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Abstract
Background: Enhanced recovery after surgery (ERAS) is currently widely used in in many surgical
specialties, but it is still lack of concerning the cervical ERAS program for elderly patients (>60 years old).
We aimed to determine whether our ERASprogram signi�cantly improved satisfaction and outcomes in
elderly patients (>60 years old) with anterior cervical discectomy and fusion (ACDF). 

Methods: The study enrolled patients if they were over the age of 60 years old underwent under four
levels ACDF. Data including demographic, comorbidity and surgical information were collected. We also
evaluated ERAS process compliance, primary outcome, surgical complication and length of stay (LOS).

Results: There were 135 patients in the ERAS group and 122 patients in the non-ERAS group were
included. A comparison of the demographic data revealed that there were no statistically signi�cant
intergroup differences observed between the group. Overall, ERAS pathway compliance was 91.9%. There
were no signi�cant differences in the fusion levels operative time intraoperative blood loss postoperative
VAS score and complications between the ERAS and non-ERAS groups. In addition, there was no
signi�cant difference in readmission and mortality at 30-day follow-up between the two groups. However,
we observed a statistically signi�cant decrease in the LOS in the ERAS group (8.68±2.34 of ERAS group
versus 10.43±4.05 in non-ERAS group, p=0.013).

Conclusions: This report describes the �rst ERAS protocol used in elderly patients with ACDF. Our ERAS
program is safe and associated with incremental bene�ts in respect to LOS in elderly patients with ACDF

Background
As life expectancy and medical technological advancement increase, China has become one of the
countries with the largest elderly population and the fastest aging population in the world(1). 260 million
people over 60 years old, the prevalence of elderly patients with degenerative diseases of the cervical
spine also increasing, which seriously disturbs the living conditions of the elderly. The desire of elderly
patients to improve their quality of life is becoming stronger and stronger and the demand for elective
surgery by older patients is increasing. Although the elderly patient is the fastest expanding segment of
the population having surgery, there is a paucity of clinical research speci�c to the elderly patient
undergoing anterior cervical discectomy and fusion (ACDF)(2, 3). Elderly patients are often accompanied
by comorbidity, malnutrition, polypharmacy, functional decline, psychological alterations and speci�c
social needs may coexist and overlap, creates a condition of reduced adaptation to surgical stress and
consistently affecting surgical outcome(4). To improve the surgical safety of elderly patients, it is
necessary to decrease the surgical stress and improve patients' ability to resist surgical stress. 

Enhanced recovery after surgery (ERAS) was �rst proposed by Henrik Kehlet in 1997(5). It is a series of
perioperative optimization measures based on evidence-based medical evidence to reduce perioperative
physical and psychological traumatic stress, lead to a reduction in the occurrence of complications and
achieve the purpose of faster recovery after surgery. So far, ERAS is currently widely used in in many
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surgical specialties(6-8), even though some studies have published the implementation for several
cervical surgeries(3, 9, 10), but it is still lack of concerning the cervical ERAS program for elderly patients
(>60 years old). 

ACDF is one of the basic surgical procedures in spinal surgery, and are commonly performed for the
treatment of cervical degenerative diseases. Although the incision of ACDF is small, the incision is deep
and the adjacent tissue structure is complicated. Therefore, there are certain surgical risks and
complications. A series of preoperative, intraoperative and postoperative measures of ERAS would
theoretically lead to a reduction in the occurrence of ACDF surgery complications. However, the actual
bene�ts and safety of ERAS in elderly patients with ACDF are still unknown. The goal of the present study
was to measure the effectiveness and safety of our ERAS protocol in elderly patients with ACDF. 

Materials And Methods
Study Design and Data Collection. 

This is a retrospective cohort study.The study enrolled patients with cervical disc herniation, cervical
spondylosis, posterior longitudinal ligament ossi�cation, etc if they were 60 years old and had
undergone under four levels ACDF between July 2019 and June 2021 (ERAS group), the age- and sex-
matched non-ERAS group between January 2018 and June 2019 (non-ERAS group). Both groups were
cared for by the same surgical team. The retrospective non-ERAS group included patients who had been
according to traditional perioperative protocols. All patients diagnosed by two spinal specialists based on
clinical symptoms and image inspection. Surgery was indicated when patients with typical symptoms of
myelopathy or radiculopathy and the patients  did not respond to conservative treatments for these
symptoms. 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. All surgeon used an operating
microscope to perform discectomies and removal of possible anterior compressions. The posterior
longitudinal ligament was excised routinely at the intervertebral space. All the ACDF surgery applies the
concept of precision and minimally invasiveness throughout the entire operation. The core is positioning
and precise positioning, trans-interstitial approach to reduce tissue damage, reduce bleeding, and avoid
nerve damage.

The demographic information, comorbidities, operative and anesthetic details are presented in Table 1.
The primary outcome data that were analyzed included complication, length of stay (LOS), postoperative
pain status and 30-day readmission rates. All data were collected by manual review of the electronic
medical record. 

ERAS Pathway. 

ERAS program was proposed and planned in 2017, and in combination with other ERAS projects and the
clinical experience of many experts, our ERAS protocol in elderly patients with ACDF was written. The core
group consisted of anesthesiologists, spinal surgeons, nutritionists, physical therapists, physicians,
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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 with ACDF in July 2019. We previously described the development and implementation of
an evidence-based ERAS pathway for short-level lumbar fusion(11). Using this pathway as a template, we
adjusted some ERAS program to address the distinct perioperative needs of patients undergoing ACDF.
Our ERAS interventions was divided into preoperative intraoperative and postoperative.

Preoperative step: (1) Patient education and counseling: nurse explains the pre- and postoperative stages
of the ERAS procedure, discharge criteria as well as describes the main scenarios that can occur early
after discharge; (2) No prolonged fasting: eating is allowed until 6 hours prior to surgery; (4)Fluid and
carbohydrate loading: carbohydrate drink allowed up to 2 hours before surgery; (3) Preemptive analgesia:
adequately controlled pain; visual analog scales <4: no analgesia or oral minimal dose of nonopioid
(acetaminophen, NSAID or gabapentin); visual analog scales: 4–6: oral or intravenous acetaminophen
and NSAID and gabapentin; visual analog scales ≥ 7: opioid

Intraoperative step: (1) Antibiotic prophylaxis within 1 hour of incision; (2) Tranexamic acid within half
hour of incision; (3) Maintenance of normothermia: keeping core temperature at 36–37°C; 

Postoperative step: (1) Early oral feeding: early drinking water after recovery from anesthesia early
feeding started 6 hours, supplement protein powder during the liquid phase; (2) Early ambulation:
postoperative early ambulation after 24 hours; (3) Early removal of bladder catheter after 24 hours; (4)
Multimodal analgesia: the same as preoperative multimodal analgesia program. 

Statistical analysis.

All statistical analyses were performed using SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA).
Patient demographics, comorbidities data, markers of baseline health, and clinical outcomes were
compared between the ERAS and the non-ERAS group using a Student’s t-test and χ2 test. A value of
P<0.05 was considered for signi�cant differences.

Results
Demographics. There were 135 patients in the ERAS group (51 men and 84 women, mean age 67.28±5.84
years, mean BMI 25.13±3.08) and 122 patients in the non-ERAS group (43 men and 79 women, mean age
66.03±5.71 years, mean BMI 24.66±3.52) were included. The baseline demographic characteristics and
operative details of these two groups are compared in Table1. A comparison of the demographic data
revealed that there were no statistically signi�cant intergroup differences observed between the group.  

Compliance to ERAS pathway. Our ERAS protocol included 11 elements interventions,  and the overall
pathway compliance was 91.9% (Table 2). All Pre-operative and Intra-operative ERAS items and
postoperative multimodal analgesia were used in 100% of cases. The items with relatively low
compliance were early oral feeding (63.7%) and e early ambulation (64.4%).
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Outcomes. The main clinical outcomes are shown in Table 3. After the implementation of ERAS, the ERAS
group and non-ERAS group fusion levels operative time intraoperative blood loss and postoperative
visual analogue score (VAS) showed no signi�cant difference.  

In addition, there was no signi�cant difference in readmission and mortality at 30-day follow-up between
ERAS group and non-ERAS group, as complete data were available for 88.3% of patients at this early time
point. However, we observed a statistically signi�cant decrease in LOS in the ERAS group (8.68±2.34 of
ERAS group versus 10.43±4.05 in non-ERAS group, p=0.013). The major and minor complications are
detailed in Table 4, and no statistically signi�cant intergroup differences were observed.

Discussion
The introduction of ERAS at our institution for ACDF surgery has resulted in a signi�cant decrease in LOS
without causing an increase in postoperative complications and VAS score. The average LOS is 8 days
for ACDF in elderly patients. Decrease almost 2 days compared to the conventional protocol. According to
our results, it seems applicable to implementation ERAS protocol in elderly patients with ACDF surgery
and may helps to reduce costs. 

The causes of common diseases related to ACDF surgery (cervical disc herniation, cervical spondylosis,
posterior longitudinal ligament ossi�cation, etc.) are various reasons that cause damage to the cervical
spinal cord, nerve root compression and irritation trigger corresponding clinical symptoms. The main
symptoms of patients with spinal cord and nerve root damage, such as upper limb numbness, pain,
fatigue and muscle atrophy, etc. In severe cases, it can be manifested as unstable walking or even
paralysis. The purpose of the ACDF surgery is to relieve the compression of the spinal cord and nerve
roots, rebuild the stability of the cervical spine surgery segment, promote the recovery of the patient's
nerve function and improve the quality of life. 

Due to the age-related reduced in physiological reserves and functional capacity are inevitable and affect
all organ systems, elderly patients are usually present with many comorbidities(12). Therefore, surgeons
are reluctant to perform spine surgery in elderly patients because of the high risk of perioperative
complications(13). In addition to normal indications for surgery, the surgeon has to balance the risks of
adverse events and expected bene�ts of surgery according to nutritional state, in�ammatory activity and
anticipated host response. The whole concept of ERAS �rst proposed for more than 20 years and is
currently extended to spinal surgery. According to ERAS principles, the core parts of classic ERAS is
reducing stress, which is signi�cance for elderly patients. Although several studies have been published
on ERAS for ACDF(9, 10, 14, 15), there have been limited studies that focused on patients over 60 years
old. The pillars of our ERAS protocol are: 1) high patient satisfaction at the center of his or her
management, 2) a combination of interventions to nutritional support, reducing the pain and early
ambulation. 

Nutritional optimization is an essential component of perioperative. Malnutrition is a high risk factor of
higher postoperative complications. It thus increases the LOS and burden on healthcare systems(12). The
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European Society for Clinical Nutrition and Metabolism 2021 guidelines highlighted the signi�cant of the
nutrition in ERAS(16). The success of surgery not only depend exclusively on technical surgical skills, but
also on nutritional management(17), this is due to the metabolic imbalance response caused by surgery
itself. As a spine surgeon, nutritional management is an inter-professional challenge. Preoperative
carbohydrate �uids given up to 2 hours prior to surgery in contrast to the traditional midnight preoperative
fast can not only reduce surgical stress but also reduce the incidence of postoperative insulin resistance.
Clinical observational studies have demonstrated that perioperative hyperglycemia was associated with
adverse outcomes in diabetic and non-diabetic(18). In addition, shortening the fasting time before surgery
have been proven to enhance patient comfort prior to surgery and have been theorized to reducing patient
catabolism, with a positive impact on perioperative muscle preservation(19). Protein catabolism is a
considerable feature at postoperative phase, both shorting the fasting time and nutritional therapy as
soon as possible may provide the energy for optimal healing and counteract muscle catabolism(20).
Previous study have shown that BMI 24 kg.m-2 is the cut-off for all-cause mortality for older patients(17).
However, obscured by obesity reduced muscle mass and malnutrition may be ignored in surgical patients,
some studies have shown high rates of malnutrition in older patients(21, 22). Therefore, we routinely
supplement protein powder during the liquid phase after surgery as suggested by Chan(12).

For elderly patients with ACDF, our nutritional program includes prevention and reduction of catabolism
before and after surgery. Based on our clinical experience, avoidance of unnecessary prolonged pre-, and
post-operative fasting and supplement protein powder during the liquid phase after surgery is safe and
reduce the felling of hunger and anxiety in patients.

Multimodal, non-opioid based analgesia has become the cornerstone of our ERAS protocols for effective
analgesia after ACDF surgery. Well-managed pain, the so-called “�fth vital sign”, is widely recognized as
an important metric for success of surgery and recovery, and even as a surrogate for patient
satisfaction(23). Many factors contribute to postoperative pain after spine surgery, in addition to
nociceptive pain from surgical incision, these patients experience musculoskeletal pain from surgical
traction and manipulation of bone, muscle, ligaments, and joints(24). Although opioids are remains an
effective therapy for pain control, substantial evidence has shown the wide range of adverse effects,
including nausea, ileus, respiratory depression, hyperalgesia, and delirium associated with opiate
analgesia(25). Multimodal analgesia involves use of multiple mechanisms of pain control acting
synergistically to improve analgesic effect and reduce the doses of opiates, and thereby reduce risk of
side-effects from opioid(26), and may therefore reduce LOS and hospital cost. Our ERAS protocol
included oral non-opioid medications preoperatively to help reduce opioid needs postoperatively and the
results showed that there was no signi�cant difference between the two groups about the postoperative
VAS score.

Early mobilization was another important aspect of our ERAS protocol. Although early mobilization was
�rst proposed by Emil Ries in 1899(27), it was only within the last 20 years that early mobilization
became accepted among surgeons and has been signi�cant progress in postoperative care with the
development of ERAS. The harmful of traditional prolonged bed rest in postoperative are well-known and
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it is should not be advocated. Despite the known bene�ts of early mobility, several questions regarding of
this intervention remain unknown. How soon among uncomplicated after ACDF surgery over 60 years old
patients should get out of bed and ambulate? And do patients over 60 years old underwent ACDF surgery
treated with early mobilization safe? Compared with the previous ERAS study of ACDF(9, 10), for patients
over 60 years old, which have worse physical function, given the complexity of this population, we have
decided the patient ambulate and remove the catheter time to 24hours, 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 older patients underwent ACDF surgery. 

However, this study does have several limitations. This study has a retrospective design, and there is only
a small sample size. The observation time was limited to the hospitalization period, and given the lack of
long-term follow-up data, de�nitive conclusions may not be drawn from these results. In addition, the
ERAS and non-ERAS groups were assessed at different times, which may have introduced analytical bias
into the study. Further multicenter studies with a larger cohort and long-term follow-up are required to
con�rm the safety and e�cacy of our ERAS protocol in elderly patients after ACDF surgery.

Conclusions
In summary, the implementation of ERAS protocol for ACDF was associated with a signi�cant decrease in
LOS and without sacri�cing quality of care in terms of clinical outcomes. Our ERAS program is safe and
associated with incremental bene�ts in respect to LOS in elderly patients with ACDF, it also may reduce
the hospital cost. While still in its infancy, with modi�ed approaches to our ERAS protocol, will likely
improve satisfaction and outcomes. 

Abbreviations
ERAS, enhanced recovery after surgery; LOS, length of stay; BMI, body mass index; ASA, American Society
of Anesthesiologists; VAS, Visual Analogue Score
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Patient Demographics ERAS     non-ERAS       P

Sample size 135        122  

Age (years) 67.28±5.84   66.03±5.71     0.76

Male/Female 51/84  43/79     0.67

Body mass index 25.13±3.08   24.66±3.52     0.07

Smoker 33   20     0.11

Comorbidities      

Hypertension 78   44     0.08

Heart disease 20   9     0.06

Stroke 3   3     0.90

Chronic lung disease 1   2     0.50

Diabetes 45   31     0.17

Osteoporosis 4   2     0.48

Gastrointestinal 3   4     0.60

Psychological symptoms 5   2     0.31

Thyroid disease 5   2     0.31

Preoperative NDI, % 30.54±10.76    28.23±13.58     0.17

Preoperative VAS  4.38±2.12    4.28±2.06     0.86

ASA grade      

I 5   5     0.87

II 78   72     0.84

III 51   45     0.88

IV 1    0     0.34

 

Table 2. ERAS pathway compliance
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Compliance with the ERAS program

Variable  n (%)

Pre-operative ERAS items  

Patient education and counselling 135(100)

No prolonged fasting 135 (100)

Fluid and carbohydrate loading

Preemptive analgesia

135 (100)

135(100)

Intra-operative ERAS items

Antimicrobial prophylaxis

 

135(100)

Tranexamic acid 135 (100)

Maintenance of normothermia 135(100)

Post-operative ERAS items  

Early oral feeding 86(63.7)

Early ambulation 87(64.4)

Early removal of bladder catheter 113 (84.3)

Multimodal analgesia 135 (100)

Overall compliance (rate) 91.9

 

Table 3. Outcomes
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Complications ERAS      non-ERAS        P

No. of levels fusion

1

2

3

Operative time

Intraoperative blood loss

 

53

51

31

146.08±45.26

49.91±53.79

 

43

53

26

148.09±44.11

60.22±52.09

 

0.51

0.36

0.75

0.72

0.046

Postoperative day #1 VAS 1.24±0.57 1.14±0.53 0.83

Postoperative day #2 VAS 0.87±0.77 0.87±0.73 0.45

Postoperative day #3 VAS 0.71±0.63 0.67±0.64 0.98

LOS

30-day readmissions

8.68±2.34

0

10.43±4.05

0

0.013

 

30-day mortality 0 0  

 

Table 4. Over complication data
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Complications ERAS      non-ERAS        P

Major complications      

Bronchial aspiration 0 0  

Hypoproteinemia 15(11.1%) 19(15.5%) 0.292

Electrolyte disturbance 16(11.9%) 17(13.9%) 0.618

Heart disease 3(2.2%) 0 0.098

Cerebrovascular accident 0 0  

Pneumonia 0 1(0.8%) 0.292

Urinary tract infection 0 0  

Neck hematoma 0 0  

Deep vein thrombosis 1(0.7%) 0 0.341

Spinal �uid leakage 1(0.7%) 1(0.8%) 0.943

New neurological de�cit 2(1.4%) 1(0.8%) 0.622

Fall down

Total major

Minor complications

0

38(28.1%)

 

0

39(32%)

 

 

0.505

Surgical site infection 2(1.4%) 1(0.8%) 0.622

Dysphagia/dysphonia 0 0  

Total minor

Overall complications

2(1.4%)

40(29.6%)

1(0.8%)

40(32.8%)

0.622

0.585


