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Abstract
Background: Currently, ERAS for spinal surgery �eld is still in its beginnings, the major protocol lessons
learned from other surgical specialties and lack of ERAS program for elderly patients (>70 years old).
Geriatric patients has its own special characteristics resulting in more harmed by surgical stress. The
enhanced recovery after surgery (ERAS) are designed to improving recovery after surgery and can result
in substantial bene�ts in both clinical outcomes and cost-effectiveness. In the present study, we aimed to
determine whether enhanced recovery after surgery (ERAS) signi�cantly improved satisfaction and
outcomes in elderly patients (>70 years old) with long-level lumbar fusion.

Methods: A total of 144 patients were included, 62 in the ERAS group and 82 case-matched patients in
the non-ERAS group. Data including demographic, comorbidity and surgical information were collected
from electronic medical records. ERAS interventions were categorised as preoperative, intraoperative and
postoperative. We also evaluated primary outcome, surgical complication and length of stay (LOS).

Results: There were no statistically signi�cant intergroup differences in regards to demographics,
comorbidities�American Society of Anaesthesiologists (ASA) grade�or the number of fusion levels. There
were also no differences between mean surgery time of intraoperative blood loss between the ERAS and
non-ERAS groups. In addition, the mean preoperative Visual Analogue Score (VAS) for the back and legs
and Oswestry Disability Index (ODI) score were not signi�cantly different between the two groups. Overall,
ERAS pathway compliance was 91.5%. There were no signi�cant differences in the mortality rates
between the ERAS and non-ERAS groups. However, we observed a statistically signi�cant decrease in the
complications in the ERAS group(6 in the ERAS group versus 23 in the non-ERAS group, p=0.006) and
LOS in the ERAS group (17.74±5.56 of ERAS group versus 22.13±12.21 in non-ERAS group, p=0.041).
Multivariable linear regression showed that comorbidities (p=0.028) and implementation of ERAS
program (p=0.002) were correlated with prolonged LOS. Multivariable logistic regression showed that
comorbidities (p=0.029)� implementation of ERAS program (p=0.043) and preoperative VAS Back
(p=0.046), were correlated with complications.

Conclusions: This report describes the �rst ERAS protocol used in elderly patients after long-level lumbar
fusion surgery. Our ERAS program is safe and could help decreases LOS and complication in elderly
patients with long-level lumbar fusion.

Background
As the medical standards and life expectancy increase, the prevalence of elderly patients with
degenerative diseases of the lumbar spine also increases and the proportion of elderly patients
presenting for surgery is increasing (1–3). Due to the physiological changes of aging, geriatric patients
undergoing spinal surgeries may be different compared to younger patients and usually have more
comorbidities, frailty, weakened organ function, etc. Despite the advances in surgical and anesthetic
techniques, geriatric patients has undesirable peri-operative complications, morbidity and extended
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convalescence(4). The key pathogenic factor in postoperative morbidity, excluding failures related to
surgical or anaesthetic technique, is the surgical stress response(5). All surgical patients inevitably need
to face surgical stress response after surgery, an excessive stress response can lead to a pathological
state, may predispose the patient to various postoperative complications and the risk of delayed
recovery(6). Therefore, reducing stress response can theoretically reduce the occurrence of surgical
complications and improve surgical e�cacy. Geriatric patients has its own special characteristics
resulting in more harmed by surgical stress. The enhanced recovery after surgery (ERAS) are designed to
improving recovery after surgery and can result in substantial bene�ts in both clinical outcomes and cost-
effectiveness(7). The ERAS principles are meant to reduce stress contains a series of evidence-based
protocols for preoperative�intraoperative and postoperative care aims at improve patient satisfaction and
faster recovery after surgery, and aims to reduce morbidity, decrease length of hospital stay (LOS). The
concept of ERAS was �rst used in the �eld of colonic surgery. Although the laparoscopic approach
reduction of the stress response to surgery, it is still controversial whether to reduce the postoperative
morbidity and LOS(8). Malnutrition�surgical stress�intraoperative heat loss�pain, etc can amplify stress
and damage the body. While no single technique or drug regimen has been shown to eliminate
postoperative morbidity and mortality, multimodal interventions is necessary to improve the e�cacy of
surgery(5).

Given the advanced concept of ERAS, ERAS is currently widely used in general surgery(8), urology(9) and
gynecology(10). Currently, ERAS for spinal surgery �eld is still in its beginnings, the major protocol
lessons learned from other surgical specialties and lack of ERAS program for elderly patients (> 70 years
old). Xuanwu Hospital of Capital Medical University is China's National Geriatric Clinical Research Center,
department of orthopedics performs more than 100 lumbar fusion surgery for more than 70 years old
patients per year. Our primary aim of this study was to measure the effectiveness and safety of our ERAS
protocol in elderly patients with long-level lumbar fusion. Our secondary aim was to determine which
successfully achieved elements are independent predictors of ERAS in patients undergoing long-level
lumbar fusion.

Materials And Methods
Inclusion criteria and patient selection. This is a retrospective cohort study of prospectively collected
data. The study enrolled lumbar disc herniation or lumbar spinal stenosis patients if they were over the
age of 70 years old underwent lumbar fusion three or more than three levels from July 2019 to December
2020 (ERAS group), and from January 2018 to June 2019 (non-ERAS group). Both groups were cared for
by the same surgical team. A retrospective non-ERAS group in which patients were treated under
traditional perioperative protocols. Diagnosis of degenerative disorders of the lumbar spine was
performed by two spinal orthopaedic specialists based on clinical symptoms and image inspection.
Routinely complete the full-length front and side view of the spine before surgery, and measure the
sagittal position parameters, coronal parameters, sagittal pelvic parameters. Full-length dynamic position
X-ray examination of the spine assesses the stability of the vertebral body in the dynamic position, the
�exibility of degenerative scoliosis and the compensatory ability of adjacent segments. In addition, CT
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three-dimensional reconstruction and MRI examination are routinely perfected before surgery to evaluate
the bone structure and the degree of compression of the dural sac and nerve root. Surgery was indicated
when patients with typical symptoms of spinal stenosis and did not respond to conservative treatments.
Individuals who had infection disease, trauma, cauda equina injury, neoplasm were excluded in this study,
as well as those planned for a revision of a previous fusion.

Demographic data including age, gender and body mass index (BMI). Comorbidities included
hypertension, heart disease, diabetes, osteoporosis, stomach problem, bowel or intestinal problem,
psychological symptoms. Other interest included American Society of Anesthesiologists (ASA) physical
status score, Oswestry Disability Index (ODI)�Visual Analogue Score (VAS) for back and legs score.
Operative records were reviewed to the number of fusion levels, operative time, intraoperative blood loss.
The primary outcome data were analyzed included complication, length of stay, postoperative pain
scores and 30-day readmission rates. All data were collected from the electronic medical record.

ERAS interventions. ERAS program was proposed and planned in 2017, combined with other ERAS
projects and the clinical experience of many experts, our ERAS protocol in elderly patients with long-level
lumbar fusion was obtained. The core group consisted of anesthesiologists, spine surgeons, nutritionists,
physical therapists, physicians, geriatricians and nurses.

With the approval of the ethical committee for human subjects of the Xuanwu Hospital of Capital
Medical University ((permit data

2018.4.3; no. 2018086), we began to implement the ERAS program in July 2019. Our ERAS interventions
was divided into preoperative�intraoperative and postoperative, included administration of the following:
(1) patient education and counseling; (2) no prolonged fasting; (3) carbohydrate drink allowed up to 2
hours before surgery; (4) antithrombotic stockings; (5) antibiotic prophylaxis within 1 hour of incision; (6)
tranexamic acid; (7) maintenance of normothermia; (8) local in�ltration analgesia; (9) early drinking water
after recovery from anesthesia�early feeding started 6 hours; (10) postoperative early ambulation after 72
hours; (11) early removal of bladder catheter after 72 hours; (12) multimodal analgesia. The details of our
ERAS were described in our previous study(11).

Statistical analysis. All statistical analyses were performed using the SPSS software version 17.0 (SPSS,
Inc., Chicago, IL, USA). Patient demographics, comorbidities data, markers of baseline health, and clinical
outcomes were compared between ERAS group and non-ERAS group using Student’s test and χ2 test.
Multivariable linear regression analysis was used to assess the association of risk factors (ERAS
elements) with LOS.

A value of P < 0.05 was considered for signi�cant differences.

Results
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Demographics. A total of 144 patients were included, there were 62 patients in the ERAS group (26 men
and 36 women, mean age 76.68 ± 4.83 years, mean BMI25.50 ± 3.30) and 82 patients in the non-ERAS
group (26 men and 56 women, mean age 76.38 ± 4.48 years, mean BMI26.05 ± 3.84). All surgeries were
performed by a senior surgeon. Preoperative characteristics were similar between the two groups
(Table 1). Demographic data were compared, and no statistically signi�cant intergroup differences were
observed. And there were not signi�cantly different with comorbidities, ASA grade or the number of fusion
levels. The mean ERAS group and non-ERAS group operative time and intraoperative blood loss showed
no signi�cant difference. In addition, the mean preoperative JOA, VAS for the back and legs and ODI
score showed no signi�cant difference.
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Table 1
Patient demographics

Patient Demographics ERAS non-ERAS P

Sample size 62 82  

Age (years) 76.68 ± 4.83 76.38 ± 4.48 0.71

Male/Female 26/36 26/56 0.22

Body mass index 25.50 ± 3.30 26.05 ± 3.84 0.91

Smoker 7 10 1.00

Comorbidities      

Hypertension 33 44 1.00

Heart disease 12 19 0.68

Stroke 3 9 0.19

Chronic lung disease 0 4 0.13

Diabetes 16 18 0.69

Osteoporosis 8 13 0.62

Gastrointestinal 3 4 1.00

Psychological symptoms 0 2 0.51

Preoperative ODI, % 53.04 ± 12.36 58.44 ± 13.32 0.37

Preoperative VAS (Back) 4.57 ± 1.85 6.04 ± 1.30 0.09

Preoperative VAS (Leg) 5.24 ± 1.51 6.26 ± 1.55 0.89

ASA grade      

I 0 0  

II 37 45  

III 25 37  

IV 0 0  

No. of levels fusion      

3 40 59 0.37

4 17 14 0.16

5 5 9 0.78

Operative time 283.87 ± 57.75 275.94 ± 60.51 0.95
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Patient Demographics ERAS non-ERAS P

Intraoperative blood loss 518.20 ± 231.12 605.41 ± 273.81 0.11

Intraoperative blood transfusion 485.76 ± 395.50 499.58 ± 374.55 0.35

Compliance to ERAS pathway. Our ERAS protocol included 12 elements interventions (Table 2), overall
pathway compliance was 91.5% (Table 2). Patient education and counselling, no prolonged fasting,
antithrombotic stockings, antimicrobial prophylaxis, all Intra-operative ERAS items and Perioperative
multimodal analgesia were used in 100% of cases. Items with the lowest compliance were early
ambulation (53.7%).

Table 2
ERAS pathway compliance

Compliance with the ERAS program

Variable n (%)

Pre-operative ERAS items  

Patient education and counselling 62(100)

No prolonged fasting 62 (100)

Fluid and carbohydrate loading

Antithrombotic stockings

60 (97)

62 (100)

Antimicrobial prophylaxis 62 (100)

Intra-operative ERAS items  

Tranexamic acid 62 (100)

Maintenance of normothermia 62 (100)

Local in�ltration analgesia 62 (100)

Postoperative ERAS items  

Early oral feeding 58 (93.5)

Early ambulation 33 (53.7)

Early removal of bladder catheter 34 (56.5)

Multimodal analgesia 62 (100)

Overall compliance (rate) 91.5

Outcomes. The main clinical outcomes are shown in Table 3, after the implementation of ERAS, there
was no signi�cant difference in readmission and mortality at 30-day follow-up between ERAS group and
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non-ERAS group, as complete data were available for 91% of patients at this early time point. However,
we observed a statistically signi�cant decrease in complications in the ERAS group(6 of ERAS group
versus 23 in non-ERAS group, p = 0.006) and LOS in the ERAS group (12.30 ± 3.03 of ERAS group versus
15.50 ± 1.88 in non-ERAS group, p = 0). Multivariable linear regression showed that comorbidities (p = 
0.028) and implementation of ERAS program (p = 0.002) were correlated with prolonged LOS. On the
other hand, age (p = 0.94), sex (p = 0.649), BMI (p = 0.535), smoker (p = 0.137), ASA ≥ 3 (p = 0.062), fusion
number (p = 0.537), operative time (p = 0.748), blood loss (p = 0.235), preoperative VAS Back (p = 0.667),
preoperative VAS Leg (p = 0.062) and preoperative ODI (p = 0.831) were not related to LOS.

Table 3
Postoperative outcomes

Outcome measure ERAS non-ERAS P

Complications 6 23 0.006

Bronchial aspiration 0 0  

Hypoproteinemia 2 5  

Electrolyte disturbance 1 4  

Heart disease 1 3  

Cerebrovascular accident 0 1  

Pneumonia 1 5  

Urinary tract infection 1 2  

Surgical site infection 0 3  

Deep vein thrombosis 0 2  

Spinal �uid leakage 0 1  

Neurological 0 0  

Fall down 0 0  

LOS 17.74 ± 5.56 22.13 ± 12.21 0.041

mortality 0 0  
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Table 4
Multivariable analyses for LOS and complications

characteristic Multivariable linear regression
for LOS

Multivariable logistic regression for
complications

Coe�cient (95%CI) p
value

OR (95% CI) p value

Age 0.12(-0.4 to 0.6) 0.94 1.075(0.944–1.224) 0.275

Female 2.6 (-1.042 to 6.5) 0.649 2.5(0.439–14.233) 0.302

BMI 0.186(-0.325 to 0.697) 0.535 1.022(0.87–1.2) 0.792

Smoker 0.76 (-0.21 to 1.11) 0.137 2.10(0.85–3.24) 0.121

Comorbidities 1.26(0.29 to 2.23) 0.028 2.35(1.089–5.077) 0.029

ASA ≥ 3 0.98(-0.03 to 1.92) 0.062 2.31(0.98–4.53) 0.060

Fusion number -0.832(-3.572 to
1.908)

0.537 0.723(0.307–1.702) 0.457

Operative time 0.379(-2.03 to 2.78) 0.748 0.675(0.31–1.42) 0.304

Blood loss 0.004(-0.002 to 0.007) 0.235 1.0(0.98–1.01) 0.665

ERAS -2.98(-4.1 to -1.00) 0.002 0.29(0.1–0.9) 0.043

Preoperative VAS
(Back)

0.293(-1.095 to 1.68) 0.667 1.742(1.01-3) 0.064

Preoperative VAS
(Leg)

-0.929(-1.907 to 0.05) 0.062 1.3(0.95–2.9) 0.082

Preoperative ODI
(%)

1.325(-11.346 to
13.697)

0.831 1.36(0.74–2.28) 0.307

Multivariable logistic regression showed that comorbidities (p = 0.029), implementation of ERAS program
(p = 0.043) and preoperative VAS Back (p = 0.046), were correlated with complications. On the other hand,
age (p = 0.275), sex (p = 0.302), BMI (p = 0.792), smoker (p = 0.121), ASA ≥ 3 (p = 0.060), fusion number (p 
= 0.457), operative time (p = 0.304), blood loss (p = 0.665), preoperative VAS Leg (p = 0.082) and
preoperative ODI (p = 0.307) were not related to complications.

Discussion
We found that the use of the our ERAS protocol was bene�cial and safe for elderly patients (> 70 years
old) undergoing long-level lumbar fusion surgery. For ERAS group, both the complications and LOS were
lower in comparison with control group and without increasing 30-day readmission and mortality rates.
We also found that fewer comorbidities and ERAS were associated with incrementally improved
complication odds as well as reduced length of stay.
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Due to reduced physiologic reserve of vital organs, elderly patients are usually accompanied by
signi�cant comorbidities. Therefore, generally considered a minor complication in younger adult patients
and may produce only transient adverse effects, may have much more severe consequences in the elderly
patients and result in a signi�cantly prolonged LOS(12).

Symptoms of patients with multi-segment degeneration of the lumbar spine often manifest as low back
pain and lower limb radiculopathy, which can be accompanied by various degrees of lumbar spinal
stenosis, intervertebral disc herniation, scoliosis, and lumbar spondylolisthesis, and often involve multiple
segments. Often involves multi-level decompression fusion and internal �xation, so the operation is more
di�cult, the perioperative risk is greater. Due to the long-level lumbar fusion destroys more paravertebral
muscles and facet joints, theoretically, the operation time is longer, the amount of bleeding is more, the
risk of potential dural nerve injury is higher and postoperative complications are relatively high.

The key parts of the concept of ERAS include reducing the physical traumatic stress and accelerate
rehabilitation, which is of great signi�cance for long-level lumbar fusion. We assessed the association
between the level of ERAS component implementation and perioperative complications, length of stay,
and overall hospitalization costs. This was based on eight core ERAS protocol components.

The negative effects of traditional kept in bed after surgery may not only increase the risk of
thromboembolic and pulmonary complications, but also increased loss of muscle tissue(5). Early
mobilization is regarded as a key component of ERAS, consistent with the goals of supporting the early
reestablishment of normal function(13). It’s been demonstrated that early ambulation after long-level
lumbar surgery signi�cantly reduces the incidence of postoperative complications includes pulmonary
complications, thromboembolism and shortens the LOS. (14, 15). Despite the known bene�ts of early
mobility, there is little guidance available on how soon among uncomplicated after long-level lumbar
surgery over 70 years old patients should get out of bed and ambulate. Compared with the previous short-
level lumbar fusion patients over 65 years old(16), for patients over 70 years old, which have worse
physical function, more fusion segments and greater surgical trauma, contribute to the risk for adverse
outcomes. Given the complexity of this population, we have extended the patient ambulate and remove
the catheter time to 72hours, in-bed active/passive limb movement within 4 hours after surgery. Our
research results show that this improvement is safe and effective in improving the e�cacy of long-level
lumbar fusion surgery.

In addition to muscle wasting, postoperative high catabolism is also an important factor affecting the
overall recovery, catabolism is mediated by the surgical stress and postoperative starvation(5). Our ERAS
protocols combine many different elements of care in the preoperative, intraoperative and postoperative
periods, and aim to reduce surgical stress, the focus is on early recovery, nutrition and pain relief.

Traditional preoperative fasting for at least 8 h and oral feeding on postoperative 1 day were considered
to be a necessary to reduce the risk of aspiration during anesthesia induction(17), and ameliorate the
postoperative nausea/ vomiting(18). However, a number of studies has been shown that traditionally
preoperative and postoperative fasting care may cause the postoperative insulin resistance and
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electrolyte disorders(19, 20). Clinical observational studies have demonstrated that perioperative
hyperglycemia increase the incidence of the development of postoperative complications and death in
diabetic and non-diabetic patients(21). In addition, substantial evidence has shown that postoperative
electrolyte disorders complications are associated with longer LOS and increased hospital costs in
addition to complications such as delirium(22), thromboembolism(23), cardiac and cerebral
dysfunction(12, 24, 25). This in turn, shorting fasting and feeding time help reduce catabolism and loss
of muscle tissue and function may include stress reduction, decrease the feeling of hunger and anxiety,
improve patient comfort(26, 27). Furthermore, avoidance of prolonged preoperative fasting and oral
carbohydrate loading can create a positive impact on perioperative glucose control and muscle
preservation after major operations(28). One study demonstrated that the mechanism may induces
endoplasmic reticulum stress and generates insulin resistance in the skeletal muscle through
suppression of Glut4 and inactivation of Ca2+-ATPase, leading to intracellular calcium homeostasis
disruption and peripheral insulin resistance.(27). Our studies showed that elderly patients (> 70 years old)
who have undergone long-level lumbar surgery minimizing the duration of fasting in surgical patients pre-
and post-surgery is safe and can effectively low down the incidence of electrolyte disorders.

However, this study has several limitations. This study is the retrospective design, small sample size. The
observation time was limited to the hospitalization period, given the lack of long-term follow-up data,
de�nitive conclusions was unknown. Furthermore, the ERAS and non-ERAS group were assessed at
different times, which may have introduced analytical bias. Further multicenter studies with a larger
participant population and long-term follow-up are required to con�rm the safety and e�cacy of our
ERAS protocol in elderly patients after long-level lumbar fusion surgery.

Conclusions
In conclusion, this report describes the �rst ERAS protocol used in elderly patients with long-level lumbar
fusion surgery. Our ERAS program is safe and associated with incremental bene�ts in respect to
complications and LOS with long-level lumbar fusion. While still in its infancy, with modi�ed approaches
to our ERAS protocol, will likely improve satisfaction and outcomes.
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