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Abstract

Purpose The prevalence of degenerative spinal deformity (DSD) and the increased cost of correction surgery impose
substantial burdens on the health care and insurance system. The aim of our study was to investigate the effects of
the implementation of Enhanced Recovery After Surgery (ERAS) protocol on postoperative outcomes after complex
spinal surgery.

Methods A retrospective analysis of prospectively established database of DSD was performed. The consecutive
patients who underwent open correction surgery for degenerative spinal deformity between August 2016 and Febru-
ary 2022 were reviewed. We extracted demographic data, preoperative radiographic parameters, and surgery-related
variables. The ERAS patients were 1:1 propensity-score matched to a historical cohort by the same surgical team
based on age, gender, BMI, and number of levels fused. We then compared the length of hospital stay (LOS), physi-
ological functional recovery, and the rates of complications and readmissions within 90 days after surgery between
the groups.

Results There were 108 patients included, 54 patients in the ERAS cohort, and 54 patients matched control patients
in the historical cohort. The historical and ERAS cohorts were not significantly different regarding demographic
characteristics, comorbidities, preoperative parameters, operative time, and reoperation rate (P>0.05). Patients in the
ERAS group had significantly shorter postoperative LOS (12.0 days vs. 15.1 days, P=0.001), average days of drain and
urinary catheters placement (3.5 days vs. 4.4 days and 1.9 days vs 4.8 days, respectively), and lower 90-day readmission
rate (1.8% vs. 12.9%, P=0.027). The first day of assisted-walking and bowel movement occurred on average 1.9 days
(2.5 days vs. 4.4 days, P=0.001) and 1.7 days (1.9 days vs. 3.6 days, P=0.001) earlier respectively in the ERAS group.
Moreover, the rate of postoperative urinary retention (3.7% vs. 16.7%, P=0.026) and surgical site infection (0% vs.
7.4%, P=0.046) were significantly lower with ERAS protocol applied.

Conclusions Our study confirmed that the ERAS protocol was safe and essential for patients undergoing thora-
columbar deformity surgery for DSD. The ERAS protocol was associated with a shorter postoperative LOS, a lower rate
of 90-day readmission, less rehabilitation discharge, and less postoperative complications.
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Introduction

Degenerative spinal deformity (DSD) occurs in individu-
als without pre-existing deformity and is the result of
cumulative degenerative changes of spinal musculoskel-
etal and intervertebral discs that occur with aging [1].
Patients with degenerative spinal deformity often pre-
sent with coexisting degenerative pathologies including
spondylolisthesis, spinal stenosis, and degenerative disk
disease, and they often complain of back or radicular
pain and activity intolerance [2]. With an aging world-
wide population, the number of people suffering from
DSD increases yearly. Open-posterior thoracolumbar
deformity surgery is a standard procedure for decom-
pressing the spinal cord and nerve root, augmenting the
posterior construct rigidity, and realigning the spine in
the coronal and sagittal planes [3]. The prevalence of spi-
nal correction surgery and the increase in hospitalization
costs impose substantial burdens on the health care and
insurance system [4]. Postoperative complications and
readmission after major spine surgery have diminished
patient satisfaction, linked to healthcare systems reim-
bursement. These findings suggest that a comprehensive
perioperative management pathway is needed to reduce
the length of hospital stay (LOS), the incidence of post-
operative complications and readmission, and improve
patient satisfaction.

The enhanced recovery after surgery (ERAS) proto-
col is an evidence-based, multidisciplinary perioperative
management pathway that reduces the surgical stress
responses, LOS and the incidence of complications in
minimally-invasive spinal surgery [5-7]. DSD surgery is
associated with major trauma, increased estimated blood
loss and more prolonged rehabilitations [8, 9]. Multi-
modal perioperative management regimens should be
applied to correction surgery to reduce stress response
and achieve early recovery. However, the evidence for
implementing the ERAS protocol on postoperative out-
comes after complex spinal surgery remains limited.
Therefore, this study aimed to identify the impact of
the ERAS protocol on postoperative outcomes, includ-
ing the LOS, postoperative complications, physiological
functional recovery, and 90-day readmission in patients
undergoing open correction surgery for DSD.

Materials and methods

Study design

We performed a retrospective analysis of a prospectively
established database of DSD. The ethics committee of
our hospital approved the study (permit data 2018.4.3;
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no. 2018086). We reviewed the consecutive patients who
underwent open correction surgery for DSD between
August 2016 and February 2022. Inclusion criteria
included age greater than 50 years and open correction
surgery for degenerative spinal deformity. The exclusion
criteria were: 1) revision surgery; 2) concomitant cervi-
cal spine surgery; 3) non-contiguous segmental surgery;
4) drug treatment for cancer; 5) incomplete postopera-
tive information; 6) cognitive impairment; 7) neoplasm,
infective damage to the vertebral structure. Applying
ERAS in clinical practice is a process of continuous learn-
ing and improvement. Although the ERAS protocol was
initially introduced at our center in January 2019, the full
implementation of the ERAS program began in July 2019.
Therefore, the ERAS group consisted of patients who
underwent surgery from August 2019 to January 2022,
and the control group consisted of patients from August
2016 to December 2021.

ERAS protocol

Our ERAS pathway includes preoperative, intraoperative,
and postoperative multimodal management by a multi-
disciplinary team (Fig. 1). This protocol was implemented
at our center after receiving institutional approval.

Multidisciplinary assessment and preoperative optimization

Preoperative multidisciplinary evaluation is the corner-
stone of our ERAS program, which helps to predict the
risk of perioperative adverse events and treat chronic dis-
ease. The spinal surgeon determines the severity of spinal
deformities and the location of nerve compression and
vertebral instability based on the symptoms and preop-
erative imaging. The spine surgery team then carries out
the procedure plan. Based on the patient’s laboratory test
results and previous medical history, an internist evalu-
ates the patient for severe chronic diseases, including
coronary heart disease and hematologic diseases. Blood
glucose and blood pressure levels are monitored and sta-
bilized one week before surgery. Nutritionists perform
preoperative nutritional evaluations using a nutritional
screening scale and instruct patients to adjust their diet
to improve preoperative nutrition. Psychologists assess
the patient’s mental status and provide psychological
support if needed. A rehabilitation physician evaluates
the patient’s physical function and daily activity abil-
ity before surgery. Smokers are referred to a smoking
cessation clinic one month before surgery, and opioid-
dependent patients are referred to a chronic pain service
center. Anesthesia-related risks are evaluated by senior
anesthesiologists using the American Society of Anesthe-
siologists grade and the age-adjusted Charlson Comor-
bidity Index [10]. All evaluations results are collected
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ERAS program
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— Optimized preoperative preparation

room

Fig. 1 Our ERAS program

preoperatively and used to guide surgical decision-mak-
ing and perioperative interventions.

Education and consultation

Patients are educated on evaluating the degrees of pain
using a numerical rating scale and Oswestry Disability
Index. Expectation management includes patient educa-
tion regarding the variability in pain improvement after
fusion surgery. Patients are educated on the importance
of physical rehabilitation and non-narcotic medica-
tion administration. Our center offers a multifaceted
consulting service for patients with degenerative spinal
deformity. The first-round consultation is conducted
to determine patient expectations and inform patients
regarding the surgical procedure and the possibility of
perioperative adverse events. A geriatric consultation
is provided for older patients. Patients with frailty and
other systemic degenerative disorders (e.g., osteoporosis,
Parkinson, and depression) are referred to correspond-
ing clinics. A senior anaesthesiologist conducts a preop-
erative consultation regarding the adequate preoperative
preparation and general anesthesia. All patients undergo
live or online preoperative courses on upper and lower
extremity strength exercises, lumbar back muscle exer-
cises, and roll-over exercises in bed.

Optimized preoperative preparation

In patients undergoing elective DSD surgery, prolonged
fasting predisposes to increased surgical stress response
and surgery-induced insulin resistance. The preopera-
tive preparation of the ERAS pathway requires cessation
of clear liquids for two hours, and solid foods for eight
hours before anesthesia. Other preoperative prepara-
tions include the administration of an oral carbohydrate-
rich drink two hours before surgery and avoiding using
mechanical bowel preparation. Establishing intraopera-
tive blood pressure goals, maximum allowable blood loss

Consistent members of the operating

Post-operative

— Multidisciplinary evaluation [ Multimodal analgesia — Early removal of tube
— Preoperative optimization — Intraoperative monitoring I Multimodal pain management
Education and consultation [ Minimize blood loss and operative time Prevention and treatment of

complications under
multidisciplinary collaboration

Early rehabilitation physiological
function

and transfusion triggers are also essential in optimizing
preoperative preparation.

Intraoperative management

The ERAS pathway includes multimodal analgesia, con-
tinuous monitoring, minimizing blood loss and opera-
tive time, and consistent members of operating room.
Patients in the ERAS group were administered oral pre-
gabalin two hours before surgery. All patients received
general anesthesia with intravenous propofol and
remifentanil according to weight and operation time. A
mixture of 10 ml 2% lidocaine and 10 ml 1% ropivacaine
was infiltrated around the surgical incision before inci-
sion and after skin closure. Intraoperative monitoring
focuses on blood pressure, urinary volume, neurophysi-
ological monitoring, and blood loss. Patients without
contraindications were routinely given intravenous anti-
fibrinolytics (tranexamic acid) to reduce blood loss.
Applying topical hemostatic material and blood pres-
sure control were also important interventions to con-
trol intraoperative bleeding. All DSD surgeries were
performed by the same operating room staff, including a
surgeon, anesthesiologist, and circulating nurse, contrib-
uting to reduced operation time. Unless extubation failed,
the patients routinely returned to the ward after surgery.

Postoperative management

The post-operative ERAS protocol includes multimodal
pain management, early removal of urinary tube and
drainage tube, preventing and treating complications,
and early recovery of physiological function. Multimodal
pain management involves a combination of acetami-
nophen, steroids, gabapentin, pregabalin, cyclooxyge-
nase-2 inhibitors, and neuraxial anesthesia with different
mechanisms of action to reduce the use of opioids and
optimize pain control. The urinary tube (if placed) was
routinely removed within 72 h after surgery, except in
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rare cases. Unless complications occur, the drainage tube
is removed within 96 h after surgery. From postopera-
tive days O to 3, anti-vomiting drugs and gastric mucosal
protective agents are routinely infused intravenously to
alleviate adverse reactions in the gastrointestinal tract.
Antithrombotic prophylaxis includes on-bed movement,
early off-bed mobilization, lower extremity pneumatic
pump application, and compression stocking placement.
For patients with histories of hypercoagulable or throm-
bophilic clotting abnormalities, low molecular weight
heparin is injected subcutaneously every 24 h for four
to five days. Early recovery of physiological function
involves improving physical function and early recovery
of gastrointestinal function. All patients are encouraged
to ambulate on postoperative day 1 with the assistance of
nursing staff and start physical exercise from postopera-
tive day 0 with the guidance of a rehabilitation physician.
Other ERAS protocol items include early oral fluid and
food intake after surgery, nutritional support, early intra-
venous fluids discontinuation, and oral administration
of docusate suppository if no bowel movement occurs
within 48 h after surgery.

Data collection

From a prospectively established database, we extracted
demographic data (age, gender, body mass index [BMI],
payer status, comorbidities, chronic opioid use), preop-
erative radiographic parameters (lumbar lordosis [LL],
sagittal vertical axis [SVA], pelvic tilt [PT], thoracic
kyphosis [TK], pelvic incidence [PI] and pelvic incidence
minus the lumbar lordosis angle [PI-LL], thoracolumbar
kyphosis [TLK]), and surgery-related variables (opera-
tive time, operating room duration, estimated blood
loss, number of fused levels, laminectomy, and interbody
fusion). To control for differences in baseline data, ERAS
patients were 1:1 propensity-score matched to a histori-
cal cohort by the same surgical team based on age, gen-
der, BMI, and the number of levels fused. LOS was the
primary outcome measure. Physiological functional out-
come indicators such as time to first bowel movement,
first ambulation, and days of urethral indwelling catheter
were assessed as secondary outcome measures. We also
compared the rates of complications and readmissions
between the two groups within 90 days after surgery.

Statistical analysis

Continuous variables were expressed as mean + stand-
ard deviation and analyzed using the two-tailed Student’s
t-test or Mann—Whitney U-test as appropriate. Categori-
cal variables were expressed as frequencies with per-
centages and analyzed using Fisher’s exact or chi-square
tests. All statistical analyses were performed using SPSS
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Statistics 25 (SPSS, version 22.0, Inc., Chicago, IL, USA).
Statistical significance was set at p <0.05.

Results

There were 108 patients included in the study, 54 patients
in the ERAS cohort (August 2019 to January 2022), and
54 patients matched to the historical cohort (August
2016 to December 2019). Age (70.1+7.7 vs. 69.6£8.5
P=0.777) and gender (77.8% vs. 77.8% female, p=1.000)
were similar between cohorts. The historical and ERAS
cohorts were not significantly different regarding demo-
graphic characteristics, comorbidities, or preoperative
parameters (P>0.05) (Table 1). Regarding intraopera-
tive variables, there were no differences in the number of
levels fused (7.0+1.6 vs. 7.1+£1.6, P=0.952), interbody
fusion (2.24+1.4 vs. 1.9+£0.9, P=0.196), vertebral body
osteotomy (20.3% vs 18.5%, P=0.798), or laminectomy
(294+1.2 vs. 2.8+£1.2, P=0.373) between the groups
(Table 2). Patients in the ERAS group had longer opera-
tive time, without a statistically significant differences
(363.91+92.6 min vs. 333.0+£75.0 min, P=0.059). The
rates of patients with fusion to the sacrum (62.9% vs.
61.1%, P=0.843) were similar between groups. Patients
in the ERAS cohort had a lower estimated blood loss
(825.7+581.3 ml vs. 1181.7 +681.4 ml, P=0.001).

The total LOS in both groups was comparable; how-
ever, patients in the ERAS group had significantly shorter
postoperative LOS (12.0 days vs. 15.1 days, P=0.001).
With regards to the postoperative physiological func-
tion, the first day of assisted-walking and bowel move-
ment occurred on average 1.9 days (2.5 days vs. 4.4 days,
P=0.001) and 1.7 days (1.9 days vs. 3.6 days, P=0.001)
earlier with ERAS, respectively (Table 3). The average
drain and urinary catheters placement days were signifi-
cantly shorter in the ERAS cohort than in the historical
cohort (3.5 days vs. 4.4 days and 1.9 days vs. 4.8 days,
respectively). The rate of total complications was similar
between the groups (22.2% vs. 33.3%, P=0.198); how-
ever, fewer patients in the ERAS group had urinary reten-
tion (3.7% vs. 16.7%, P=0.026) and surgical site infection
(SSI) (0% vs. 7.4%, P=0.046). There were no significant
differences in other complications including deep venous
thrombosis, pneumonia and hematoma (P>0.05). Four
patients in the pre-ERAS group were discharged to inpa-
tient rehabilitation, while all patients in the ERAS group
were discharged home. The 90-day readmission rate was
significantly higher before the implementation of our
ERAS program (12.9% vs. 1.8%, P=0.027). Reoperation
rates were similar between groups. Two patients in the
EARS cohort underwent reoperation for hematoma. In
the historical cohort, one patient underwent reoperation
for SSI and another for hematoma.
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Table 1 Comparison of demographic, clinical, and radiographic
parameters between the enhanced recovery cohort and a
matched historical cohort

Variables ERAS cohort (n=54) Historical PValue
cohort
(n=>54)
Female, n (%) 42 (77.8%) 42 (77.8%) 1.000
Age (y) 701477 696485 0.777
Weight (kg) 66.14+122 677116 0512
BMI (kg/m?) 259444 266+36 0355
Payer status, n (%) 0.540
Medicare 49 (90.7%) 47 (87.0%)
Self-pay 5(9.3%) 7 (13.0%)
Smoker, n (%) 2 (3.7%) 5(9.3%) 0.241
Drinker, n (%) 5(9.3%) 3(5.6) 0462
ASA 21405 21403 0.832
Co-Morbidities, n (%)
Charlson Comorbid-  3.0+1.2 34411 0.200
ity Index
Hypertension 20 (37.0%) 30 (55.6%) 0.054
Coronary heart 6(11.1%) 7 (13.0%) 0.771
disease
Diabetes disease 12 (22.2%) 15 (27.8%) 0511
Mental disease 1(1.8%) 0 (0%) 0322
Digestive disease 1(1.8%) 1(1.8%) 1.000
Old cerebral infarc- 5(9.3%) 2 (3.7%) 0.242
tion
Osteoporosis 21 (38.9%) 16 (29.6%) 0315
Opioids consump- 3 (5.6%) 1(1.8%) 0315
tion
Parkinsons disease 2 (3.7%) 5(9.3%) 0.241
Radiographic parameters
SVA (cm) 73£53 63+45 031
PI(°) 507+£11.8 51.8+11 0.640
PT(°) 2754140 2644109 0.632
SS(9) 223+£105 2624107 0.062
TLK () 240+15 204+17 0.243
TK(°) 266+12 271+£168 0.877
LL(®) 232+160 286+16.7  0.086
PI-LL (°) 259+166 20.8+14.8 0.254

BMI body mass index, SVA sagittal vertical axis, Pl pelvic incidence, PT pelvic tilt,
SS sacral slope, TLK thoracolumbar kyphosis, TK thoracic kyphosis, LL lumbar
lordosis, PI-LL pelvic incidence minus the lumbar lordosis angle. *P < 0.05

Discussion

Many previous studies described interventions to
improve postoperative outcomes and satisfaction after
spine surgery, including nutritional support [11], preop-
erative education, and early rehabilitation [12, 13]. These
studies revealed significant reductions in postoperative
complications. ERAS is an evidence-based perioperative
care approach including multiple interventions [7]. There
are various ERAS protocols for major surgical specialties,
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including spinal surgery; however, most existing proto-
cols for spine surgery relate to minimally invasive and
short-segment lumbar fusion. The safety and effective-
ness of implementing the ERAS protocol in major sur-
gery are worth considering. Furthermore, DSD surgery is
often performed on older patients, who are more likely
to have complications after spinal surgery [14]. In this
retrospective study, we described the implementation of
our ERAS protocol in DSD surgery. We found that ERAS
patients had significantly shorter postoperative LOS,
lower rates of postoperative complications (including uri-
nary retention and SSI), lower rates of readmission, and
less rehabilitation discharge.

Earlier clinical care pathways for fusion surgery were
designed to reduce the length and variation of the inpa-
tient stay by accelerating recovery [15]. In a retrospec-
tive study of 40 ERAS patients, Kim et al. reported a
reduction in average LOS from 7.3 days to 4.5 days after
thoracolumbar deformity surgery with the implemen-
tation of the ERAS protocol [16]. Dagal et al. compared
183 subjects in a traditional care group to 267 in an
enhanced perioperative care group in a single academic
spine surgery center and found that the ERAS group had
a lower LOS and intensive care unit LOS than the pre-
ERAS group (8.2 d vs. 6.1 d) [17]. In the current cohort,
we found that ERAS protocol reduced postoperative LOS
despite not changing the total LOS. We believe that this
result was due to an emphasis on preoperative patient
preparation, including a comprehensive assessment and
optimization approach. We believe future studies on
ERAS protocol should focus on shortening the preopera-
tive assessment time and accelerating the preoperative
preparation process. Lovecchio et al. conducted a ret-
rospective cohort study and found that lower estimated
blood loss (<1200 mL), procedure end time before 15:00,
and shorter operating room time were associated with
shorter LOS [18]. This result highlighted the importance
of a monitoring protocol, consistent surgical and anes-
thesia teams, and minimizing intraoperative bleeding.

Physiological functions include recovery of bowel func-
tion, voluntary urination, improvement of performance
and nutritional status, and drainage reduction [19]. Early
recovery of physiological function helps reduce time in
bed and the incidence of postoperative complications.
Our ERAS strategy substantially facilitated the early
recovery of physiological functions and reduced the inci-
dence of postoperative complications after major spine
surgery. Previous studies drew inconsistent conclusions
regarding the impact of ERAS protocol on complica-
tions after major spine surgery [20]. Porche et al. [19]and
Dagal et al. [17]found no differences between the ERAS
and Pre-ERAS groups regarding postoperative compli-
cations after spinal surgery. We observed a lower rate
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Table 2 Comparison of surgical characteristics between the enhanced recovery cohort and a matched historical cohort

Variables ERAS cohort (n=54) Historical cohort (n=54) PValue
Number of levels fused 70+£16 71+£16 0.952
Interbody fusion 22+14 19409 0.196
Laminectomy 29+£1.2 28+1.2 0.373
Vertebral body osteotomy 11 (20.3%) 10 (18.5%) 0.798
Operative time (min) 3639+£926 333.0£750 0.059
Operating room duration(min) 435.9490.1 406.54+709 0.075
Estimated blood loss (ml) 825.7+£581.3 1181.7+6814 0.001"
Fusion to the sacrum, n (%) 34 (62.9%) 33 (61.1%) 0.843
"P<0.05

Table 3 Comparison of clinical outcomes and physiological functional status between the enhanced recovery cohort and a matched
historical cohort

Variables ERAS cohort (n=54) Historical cohort (n=54) PValue
LOS (day)
Total LOS 224+77 241+£109 0.354
Preoperative LOS 103+£50 89147 0.149
Postoperative LOS 120£45 151£7.7 0.001"
Physiological functional status
Foley discontinuation POD 19+1.1 48+20 0001
1st ambulation on POD 25414 44422 0.001"
1st bowel movement on POD 19407 36114 0.005"
Drain placement (day) 35411 44419 0.002"
Complications, n (%) 12 (22.2%) 18 (33.3%) 0.198
Myocardial infarction 0 (0%) 1(1.8%) 0315
Acute cerebral infarction 0 (0%) 1(1.8%) 0315
Urinary retention 2(3.7%) 9 (16.7%) 0.026"
Sl 0 (0%) 4(7.4%) 0.042"
Pneumonia 1(1.8%) 4 (7.4%) 0.169
Hematoma 2(3.7%) 1(1.8%) 0.558
DVT 0 (0%) 1(1.8%) 0315
Urinary tract infection 1(1.8%) 2 (3.7%) 0.558
lleus 0 (0%) 3 (5.6%) 0.079
Nausea/vomiting 5(9.3%) 6 (11.1%) 0.750
Delirium 1(1.8%) 2 (3.7%) 0.558
Leakage of cerebrospinal fluid 0 (0%) 1 (1.8%) 0315
Neurological deficit 0 (0%) 2 (3.7%) 0.153
The rate of readmission, n (%) 1(1.8%) 7 (12.9%) 0.027"
Discharge disposition, n (%) 0.042"
Home 54 (100%) 50 (92.6%)
Inpatient rehab 0 (0%) 4(7.4%)
The rate of reoperation, n (%) 2(3.7%) 2 (3.7%) 1.000

LOS length of hospital stay, POD postoperative day, SS/ surgical site infection, DVT deep venous thrombosis

of postoperative SSI in the ERAS group. Several reasons  after preoperative assessment. Second, strict glycemic
might explain these discrepancies. First, patients with  control and early drainage tube removal were associated
malnutrition and a long history of heavy smoking were  with a lower incidence of SSI after spine surgery. Inad-
identified and transferred to the corresponding clinic  equate nutrition and poor glycemic control have been
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identified as risk factors for wound-related complications
[21-23]. As expected, we found that patients in the ERAS
cohort had a significantly lower rate of urinary retention
than the historical cohort. This result is consistent with
the previously reported literature by Adeyemo et al. [24].
Early ambulation and removal of the urinary catheter
may account for the ERAS group’s lower urinary reten-
tion rate (3.7% vs. 16.7%).

Our ERAS program included inpatient physical reha-
bilitation and evaluation of physical function prior to
discharge. We believe these interventions are the major
drivers for the high rate of home discharge. Unplanned
readmission is associated with poor satisfaction and
additional costs among patients with spine surgery [25,
26]. The 90-day readmission was lower in the ERAS
cohort than in the historical cohort. The association
between enhanced recovery care and reduced readmis-
sion rates was demonstrated in previous studies, includ-
ing short-segment and long-segment fusion surgery [24,
27]. While this finding was not an objective of the study,
our research reinforces the role of ERAS in reducing
patient hospitalization costs.

There are several limitations in the present study. First,
this was a retrospective study, and the two cohorts were
selected from two consecutive periods. However, given
the complexity of the ERAS process and the necessity
of education, prospective controlled trials are challeng-
ing. Second, our population size was relatively small, and
all patients were from a single center. Multicenter stud-
ies with large sample sizes may contribute to developing
ERAS protocol and determination of important differ-
ences between groups. Moreover, our follow-up period
was 90 days, which was insufficient to detect the long-
term effects of ERAS on patients undergoing surgery
for degenerative spinal deformities. At last, some clini-
cal and patients-reported outcomes were not included
in our analysis, including treatment cost, postopera-
tive pain control and the dependence in daily activities
(which were also of concern to patients and surgeons).
Despite these shortcomings, our study has some nota-
ble strengths. To our knowledge, this is the first study
to describe the implementation of the ERAS protocol in
patients with DSD. We enrolled consecutive patients with
homogeneity and compared several surgical outcomes
between the groups. Additionally, by matching patients
in the history cohort by age, gender, BMI, and the num-
ber of fused levels, confounders were less likely to affect
the comparison between the groups.

Conclusions

The ERAS protocol is safe and effective for patients
undergoing open-thoracolumbar deformity surgery for
DSD. The ERAS protocol is associated with a shorter
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postoperative LOS, a lower rate of 90-day readmission
and a higher rate of discharge to home, and fewer postop-
erative complications. The protocol could facilitate early
recovery of physiological functions, including shortening
the time in bed, early removal of drainage and urinary
tube, and enhanced recovery of bowel movement. The
establishment of a preoperative fast-track assessment
process can reduce the preoperative LOS and improve
the generalizability of ERAS. Future studies should focus
on the ability of perioperative management to maximize
its potential to improve patient satisfaction and reduce
hospitalization costs.
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