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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; 

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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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 

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 

Fig. 1  Our ERAS program
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rare cases. Unless complications occur, the drainage tube 
is removed within 96  h after surgery. From postopera-
tive days 0 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 

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 (2.2 ± 1.4 vs. 1.9 ± 0.9, P = 0.196), vertebral body 
osteotomy (20.3% vs 18.5%, P = 0.798), or laminectomy 
(2.9 ± 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 
(363.9 ± 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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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, 

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 

Table 1  Comparison of demographic, clinical, and radiographic 
parameters between the enhanced recovery cohort and a 
matched historical cohort

BMI body mass index, SVA sagittal vertical axis, PI 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

Variables ERAS cohort (n = 54) Historical 
cohort 
(n = 54)

P Value

Female, n (%) 42 (77.8%) 42 (77.8%) 1.000

Age (y) 70.1 ± 7.7 69.6 ± 8.5 0.777

Weight (kg) 66.1 ± 12.2 67.7 ± 11.6 0.512

BMI (kg/m2) 25.9 ± 4.4 26.6 ± 3.6 0.355

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) 0.462

ASA 2.1 ± 0.5 2.1 ± 0.3 0.832

Co-Morbidities, n (%)

  Charlson Comorbid‑
ity Index

3.0 ± 1.2 3.4 ± 1.1 0.200

  Hypertension 20 (37.0%) 30 (55.6%) 0.054

  Coronary heart 
disease

6 (11.1%) 7 (13.0%) 0.771

  Diabetes disease 12 (22.2%) 15 (27.8%) 0.511

  Mental disease 1 (1.8%) 0 (0%) 0.322

  Digestive disease 1 (1.8%) 1 (1.8%) 1.000

  Old cerebral infarc‑
tion

5 (9.3%) 2 (3.7%) 0.242

  Osteoporosis 21 (38.9%) 16 (29.6%) 0.315

  Opioids consump‑
tion

3 (5.6%) 1 (1.8%) 0.315

  Parkinsons disease 2 (3.7%) 5 (9.3%) 0.241

Radiographic parameters

  SVA (cm) 7.3 ± 5.3 6.3 ± 4.5 0.311

  PI ( °) 50.7 ± 11.8 51.8 ± 11.1 0.640

  PT ( °) 27.5 ± 14.0 26.4 ± 10.9 0.632

  SS ( °) 22.3 ± 10.5 26.2 ± 10.7 0.062

  TLK ( °) 24.0 ± 15.0 20.4 ± 17.2 0.243

  TK ( °) 26.6 ± 12.2 27.1 ± 16.8 0.877

  LL ( °) 23.2 ± 16.0 28.6 ± 16.7 0.086

  PI-LL (°) 25.9 ± 16.6 20.8 ± 14.8 0.254
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of postoperative SSI in the ERAS group. Several reasons 
might explain these discrepancies. First, patients with 
malnutrition and a long history of heavy smoking were 
identified and transferred to the corresponding clinic 

after preoperative assessment. Second, strict glycemic 
control and early drainage tube removal were associated 
with a lower incidence of SSI after spine surgery. Inad-
equate nutrition and poor glycemic control have been 

Table 2  Comparison of surgical characteristics between the enhanced recovery cohort and a matched historical cohort

* P < 0.05

Variables ERAS cohort (n = 54) Historical cohort (n = 54) P Value

Number of levels fused 7.0 ± 1.6 7.1 ± 1.6 0.952

Interbody fusion 2.2 ± 1.4 1.9 ± 0.9 0.196

Laminectomy 2.9 ± 1.2 2.8 ± 1.2 0.373

Vertebral body osteotomy 11 (20.3%) 10 (18.5%) 0.798

Operative time (min) 363.9 ± 92.6 333.0 ± 75.0 0.059

Operating room duration(min) 435.9 ± 90.1 406.5 ± 70.9 0.075

Estimated blood loss (ml) 825.7 ± 581.3 1181.7 ± 681.4 0.001*

Fusion to the sacrum, n (%) 34 (62.9%) 33 (61.1%) 0.843

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

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

Variables ERAS cohort (n = 54) Historical cohort (n = 54) P Value

LOS (day)

  Total LOS 22.4 ± 7.7 24.1 ± 10.9 0.354

  Preoperative LOS 10.3 ± 5.0 8.9 ± 4.7 0.149

  Postoperative LOS 12.0 ± 4.5 15.1 ± 7.7 0.001*

Physiological functional status

  Foley discontinuation POD 1.9 ± 1.1 4.8 ± 2.0 0.001*

  1st ambulation on POD 2.5 ± 1.4 4.4 ± 2.2 0.001*

  1st bowel movement on POD 1.9 ± 0.7 3.6 ± 1.4 0.005*

  Drain placement (day) 3.5 ± 1.1 4.4 ± 1.9 0.002*

Complications, n (%) 12 (22.2%) 18 (33.3%) 0.198

  Myocardial infarction 0 (0%) 1 (1.8%) 0.315

  Acute cerebral infarction 0 (0%) 1 (1.8%) 0.315

  Urinary retention 2 (3.7%) 9 (16.7%) 0.026*

  SSI 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%) 0.315

  Urinary tract infection 1 (1.8%) 2 (3.7%) 0.558

  Ileus 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%) 0.315

  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
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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 

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.

Abbreviations
DSD	� Degenerative spinal deformity
LOS	� Length of hospital stay
ERAS	� Enhanced recovery after surgery
EBL	� Estimated Blood Loss
LL	� Lumbar lordosis
SVA	� Sagittal vertical axis
PT	� Pelvic tilt
TK	� thoracic kyphosis
PI	� Pelvic incidence
PI-LL	� Pelvic incidence minus the lumbar lordosis angle
TLK	� Thoracolumbar kyphosis
BMI	� Body Mass Index

Acknowledgements
Not applicable.

Authors’ contributions
Yi-Yuan and Peng Wang contributed to the conception of the study. Shuai-
Kang Wang Xin-yi Chai and Xiang-Yu Li contributed significantly to analysis 
and manuscript preparation. Peng Wang and Yi-Yuan performed the data anal‑
yses and wrote the manuscript; Chao Kong and Shi-Bao Lu helped perform 
the analysis with constructive discussions. The author(s) read and approved 
the final manuscript.

Funding
Not applicable.

Availability of data and materials
The underlying data supporting the results of this study could be obtained by 
contacting the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the ethical review committee of Xuanwu Hospital, 
Capital Medical University (permit data 2018.4.3; no. 2018086). The written 
informed consent was obtained from all the patients. All methods were car‑
ried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable

Competing interests
The authors declare that the article content was composed in the absence 
of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Author details
1 Department of Orthopedics, No.6 Hospital, Beijing 100007, China. 2 Depart‑
ment of Orthopedics, Xuanwu Hospital, Capital Medical University, No.45 
Changchun Street, Xicheng District, Beijing 10053, China. 3 National Clinical 



Page 8 of 8Yuan et al. BMC Musculoskeletal Disorders           (2023) 24:29 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Research Center for Geriatric Diseases, Beijing 10053, China. 4 Capital Medical 
University, Beijing 10053, China. 

Received: 18 October 2022   Accepted: 9 January 2023

References
	1.	 Ailon T, Smith JS, Shaffrey CI, et al. Degenerative Spinal Deformity. Neuro‑

surgery. 2015;77:S75–91.
	2.	 Diebo BG, Shah NV, Boachie-Adjei O, et al. Adult spinal deformity. Lancet. 

2019;394(10193):160–72.
	3.	 Drazin D, Shirzadi A, Rosner J, et al. Complications and outcomes after 

spinal deformity surgery in the elderly: review of the existing literature 
and future directions. Neurosurg Focus. 2011;31(4):E3.

	4.	 Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS. Trends 
in Lumbar Fusion Procedure Rates and Associated Hospital Costs for 
Degenerative Spinal Diseases in the United States, 2004 to 2015. Spine. 
2019;44(5):369–76.

	5.	 Wang MY, Chang PY, Grossman J. Development of an Enhanced Recovery 
After Surgery (ERAS) approach for lumbar spinal fusion. J Neurosurg 
Spine. 2017;26(4):411–8.

	6.	 Soffin EM, Vaishnav AS, Wetmore DS, et al. Design and Implementation 
of an Enhanced Recovery After Surgery (ERAS) Program for Minimally 
Invasive Lumbar Decompression Spine Surgery Initial Experience. Spine. 
2019;44(9):E561–70.

	7.	 Ljungqvist O, Scott M, Fearon KC. Enhanced Recovery After Surgery A 
Review. JAMA Surg. 2017;152(3):292–8.

	8.	 Bae J, Lee SH. Minimally Invasive Spinal Surgery for Adult Spinal Deform‑
ity. Neurospine. 2018;15(1):18–24.

	9.	 Daubs MD, Lenke LG, Cheh G, Stobbs G, Bridwell KH. Adult spinal deform‑
ity surgery - Complications and outcomes in patients over age 60. Spine. 
2007;32(20):2238–44.

	10.	 Walid MS, Robinson JS. Economic impact of comorbidities in spine 
surgery Clinical article. J Neurosurg Spine. 2011;14(3):318–21.

	11.	 Xu B, Xu WX, Lao YJ, Ding WG, Lu D, Sheng HF. Multimodal Nutritional 
Management in Primary Lumbar Spine Surgery A Randomized Controlled 
Trial. Spine. 2019;44(14):967–74.

	12.	 Agarwal N, Feghhi DP, Gupta R, et al. A comparative analysis of minimally 
invasive and open spine surgery patient education resources. J Neuro‑
surg Spine. 2014;21(3):468–74.

	13.	 Tarnanen S, Neva MH, Dekker J, et al. Randomized controlled trial of 
postoperative exercise rehabilitation program after lumbar spine fusion: 
study protocol. BMC Musculoskelet Disord. 2012;13:123.

	14.	 Heary RF, Madhavan K. The history of spinal deformity. Neurosurgery. 
2008;63(3):A5–15.

	15.	 D’Astorg H, Fiere V, Dupasquier M, Vieira TD, Szadkowski M. Enhanced 
recovery after surgery (ERAS) protocol reduces LOS without addi‑
tional adverse events in spine surgery. Orthop Traumatol Surg Res. 
2020;106(6):1167–73.

	16.	 Kim HJ, Steinhaus M, Punyala A, et al. Enhanced recovery pathway in 
adult patients undergoing thoracolumbar deformity surgery. Spine J. 
2021;21(5):753–64.

	17.	 Dagal A, Bellabarba C, Bransford R, et al. Enhanced Perioperative Care for 
Major Spine Surgery. Spine. 2019;44(13):959–66.

	18.	 Lovecchio F, Steinhaus M, Elysee JC, et al. Factors Associated With Short 
Length of Stay After Long Fusions for Adult Spinal Deformity: Initial Steps 
Toward Developing an Enhanced Recovery Pathway. Global Spine J. 
2021;11(6):866–73.

	19.	 Porche K, Samra R, Melnick K, et al. Enhanced recovery after surgery 
(ERAS) for open transforaminal lumbar interbody fusion: a retrospective 
propensity-matched cohort study. Spine J. 2022;22(3):399–410.

	20	 Wang SK, Wang P, Li XY, Sun WZ, Kong C, Lu SB. Enhanced recovery after 
surgery pathway: association with lower incidence of wound complica‑
tions and severe hypoalbuminemia in patients undergoing posterior 
lumbar fusion surgery. J Orthop Surg Res. 2022;17(1):178.

	21.	 Aleem IS, Tan LA, Nassr A, Riew KD. Surgical Site Infection Prevention Fol‑
lowing Spine Surgery. Global Spine J. 2020;10:92S-S98.

	22.	 Lim S, Edelstein AI, Patel AA, Kim BD, Kim JYS. Risk Factors for Postop‑
erative Infections After Single-Level Lumbar Fusion Surgery. Spine. 
2018;43(3):215–22.

	23.	 Watanabe M, Sakai D, Matsuyama D, Yamamoto Y, Sato M, Mochida J. 
Risk factors for surgical site infection following spine surgery: efficacy 
of intraoperative saline irrigation Clinical article. J Neurosurg Spine. 
2010;12(5):540–6.

	24.	 Adeyemo EA, Aoun SG, Barrie U, et al. Enhanced Recovery After Surgery 
Reduces Postoperative Opioid Use and 90-Day Readmission Rates After 
Open Thoracolumbar Fusion for Adult Degenerative Deformity. Neurosur‑
gery. 2021;88(2):295–300.

	25.	 Hydrick TC, Rubel N, Renfree S, et al. Ninety-Day Readmission in Elective 
Revision Lumbar Fusion Surgery in the Inpatient Setting. Global Spine J. 
2020;10(8):1027–33.

	26.	 Lehrich BM, Goshtasbi K, Brown NJ, et al. Predictors of Patient Satis‑
faction in Spine Surgery: A Systematic Review. World Neurosurgery. 
2021;146:E1160–70.

	27	 Leng X, Zhang YQ, Wang GZ, et al. An enhanced recovery after surgery 
pathway: LOS reduction, rapid discharge and minimal complications after 
anterior cervical spine surgery. BMC Musculoskelet Disord. 2022;23(1):252.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The implementation of enhanced recovery after surgery pathway in patients undergoing posterior thoracolumbar fusion for degenerative spinal deformity
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	ERAS protocol
	Multidisciplinary assessment and preoperative optimization
	Education and consultation
	Optimized preoperative preparation
	Intraoperative management
	Postoperative management

	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


