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Efficacy of nursing interventions
based on the enhanced recovery
after surgery (ERAS) in patients
with lumbar disc herniation

HuanYang, QianYang, MingShan Pu & Chao Liao™

Enhanced Recovery After Surgery (ERAS) principles have been increasingly applied in various surgical
disciplines to optimize patient outcomes and reduce recovery times. However, evidence regarding

the application of ERAS-based nursing interventions in lumbar disc herniation (LDH) management
remains limited. This study aimed to evaluate the efficacy of ERAS-based nursing interventions in
improving recovery outcomes for patients undergoing surgical treatment for LDH. A total of 345
patients diagnosed with LDH and undergoing surgical treatment between February 2022 and February
2023 were retrospectively analyzed. Patients were divided into two groups: 174 received ERAS-based
nursing interventions, while 171 received standard care. ERAS interventions included preoperative
education, multimodal pain management, early mobilization, and psychological support. Clinical
outcomes, including postoperative pain measured by the Visual Analog Scale (VAS), length of hospital
stay (LOS), complication rates, and patient satisfaction, were assessed. Recovery milestones, such as
time to ambulation and return to daily activities, were also analyzed.The ERAS group demonstrated
significantly better outcomes compared to the standard care group. Postoperative VAS scores were
lower in the ERAS group at 24 h (3.7+1.2vs. 5.1+1.4, P<0.001) and 48 h (2.8 +0.9 vs. 4.3+1.2,

P <0.001). The ERAS group also had a shorter LOS (5.3 +1.7 days vs. 7.1+ 2.2 days, P<0.001), fewer
complications (6.9% vs. 12.3%, P=0.037), and higher patient satisfaction (92.6% vs. 78.9%, P<0.001).
Recovery milestones, including time to ambulation (18.5+4.6 hvs. 30.2+5.9 h, P<0.001) and return
to daily activities (7.4 + 1.5 days vs. 10.2 +2.1 days, P<0.001), were achieved earlier in the ERAS group.
ERAS-based nursing interventions significantly improve recovery outcomes for patients undergoing
surgical treatment for lumbar disc herniation. These findings highlight the importance of integrating
ERAS principles into perioperative nursing care to enhance patient recovery and satisfaction.

Keywords Enhanced recovery after surgery (ERAS), Rehabilitation therapies, Postoperative pain, Ankle
fracture surgery, Visual analog scale (VAS)

Lumbar disc herniation (LDH) is a common degenerative condition of the spine, resulting from the
displacement of intervertebral disc material, which compresses spinal nerve roots and causes significant pain,
functional limitations, and impaired quality of life!~*. For patients with severe or persistent symptoms, surgical
interventions, such as microdiscectomy or laminectomy, are often performed to relieve nerve compression
and restore mobility’. However, the postoperative period poses challenges, including persistent wound pain,
delayed functional recovery, and variability in patient satisfaction, which necessitate optimized perioperative
care strategies®”.

Enhanced Recovery After Surgery (ERAS) principles, initially developed for colorectal surgery, have emerged
as a transformative approach in perioperative care across multiple surgical specialties®®. These principles
emphasize a multidisciplinary and patient-centered approach, integrating interventions such as preoperative
education, multimodal analgesia, early mobilization, and individualized rehabilitation plans to minimize
surgical stress, accelerate recovery, and improve patient outcomes!®!!. The application of ERAS protocols in
spinal surgery has shown promising results. For example, Dietz et al.'%, through a meta-analysis, found that
ERAS in spinal surgery can reduce complications, readmissions, length of stay, and opioid use, while improving
patient-reported outcomes and functional recovery. Similarly, Wang et al.'>., through a retrospective study,
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demonstrated that ERAS protocols are safe and associated with additional benefits for elderly patients undergoing
anterior cervical discectomy and fusion.

In orthopedic and spinal surgery, preoperative and postoperative nursing interventions play a critical role in
the successful implementation of ERAS principles. Effective nursing care not only facilitates early mobilization
and patient adherence to recovery plans but also addresses challenges such as pain management and patient
education. Previous studies have shown that individualized nursing strategies improve recovery outcomes in
orthopedic procedures'!. However, limited research has focused on the role of ERAS-based nursing interventions
in managing patients undergoing surgery for lumbar disc herniation. Inconsistent nursing practices and the lack
of standardized ERAS protocols in spinal surgery further underscore the need for robust evidence to guide
clinical implementation!®-18,

This study aims to evaluate the impact of ERAS-based nursing interventions on postoperative outcomes in
patients undergoing surgery for lumbar disc herniation. By analyzing key recovery metrics, such as pain levels,
functional milestones, length of hospital stay, and patient satisfaction, this research seeks to provide evidence-
based insights into optimizing nursing care for this patient population. Additionally, this study aims to address
the current gap in standardized nursing protocols tailored for spinal surgery, particularly for LDH patients,
thereby contributing to the advancement of perioperative care in this field.

Materials and methods

Patient selection study design and participants

This retrospective cohort study aimed to evaluate the impact of nursing interventions based on Enhanced
Recovery After Surgery (ERAS) principles on postoperative outcomes in patients undergoing lumbar
disc herniation (LDH) surgery. Data were collected from adult patients (18 years or older) who underwent
lumbar discectomy or laminectomy for LDH between February 2022 and February 2023.Inclusion Criteria:
(1) Patients aged > 18 years; (2) A confirmed diagnosis of lumbar disc herniation with corresponding clinical
symptoms requiring surgical intervention; (3)Complete clinical data availability and adherence to follow-up
assessments. Exclusion Criteria: (1) Patients undergoing revision surgery for LDH; (2) Significant comorbidities
that could influence recovery outcomes (e.g., severe cardiovascular or neurological diseases); (3) Concurrent
spinal conditions such as scoliosis or spinal stenosis requiring separate surgical management; (4) Refusal to
follow postoperative care protocols or incomplete data records. The study was conducted in compliance with
the Declaration of Helsinki and received approval from the Ethics Committee of Dazhou Central Hospital. All
participants provided written informed consent prior to inclusion.

Surgical team

Surgeries were performed by a team of three experienced spine surgeons, each with at least 10 years of
experience in performing lumbar discectomy procedures. All surgeries followed a standardized technique,
ensuring consistency across cases. The surgical procedures were carried out under general anesthesia with the
same protocol for all patients.

ERAS-Based perioperative nursing interventions

Patients in the ERAS group received a comprehensive range of nursing interventions aligned with Enhanced
Recovery After Surgery (ERAS) principles. These interventions focused on optimizing perioperative care through
evidence-based strategies. Preoperative education played a central role, with structured sessions designed to
inform patients and their families about surgical procedures, postoperative expectations, and recovery goals.
This education emphasized pain management techniques, the benefits of early mobilization, and potential
complications, ensuring patients were well-prepared both physically and psychologically.

Intraoperatively, fluid management and patient monitoring were individualized to maintain hemodynamic
stability and prevent complications. Postoperative care emphasized multimodal pain management, combining
non-opioid analgesics with regional anesthesia to minimize reliance on opioids. Early mobilization was another
cornerstone, initiated within 24 h post-surgery, with patients guided through progressive mobility exercises
tailored to their abilities. Nutritional support, focused on early oral intake of protein-rich, easily digestible meals,
was provided to enhance recovery and support wound healing. Nurses also conducted regular assessments to
proactively identify and address potential complications, such as deep vein thrombosis (DVT) or infections,
using standardized prevention protocols and interventions.

Implementation of ERAS protocol

The ERAS protocol was implemented with strong support from our hospital’s leadership and a multidisciplinary
team, including surgeons, anesthesiologists, nursing staff, and physical therapists. The team worked
collaboratively to adapt the ERAS guidelines to our institutions practice, ensuring that key elements such as
early mobilization, multimodal analgesia, and nutrition support were tailored to meet the needs of lumbar disc
herniation (LDH) patients. Our experience in implementing ERAS involved a comprehensive training program
for staff and patient education to enhance adherence to the protocol and promote its benefits.

Standard care

Patients receiving standard care were managed with conventional nursing protocols typically applied in clinical
settings. Preoperative education was limited to basic instructions provided shortly before surgery, focusing
on fasting requirements and hygiene practices, with minimal emphasis on postoperative expectations or
rehabilitation. Pain management relied predominantly on opioid-based medications, administered as needed,
with less incorporation of multimodal strategies. Mobilization efforts typically began later, often on the second or
third postoperative day, and involved basic walking or passive exercises without individualized plans. Nutritional
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advice was general, with oral intake often delayed until full bowel function returned. Routine monitoring was
conducted, but advanced assessments for potential complications, such as DVT or respiratory issues, were not
systematically performed. The standard care approach, while effective for basic needs, lacked the proactive and
holistic strategies integral to ERAS protocols.

The decision to assign patients to either the ERAS protocol or standard care was made collaboratively
between the medical team, the patients, and their families. After discussing the treatment options, including
the benefits and potential risks of each approach, patients and their families made an informed decision about
their care pathway. Efforts were made to ensure comparability between the two groups by matching key baseline
characteristics such as age, comorbidities, and preoperative pain levels. Patients who were clinically stable and met
specific criteria for early mobilization and multimodal pain management were offered the ERAS pathway. Those
who did not meet these criteria or were treated before the protocol was introduced were assigned to standard
care. Standard care in our clinic involved a more traditional, less structured approach to postoperative care,
which still incorporated some principles of multimodal analgesia and early mobilization, but lacked the more
formalized and coordinated approach of the ERAS protocol. This patient-centered approach allowed for greater
involvement of patients and their families in the decision-making process. To provide a clearer comparison of
nursing interventions between the two groups, we have included Supplementary Table 1, which outlines the key
components of ERAS-based nursing interventions versus standard care. This structured comparison highlights
the significant differences in preoperative education, pain management, mobilization strategies, nutritional
support, psychological assistance, and complication prevention.

Outcome Measures-Primary outcomes

The primary outcomes of this study included postoperative pain scores, measured using the Visual Analog Scale
(VAS) at 24 h, 48 h, and 7 days post-surgery, as well as the length of hospital stay and patient satisfaction scores.
Pain assessments were conducted by trained nursing staff to ensure consistency and reliability. Hospital stay
duration was recorded from the day of surgery to the day of discharge, and satisfaction was evaluated through
structured questionnaires administered before discharge, focusing on pain management, recovery experience,
and overall care quality. These measures were chosen to reflect the immediate effectiveness of ERAS-based
nursing interventions in improving patient outcomes.

Secondary outcomes

Secondary outcomes were designed to provide a comprehensive evaluation of recovery and included
readmission rates within 30 days, postoperative complication rates, and recovery milestones, such as the time
to first ambulation and time to achieve independent walking. Complications were categorized into common
postoperative issues, including wound infections, deep vein thrombosis, and gastrointestinal dysfunctions, and
were verified through clinical evaluations and patient records. Recovery milestones were assessed based on daily
observations by the clinical team, with a focus on functional mobility and independence in basic activities. These
secondary outcomes aimed to capture the broader impact of ERAS-based interventions on both clinical recovery
and patient functionality. Postoperative complications were systematically monitored using standardized clinical
definitions. Infection rates were assessed based on Centers for Disease Control and Prevention (CDC) criteria
for surgical site infections, while deep vein thrombosis (DVT) was diagnosed using Doppler ultrasound and

ERAS Group (n=174) | Standard Care Group (n=171) | P-Value
0.876
Gender Male 92 (52.9%) 89 (52.0%)
Female | 82 (47.1%) 82 (48.0%)
Age (years, Mean +SD) 48.6 +11.4 479 +12.1 0.614
BMI (kg/m?, Mean + SD) 264 +3.8 26.7 £4.1 0.483
ASA Class IT or higher (n [%]) 83 (47.7%) 87 (50.9%) 0.577
Smoking History (n [%]) 38 (21.8%) 43 (25.1%) 0.514
Diabetes (n [%]) 28 (16.1%) 31 (18.1%) 0.652
Hypertension (n [%]) 46 (26.4%) 50 (29.2%) 0.586
Previous Sciatica Episodes (n [%]) 71 (40.8%) 67 (39.2%) 0.773
Severity of LDH (Mild, n [%]) 94 (54.0%) 89 (52.0%) 0.704
Employment Status (Employed, n [%]) 126 (72.4%) 119 (69.6%) 0.611
Duration of Symptoms (months) 83 %31 85134 0.742
Family History of LDH (n [%]) 27 (15.5%) 24 (14.0%) 0.732
Physical Activity Level (High, n [%]) 48 (27.6%) 45 (26.3%) 0.813
Use of Analgesics Pre-surgery (n [%]) 58 (33.3%) 63 (36.8%) 0.521
Number of Affected Levels (Single, n [%]) 109 (62.6%) 106 (62.0%) 0.913

Table 1. Baseline characteristics of patients undergoing lumbar disc herniation across ERAS-Based and
standard care groups. The values in parentheses are percentages unless indicated otherwise. Abbreviation:
ASA Class: American Society of Anesthesiologists Physical Status Classificatio; BMI: Body Mass Index; ERAS:
Enhanced Recovery After Surgery; ODI: Oswestry Disability Index; VAS: Visual Analog Scale.
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clinical assessment guidelines. Urinary retention was defined according to post-void residual volume criteria.
These standardized definitions ensured consistency and reliability in identifying postoperative complications.

Data collection

Clinical data were extracted from electronic medical records and validated independently by two researchers to
ensure accuracy. Pain levels, hospital stay durations, and complication rates were recorded for all participants.
Follow-up assessments were conducted at 1, 2, and 4 weeks post-surgery.

Sample size calculation

The sample size for this study was calculated using statistical tools available online (https://www.naukowiec.org
/dobor.html; accessed December 31, 2022). Assuming a relative error rate of 7% (the level used in meta-analysis
studies), we determined that a sample size of 165 patients would provide sufficient statistical power to detect
significant differences in primary outcomes, with a significance level of p < 0.05. This sample size was selected to
ensure adequate representation and robust results across both the ERAS and standard care groups.

Statistical analysis

Descriptive statistics summarized patient characteristics and clinical outcomes. Continuous variables, such as
VAS scores and hospital stay duration, were analyzed using t-tests or Mann-Whitney U tests, depending on
data distribution. Categorical variables, such as complication rates and readmission rates, were compared using
chi-square or Fisher’s exact tests. To ensure that the observed differences between the ERAS and standard care
groups were not influenced by baseline imbalances, we performed multivariable logistic regression analysis to
adjust for important variables, including demographic characteristics (age, gender) and clinical factors (such as
body mass index (BMI), preoperative Visual Analog Scale (VAS) pain scores, and comorbidities like diabetes
and hypertension). Additionally, Analysis of Covariance (ANCOVA) was conducted to further control for these
variables when comparing postoperative outcomes such as pain levels, length of hospital stay, and recovery
milestones. All statistical results presented in this study reflect these adjustments. These adjustments helped to
ensure that the observed effects of ERAS-based nursing interventions were not confounded by these factors.
Statistical significance was set at P< 0.05. Analyses were conducted using SPSS 25.0 (IBM, Armonk, NY, USA),
and data visualizations were generated using R 4.0.5 and GraphPad Prism 8.0.

To address missing data, we employed listwise deletion, excluding cases with incomplete records for key
variables such as pain scores, length of hospital stay, and recovery milestones. No imputation methods were
applied, as the amount of missing data was minimal and did not significantly affect the results. This approach
ensured that our analysis was based on complete data for all key variables.

Results

Baseline characteristics of patients

The inclusion and exclusion criteria are detailed in Fig. 1. A total of 345 patients with lumbar disc herniation
(LDH) were included in the study, with 174 patients receiving ERAS-based nursing interventions and 171
patients receiving standard care. The two groups were comparable in terms of demographic and clinical
characteristics, including age, gender, body mass index (BMI), smoking history, comorbidities such as diabetes
and hypertension, and the severity of LDH (P> 0.05). Additionally, no significant differences were observed
in physical activity levels, preoperative use of analgesics, or the number of affected levels between the groups
(Table 1). These findings ensured a balanced comparison of the groups.

Postoperative complications

The incidence of postoperative complications was significantly lower in the ERAS group compared to the
standard care group. Wound infection rates were reduced (1.1% vs. 5.3%, P= 0.016), as were delayed wound
healing (0.6% vs. 4.1%, P= 0.009) and urinary retention (1.7% vs. 4.7%, P= 0.042). Other complications, such
as deep vein thrombosis, respiratory complications, and neurological deficits, showed no significant differences
between the groups (P> 0.05). Notably, fewer patients in the ERAS group required readmission due to pain-
related issues (2.3% vs. 5.8%, P= 0.072), though this result did not reach statistical significance (Table 2).

Recovery milestones and hospital stay

Patients in the ERAS group demonstrated faster recovery milestones compared to those in the standard care
group. The time to first ambulation was significantly shorter in the ERAS group (18.3 5.1 h vs. 28.6 +7.4 h,
P<0.001), as was the time to independent walking (2.9 +0.8 days vs. 4.5 £1.3 days, P< 0.001). The length of
hospital stay was also markedly reduced (3.8 1.2 days vs. 5.3 +1.7 days, P< 0.001). ERAS patients resumed
daily activities earlier (7.2 + 1.6 days vs. 10.1 £2.4 days, P< 0.001) and returned to work or normal routines faster
(14.7 £3.5 days vs. 19.2 £4.8 days, P< 0.001). Additionally, a higher proportion of patients in the ERAS group
achieved early discharge (66.1% vs. 39.8%, P< 0.001) (Table 3).

Pain management and patient satisfaction

Pain levels, as measured by the Visual Analog Scale (VAS), were significantly lower in the ERAS group at all time
points: 24 h (4.1 £1.3 vs. 5.5 1.5, P<0.001), 48 h (3.2 + 1.1 vs. 4.6 £ 1.4, P< 0.001), and 7 days (2.1 £0.9 vs. 3.8
+1.2, P<0.001). The proportion of patients with minimal pain (VAS < 3) at 7 days was higher in the ERAS group
(79.9% vs. 57.3%, P< 0.001). Patient satisfaction was also significantly improved, with higher overall satisfaction
scores (91.6 +8.4 vs. 77.9 £9.6, P< 0.001) and satisfaction with nursing care (93.7% vs. 80.7%, P< 0.001) in the
ERAS group (Table 4).
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Patients undergoing lumbar
disc herniation between
February 2022 and February
2023 (n=560)

The following patients were excluded from

the study

1. Age < 18 years (n=32)

2. Patients undergoing revision surgery for
LDH (n=59)

3. Comorbidities (e.g.. severe
cardiovascular or neurological diseases)
(n=56)

4. Concurrent spinal conditions such as

scoliosis or spinal stenosis requiring

separate surgical management (n=28)

Refusal to follow postoperative care

protocols or incomplete data records

(n=24)

6. Incomplete follow-up data (n=16)

n

Patients undergoing lumbar disc

herniation surgery (n=345)
|

ERAS Group (n=174) Standard Care Group (n=171)

Fig. 1. Inclusion and exclusion table for patients undergoing lumbar disc herniation (LDH) surgery.

Complication ERAS Group (n=174) | Standard Care Group (n=171) | P-value
‘Wound Infection (n [%]) 2 (1.1%) 9 (5.3%) 0.016
Delayed Wound Healing (n [%]) 1 (0.6%) 7 (4.1%) 0.009
Urinary Retention (n [%]) 3 (1.7%) 8 (4.7%) 0.042
Deep Vein Thrombosis (n [%]) 1 (0.6%) 2(1.2%) 0.627
Respiratory Complications (n [%]) 2 (1.1%) 3(1.8%) 0.681
Neurological Deficits (n [%]) 3 (1.7%) 5(2.9%) 0.438
Gastrointestinal Complications (n [%]) | 2 (1.1%) 6 (3.5%) 0.189
Postoperative Hemorrhage (n [%]) 0 (0.0%) 3(1.8%) 0.121
Pain-related Readmission (n [%]) 4(2.3%) 10 (5.8%) 0.072
Surgical Site Dehiscence (n [%]) 1 (0.6%) 4(2.3%) 0.203

Table 2. Postoperative complications among patients receiving ERAS-Based rehabilitation versus standard
care. The values in parentheses are percentages unless indicated otherwise. Abbreviation: ERAS: Enhanced

Recovery After Surgery.
Outcome ERAS Group (n=174) | Standard Care Group (n=171) | P-value
Time to First Ambulation (hours) 18.3£5.1 28.6 7.4 <0.001
Time to Independent Walking (days) 29408 45+13 <0.001
Length of Hospital Stay (days) 38+1.2 53+1.7 <0.001
Time to Resume Daily Activities (days) 7216 10.1+2.4 <0.001
Time to Work Resumption (days) 14.7 £3.5 19.2£4.8 <0.001
Readmission Rate (30 days, n [%]) 5(2.9%) 12 (7.0%) 0.048
Days to Pain-Free Mobility (days) 63+2.1 9.4+32 <0.001
Time to Discontinuation of Analgesics (days) | 8.9 2.4 12.7+3.6 <0.001
Rate of Early Discharge (< 4 days, n [%]) 115 (66.1%) 68 (39.8%) <0.001

Table 3. Recovery milestones and hospital stay. Abbreviation: ERAS: Enhanced Recovery After Surgery.
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Outcome ERAS Group (n=174) | Standard Care Group (n=171) | P-value
VAS Score (24 h) 41+13 55+1.5 <0.001
VAS Score (48 h) 32+1.1 4.6+1.4 <0.001
VAS Score (7 days) 2.1+£0.9 38+1.2 <0.001
VAS Score (4 weeks) 1.5+0.7 29+1.1 <0.001
VAS Score (3 months) 1.2+0.5 2.3+0.9 <0.001
Proportion of Patients with VAS <3 (7 days, n [%]) | 139 (79.9%) 98 (57.3%) <0.001
Satisfaction with Pain Control (7 days, n [%]) 153 (87.9%) 122 (71.3%) <0.001
Satisfaction with Pain Control (4 weeks, n [%]) 161 (92.5%) 130 (76.0%) <0.001
Satisfaction with Pain Control (3 months, n [%]) 165 (94.8%) 138 (80.7%) <0.001
Opverall Patient Satisfaction (%) 91.6+8.4 779 +9.6 <0.001
Satisfaction with Nursing Care (n [%]) 163 (93.7%) 138 (80.7%) <0.001
Satisfaction with Recovery Speed (n [%]) 156 (89.7%) 121 (70.8%) <0.001
Patients Willing to Recommend Care (n [%]) 161 (92.5%) 130 (76.0%) <0.001

Table 4. Pain management and patient satisfaction. Abbreviation: ERAS: Enhanced Recovery After Surgery;
VAS: Visual Analog Scale.

Outcome ERAS Group (n=174) | Standard Care Group (n=171) | P-value
SF-36 Physical Component Score 72.8+10.4 66.2+11.3 <0.001
SF-36 Mental Component Score 743 £9.6 69.1 £10.1 <0.001
EQ-5D Index 0.85+0.05 0.78 £0.06 0.018
Proportion of Patients with Full ADL Recovery (n [%]) | 156 (89.7%) 131 (76.6%) 0.006
Return to Work or Normal Activities (n [%]) 145 (83.3%) 122 (71.3%) 0.024
Functional Independence Score 91.4+8.7 81.6+9.4 <0.001
Emotional Well-being Improvement (n [%]) 162 (93.1%) 135 (78.9%) <0.001
Fatigue Reduction Score (0-10 scale) 81+12 64+15 <0.001
Social Activity Resumption (n [%]) 138 (79.3%) 114 (66.7%) 0.014

Table 5. Patient-Reported outcomes comparing ERAS and standard care groups. Abbreviation: ERAS:
Enhanced Recovery After Surgery; SF-36: Short Form-36; ADLs: Ability to Perform Activities of Daily Living;
EQ: EuroQol.

Quality of life and functional recovery

Patients in the ERAS group reported better quality of life and functional recovery outcomes. The SF-36 physical
component scores (72.8 +10.4 vs. 66.2 + 11.3, P< 0.001) and mental component scores (74.3 £9.6 vs. 69.1 £ 10.1,
P < 0.001) were significantly higher in the ERAS group. Similarly, the EQ-5D index favored the ERAS group
(0.85 £0.05 vs. 0.78 £0.06, P=0.018). A greater proportion of ERAS patients achieved full recovery in activities
of daily living (89.7% vs. 76.6%, P= 0.006) and returned to work or daily activities within the follow-up period
(83.3% vs. 71.3%, P= 0.024). Functional independence scores were higher in the ERAS group (91.4 +£8.7 vs. 81.6
+9.4, P< 0.001), along with greater improvements in emotional well-being (93.1% vs. 78.9%, P< 0.001) and
fatigue reduction (8.1 +1.2 vs. 6.4 £1.5, P< 0.001) (Table 5).

Discussion

Lumbar disc herniation (LDH) surgery is a common intervention aimed at alleviating pain and restoring
function in patients with significant neurological symptoms!®?°. However, optimizing postoperative recovery
remains a challenge, particularly in managing wound pain and functional rehabilitation. This study demonstrates
that nursing interventions based on Enhanced Recovery After Surgery (ERAS) principles significantly improve
postoperative outcomes, including reduced pain levels, faster recovery milestones, and enhanced patient
satisfaction compared to standard care. These findings align with the growing body of evidence supporting the
application of ERAS protocols across various surgical specialties.

One of the key findings of this study is the significant reduction in postoperative pain in the ERAS group,
as measured by lower Visual Analog Scale (VAS) scores at 24 h, 48 h, and 7 days post-surgery. Multimodal
analgesia, a core component of the ERAS protocol, likely contributed to this improvement by minimizing
reliance on opioids while providing effective pain relief. Similar benefits of ERAS-based pain management have
also been reported in spinal surgery. Wainwright et al.?!. highlighted that utilizing evidence-based practices and
enhancing ERAS pathways to optimize clinical procedures can enable faster recovery, reduce morbidity, alleviate
pain, and improve long-term outcomes for patients undergoing major spinal surgeries. The reduced pain levels
observed in our study also facilitated early mobilization, an essential factor in preventing complications such as
deep vein thrombosis (DVT) and delayed wound healing. Another important outcome of this study is the shorter
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length of hospital stay in the ERAS group??3. Patients in this group achieved functional recovery milestones,
such as first ambulation and independent walking, significantly earlier than those in the standard care group.
Early mobilization and structured rehabilitation programs, integral to the ERAS pathway, were instrumental
in expediting recovery. These findings are consistent with those of Dietz et al.>., who demonstrated that ERAS
protocols significantly reduce hospital stay duration and enhance functional recovery in orthopedic and spinal
surgeries. Shorter hospital stays not only alleviate the psychological and emotional burden on patients and their
families but also contribute to reduced healthcare costs.

Recent studies have demonstrated the benefits of ERAS protocols in lumbar disc procedures, showing
improvements in postoperative recovery, reduced hospital stays, and lower complication rates. Debono et al.!!.
provided ERAS guidelines for lumbar spinal fusion, emphasizing the importance of multimodal analgesia,
early mobilization, and patient education, which align with our findings. Similarly, Smith et al.>. reported that
implementing ERAS in lumbar spine fusion surgery led to improved patient satisfaction and faster recovery.
Wang et al.?>. further developed an ERAS approach for lumbar spinal fusion, which optimized anesthesia, early
ambulation, and opioid-sparing analgesia to improve postoperative outcomes. A systematic review by Zaed et
al.?%. on ERAS in spinal surgeries found that ERAS protocols significantly improve postoperative pain control
and reduce complication rates, further supporting the clinical relevance of our results. Our study extends this
evidence by demonstrating that ERAS-based interventions for lumbar disc herniation surgery not only reduce
hospital stays and expedite recovery milestones but may also contribute to long-term functional benefits. These
findings underscore the potential of ERAS to enhance both short-term and long-term outcomes in spinal surgery.

Complication rates were also notably lower in the ERAS group, with significant reductions in wound
infections, urinary retention, and delayed wound healing. These outcomes emphasize the effectiveness of
proactive monitoring and prevention strategies embedded within the ERAS framework. For example, Frassanito
etal.?”. reported similar reductions in complications with the implementation of ERAS in orthopedic procedures,
attributing the improvement to comprehensive patient management and early intervention protocols. Patient
satisfaction and quality of life metrics further highlight the benefits of ERAS-based nursing interventions.
Higher scores in both the physical and mental components of the Short Form-36 (SF-36) survey, as well as the
EuroQol-5D index (EQ-5D), indicate that patients in the ERAS group experienced a more positive recovery
trajectory. Additionally, a larger proportion of ERAS patients returned to work or resumed daily activities within
the follow-up period. These findings underscore the holistic nature of ERAS protocols, which address not only
clinical outcomes but also broader aspects of patient well-being. While the lower complication rates in the ERAS
group were statistically significant, they also hold clinical relevance. Specifically, the reductions in infection
rates, DVT, and urinary retention likely translated into meaningful patient benefits, including decreased need
for antibiotics, reduced risks associated with prolonged immobilization, and enhanced overall recovery. Fewer
complications may also contribute to improved patient satisfaction, lower healthcare costs, and reduced risk of
readmission. The use of standardized definitions to monitor complications further strengthens the validity of
our findings. These results highlight the potential of ERAS-based nursing interventions in not only accelerating
recovery but also improving perioperative safety and reducing preventable postoperative morbidities.

The length of hospital stay (LOS) in our study, particularly in the standard care group, was longer compared
to international practices, where lumbar discectomy is commonly performed as an outpatient procedure (USA)
or with next-day discharge (Europe). This difference can be attributed to several factors, including institutional
protocols that required a minimum inpatient observation period to monitor pain control, neurological function,
and early rehabilitation progress before discharge. Additionally, patient and physician preferences influenced
LOS, as some patients and families preferred a longer hospital stay for postoperative reassurance, and physicians
were generally more cautious, particularly in older patients or those with comorbidities. Furthermore, healthcare
system differences, such as hospital reimbursement structures and discharge policies, historically favored longer
inpatient stays compared to fast-track recovery models seen in other regions. Despite these differences, our
findings reinforce the benefits of the ERAS protocol, which significantly reduced LOS by promoting early
mobilization, multimodal pain management, and structured discharge planning. Future efforts should focus
on further optimizing fast-track recovery protocols within our institution while ensuring patient safety and
satisfaction.

While our study demonstrates significant short-term benefits of ERAS-based nursing interventions in
pain management, recovery milestones, and hospital stay duration, it is important to consider their clinical
relevance, particularly in terms of long-term functional outcomes. Although we did not directly measure
long-term functional recovery or quality of life beyond 30 days, the significant reduction in pain scores and
faster recovery milestones suggest that ERAS interventions could positively impact patients’ ability to return to
work and daily activities. Moreover, shorter hospital stays and lower pain levels are likely to reduce the risk of
postoperative complications, enhance overall functional capacity, and improve quality of life. Previous research
supports the notion that early postoperative recovery, such as that facilitated by ERAS protocols, can contribute
to improved long-term outcomes, including greater functional independence, reduced readmission rates, and
better overall well-being?>%°. However, the lack of extended follow-up in our study limits our ability to confirm
these effects. Future research with longer follow-up periods is needed to evaluate the sustained benefits of
ERAS interventions on functional recovery and quality of life in spinal surgery. These findings suggest that
the improvements observed in our study may have meaningful implications for the long-term health and
functional recovery of patients undergoing lumbar disc herniation surgery. Despite these promising results,
this study has limitations. The retrospective design limits the ability to establish causal relationships between
ERAS interventions and observed outcomes. Furthermore, the study was conducted at a single institution, which
may affect the generalizability of the findings. Future research should focus on multicenter, prospective studies
to validate these results and explore their applicability across diverse healthcare settings. We acknowledge the
inherent limitations of our retrospective design, including potential selection bias and confounding factors
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due to non-randomized treatment allocation. To mitigate these, we applied multivariable regression analysis to
adjust for key variables such as age, gender, and comorbidities like diabetes and hypertension. While we did not
use propensity score matching, we believe the multivariable adjustments provided a robust method to control
for confounders. Additionally, variations in patient demographics, such as age, gender, and comorbidities, may
influence the effectiveness of ERAS interventions. Future prospective or randomized controlled trials involving
larger and more diverse populations are needed to further validate these findings, refine ERAS protocols, and
minimize bias, ultimately enhancing their applicability in spinal surgery.

Standardized protocols for implementing ERAS-based nursing interventions remain a critical need.
Variability in nursing practices can undermine the effectiveness of ERAS strategies, leading to inconsistent
patient outcomes. Developing evidence-based guidelines will ensure that ERAS principles are consistently
applied, further optimizing recovery and improving patient satisfaction.

Conclusion

In conclusion, this study highlights the efficacy of ERAS-based nursing interventions in improving postoperative
outcomes for patients undergoing lumbar disc herniation surgery. These interventions significantly reduce
postoperative pain, shorten hospital stays, and enhance patient satisfaction and quality of life. By integrating
strategies such as multimodal analgesia, early mobilization, and structured patient education, ERAS-based care
provides a comprehensive approach to optimizing recovery. These findings support the broader adoption of
ERAS principles in spinal surgery and emphasize the importance of developing standardized nursing protocols
to ensure effective implementation. Further research is needed to validate these findings and refine ERAS-based
interventions for diverse patient populations.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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