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Purpose: We aimed to explore the role of enhanced recovery after surgery (ERAS) in
patients who underwent percutaneous endoscopic lumbar interbody fusion (PELIF).

Patients and Methods: We performed a retrospective, observational, cohort study on 91
patients who underwent PELIF for degenerative disc disease. The primary outcomes were
postoperative opioid consumption, hospital length of stay (LOS), and hospital cost.

Results: Forty-six patients comprised the ERAS group, and 45 patients comprised the pre-
ERAS group (control group). The groups had comparable demographic characteristics. Good
compliance with the ERAS pathway was observed in the ERAS group. Patients in the ERAS
group used significantly fewer morphine equivalents compared with the pre-ERAS group
= 0.017). Hospital LOS did not decrease significantly in the
ERAS group compared with the pre-ERAS group (3.1days vs 3.4 days, respectively; p =

(25.0 vs 33.3, respectively; p

0.096). Likewise, there was no significant difference in hospital cost between the pre-ERAS
group and the ERAS group ($10,598.60 vs $10,384.50, respectively; p = 0.468).
Conclusion: In the present study, the benefit of ERAS in the context of PELIF was limited.
Although a multidisciplinary ERAS protocol can improve analgesia and decrease opioid
consumption, no significant reduction in hospital LOS and cost was observed.

Keywords: enhanced recovery after surgery, hospital length of stay, opioid use, hospital
costs, percutaneous endoscopic spine surgery

Introduction

In the 1990s, enhanced recovery after surgery (ERAS) was proposed by Kehlet to
improve patient care and outcomes and accelerate postoperative recovery time.'
ERAS is a multimodal and multidisciplinary approach aimed at reducing surgical
stress by applying preoperative, perioperative, and postoperative protocols to ame-
liorate the surgical stress response and associated increases in glucose and protein
catabolism.”> Implementation of ERAS requires involvement of a multidisciplinary
group comprised of surgeons, anesthetists, nurses, and other care staff. Although
some elements differ between ERAS protocols, all protocols share the common
principle that benefit is achieved by aggregating marginal gains.*

ERAS protocols have been widely implemented in most surgical specialties and
have proven to optimize patient outcomes, such as reducing opioid use, hospital
length of stay (LOS), and hospital costs. In addition, ERAS protocols ease the
burden on the health care system.”® Given the success of ERAS protocols in other
types of surgery, it is not surprising that their implementation has received
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increasing interest in the field of spinal surgery.'®!

However, ERAS in spinal surgery is still in the early
stages compared with other surgical specialties.
Variations in the extent of the surgical stress response
and availability of multiple surgical and anesthetic
approaches suggest that no same pathway is appropriate
for all cases of spinal surgery. Therefore, protocols might
be best tailored to different types of spinal procedure. In
a previous study, authors reported their 18-month experi-
surgery.
significantly

ence with an ERAS pathway in spinal
Postoperative opioid consumption was
reduced in the ERAS group, as was hospital LOS."? In
2020, Yang et al studied the clinical outcomes of ERAS
protocols for minimally invasive transforaminal lumbar
interbody fusion (MIS-TLIF). The results suggest that
ERAS protocols decrease hospital LOS and provide relief
from back pain.'* Our previous results using ERAS in
MIS-TLIF were LOS

decreased from 7 days to 5 days.'* In a recent randomized

similar; specifically, hospital
controlled trial on ERAS for lumbar spine fusion, the
results showed significant gains in early recovery with
ERAS."

Percutaneous endoscopic lumbar interbody fusion
(PELIF), which is another minimally invasive surgical
technique, is used to treat degenerative lumbar disease
with satisfactory clinical and radiological results.'®™'®
PELIF is advantageous in terms of its short hospitaliza-
tion duration, smaller volume of intraoperative bleeding,
and ability to minimize structural damage, but whether
ERAS protocols benefit patients undergoing PELIF
remains unclear. Therefore, in this study, we aimed to
investigate whether ERAS protocols reduce opioid con-
sumption, hospital LOS, and hospital cost in patients

with degenerative lumbar disease undergoing PELIF
surgery.

Table | Lumbar Degenerative Disease Types

Materials and Methods

This study adopted a retrospective observational design. The
study was performed in accordance with the Declaration of
Helsinki and was approved by the Medical Ethics Committee
of the Second Affiliated Hospital of Army Medical University.
All participants provided written informed consent, and all
patients’ details were anonymized during collection and ana-
lysis. Patients who underwent PELIF at our institution before
(pre-ERAS group) and after (ERAS group) implementation of
ERAS protocols in May 2019 were enrolled. Selection criteria
included 1) typical clinical symptoms and homologous ima-
ging evidence supporting the need for lumbar fusion; 2) unsa-
tisfaction with conservative treatment; 3) the ability to
understand the ERAS protocol and to actively participate in
its implementation. Patients with lumbar spondylolisthesis of
Meyerding classification grade II or above, severely deformed
intervertebral foramina, low-exiting nerve roots, and exiting
nerve root variability were excluded. All procedures were
performed by the same orthopedic surgeons (Y. Z., Y. T., and
CQ. L.) during the study period at our institution, and lumbar
degenerative disease types did not change before and after
implementing ERAS (Table 1). All data of patients and proce-
dures were collected from the hospital database. The following
patient demographics were reviewed using electronic medical
data: age; sex; body mass index (BMI); preoperative pain score
(evaluated using the Visual Analog Scale [VAS]); and medical
comorbidities, including hypertension, diabetes mellitus, cor-
onary artery disease (CAD), chronic obstructive pulmonary
disease (COPD), asthma, and liver disease. We hypothesized
that implementing the ERAS protocol in patients undergoing
PELIF would reduce hospital LOS; therefore, this variable was
chosen as the primary outcome. All routes of opioid use were
converted to the morphine equivalent dose for standardization,
and the ratios have been described previously.'® Hospital LOS
was defined as the time from completion of surgery to hospital
included volume of

discharge. Secondary outcomes

Diagnosis Pre- ERAS p value
ERAS (n = 46)
(n = 45)

Degenerative spondylolisthesis 24 23 0.750

Lumbar spinal canal stenosis 8 5

Segmental instability 5 7

Recurrent lumbar disc herniation 3 5

Lumbar discogenic pain 3 5

Isthmic spondylolisthesis 2 |
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intraoperative blood loss, postoperative surgical dram drai-
nage, postoperative patient pain score, surgical complications,
and 30-day readmission. Most pain occurred on postoperative
days (PODs) 0 and 1, decreasing in later days. Therefore, we
recorded patients’ VAS scores on PODs 0 and 1.

ERAS Protocol

After reviewing the literature on successful ERAS protocols
and adjusting our protocol accordingly, the ERAS protocol
was implemented in patients who underwent PELIF at our
institution from May 2019 (Table 2). In the preoperative
period, patients were educated about the ERAS protocol
and PELIF surgery, and we responded to any questions
raised. The nutritional status of patients was assessed by
a dietitian who prescribed nutritional supplements containing
protein, glucose, omega-3 fatty acids, and specific amino
acids (glutamine and arginine), if necessary. Pre-emptive

Table 2 Items Included in pre-ERAS and Post-ERAS Care

oral analgesics, including celecoxib, eperisone, extended-
release tramadol, and pregabalin, were used on the day of
admission according to the condition of the patient. Unlike
routine bowel preparation, clear carbohydrate-rich drink was
provided before surgery, which patients were required to
drink 4 hours preoperatively. Intraoperatively, the ERAS
protocol consisted of prophylactic antibiotics, surgical
wound local anesthetic, and intraoperative temperature and
fluid management. Antibiotics were administered proactively
30 minutes before incision, and peak concentrations were
achieved at the time of surgery. Skin blocks using local
anesthesia were performed around the skin incision, which
relieved surgical wound pain. Body temperature was mon-
itored constantly throughout surgery, and an air-warming
device and warmed intravenous fluids were used to prevent
intraoperative hypothermia. To avoid excessive or insuffi-
cient use of intravenous fluids, goal-directed fluid therapy

Pre-ERAS

Post-ERAS

Patient education

Basic information on surgery
without ERAS education

ERAS education and setting goals for pain management, mobilization, discharge

planning, and the role of the patient in recovery.

Nutritional assessment

No assessment and

intervention

The nutritional status of patients was assessed, and nutritional support was
administered if necessary.

Pre-emptive analgesia

Not conventionally used

Celecoxib, eperisone, extended-release tramadol, and pregabalin were used on
the day of admission according to the condition of the patient.

Preoperative fasting
Carbohydrate loading

Fasting for 12 hours before

surgery

Four hours for liquids and 6 hours for solids; clear carbohydrate-rich drink was

provided 4 hours preoperatively

Antimicrobial prophylaxis

Not performed at

a consistent time

Cefuroxime (1.5 g) was administered proactively 30 minutes before incision

Wound local anesthetic

No local anesthetic at wound

Skin blocks using local anesthesia were routinely performed around the skin

incision

Normothermia maintenance

Using blankets

Air-warming device and warmed intravenous fluids were used to keep core

temperature >36°C

Normovolemia maintenance

Caregiver preference

Goal-directed fluid therapy was performed

Pre-emptive multimodal

analgesia

Caregiver preference

Intravenous parecoxib was used immediately after surgery, and oral pain
medications (celecoxib, acetaminophen, and, if necessary, pregabalin) were

administered from POD |

Early nutrition

Not provided clear liquids on
POD 0

Eat liquid food on POD 0 and switched to eating solid food on POD |

Early catheter and drain

removal

Removal at POD 2 or POD 3

Catheter and drain removal on POD |

Postoperative mobilization

Patients are required to bed
rest on POD |

Patients are encouraged to get out of bed on POD | using a brace

Abbreviations: ERAS, enhanced recovery after surgery; POD, postoperative day.
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was applied for fluid management. The anesthetist adjusted
the fluid infusion based on intraoperative changes in hemo-
dynamics. In the postoperative period, multimodal analgesia
was implemented for pain management. Patients received
intravenous parecoxib immediately after surgery, and oral
pain medications (celecoxib, acetaminophen, and, if neces-

sary,
Intravenous or intramuscular morphine was used if pain

pregabalin) were administered from POD 1.

was not well controlled. Patients were permitted to eat liquid
food on POD 0 and switched to eating solid food on POD 1.
Foley catheters were removed on POD 1 unless close mon-
itoring of urine output was necessary. Subfascial drains were
routinely placed intraoperatively and were removed when the
drain output was <20 mL/24 h. Early ambulation and mobi-
lization using a brace were encouraged, but patients were
required to avoid bending or weight lifting.

Statistical Analysis

Continuous variables are presented as mean = standard
deviation or median (range). Categorical variables are pre-
sented as frequencies or percentages. If parametric assump-
tions were met, a two-tailed Student’s #-test was employed to
compare continuous variables between the pre-ERAS group
and the ERAS group; otherwise, the Mann—Whitney U-test
was used. Categorical variables between the pre-ERAS
group and the ERAS group were compared using the »*
test. Significant differences were determined using a p
value of <0.05, and all analyses were performed using
SPSS software 25.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 91 patients who underwent PELIF were enrolled
in this study. Forty-five patients were allocated to the pre-
ERAS group, and 46 patients were allocated to the ERAS
group. The demographics of patients in the pre-ERAS and
ERAS groups were similar. There were no significant
differences in sex, age, BMI, preoperative pain score, or
medical comorbidities (such as hypertension, diabetes
mellitus, CAD, COPD, asthma, and liver disease) between
groups (Table 3). A greater number of patients were
female than were male in both groups (26 female patients
in the pre-ERAS group and 30 female patients in the
ERAS group). In the pre-ERAS group, 41 patients
received one level of fusion, and 4 patients received two
levels of fusion. In the ERAS group, 45 patients under-
went one level of fusion, and 1 patient underwent two
levels of fusion. There was no significant difference in
surgical level between the two groups. Surgical duration

Table 3 Patient Demographics

Variable Pre- ERAS p value
ERAS (n = 46)
(n = 45)
Gender 0.466
Male 19 16
Female 26 30
Age, years 56.8+8.9 55.2+10.8 0.417
BMI, kg/m2 24.7£2.8 25.243.3 0.363
Preoperative pain score 5.2+1.6 47£1.6 0.133
Medical comorbidities
Hypertension, n 5 6 0.777
Diabetes mellitus, n 3 3 1.000
Coronary artery disease, n 0 | 1.000
COPD, n | | 1.000
Asthma, n 0 | 1.000
Liver disease, n 0 3 0.242

and volume of intraoperative blood loss were similar
between the pre-ERAS and ERAS groups (Table 4).
Fifteen ERAS eclements were tracked in the ERAS
group. Most items were used in 100% of cases, such as
patient education, nutritional status assessment, nutritional
intervention, antimicrobial prophylaxis, wound local anes-
thetic, active warming, early oral nutrition, early ambula-
tion, and early catheter removal. Other items with high
compliance were preemptive analgesia (96%), preopera-
tive fasting and carbohydrate loading (98%), goal-directed
fluid therapy (91%), and multimodal analgesia (93%).
Although no significant differences between groups
were detected according to VAS score on POD 0, VAS
score on POD 1 in the ERAS group was lower compared
with that in the pre-ERAS group (2.0 vs 2.6, respec-
tively; p < 0.001). Postoperative surgical dram drainage
did not differ significantly between patients in the pre-
ERAS group and patients in the ERAS group. Patients in
the ERAS group used significantly fewer morphine
equivalents compared with the pre-ERAS group (25.0
vs 33.3, respectively; p = 0.017). Hospital LOS did not
decrease significantly in the ERAS group compared with
the pre-ERAS group (3.1 days vs 3.4 days, respectively;
p = 0.096). Likewise, there was no significant difference
in hospital cost between the pre-ERAS group and the
ERAS group ($10,598.60 vs $10,384.50, respectively;
p = 0.468). One case of dural tear and one case of
temporary ipsilateral dysesthesia were observed in the
pre-ERAS group. The patient who experienced cage
migration underwent a second surgery at readmission.
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Table 4 Intraoperative and Postoperative Variables

Pre-ERAS ERAS p value
(n = 45) (n = 46)
Surgical duration, minutes 137.6+32.3 134.7+28.4 0.654
Volume of intraoperative blood loss, mL 50 (20-180) 47 (30-150) 0.788
Surgical level 0.203
One level 41 45
Two levels 4 |
VAS score
Postoperative day 0 +0. 0.064
Postoperative day | 2.6+0.7 2.0+0.6 <0.001
Postoperative surgical dram drainage, mL 40(20-80) 37(20-70) 0.678
Complications, n 2 2 1.000
Morphine equivalents, mg 33.3(15-99.7) 25.0(0-66.5) 0.017
Hospital LOS, days 3.410.6 3.1£0.7 0.096
Hospital cost, dollar 10,598.6+1572.0 10,384.5+1210.5 0.468
30-day readmission, n 2 0 0.242

There was also one case of dural tear and one case of
temporary ipsilateral dysesthesia in the ERAS group. No
differences were noted in complications and 30-day
readmission between groups (Table 4).

Discussion

An increasing number of people who suffer from degenera-
tive disc disease undergo lumbar fusion surgery worldwide.
Since MIS-TLIF was introduced in the early 2000s, spinal
surgeons have shown great enthusiasm for this procedure.
MIS-TLIF demonstrates less intraoperative blood loss,
a shorter hospital stay, a faster recovery time, and less post-
operative narcotic use with similar clinical outcomes and
fusion rates compared with open TLIF.**?? Wainwright
et al first proposed that ERAS protocols could promote
patient recovery and improve outcomes in major spinal
surgery.”> Since then, ERAS protocols have been gradually
implemented in patients who undergo minimally invasive
spinal surgery.”**> Yang et al reported that patients who
undergo MIS-TILF gain benefit from ERAS in terms of
a shorter LOS, lower opioid use, and earlier recovery of
daily activity."® In another recent ERAS MIS-TLIF cohort
study, ERAS achieved a significant decrease in LOS and
opioid use in the immediate perioperative and postoperative
periods.?® These studies indicate that ERAS plays an impor-
tant role in decreasing LOS and opioid use without

increasing complications. However, no studies have reported
ERAS protocols tailored for PELIF. Therefore, we imple-
mented the ERAS protocol in patients undergoing PELIF and
determined how much benefit can be acquired by patients.

In the present study, although basic patient demographics
and disease types were similar between the pre-ERAS and
ERAS groups, non-significant decreases in hospital LOS and
hospital cost were observed in our research, which contra-
dicts previous studies. This discrepancy may be due to two
reasons. First, our study sample size was small and could not
be unpowered to detect a significant difference in hospital
LOS between groups. Second, the minimal invasiveness of
PELIF may have influenced hospital LOS in our research. In
previous research, a minimally invasive technique was used
as a component of the ERAS protocol.>>*” Compared with
open-surgery approaches, minimally invasive approaches
cause less surgical stress and improve perioperative immune
function in esophageal, rectal, and gastric procedures.*® >°
PELIF, as a new surgical technique, is performed through
Kambin’s triangle without destroying the paravertebral struc-
ture. Thus, patients experience less postoperative pain, mobi-
lize more quickly, and are discharged earlier compared with
patients who undergo MIS-TLIF, suggesting that PELIF is
less invasive compared with MIS-TLIF.'® Therefore, the
benefit of ERAS may not be well reflected in terms of
reducing hospital LOS.
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Recently, regulating the prescription of opioids to
reduce opioid use has attracted attention because of
increased opioid-related morbidity and mortality.>' There
are many different side effects of opioid use. Multiple
organ systems are affected by opioids, which can result
in serious complications, such as respiratory depression
and even

and/or obstruction, cognitive dysfunction,

death. Sedation, hormonal changes, hyperalgesia, and
immunological depression are related to opioid use.****
Patients are also at risk of developing tolerance and depen-
dence on account of opioid addiction. Therefore, it is
necessary to decrease opioid use in surgical patients. In
our ERAS protocol, pre-emptive and multimodal analgesia
were used for postoperative pain management. Pre-
emptive and multimodal analgesia are two pain manage-
ment methods used to effectively control pain. These
approaches involve taking oral analgesics before the pro-
cedure, preventing central nervous system hyperexcitation
and effectively relieving pain. Multimodal analgesia pro-
vides more effective analgesia and fewer side effects using
equivalent or reduced doses of a combination of analgesics
that work via different mechanisms and at various sites in
the pain-producing pathway. In addition, local anesthetics
are injected at the surgical site to relieve wound pain.

In the current study, opioid consumption was signifi-
cantly lower in the ERAS group (25.0 mg) compared with
the pre-ERAS group (33.3 mg). Moreover, this reduction
did not cause higher VAS pain scores, but rather it
improved pain on POD 1. These data are consistent with
previous studies, indicating that implementation of ERAS
could successfully reduce opioid use in the postoperative
period without negatively increasing pain scores.'***3°
Our results also suggest that ERAS protocols in spinal
surgery are safe. A non-significant decrease in complica-
tions was observed in the ERAS group compared with the
pre-ERAS group (2 vs 3, respectively; p = 0.627). Only
one patient underwent a second surgery. All other patients’
symptoms disappeared within 1-3 days after surgery.

There are some limitations of the present study that
should be noted. First, the study was a small-sample
retrospective study that may be unpowered to detect
significant differences in hospital LOS and hospital
cost between the two groups. Second, the study adopted
a “before-and-after” study design, which may cause bias
associated with implementing a particular policy or
intervention. Next, some patients in the pre-ERAS
group may have already undergone certain ERAS pro-
tocol elements before

formally implementing the

protocol. This could also explain why a reduction in
hospital LOS was not observed. Moreover, postoperative
opioid use could only be monitored when patients were
at hospital, and rapid exhaustion of refill prescriptions at
home and prescriptions from outside institutions could
not be measured.

Conclusion

In this study, we report use of an ERAS protocol in
patients undergoing PELIF. The benefits of the ERAS
protocol in patients undergoing PELIF were limited.
Although the multidisciplinary ERAS protocol improved
the effect of analgesia and decreased opioid consumption,
we did not observe a significant reduction in hospital LOS
and cost. The present study indicates that it is not neces-
sary to implement ERAS in PELIF surgery. However,
elements of ERAS need to be optimized and improved,
and large-scale randomized controlled trials should be
performed to assess the benefits of the ERAS protocol
for patients undergoing PELIF in the future.
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