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Abstract.

BACKGROUND: Enhanced recovery after surgery (ERAS) has been demonstrated to improve early postoperative outcomes and
is becoming a crucial component of any perioperative management paradigm.

OBJECTIVE: To investigate the effect of an ERAS protocol on lumbar disk herniation (LDH) patients undergoing dynamic
stabilization and discectomy.

METHODS: A total of 119 lumbar disk herniation (LDH) patients undergoing Dynesys dynamic stabilization and discectomy
were divided into the ERAS (n1 = 56) and control group (n2 = 63). ERAS group received an enhanced recovery after surgery
(ERAS) protocol, and control group received a traditional care protocol.

RESULTS: Both the ERAS and control groups had significantly decreased visual analog scale (VAS) score and Oswestry
Disability Index (ODI) and increased Japanese Orthopaedic Association (JOA) score at postoperative 1 week, 1 month and
3 months compared with preoperative scores. Moreover, the ERAS group had lower postoperative VAS score and ODI and higher
postoperative JOA score and rate of improved JOA score compared with the control group. Intraoperative blood loss, operation
time, ambulation time and length of stay were all lower in the ERAS group than in the control group.

CONCLUSIONS: The ERAS protocol designed was feasible for LDH patients undergoing dynamic stabilization and discectomy
with significantly improved perioperative outcomes.
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1. Introduction

Enhanced recovery after surgery (ERAS) is an
evidence-based multidisciplinary perioperative care
protocol designed to accelerate the recovery process and
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minimize the loss of functional capacity through im-
proving the quality of perioperative care [1]. It was first
introduced into clinical practice by Kehlet and Wilmore
in 2002 [2]. Since then a variety of ERAS protocols
have been developed in many surgical disciplines and
have demonstrated to improve early postoperative out-
comes. Therefore, ERAS is becoming a crucial compo-
nent of any perioperative management paradigm. How-
ever, few studies have reported its application in the
surgical treatment of lumbar disk herniation (LDH).
The Oswestry Disability Index (ODI) is one of the
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most frequently utilized patient-reported outcome mea-
sures for spinal disorders [3,4]. It consists of ten ques-
tions categorized into two aspects, including the pain
level and its disabling effect on the activities of daily
living. The Japanese Orthopaedic Association (JOA)
score is a widely used disease-specific outcome tool for
evaluation of postoperative neurological changes [5],
consisting of six domains: sensory function in the trunk,
sensory function in upper extremities, sensory function
in lower extremities, motor function in lower extrem-
ities, motor function in upper extremities and bladder
function. Additionally, visual analog scale (VAS) can
be applied in the assessment of lower back pain and leg
pain in patients with central lumbar spinal stenosis [6].
Therefore, in this study we investigated the feasibility
and effect of an ERAS protocol for LDH patients un-
dergoing dynamic stabilization and discectomy with the
above outcome measures.

2. Patients and methods
2.1. Patients

All 61 LDH patients undergoing Dynesys dynamic
stabilization and discectomy between March 2014 and
March 2015 at the People’s Hospital of Xinjiang Uygur
Autonomous Region were retrospectively enrolled as
the ERAS group, and all 70 LDH patients undergoing
the same surgical treatment between February 2013 and
February 2014 were retrospectively enrolled as the con-
trol group. The ERAS group received an ERAS proto-
col which was implemented from March 2014, and the
control group received a traditional care protocol. All
procedures were performed in compliance with relevant
laws and institutional guidelines and approved by the
Ethics Committee of the People’s Hospital of Xinjiang
Uygur Autonomous Region.

Inclusion criteria: (1) spinal stenosis secondary to
disk herniation at two levels or less and disk herniation
at two levels or less combined with intervertebral in-
stability; (2) complete medical records, including de-
mographic data, American Society of Anesthesiologists
(ASA) physical status, preoperative and followed-up
VAS, ODI and JOA scores; (3) informed consent.

Exclusion criteria: (1) disk herniation at more than
two adjacent levels; (2) disk degeneration at multiple
levels or discontinuous levels; and (3) combined with
internal medicine diseases such as uncontrolled hy-
pertension or diabetes mellitus, and chronic bronchitis
combined with pulmonary heart disease.

2.2. ERAS protocol

(1) Preoperative counselling was performed. The
contents of preoperative education mainly included the
aim and procedure of the ERAS protocol, discharge cri-
teria, pain coping strategies, information about periop-
erative treatment and a follow-up plan. (2) The patients
received analgesic therapy with oral etoricoxib 120 mg
the day before surgery. Postoperative analgesia was per-
formed with the combination of parecoxib sodium and
morphine. Oral etoricoxib analgesia was resumed after
the patients could take oral diet by themselves on the
second day after surgery. (3) Preoperative fasting and
water deprivation for 2 h, and regular diet after anesthe-
sia awareness. (4) No urethral catheterization was per-
formed for the patients having an estimated operating
time less than 3 h. (5) Continuous epidural anesthesia
was performed. Gastrointestinal discomfort should be
avoided. The patients’ lower limbs had sensation and
movement at the end of the operation through strictly
controlling the time of anesthesia and drug dose. (6) The
lower limb muscles were activated and rolling over was
exercised from 4 h after surgery, and standing with lum-
bar support was exercised from 8 h after surgery, and
moderate activities were administered from 24 h after
surgery. Activation of the lower limb muscles included
active movement of the ankle and knee joint, and exer-
cise of the quadriceps femoris and anterior tibialis mus-
cles. Within the first three days after surgery, patients
were asked to stand three times each day with half an
hour each time. Within 4-7 days after surgery, patients
were asked to stand 3-5 times each day with a total time
of 2 h. The criterion of moderate activities was that pa-
tients felt no discomfort. (7) Physical exercise was per-
formed, and the limb pneumatic pump was employed to
improve microcirculation in order to prevent from deep
vein thrombosis. Pulse electric frequency was used to
promote wound healing in order to prevent from bleed-
ing and inflammation three times a day. Intermittent
wave was given, the ferquency was 50 Hz, and the dura-
tion was 20-30 mins each time. (8) Intraoperative nerve
electrophysiological monitoring was performed in or-
der to prevent from nerve damage. (9) Preoperative and
intraoperative tranexamic acid, postoperative physical
cold and adjustable negative pressure suction were used
to reduce perioperative bleeding. (10) A review was
performed with an X-ray machine on the second day
after surgery, and moderate activities were administered
with lumbar support. Review was performed monthly
within three months after surgery, nonlaborious work
was restored from one month after surgery, and normal
life was restored and previous work was resumed from
three months after surgery.
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Table 1
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General data of the ERAS group and control group

ERAS group Control group
(nl = 56) m=6y X/ P
Age (years) 5294 +£9.23 54.12+£10.34  0.658  0.504
Sex (male/female) 1.55 (34/22) 1.63 (39/24) 0.018 0.894
BMI 23.18 £4.57 2291 £4.36 0329 0.713
ASA physical status (I/I) ~ 50/6 55/8 0.112  0.737
Preoperative VAS score 7.06 £ 1.14 7.01 £ 1.26 0.227  0.805
Preoperative ODI 4133 £10.24 43.72+£9.83 1.295  0.201
Preoperative JOA score 337+£243 329 £226 0.185  0.847

ERAS: enhanced recovery after surgery, BMI: body mass index, ASA: American
Society of Anesthesiologists, VAS: visual analog scale, ODI: Oswestry Disability
Index, JOA: Japanese Orthopaedic Association.

2.3. Traditional care protocol

The traditional care protocol mainly included tradi-
tional informed consent, preoperative enema, preop-
erative fasting for 12 h and water deprivation for 4 h,
postoperative fasting for 1 d and fluid for 1 d, and post-
operative autonomy activities of lower limbs.

2.4. Evaluation of clinical outcomes

VAS score and ODI were evaluated at preopera-
tion, postoperative 1 week, 1 month and 3 months.
The JOA score was evaluated preoperatively, postoper-
ative 1 month and 3 months. The rate of the improved
JOA score (RIS) = [(postoperative score-preoperative
score)/(29-preoperative score)] x 100%. Lumbar mag-
netic resonance imaging (MRI) was performed to eval-
uate the degeneration status of intervertebral space of
adjacent segments at preoperation and postoperative
3 months.

2.5. Statistical analysis

Statistical analysis was performed using the SPSS
version 20.0 for Windows (IBM Corp., Armonk, NY,
USA). Significance was set at P < 0.05. Measurement
data were expressed as means + standard (SD), and
compared with one-way analysis of variance (ANOVA)
or Student’s ¢ test. Enumeration data were expressed
as percentages or ratios (%), and compared with chi-
square test.

3. Results
3.1. General data

Five patients were excluded including 3 cases for lost
follow-up and 2 cases for incomplete medical records in

the ERAS group, and 56 patients were finally included
in the ERAS group. Seven patients were excluded in-
cluding 4 cases for lost follow-up and 3 cases for in-
complete medical records in the control group, and 63
patients were finally included in the control group. The
ERAS group included 34 males and 22 females with
an average age of (52.94 £ 9.22) years, and the control
group included 39 males and 24 females with an aver-
age age of (54.12 + 10.34) years. Age, sex, body mass
index (BMI), American Society of Anesthesiologists
(ASA) physical status [7], preoperative VAS score, pre-
operative ODI and preoperative JOA score were not
significantly different between ERAS group and control
group (Table 1).

3.2. VAS score

As demonstrated in Fig. 1, the postoperative VAS
score was significantly lower than preoperative score in
both the ERAS and control groups. Moreover, the VAS
score was higher in the control group than in the ERAS
group at postoperative 1 week, 1 month and 3 months.

3.3. ODI

As demonstrated in Fig. 2, the postoperative ODI was
significantly lower than preoperative DOI in both the
ERAS and control groups. The ODI was higher in the
control group than in the ERAS group at postoperative
1 week, 1 month and 3 months.

3.4. JOA score

As demonstrated in Table 2, the postoperative JOA
score was significantly higher than preoperative score.
Moreover, the JOA score was higher in the ERAS group
than in the control group at postoperative 1 month and
3 months. The RIS was higher in the ERAS group
than in the control group at postoperative 1 month and
3 months.
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Table 2
Preoperative and postoperative JOA score and RIS of the ERAS group and control group
JOA score RIS (%)
Preoperative Postoperative 1 month Postoperative 3 months Postoperative 1 month Postoperative 3 months
ERAS group 337+ 1.73 19.35 £+ 2.54* 27.93 £3.97* 65.38 £7.75 95.82 £9.28
Control group 3.29 + 1.66 16.12 4+ 2.29* 23.28 £+ 3.72* 52.69 £ 6.59 81.74 £+ 8.46
t 0.185 7.251 6.569 9.560 8.611
P 0.847 < 0.001 < 0.001 < 0.001 < 0.001

JOA: Japanese Orthopaedic Association, RIS: rate of the improved JOA score, ERAS: enhanced recovery after surgery. *: P < 0.05, vs
preoperative.
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Fig. 1. Preoperative and postoperative VAS score of ERAS group and control group. VAS: visual analog scale; *: P < 0.05, vs preoperation; #:
P < 0.05, vs control group.
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Fig. 2. Preoperative and postoperative ODI of ERAS group and control group. ODI: Oswestry Disability Index; *: P < 0.05, vs preoperation; #:
P < 0.05, vs control group.

3.5. Intraoperative blood loss, operation time, 3.6. Complications
ambulation time and length of stay
The mean follow-up time was (49.32 £+ 12.74)
As demonstrated in Table 3, intraoperative blood loss, months. During the follow-up period, all patients had
operation time, ambulation time and length of stay were no postoperative complications, including interverte-
all lower in the ERAS group than in the control group. bral infection, lumbar instability and failure of internal
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Intraoperative blood loss, operation time, ambulation time and length of stay of the ERAS and

control group

ERAS group Control group . P
(nl = 56) (n2 =63)
Intraoperative blood loss (mL)  90.52 £ 35.21 150.01 £70.34 —5.929 < 0.001
Operation time (h) 255+ 1.35 325+ 1.01 —3.171 0.003
Ambulation time (h) 30.62 + 17.68 4822+ 1266 —6.174 < 0.001
Length of stay (day) 7.12+4.62 9.66 & 6.22 —2.546 0.025

ERAS: enhanced recovery after surgery.

fixation. No significant intervertebral disc degeneration
occurred at adjacent segments at the last follow-up.

4. Discussion

LDH is one of the most common spinal pathologies
characterized by neurological dysfunction and debili-
tating pain [8]. Early conservative management is ap-
plied to patients without serious symptoms. However,
surgery is performed if symptoms last for more than six
weeks or are correlated with unbearable pain or neu-
rological deficit. Moreover, 31% of patients receiving
conservative management eventually undergo surgery
during one year of follow-up [9]. Surgery can provide
faster relief from back pain symptoms in LDH patients
compared with conservative management, but does not
demonstrate a benefit over conservative management in
midterm and long-term follow-up [10,11]. The primary
surgical intervention for LDH is discectomy, which can
be performed through many techniques aiming at neural
decompression and prevention of recurrent herniation.

Dynamic stabilization for the lumbar spine, aiming
at either securing the physiological segmental motion
of the spine or preventing the loading of the interverte-
bral disc and facet joint, has been conducted for almost
30 years. Currently, multiple pedicle-based systems
have been employed to stabilize the spine while allow-
ing limited mobility without fusion. Dynesys dynamic
stabilization system was designed by Dubois and Graf
and approved in the USA in 2009, which can provide
spinal stabilization and alignment for patients with de-
generative spondylolisthesis and radiculopathy, spinal
stenosis or the other stenosing lesion [12]. Biomechani-
cal and in vitro studies have demonstrated that this sys-
tem is associated with restrained amount of flexibility
through polycarbonate urethane spacers and polyethy-
lene terephthalate cords [13,14]. In vivo, this system
allows movement at the instrumented level, although
reduced, with no markedly increased mobility at the
adjacent segments [15]. In this study, all patients re-
ceived Dynesys dynamic stabilization and discectomy

for corresponding lesion segments through the posterior
approach.

The application of surgery is limited by complica-
tions associated with surgery, long postoperative recov-
ery period, long length of hospital stay and decreased
patients’ satisfaction, despite advances in surgical con-
cept and technique. ERAS is designed to promote pa-
tient’s rehabilitation through improving the quality of
perioperative care [1]. Plenty of ERAS protocols aiming
at different surgical disciplines have been developed and
proven to be able to improve early postoperative out-
comes. Quiny et al. demonstrated that ERAS was asso-
ciated with shorter LOS and reduced postoperative com-
plications for emergency abdominal surgery [16]. Zhu
et al. indicated that ERAS could significantly reduce
the incidence of postoperative complications and LOS
for patients undergoing total hip arthroplasty (THA)
or total knee arthroplasty (TKA), but it had no signifi-
cant effect on 30-day readmission rate [17]. Deiss et al.
reported long-term outcomes of ERAS for colorectal
surgery. Their results confirmed long-term (6 months
after surgery) benefits of ERAS [18]. Li et al. developed
an ERAS protocol for spinal surgery [19]. Their results
showed that this ERAS protocol was safe and feasible
for patients receiving laminoplasty, and could reduce
LOS without increasing the incidence of complications.
Braga et al. evaluated the effect of ERAS on short-term
outcomes of patients receiving pancreaticoduodenec-
tomy [20]. Their results demonstrated that ERAS could
promote early recovery after pancreaticoduodenectomy.

In our study, an ERAS protocol was developed for
LDH patients receiving Dynesys dynamic stabiliza-
tion and discectomy. Our results demonstrated that
this ERAS protocol could reduce postoperative VAS
score and ODI, increase postoperative JOA score and
RIS, and decrease intraoperative blood loss, operation
time, ambulation time and length of stay. Therefore, the
ERAS protocol was feasible for LDH patients receiving
dynamic stabilization and discectomy, and significantly
improved perioperative outcomes.

Studies show that preoperative education can de-
crease preoperative anxiety and enhance patients’ satis-
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faction. Patients may have obvious perioperative anxi-
ety and feel vulnerable due to fear of the serious com-
plications of spinal surgery, which has an adverse im-
pact on functional recovery and postoperative pain [21].
A preoperative education for anxiety and depression
may significantly reduce postoperative pain, enhance
patients’ satisfaction and promote patient’s rehabilita-
tion [22]. A study on 175 patients undergoing spinal
surgery demonstrated that 87% of the patients reported
preoperative anxiety, and faith in the surgeon’s expla-
nation of the procedure and the medical staff could help
to overcome preoperative anxiety [21]. Preoperative
education about pain coping strategies, details of the
surgery, estimated LOS and details of recovery process
can significantly alleviate patients’ anxiety, and thus
avoid unnecessary stress [23]. In our study, preopera-
tive education introduced the goal and procedure of the
ERAS protocol, details of the surgery and pain coping
strategies.

Early postoperative activities are helpful in promot-
ing patient’s rehabilitation. Getting out of bed “early”
can reduce the LOS and the incidence of perioperative
complications such as pulmonary embolism, deep ve-
nous thrombosis, atelectasis, pneumonia, sepsis, uri-
nary tract infections, and so on [24]. For patients un-
dergoing lumbar surgery, an intense rehabilitation pro-
gram started on the day of surgery significantly en-
hances patients’ satisfaction and shortens the LOS with-
out increasing the risks of pain and complications [25].
For patients with an age greater than 65 years under-
going elective spinal surgery, early ambulation within
24 h after surgery can significantly shorten the LOS
and decrease the incidence of perioperative complica-
tions [26]. In this study, early postoperative activities
were administered. The lower limb muscles were ac-
tivated and rolling over was exercised from 4 h after
surgery, and standing with lumbar support was exer-
cised from 8 h after surgery, and moderate activities
were administered from 24 h after surgery.

Decreased tissue trauma and intraoperative blood loss
have a positive influence on recovery after surgery [27].
In our study, preoperative and intraoperative tranexamic
acid, postoperative physical cold and adjustable neg-
ative pressure suction were used to reduce periopera-
tive bleeding. The results demonstrated that intraoper-
ative blood loss was lower in the ERAS group than in
the control group, which was associated with improved
perioperative outcomes of the ERAS group.

5. Conclusions

This study showed that the ERAS protocol was safe

and feasible for LDH patients receiving dynamic sta-
bilization and discectomy and significantly improved
perioperative outcomes.
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