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Purpose: To compare pain scores (visual analog scale) on postoperative days 1–3 and length of stay after implementing enhanced
recovery after surgery (ERAS) in elderly patients undergoing multi-segments lumbar fusion surgery.
Methods: We performed a retrospective analysis of prospectively collected data, patients older than 75 years were enrolled in the
study. We selected two periods, before (Pre-ERAS, n =54 patients) and after (ERAS, n =46 patients) implementation of ERAS. Data
were collected on patient demographics, operative and perioperative details, 30-day readmission. The primary outcome was the length
of stay (LOS), and the secondary outcomes were postoperative mean pain scores on postoperative days (POD) 1–3 and 30-day
readmission rates.
Results: A total of 100 patients (46 in ERAS and 54 in pre-ERAS) were enrolled in this study. There were no significant
differences in age, sex, body mass index (BMI), smoking and comorbidities between the groups. However, there was a significant
difference in pain on postoperative day (POD) 1 (5.31 ± 1.98 vs 4.37 ± 0.85, p = 0.002), while there was no difference in
postoperative complications. The mean LOS was significantly shorter in the ERAS than in the pre-ERAS group, it reduced from
12.29 ± 3.93 to 9.45 ± 2.72 days (p < 0.001).
Conclusion: To our knowledge, this is the first ERAS protocol used in patients (older than 75 years) undergoing polysegmental
lumbar fusion surgery. Pain scores on POD 1 and LOS were significantly lower without increased adverse events after implementation
of ERAS. This finding suggests that elderly people (>75 years of age) undergoing polysegmental lumbar fusion surgery could also
benefit from ERAS.
Keywords: enhanced recovery after surgery, elderly, multi-segment, lumbar fusion surgery

Introduction
High living standards and life spans are associated with the increased prevalence of degenerative lumbar diseases.1

Several patients with degenerative lumbar disorders, who have failed conservative treatment consider surgical treatment
in to improve quality of life. Lumbar fusion surgery is the primary treatment approach, and polysegemental lumbar
fusion surgery is often associated with intense stress responses and longer functional recovery.2 These facts prevent older
adults from living independently, participating in, and contributing to society, and causing declines in quality of life and
increased use of healthcare resources because of poor health.3 Additionally, since age is related to more co-morbidities
and muscle weakness,4 older patients are more susceptible to slow recovery and more complications after surgery.5,6

Henrik Kehlet7 introduced enhanced recovery after surgery in 1997; since then, ERAS has been implemented
extensively in surgery. ERAS consists of optimizing preoperative, intraoperative, and postoperative protocols.8 The
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primary purpose of ERAS is to facilitate postoperative recovery and reduce postoperative complications. Compared with
traditional perioperative care, ERAS significantly reduces stress responses caused by surgery, length of hospital stay, and
expenses during hospitalization without increasing postoperative complications.9,10 The satisfactory outcomes after
lumbar fusion surgery were observed in many studies of ERAS programs.9,11 Given these promising results, application
ERAS following polysegement fusion surgery might well yield improved outcomes.

Spine surgery is often associated with more severe postoperative pain and longer functional recovery,12 and
unacceptable pain may be the primary cause for prolonged inpatient admission.13 Although many literatures have
reported the advantages of implementing ERAS in patients undergoing lumbar fusion,9,12,14–18 a paucity of studies
compared pain scores on postoperative days 1–3 in elderly polysegement fusion surgery after the implementation of
ERAS.19,20 We hypothesized that pain scores on postoperative days 1–3 and length of stay (LOS) would be significantly
lower after implementing ERAS protocol.

Materials and Methods
Study Design
This is a retrospective analysis of prospectively accumulated data from the Department of Orthopedics, Xuanwu Hospital
Capital Medical University. We included medical records from patients who underwent fusion surgery. In an effort to
improve our perioperative care, ERAS was considered in January 2018 and implemented in January 2019.16 To increase
the reliability of the data, we selected two periods, pre-ERAS (from January to December, 2017, n = 54) and ERAS (from
January to December, 2020, n = 46) and the ERAS group was treated with standard ERAS items while the pre-ERAS
group was performed with no unified guidelines. We enrolled patients over 75 years of age, diagnosed with lumbar disc
herniation or lumbar spinal stenosis and underwent polysegement fusion surgery, defined as more than two fusion levels.
Exclusion criteria were as follows: 1) loss of follow up; 2) history of previous lumbar spine surgery; and 3) emergency
operations. This study was approved by the institutional review board following the declaration of Helsinki principles in
Xuanwu Hospital Capital Medical University (No. 2018008). As a retrospective study and the data analysis were
performed anonymously, this study was exempt from informed consent from patients.

ERAS Intervention
Implemented in January 2019, our ERAS program covers preoperative, intraoperative and postoperative management and
most of our ERAS elements encompassed ERAS society recommendations for lumbar fusion surgery.21

Preoperative management includes five aspects: preoperative education, nutritional counseling, optimized preopera-
tive fasting, antithrombotic prophylaxis, and antimicrobial prophylaxis. After admission to the ward, there are trained
nurse informed the patients about the multi-mode perioperative program and recommended postoperative follow-up
dates. Then, Some laboratory tests were performed to determine nutritional status, and protein powder was administered
if severe hypoproteinemia was present. After literature review and intense discussion, clear fluids including carbohydrate
drinks were permitted up to 2 hours before surgery. Active/passive limb movements and antithrombotic stockings were
used to prevent thrombosis, and routine antibiotic prophylaxis was implemented within 1 hour of the incision.

Intraoperative, tranexamic acid was used routinely to control bleeding, besides, and a combination of standard
anesthetic protocol and local infiltration anesthesia was used as our anesthetic modality. In order to maintain normother-
mia, heated infusion fluids (37°C) is essential. Meanwhile, avoidance of water and salt overload was necessary to
promote early recovery of gastrointestinal function.

Postoperative management consists of four aspects: postoperative multimodal analgesia, early ambulation, early
removal of bladder catheter and early oral feeding. A multimodal analgesia pump was used routinely on postoperative
days 1–2 and was usually removed on POD 3 if at an acceptable pain level. Similarly, if patients did not report nausea or
vomiting, early oral feeding was encouraged in our department to promote early recovery of gastrointestinal function. In
terms of early ambulation, we highly stress the importance of early mobilization, patients should be continuously
encouraged to walk and avoid prolonged periods in bed and our early mobilization protocol involves sitting by the
bed and walking with or without assistance.22 To prevent the chance of urinary tract infections, early removal of bladder
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catheter is advocated. What’s more, early removal of the bladder catheter can potentially avoid or minimize adverse
events and facilitate ambulation. The simplified ERAS pathway is shown in Figure 1.

Data Collection
All information relating to the patient was obtained from electronic medical records. Patient characteristics included age,
gender, body mass index (BMI), smoking status, comorbidities, American Society of Anesthesiologists (ASA) classifica-
tion, preoperative Oswestry Disability Index (ODI), visual analogue scale (VAS) of back, VAS of leg, 30-day read-
mission rates, surgical level, surgical time and estimated blood loss. Pain scores (VAS) on postoperative days (POD) 1–3
were recorded by trained nurses and pain scores were collected when pain peaked, LOS was defined as POD 1 to
discharge. Complications included surgical site infection (SSI), cerebrospinal fluid leakage (CFL), urinary tract infection
(UTI), deep venous thrombosis (DVT), and cerebrovascular accident (CA).

Statistical Analysis
All statistical analyses were performed using the SPSS software version 25.0 (SPSS, Inc., Armonk, NY, USA).
Continuous variables were expressed as mean value ± standard deviation (mean ± SD) when the normal distribution
was met, if not, median with interquartile range (IQR) was used. Continuous variables were analyzed using Student’s
test. Statistical analysis for categorical variables were performed using the Chi-square test or Fisher exact test.
Multivariable linear regression was performed to identify factors associated with prolonged LOS. P values < 0.05
were considered statistically significant.

Results
Baseline Characteristics
We analyzed 100 patients (46 in the ERAS group and 54 in the pre-ERAS group). The mean age was 79.06 ± 3.31 years
in ERAS and 79.18 ± 2.67 years in pre-ERAS, respectively and there were no significant differences in age, smoking
status and BMI between two groups. Patients in both groups underwent polysegmental fusion surgery by the same
experienced team. Patients over 75 years were more vulnerable to comorbidities such as hypertension, diabetes and heart
diseases. There were no significant differences in hypertension (n = 36, 78.2% in ERAS vs n = 37, 68.5% in pre-ERAS,
p = 0.27), diabetes (n = 18, 39.1% in ERAS vs n = 21, 38.8% in pre-ERAS, p = 0.98) and heart diseases (n = 10, 21.7%
in ERAS vs n = 12, 22.2% in pre-ERAS, p = 0.95). There were no significant differences in operative time, pre-VAS
(back), pre-VAS (leg) and pre-ODI between ERAS and pre-ERAS. Although, intraoperative blood loss was lower in

Figure 1 The simplified ERAS pathway in our center.
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ERAS (581.48 ± 245.39 vs 651.08 ± 331.07mL, p=0.23), there was no statistical difference in two groups. The relevant
details of baseline characteristics are shown in Table 1.

Compliance with ERAS Items
Our ERAS protocol mainly consists of 14 items and the overall compliance of ERAS protocol was 90.2% (Table 2). The
compliance with ERAS items were extremely high in the preoperative and intraoperative groups, however, when placing
the older patients in a proactive position in the management, compliance with ERAS protocol was lower. The items with
lower compliance were early ambulation (45.7%) and early removal of bladder catheter (50%), long-term chronic pain
and reduced bladder function in the elderly may be the primary causes.

Outcome Assessment
The mean pain scores on postoperative days 1–3 are shown in Figure 2. The pain scores were significantly lower in the
ERAS group on POD 1 (5.31 ± 1.98 vs 4.37 ± 0.85, p = 0.002), while there were no significant differences on POD 2
(3.67 ± 0.84 vs 3.59 ± 1.05, p = 0.67) and POD 3 (3.48 ± 2.23 vs 3.58 ± 1.83, p = 0.91). The mean LOS was significantly
shorter in the ERAS group than in the pre-ERAS group, and the mean LOS was declined from 12.29 ± 3.93 days to 9.45
± 2.72 days (p < 0.001). The detailed outcomes of both groups were presented in Table 3. Complications included
surgical site infection, spinal fluid leakage, urinary tract infection, deep vein thrombosis/thrombophlebitis, cerebrovas-
cular accident and 30-day readmission, there were no significant differences between two groups. Multivariable linear
regression showed that operative time (p < 0.001) and implementation of ERAS (p<0.001) were correlated with LOS,
while age (p = 0.594), female sex (p = 0.298), BMI (p = 0.575), smoking (p = 0.128), comorbidities (p = 0.258) and
blood loss (p = 0.098) were not related to LOS (Table 4).

Table 1 Patient Demographics

Variable ERAS Pre-ERAS p

Sample size 46 54
Age (year) 79.06±3.31 79.18±2.67 0.84

Male/female 16/30 15/39 0.45

BMI (kg/m2) 26.63±2.94 25.95±1.97 0.18
Smoker 4/42 4/50 0.81

Comorbidities
Hypertension 36 37 0.27
Heart diseases 10 12 0.95

Diabetes 18 21 0.98
Osteoporosis 5 9 0.41

Gastrointestinal 2 5 0.55

Depression 2 1 0.88
Pre-ODI 52.62±8.40 52.79±7.60 0.94

Pre-VAS (back) 5.26±1.18 5.70±1.04 0.14

Pre-VAS (leg) 4.83±1.55 5.35±1.06 0.14
ASA

I 2 3

II 26 28
III 18 23

No. of levels fusion
3 26 28
4 12 16

5 8 10

Operative time (min) 293.04±57.75 292.31±102.48 0.96
Intraoperative blood loss (mL) 581.48±245.39 651.08±331.07 0.23
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Discussion
In recent years, the popularity of “healthy aging” has been associated with patients with lumbar disc herniation and
lumbar spinal stenosis who failing conservative treatment and opting for surgery. As a result, the number of multi-
segment lumbar fusion surgery is gradually increasing.20,23,24 However, multi-segment lumbar fusion is often associated
with intense stress responses caused by surgery and delayed long-term functional recovery. Notably, there is an increased
risk of postoperative complications.25 In previous studies, the age range of the included population was mostly from 65 to
75 years.12,26 With the improvement of living standards and the extension of life, there is an increasing proportion of the
elderly population and more attention is needed to pay to patients older than 75 years. Therefore, we selected patients
aged 75 years and older, despite the high risk of surgery and more comorbidities, results showing that patients older than
75 years could also benefit from ERAS protocol.

Table 2 Compliance to ERAS Items in Our Center

Variable n (%)

Preoperative
Education 46(100%)

Nutritional counselling 46(100%)

Optimized preoperative fasting 42(91.3%)
Antithrombotic prophylaxis 46(100%)

Antimicrobial prophylaxis 46(100%)

Intraoperative
Tranexamic acid 46(100%)

Standard anesthetic protocol 46(100%)
Maintenance of normothermia 46(100%)

Avoidance of salt and water overload 46(100%)

Local infiltration analgesia 46(100%)
Postoperative
Early ambulation 21(45.7%)

Early removal of bladder catheter 23(50%)
Early oral feeding 35(76.1%)

Postoperative multimodal analgesia 46(100%)

Overall compliance 90.2%

Figure 2 Pain scores on POD1–3. The pain scores were measured with VAS measuring scale. The orange and blue colors represent the Pre-ERAS and ERAS groups,
respectively. Standard error was used to describe the characteristic of two groups and significance established at p < 0.05.
Abbreviation: POD, postoperative day.
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According to our study, we found a significant decrease in LOS without causing an increase in postoperative
complications suggesting that ERAS protocol in the elderly undergoing multi-segment lumbar fusion surgery is
feasible, which is consistent with other studies.27,28 There was a significant reduction in VAS on POD1 after
implementation of ERAS protocol, however, there was an insignificant reduction on POD 2 and POD 3. Generally,
multimodal analgesia pump was removed on POD 3, hence, the pain scores were somewhat higher, contrast to
traditional perioperative care. Multi-segment lumbar fusion surgery is often related to prolonged periods in bed,
which not only prolongs the LOS, but increases the risk of postoperative complications and muscle weakness. After
the implementation of ERAS protocol, in addition to multimodal analgesia, the importance of early mobilization is
strongly emphasized. There were literatures stressing the safety of early mobilization.12,29 Our early mobilization
protocol involved a transition from sitting by the bed to walking with or without assistance after surgery, usually on the
POD 2, if the pain was acceptable In this study, we found that early mobilization did not increase pain scores on POD 2
or POD 3. In the process of implementing ERAS program, patients should be placed the proactive position in their
management although there may be a reduction in compliance to ERAS items. In our study, the items with lower
compliance were early ambulation (45.7%) and early removal of bladder catheter on (50.0%), because of the reduction
of bladder function and the longer functional recovery of spine surgery. However, according to postoperative
complications, there were two patient developing UTI, manifesting the feasibility of early removal bladder catheter.
Further study was implemented to identify the specific day to ambulate and remove bladder catheter in advanced age
patients in our center.

The present study has some limitations. Firstly, this was a single-center study, with relatively small sample sizes and
a lack of long-term follow-up data, both of which limit the generalizability of our findings. Second, we did not record the
duration of symptoms, which might affect the results’ credibility. Finally, this was a retrospective cohort study, due to the
characteristic of multi-segment spine surgery, the severe stress response and longer functional recovery, as well as the
feature of the elderly population, patients with no more than 2 fusion levels were excluded in this study which may have

Table 3 Postoperative Outcomes Between Two Groups

Outcome ERAS Pre-ERAS p

Complications (n)
SSI 2 4 0.52

CFL 2 1 0.47

UTI 0 2 0.15
DVT 0 1 0.35

CA 1 1 0.91

LOS, mean (SD) 9.45±2.72 12.29±3.93 <0.001
30-day readmission (n) 3 4 0.86

Abbreviations: SSI, surgical site infection; CFL, cerebrospinal fluid leakage; UTI, urinary tract infection; DVT,
deep venous thrombosis; CA, cerebrovascular accident.

Table 4 Multivariable Linear Regression for LOS

Variable Multivariable Linear Regression for LOS p

Coefficient (95% CI)

Age 0.052(−0.140–0.244) 0.594
Female −0.701(−2.031–0.629) 0.298

BMI 0.065(−0.165–0.295) 0.575

Smoker 0.762(0.046–0.516) 0.128
Comorbidities 0.906(−0.674–2.487) 0.258

Operative time 0.018(0.010–0.026) 0.000

Blood loss 0.002(0.000–0.004) 0.098
ERAS −3.118(−4.263–1.973) 0.000
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introduced analytical bias. Therefore, a prospective study with large sample sizes and multicenter studies are needed to
validate our findings.

Conclusions
In this retrospective cohort study, we found a significant reduction in pain scores on POD1 and LOS in older individuals
who underwent polysegmental lumbar fusion surgery after implementing ERAS protocol. Older adults (>75 years) could
also benefit from our ERAS protocol, which showing that our ERAS protocol was safe and effective. Further investiga-
tions with larger sample sizes are needed to validate our findings.
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