undergoing elective major spine
surgery at a quaternary spine referral center.

Methods

Consecutive adult patients (> 18 years old) undergoing
elective spine surgery were identified during preoperative
assessment for inclusion in the EPOC pathway. This study
was performed following the approval of the University of
Washington IRB in Subcommittee ED; the requirement
for written informed consent was waived by the IRB.
Patients were retrospectively reviewed as a historical
cohort undergoing traditional perioperative care (TRDC)
between 1/1/2012 and 10/31/2013, and either the EPOC
pathway or no pathway care (NOPC) between 12/1/2014
and 10/30/2017. The EPOC pathway database was created
in 2013 and used for the analysis. Patients in the NOPC cohort met the same surgical inclusion criteria as the EPOC
cohort but were not enrolled into the pathway due to administrative reasons such as scheduling conflicts, failure
to attend preoperative clinic visits, and insurance authorization issues. The EPOC pathway was gradually introduced at Harborview Medical Center over a 13-month period from 11/1/2013 to 11/30/2014. This transitional period
was therefore excluded due to slow implementation of the
full EPOC pathway and the variability in enrollment during this time. Patients in the TRDC group were identified
by Current Procedural Terminology (CPT) and International Classification of Diseases, Ninth Revision (ICD-9)
codes identified in the EPOC group including CPT 22800,
22845, 22842, 22802, 22843, 22846, 22844, 22804, 22847,
22848, 63081, 63085, 63087, and 63090; and ICD-9 81.63,
81.64, and 80.99. Briefly, these codes represent arthrodesis
for spinal deformity; instrumentation codes for anterior >
2 levels or posterior > 3 levels; corpectomy in the cervical,
thoracic, or lumbar region; or pelvic fixation. All groups
included patients treated by 4 spine surgeons who were
practicing throughout the study periods.
Prior to implementation of the EPOC pathway, TRDC
was performed in a noncoordinated fashion and variably
by individual providers. Typically, in the TRDC group,
patients were fasted at midnight and there was no consensus regarding perioperative multimodal analgesia. Early
mobilization, early oral intake, and postoperative therapy
were not coordinated and timely.
Application of the EPOC pathway for spine surgery
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patients was based on several surgical or medical criteria. Surgical inclusion criteria included anterior/posterior
surgery, ≥ 4-level nonrevision surgery, ≥ 3-level revision
surgery, revision anterior surgery, expected duration >
6 hours, expected blood loss > 1 L, planned staged surgery, corpectomy, or pedicle subtraction osteotomy. Medical criteria included poor functional status (arriving in a
wheelchair, unable to complete activities of daily living
or climb a flight of stairs), any daily home oxygen, use of
continuous positive airway pressure/bilevel positive airway pressure (CPAP/BiPAP), unstable angina, implanted
pacemaker, automatic implantable cardiac defibrillator or
ventricular assist device, pulmonary hypertension, poorly
controlled diabetes with hemoglobin A1c of > 8%, hypertension or arrhythmias, and patients receiving anticoagulants, antiplatelets, or with coagulation disorders. Patients
with current use of buprenorphine, naloxone, or Narcan,
and those with intrathecal pain pumps or dorsal column
stimulators were also included.
Enhanced Perioperative Care
The EPOC pathway is a multifaceted approach to preoperative, intraoperative, and postoperative care of the
patient undergoing major spine surgery. Preoperative
implementation focused on 5 aspects, including improvement of care coordination and patient education, carbohydrate loading preoperatively, preoperative multimodal
analgesia, active warming prior to operating room, and
nasal povidone-iodine swab application. Patient education
preoperatively is important to set realistic goals and make
sure the patient fully understands their operative intervention and postoperative course.15,20 A 300-ml clear carbohydrate load was given 2 hours prior to hospital arrival
and the night before to help attenuate the surgical stress
and insulin resistance by providing perioperative nutrition. Multimodal analgesia was started in the preoperative
area in the form of drugs with different mechanisms of action, including 1 g of acetaminophen the night before and
on the morning of surgery as well as 1.2 g of gabapentin
given in preoperative area.
Intraoperatively, patient temperature was maintained
by continued active warming with intravenous fluid warmers, and keeping the patient covered and room temperature elevated prior to draping. Total intravenous anesthesia
with propofol and remifentanil was used to maintain anesthesia. Four milligrams of intravenous ondansetron was
administered for nausea and vomiting prophylaxis. For
intraoperative analgesia ketamine was infused at 0.5 mg/
kg bolus and 0.5 mg/kg/hr (based on ideal body weight)
throughout the case, and intravenous acetaminophen was
redosed at 6 hours intraoperatively.12,14 Fluid management
was performed under goal direction by using pulse pressure variability, stroke volume variability, or cardiac output.2 Tranexamic acid (1 g) was given as a bolus prior to
incision, and 1 g was given over 8 hours when massive
blood loss was expected and under the direction of the
attending surgeon.
Postoperatively, oral intake was encouraged in the postanesthesia care unit and resumption of full diet on postoperative day 1. Maintenance intravenous fluids were limited
to 2 ml/kg/hr to achieve zero balance. The Foley catheter
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TABLE 1. Demographic information for patients who underwent spine surgery with or without EPOC
Variable

TRDC, n = 183

EPOC, n = 620

NOPC, n = 129

Age in yrs, mean ± SD
Male (%)
BMI >30 (%)
ASA score (%)
I
II
III
IV
CMI, mean ± SD
CCI (%)
0
1
2
≥3
Payor mix (%)
Commercial
Exchange
Medicaid
Medicare
Self-pay
Other
OR time in mins, mean ± SD
Service line (%)
Orthopedic
Neurological

61 ± 14
80 (44)
68 (37)

60 ± 13
298 (48)
260 (42)

58 ± 13
57 (44)
52 (40)

1 (0)
80 (44)
97 (53)
5 (3)
6.1 ± 3

0 (0)
248 (40)
326 (53)
46 (7)
5.5 ± 2.5

2 (2)
56 (43)
67 (52)
4 (3)
5.7 ± 2.2

16 (9)
110 (60)
38 (21)
19 (10)

34 (5)
382 (62)
150 (24)
54 (9)

77 (60)
25 (19)
17 (13)
10 (8)

35 (19)
0 (0)
33 (18)
95 (52)
1 (1)
19 (10)
515 ± 142

134 (22)
5 (1)
106 (17)
307 (50)
1 (0)
67 (11)
439 ± 164

25 (19)
0 (0)
29 (22)
59 (46)
0 (0)
16 (12)
436 ± 139

121 (66)
62 (34)

448 (72)
172 (28)

71 (55)
58 (45)

p Value, EPOC vs TRDC

p Value, EPOC vs NOPC

0.3*
0.3†
0.2†
0.07‡

0.1*
0.4†
0.7†
0.06‡

<0.01*
0.6‡

0.3*
<0.01‡

0.5‡

0.7‡

<0.01*

0.5*

ASA = American Society of Anesthesiologists; BMI = body mass index; CCI = Charlson Comorbidity Index; CMI = case-mix index; OR = operating room.
* Student t-test.
† Chi-square test.
‡ Chi-square test for trend, Fisher’s exact test.

was removed by postoperative day 2. The patient was required to sit up out of bed by postoperative day 2. Ketamine was continued at 8 mg/hr for the first 24 hours after
surgery, and 1 g of acetaminophen and 900 mg of gabapentin were given for 3 days postoperatively.
Cost Analysis
Direct costs were broken into cost A and cost B to evaluate items that may have been impacted by EPOC pathway
implementation. The universal billing grouping for the revenue code was used to group like services within a category predefined by the Centers for Medicare and Medicaid
Services for the Universal Billing Form (UB04). Revenue
codes were assigned to each billable service item for each
unique department providing patient care services. The accounting “matching principle” was followed to ensure that
expense and revenue were matched to the fiscal period. Direct costs A included room charges, pharmacy, emergency
services, imaging, implants, laboratory, pathology, perioperative services, transfusions, and supply services. Direct
costs B included implant and supply costs that should not
have been affected by implementation of the perioperative
clinical care pathway, other than reflecting improvement in

purchasing contracts. Indirect costs included both shared
patient service resources (such as patient transport, environmental services, medical equipment maintenance, resident salaries, and interpreter services) and nonpatient areas
(such as building depreciation, medical records, hospital
administration, and human resources). Whereas indirect
costs cannot be matched to a specific patient, direct costs
within patient care areas are under the control of the unit
manager/director and can be linked to a patient by the service items used within that patient care area.
TRDC costs were adjusted for inflation from 2012 to
2017 by using the consumer price index from Seattle (http://
www.seattle.gov/financedepartment/cpi/documents/
Seattle_CPI_History_--_Annual_001.pdf).
Statistical Analysis
Analysis was performed using Statistical Package for
the Social Sciences version 21 (SPSS). The mean LOSs
were compared using the Student t-test with equal variances not assumed. Demographic comparisons were made
using the chi-square test and Student t-test as indicated in
Table 1. Financial costs were compared using the 2-tailed
t-test.
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FIG. 1. Bar graph showing that EPOC significantly reduces HLOS and ILOS. Error bars represent the standard deviation. Asterisks
represent statistical significance for TRDC versus EPOC (p < 0.01) and NOPC versus EPOC (p < 0.02). Student t-test, equal variance not assumed.

Results

Six hundred twenty patients were enrolled into the
EPOC pathway. One hundred eighty-three TRDC patients
and 129 NOPC patients were compared to the EPOC pathway patients. Patient demographic data are listed in Table
1. Of note, patients throughout all groups were similar in
age, sex, body mass index, American Society of Anesthesiologists score, Charlson Comorbidity Index, and insurance type. The hospital case-mix index, a measure of patient complexity based on diagnosis-related group codes,
was similar between NOPC and EPOC but was significantly higher in the TRDC group. Duration of operation
was longer in the TRDC group than in the EPOC group,
but was similar between EPOC and NOPC.
EPOC pathway patients had a significantly lower
HLOS and intensive care LOS (ILOS) when compared to
both TRDC and NOPC as outlined in Fig. 1. The HLOS

was on average 8.2 days for TRDC, 8.0 days for NOPC,
and 5.4 days for EPOC cohorts. The ILOS was on average
3.1 days for TRDC, 2.5 days for NOPC, and 1.8 days for
EPOC patients. EPOC patients’ LOS at both the hospital
and intensive care levels was significantly lower than that
for patients in the TRDC and NOPC groups.
Total cost was significantly lower in the EPOC patients
than in TRDC (by 29%) and NOPC (by 11%). Overall cost
savings of EPOC pathway per-patient care were $19,344
compared to TRDC and $5889 compared to NOPC. There
was no significant difference in implant and supply costs
(direct costs B) between NOPC and EPOC, but there was
when comparing TRDC to EPOC, as noted in Table 2. For
other direct costs (direct costs A), a cost savings of $11,160
was identified in EPOC patients compared to TRDC and a
$4102 cost savings was identified in EPOC patients compared to NOPC. Direct costs A were significantly lower

TABLE 2. Financial outcomes in patients who underwent spine surgery with or without EPOC
Cost (US$)

Mean Difference
(TRDC vs EPOC)

Lower CI
(95%)

Upper CI
(95%)

p
Value*

Mean Difference
(NOPC vs EPOC)

Lower CI
(95%)

Upper CI
(95%)

p
Value*

Direct costs A†
Direct costs B‡
Indirect cost
Total cost

$11,160
$2,837
$5,140
$19,344

$8,266
$1,350
$3,085
$13,579

$14,054
$4,323
$7,195
$25,109

<0.01
<0.01
<0.01
<0.01

$4,102
−$1,052
$2,839
$5,889

$2,201
−$2,543
$1,400
$1,766

$6,002
$438
$4,280
$10,012

<0.01
0.2
<0.01
<0.01

EPOC significantly reduces direct costs A, indirect costs, and total cost versus TRDC and NOPC. TRDC cost inflation was adjusted from 2013 to 2016. CI (95%)
expressed as CIs for the difference, equal variances not assumed.
* 2-tailed t-test.
† Includes direct cost items that are likely to be affected by the clinical care improvement (pharmacy, bed and nursing, clinical service, emergency service, imaging,
laboratory medicine, perioperative service, procedure and tests, transfusion and related blood services, rehabilitation, or other).
‡ Includes direct cost items that are not likely to be affected by the clinical care improvement (implant and supply cost).
4

Neurosurg Focus Volume 46 • April 2019

Carr et al.

FIG. 2. Bar graph showing that EPOC reduces subcategories of direct costs versus TRDC. Error bars represent the standard error
of the mean. Asterisks represent statistical significance for TRDC versus EPOC; values listed in Table 3. 2-tailed t-test.

for EPOC patients compared to TRDC in perioperative
services, bed and nursing, laboratory, clinical services,
procedures, transfusion, and imaging, as noted in Fig. 2
and Table 3. Costs of pharmacy services and rehabilitation
services were similar between the TRDC and EPOC patients. Indirect costs were also lower in the EPOC patients
compared to both TRDC and NOPC patients, as noted in
Table 2.

Discussion

Enhanced recovery after spine surgery is still in its in-

fancy, having been evaluated in only a limited number of
studies to date.1,8,24,25 The ability to modify patient experience and outcome based on a multimodality approach is
the cornerstone of the ERAS philosophy. Some reports of
ERAS in spine have focused on perioperative strategies,
while Wang et al. chose to develop their initial ERAS pathway around minimally invasive surgery to reduce surgical
stress.25 However, most spine procedures are performed
in an open, traditional fashion. We attempted to improve
on major elective spine surgery through the perioperative
strategies of ERAS. Included in these major spine surger-

TABLE 3. Direct cost A contributors in patients who underwent spine surgery with or without EPOC
Direct Cost A (US$)

Mean Difference (TRDC vs EPOC)

Lower CI (95%)

Upper CI (95%)

p Value*

Periop services
Bed and nursing
Lab medicine
Clinical services
Procedure and tests
Transfusion services
Imaging
Emergency services
Pharmacy services
Rehabilitation services

$2,996
$2,793
$1,471
$692
$407
$238
$41
NA
$34
−$48

$2,289
$1,618
$1,200
$224
$289
$100
$148
NA
−$340
−$110

$3,702
$3,968
$1,742
$1,160
$525
$375
$309
NA
$408
$15

<0.01
<0.01
<0.01
<0.01
0.04
<0.01
<0.01
NA
0.86
0.13

NA = not applicable; there was no emergency service use in the EPOC period.
EPOC reduces various subcategories of direct costs versus TRDC. CI (95%) expressed as CIs for the difference, equal variances not assumed.
* 2-tailed t-test.
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ies are a recent rising rate of multilevel fusions in patients
of all ages from 60 to 80 years old.19
The average surgical cost for multilevel fusions can exceed $100,000, which represents an opportunity to save
through faster discharge and decrease in complications.16,19
The direct costs related to supply and implants were significantly different between TRDC and EPOC groups.
Among the NOPC and EPOC pathway cohorts, which represented the same time frame, the direct costs related to
implants and supply were not different. However, TRDC
implant and supply costs were higher than in the NOPC
and EPOC patients and may therefore have been influenced by variables such as a change in surgical strategy or
in hospital supply costs over time.
When breaking down the direct costs A, which were
expected to change, there was a difference between EPOC
and TRDC pathways. Bed and nursing costs, although
fixed, may have declined during the EPOC period due
to shorter inpatient stays. Also, in accordance with better
fluid management, selective use of tranexamic acid, and
better preoperative comorbid disease optimization, the
need for and therefore the cost of postoperative imaging,
laboratory testing, and transfusions was noted to decrease.
These patients also spent less time in the ICU, probably
because of lower postoperative fluid overload, early enteral
nutrition, and early mobilization postoperatively. We have
not observed changes in pharmacy direct cost, probably
because of the number of perioperative analgesics used,
drug availability, and cost fluctuations in the pharmaceutical industry, including the use of intravenous acetaminophen. The cost of perioperative services declined after
EPOC implementation, probably because of decreased
postanesthesia care unit times. However, this metric was
not available to evaluate in more detail at the time of submission.
Patients who were in the NOPC group did not get the
opportunity for detailed preoperative assessment, optimization, education, discharge planning, and care organization. However, the care elements such as intraoperative, postoperative ICU, and ward care were standardized
during the EPOC and NOPC time frame. This probably
contributed to a reduction in overall costs between EPOC
and NOPC. The EPOC pathway in major spine surgery
achieved similar results to 2 previously reported “accelerated discharge” pathways in adolescent idiopathic scoliosis, including decreased cost and decreased LOS.7,18 These
results are in contrast to those of a recent publication
about ERAS for metastatic spine lesions, which found no
benefit to LOS but did find a decrease in postoperative
pain scores.8
Our study has several limitations. The major limitation
is the retrospective nature of the TRDC group. While demographically similar to EPOC and NOPC patients, the
time frame of surgical care was different in the TRDC
group and may be biased by surgeon experience, anesthesia staff differences, and hospital policy differences.
However, all surgeons included remained the same during
the historical cohort and the EPOC time frame. Case-mix
index differences may be accounted for by the difference
in time of the historical TRDC cohort and the more recent
NOPC and EPOC cohorts. Also, the TRDC patients were
6
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identified using only CPT billing codes for major spine
surgeries, whereas the EPOC pathway group also includes
patients who had significant medical comorbidities.
We attempted to mitigate the limitation of this retrospective comparison by adding the NOPC group. Further
details of the specific reason why each NOPC patient was
not entered into the EPOC pathway are unknown. There
may be confounding factors for these patients for which
we cannot control. However, even patients in the NOPC
group may have benefitted from some aspects of the
EPOC pathway, which also represents an institutional cultural change in how patients are viewed and managed perioperatively. NOPC patients met the same inclusion criteria
as the EPOC patients and therefore represent a variety of
both medical and surgical complexities.
Another limitation is the inability to know the extent of
compliance with the full EPOC pathway for individual patients. There was some expected variation in compliance
for each of the individual directives within EPOC, but the
goal of this study was to assess overall cost changes of a
multimodal EPOC pathway, even when some subtle variations might occur.

Conclusions

In a single institution, implementation of a multimodal
EPOC pathway led to significant and quantifiable improvements in target metrics for adult patients undergoing major
spine surgery. LOS was significantly lowered at both the
intensive care and overall hospital level. The implementation of an EPOC pathway also achieved direct, indirect,
and total cost savings in elective major spine surgery.
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