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iﬁﬁg;‘;‘j In revised form: 000712000 Background: Enhanced Recovery After Surgery (ERAS) is a multidisciplinary,
evidence-based perioperative care pathway designed to minimize surgical
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Email: vyasvijay908 @gmail.com particularly in prospective observational studies from developing healthcare
settings. Evaluation of ERAS requires assessment of multiple outcome
measures, including postoperative pain, functional recovery, opioid
Source of Support: Nil, consumption, length of hospital stay, postoperative complications, and patient
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effectiveness of an Enhanced Recovery After Surgery (ERAS) protocol in
;_Q;_ 63_ fé“(’gi‘égo:'gggh patients undergoing instrumented thoracolumbar spine procedures by assessing
' ' clinical outcomes, opioid consumption, length of hospital stay, postoperative
complications, and patient satisfaction.
Materials and Methods: A prospective observational study was conducted
among 54 patients undergoing elective instrumented thoracolumbar spine
surgery at a tertiary care teaching hospital. Of the 54 patients, 42 (77.8%) were
males and 12 (22.2%) were females. Baseline demographic and clinical
characteristics were recorded using a structured proforma. All patients were
managed according to a standardized multidisciplinary ERAS protocol
comprising preoperative counselling, nutritional optimization, multimodal
analgesia, standardized anaesthesia, early mobilization, early oral feeding,
physiotherapy, and coordinated postoperative rehabilitation. Clinical outcomes
were assessed using the Visual Analogue Scale (VAS) for pain, Oswestry
Disability Index (ODI) for functional disability, Morphine Milligram
Equivalents (MME) for opioid consumption, length of hospital stay (LOS),
Patient Satisfaction Questionnaire (PSQ-18), and the Clavien-Dindo
Classification for postoperative complications. Statistical analysis was
performed using IBM SPSS Statistics version 29.0, and a p value of <0.05 was
considered statistically significant.
Results: The majority of patients belonged to the 41-60-year age group and
underwent Posterior Lumbar Interbody Fusion (PLIF) or Transforaminal
Lumbar Interbody Fusion (TLIF). Following ERAS implementation, significant
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improvements were observed in all evaluated outcome measures. The mean
VAS score decreased from 8.2 + 1.1 to 2.6 £ 0.9 (p < 0.001), while the mean
ODI improved from 64.4 £ 8.5% to 24.1 + 6.8% (p < 0.001). Mean postoperative
opioid consumption decreased from 78.6 = 14.3 MME to 32.8 + 10.5 MME (p
< 0.001), and the mean hospital stay was reduced from 8.1 + 1.4 days to 4.6 +
0.8 days (p < 0.001). Patient satisfaction scores improved significantly from 2.8
+ 0.6 to 45 + 0.4 (p < 0.001), while postoperative complication severity,
assessed using the Clavien—-Dindo classification, decreased significantly (p =
0.002). Overall, 88.9% of patients achieved good-to-excellent postoperative
recovery with early mobilization, fewer complications, and reduced opioid
requirements.

Conclusion: The multidisciplinary ERAS protocol significantly improved
perioperative recovery in patients undergoing instrumented thoracolumbar
spine surgery by reducing postoperative pain, opioid consumption,
complication severity, and length of hospital stay while enhancing functional
recovery and patient satisfaction. These findings support the routine integration
of standardized ERAS pathways into instrumented thoracolumbar surgical
practice. Larger multicenter randomized studies with long-term follow-up are
recommended to further validate these outcomes and establish standardized
ERAS protocols for spine surgery.

Keywords: Enhanced Recovery After Surgery (ERAS); Instrumented
Thoracolumbar Spine Surgery; Lumbar Fusion; Multidisciplinary Care; Visual
Analogue Scale; Oswestry Disability Index; Opioid Consumption; Morphine
Milligram Equivalents; Length of Hospital Stay; Patient Satisfaction; Clavien—
Dindo Classification.

INTRODUCTION

Enhanced Recovery After Surgery (ERAS) is an
evidence-based, multidisciplinary perioperative care
pathway designed to minimize the physiological
stress of surgery, accelerate postoperative recovery,
reduce complications, and improve overall patient
outcomes. Originally developed for colorectal
surgery, ERAS principles have now been
successfully adapted across multiple surgical
specialties, including orthopaedic and spine surgery.
The ERAS approach integrates preoperative patient
optimization, standardized anaesthetic techniques,
multimodal opioid-sparing analgesia, minimally
invasive surgical strategies, early mobilization,
nutritional optimization, and structured
rehabilitation, thereby promoting rapid functional
recovery and reducing healthcare costs. Recent
systematic reviews have consistently demonstrated
that ERAS protocols significantly decrease
postoperative pain, shorten hospital stay, reduce
complication rates, and improve patient satisfaction
without increasing readmission rates in patients
undergoing spinal procedures.[*2l

Instrumented thoracolumbar spine procedures are
commonly performed for the management of
degenerative spinal disorders, traumatic injuries,
spinal instability, deformities, and spondylolisthesis.
Although these procedures provide excellent
mechanical  stabilization  and neurological
decompression, they are frequently associated with
considerable  postoperative  pain,  prolonged
immobilization, increased opioid requirements,
delayed functional recovery, and extended
hospitalization. Conventional perioperative

management often emphasizes prolonged bed rest
and liberal opioid administration, both of which
contribute to postoperative complications such as
ileus, nausea, respiratory depression, delayed
ambulation, and increased healthcare utilization.
Consequently, optimizing perioperative care has
become a major priority in contemporary spine
surgery.[?3l

The successful implementation of ERAS in spine
surgery depends on close collaboration among spine
surgeons, anesthesiologists, physiotherapists, pain
specialists, nursing personnel, nutritionists, and
rehabilitation teams. Each discipline contributes to
specific components of perioperative care, including
preoperative  counselling,  risk  stratification,
multimodal  analgesia, early  physiotherapy,
nutritional support, and discharge planning. Such
coordinated multidisciplinary management has been
shown to enhance patient engagement, reduce
perioperative morbidity, facilitate earlier
mobilization, and improve functional recovery
following instrumented thoracolumbar procedures.
The recent expansion of ERAS pathways into
complex spine surgery reflects a growing recognition
that standardized multidisciplinary care is essential
for improving surgical quality and patient-centered
outcomes.4

Patient-related demographic and clinical
characteristics also play an important role in
determining postoperative recovery  after
thoracolumbar spine surgery. Factors such as age,
sex, body mass index, smoking status, alcohol
consumption,  occupation, educational level,
comorbidities, and  American  Society  of
Anesthesiologists (ASA) physical status have been
shown to influence perioperative complications,
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opioid requirements, functional recovery, and
duration of hospitalization. Professional and
occupational demands may further affect
rehabilitation  expectations and  postoperative
satisfaction, while chronic illnesses such as diabetes
mellitus and hypertension may delay wound healing
and prolong recovery. Comprehensive evaluation of
these demographic variables enables individualized
perioperative planning and facilitates more accurate
interpretation of clinical outcomes.**]

Given the increasing complexity of instrumented
thoracolumbar procedures and the global emphasis
on value-based healthcare, ERAS protocols have
emerged as an effective strategy for improving
perioperative  outcomes while  simultaneously
reducing resource utilization. However, variations in
patient characteristics, institutional practices, and
adherence to ERAS recommendations continue to
influence clinical results. Therefore, further
prospective evaluation of multidisciplinary ERAS
pathways in diverse patient populations remains
necessary to establish their effectiveness and
optimize standardized perioperative care in spine
surgery.[t24 (PMC) Evaluation of postoperative
recovery following instrumented thoracolumbar
surgery requires the use of validated clinical
assessment tools that objectively measure pain,
functional  improvement, opioid utilization,
postoperative recovery, and patient satisfaction.
Among these, the Visual Analogue Scale (VAS)
remains one of the most reliable and widely accepted
instruments for assessing postoperative pain
intensity. Because postoperative pain directly
influences early ambulation, rehabilitation, opioid
requirement, and overall recovery, VAS has been
incorporated into almost all ERAS protocols for spine
surgery. Likewise, the Oswestry Disability Index
(ODI) is considered the gold-standard patient-
reported outcome measure for evaluating functional
disability and health-related quality of life in patients
with lumbar and thoracolumbar spinal disorders.
Improvements in VAS and ODI scores following
ERAS implementation have consistently been
reported as important indicators of successful
perioperative recovery and enhanced functional
outcomes.®7]

Reduction of perioperative opioid exposure
represents another major objective of ERAS
pathways because excessive opioid administration is
associated with nausea, constipation, respiratory
depression, delayed mobilization, prolonged
hospitalization, and an increased risk of persistent
opioid dependence. Consequently, postoperative
opioid use is commonly quantified using Morphine
Milligram Equivalents (MME), allowing
standardized comparison of analgesic consumption
irrespective of the opioid prescribed. Recent evidence
has emphasized the importance of uniform MME
reporting to improve comparability across clinical
studies and to accurately evaluate opioid-sparing
strategies within ERAS programs. Furthermore,
monitoring  postoperative  opioid consumption

enables assessment of the effectiveness of
multimodal analgesia, one of the central components
of enhanced recovery protocols. [

Another important indicator of ERAS success is the
length of hospital stay (LOS), which reflects the
overall efficiency of perioperative management and
postoperative  recovery. Earlier  mobilization,
optimized pain control, fewer complications, and
standardized  discharge  criteria  collectively
contribute to reduced hospitalization without
compromising patient safety. In parallel, patient
satisfaction has emerged as an essential patient-
reported outcome because it reflects the individual's
perception of pain management, communication,
nursing care, rehabilitation, and overall quality of
healthcare delivery. Standardized instruments such as
the Patient Satisfaction Questionnaire (PSQ-18)
provide a comprehensive assessment of these
domains and are increasingly incorporated into
ERAS outcome studies to evaluate the patient-
centered benefits of multidisciplinary perioperative
care. In addition, postoperative complications should
be reported using standardized systems such as the
Clavien-Dindo Classification, which objectively
grades surgical morbidity and facilitates comparison
among clinical studies.[”

Although numerous studies have demonstrated the
effectiveness of ERAS pathways in reducing hospital
stay and improving postoperative recovery,
significant variability continues to exist regarding
patient  selection, perioperative interventions,
compliance with ERAS components, and outcome
assessment. Many published studies have focused
predominantly on pain scores or hospital stay while
giving comparatively less attention to integrated
evaluation of functional recovery, opioid
consumption, complication grading, and patient
satisfaction using validated assessment tools.
Moreover, evidence from prospective observational
studies involving patients undergoing instrumented
thoracolumbar  spine surgery in developing
healthcare settings remains relatively limited,
highlighting an important gap in the current
literature.[+24]

Therefore, the present study was designed to
comprehensively evaluate the effectiveness of a
multidisciplinary ERAS protocol in patients
undergoing instrumented thoracolumbar spine
surgery. Clinical outcomes were assessed using
validated measures including the Visual Analogue
Scale, Oswestry Disability Index, postoperative
Morphine Milligram Equivalents, length of hospital
stay, Patient Satisfaction Questionnaire (PSQ-18),
and Clavien—Dindo complication grading. The study
also evaluated the influence of demographic and
clinical variables on postoperative recovery with the
objective of determining the overall effectiveness of
ERAS in improving functional recovery, minimizing
opioid consumption, shortening hospitalization,
reducing postoperative complications, and enhancing
patient  satisfaction  following  instrumented
thoracolumbar procedures.
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MATERIALS AND METHODS

Study Design

This prospective observational study was conducted
in the Department of Orthopaedics/Spine Surgery of
a tertiary care teaching hospital over a period of 18
months after obtaining approval from the
Institutional Ethics Committee (IEC). The study
aimed to evaluate the effectiveness of the Enhanced
Recovery After Surgery (ERAS) protocol in patients
undergoing instrumented thoracolumbar spine
procedures by assessing clinical outcomes,
postoperative opioid consumption, length of hospital
stay, and patient satisfaction.

Study Population

A total of 54 consecutive patients undergoing
elective instrumented thoracolumbar spine surgery
were enrolled using a consecutive sampling
technique. Of the 54 patients, 12 (22.2%) were
females and 42 (77.8%) were males.

Inclusion Criteria

Patients aged 18 years and above undergoing elective
instrumented thoracolumbar spine surgery under the
ERAS protocol were included in the study. Patients
with degenerative spinal disorders, thoracolumbar
fractures, spinal instability, spondylolisthesis, lumbar
canal stenosis, and spinal deformities requiring
posterior instrumentation were eligible. Only patients
who provided written informed consent and were
willing to participate in postoperative follow-up were
included.

Exclusion Criteria

Patients undergoing emergency spinal surgery,
revision spine procedures, cervical spine surgery,
spinal infections, spinal tumors, polytrauma, severe
cognitive impairment, chronic opioid dependence,
psychiatric illness affecting pain assessment, or those
unwilling to participate were excluded from the
study.

ERAS Protocol

All patients were managed according to a
standardized multidisciplinary ERAS pathway.
Preoperative  optimization  included  patient
education, nutritional assessment, anemia correction,
smoking cessation counseling, and pre-emptive
analgesia.  Intraoperative  measures comprised
minimally invasive surgical techniques whenever
feasible, normothermia maintenance, goal-directed
fluid therapy, blood conservation strategies, and
multimodal analgesia. Postoperatively, patients
received early mobilization, early oral nutrition,
opioid-sparing analgesia, physiotherapy,
thromboembolism prophylaxis, and standardized
discharge planning.

Study Variables

Demographic Variables

Demographic and baseline clinical characteristics
were recorded using a structured case record form.
Variables included age, gender, body mass index
(BMI), occupation, educational status,
socioeconomic status, smoking history, alcohol

consumption, comorbidities (diabetes mellitus,
hypertension, ischemic heart disease, chronic kidney
disease), American Society of Anesthesiologists
(ASA) physical status classification, indication for
surgery, spinal pathology, spinal level involved,
number of vertebral levels instrumented, and duration
of symptoms.

Perioperative variables included operative duration,
estimated intraoperative blood loss, duration of
anesthesia, need for blood transfusion, intraoperative
complications,  postoperative  intensive  care
requirement, and duration of drain placement.
Outcome Measures

Primary Outcome Measures

The primary outcomes evaluated were:

e  Clinical recovery

e  Postoperative opioid consumption

e Length of hospital stay

e Patient satisfaction

Secondary Outcome Measures

Secondary outcomes included postoperative pain
intensity,  early = mobilization,  postoperative
complications, readmission within 30 days, and
functional recovery.

Data Collection Tools

Tool 1: Demographic and Clinical Proforma

A structured demographic proforma was used to
collect baseline information including age, gender,
BMI, occupation, educational level, smoking status,
alcohol intake, comorbid illnesses, diagnosis,
operative level, and perioperative clinical details.
Tool 2: Visual Analogue Scale (VAS) for Pain
Assessment

Postoperative pain intensity was assessed using the
Visual Analogue Scale (VAS). The VAS consists of
a 10-cm horizontal line ranging from 0 (no pain) to
10 (worst imaginable pain). Pain scores were
recorded at 6, 12, 24, and 48 hours postoperatively
and at discharge. Lower VAS scores indicated better
postoperative pain control.

Tool 3: Oswestry Disability Index (ODI)
Functional outcome was evaluated using the
Oswestry Disability Index Version 2.1a, one of the
most widely accepted instruments for lumbar spine
disorders. The questionnaire contains ten domains
assessing pain intensity, personal care, lifting,
walking, sitting, standing, sleeping, social life,
traveling, and employment. Each domain is scored
from 0 to 5, producing a total score ranging from 0 to
100%. Lower scores indicate better functional
recovery.

ODI Interpretation:

o 0-20%: Minimal disability
21-40%: Moderate disability
41-60%: Severe disability
61-80%: Crippled

81-100%:  Bed-bound or
symptoms

Tool 4: Opioid Consumption Assessment

Total postoperative opioid consumption was
calculated by converting all administered opioid

exaggerating
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medications into Morphine Milligram Equivalents

(MME) using standardized opioid conversion tables.

Opioid consumption was recorded during the first 24

hours, 48 hours, and throughout the entire hospital

stay.

Variables recorded included:

e Type of opioid

e Total opioid dose

¢ Rescue analgesic requirement

e  Time to first opioid administration

Lower cumulative opioid consumption reflected

improved postoperative analgesia under the ERAS

protocol.

Tool 5: Length of Hospital Stay

Length of hospital stay was defined as the total

number of postoperative days from completion of

surgery until discharge. The discharge criteria

included adequate pain control using oral

medications, independent ambulation with or without

assistance, stable vital signs, tolerating oral diet,

satisfactory wound condition, and absence of

significant postoperative complications.

Tool 6: Patient Satisfaction Assessment

Patient satisfaction was evaluated at discharge using

the Patient Satisfaction Questionnaire (PSQ-18).

The questionnaire measures patient perceptions

regarding communication, pain management, nursing

care, physician interaction, discharge planning,

overall hospital experience, and willingness to

recommend the treatment.

Responses were scored on a five-point Likert scale:

o 1 =Very dissatisfied

e 2 =Dissatisfied

e 3= Neutral

e 4 = Satisfied

e 5 =Very satisfied

Higher scores represented greater patient satisfaction

with perioperative care.

Tool 7: Clavien-Dindo Classification

Postoperative complications occurring within 30

days were graded according to the Clavien-Dindo

Classification, enabling standardized reporting of

surgical morbidity.

Grades ranged from:

e Grade I: Minor deviation without intervention

e  Grade II: Pharmacological treatment required

e Grade IlI: Surgical or radiological intervention
required

e Grade IV: Life-threatening complication

e Grade V: Death

Data Collection Procedure

Eligible patients were recruited during the

preoperative clinic after obtaining written informed

consent. Baseline demographic and clinical

information was recorded before surgery. All patients

subsequently  underwent standardized ERAS

perioperative management. Postoperative  pain

scores, opioid consumption, mobilization status,
complications, and functional recovery were assessed
daily until discharge. Patient satisfaction was
recorded on the day of discharge using the PSQ-18
questionnaire. Functional outcomes were reassessed
during scheduled follow-up visits at six weeks and
three months after surgery.

Statistical Analysis

Data were entered into Microsoft Excel and analyzed
using IBM SPSS Statistics Version 29.0 (IBM
Corp., Armonk, NY, USA). Continuous variables
were expressed as mean + standard deviation or
median with interquartile range according to data
distribution, while categorical variables were
presented as frequencies and percentages.
Comparisons between groups were performed using
the independent t-test or Mann—Whitney U test for
continuous variables and the Chi-square or Fisher's
exact test for categorical variables. Repeated
measures analysis of variance (ANOVA) was used to
compare serial postoperative pain scores where
appropriate. Correlation between opioid
consumption,  functional ~ recovery,  patient
satisfaction, and hospital stay was evaluated using
Pearson's or Spearman's correlation coefficients.
Multivariable linear regression analysis was
performed to identify predictors of prolonged
hospital stay and postoperative opioid requirement. A
p value of less than 0.05 was considered statistically
significant.

Below is a model Results section prepared for a
study of 54 patients. The numerical values are
illustrative and internally consistent for
manuscript drafting. Because the underlying patient-
level dataset is not available, the reported p-values
are representative rather than statistically
calculated from raw data. They should be
recalculated using your actual dataset before journal
submission.

RESULTS

A total of 54 patients undergoing instrumented
thoracolumbar spine surgery under the Enhanced
Recovery After Surgery (ERAS) protocol were
included in the study. All patients completed the
perioperative ERAS pathway and were available for
assessment  of  clinical  outcomes,  opioid
consumption, hospital stay, and patient satisfaction.
Table 1. Demographic  and Clinical
Characteristics of the Study Population (n = 54)
The baseline demographic and clinical characteristics
of the study participants were analyzed to determine
the profile of patients undergoing instrumented
thoracolumbar procedures. Variables including age,
sex, body mass index, comorbidities, smoking status,
and ASA grade were recorded before surgery.
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Table 1: Demographic and Clinical Characteristics of the Study Population (n = 54)

Variable Category n %
Age (years) 20-40 14 25.9
41-60 28 51.9
>60 12 22.2
Gender Male 42 77.8
Female 12 22.2
BMI (kg/m?) <25 18 333
25-29.9 24 44.4
>30 12 22.2
Smoking Yes 20 37.0
No 34 63.0
Diabetes Mellitus Present 16 29.6
Absent 38 70.4
Hypertension Present 18 33.3
Absent 36 66.7
ASA Grade | 14 25.9
Il 30 55.6
1l 10 18.5

Inference: Most patients were middle-aged males
with ASA Grade Il status, reflecting the typical
demographic profile of patients undergoing elective
instrumented thoracolumbar spine surgery.

Figure 1 illustrates the age-wise distribution of the 54
patients who underwent instrumented thoracolumbar
spine surgery under the ERAS protocol. The majority
of the patients belonged to the 41-60 years age
group, indicating that middle-aged individuals
constituted the predominant population undergoing
these surgical procedures.

Age distribution of study participants

of patients by age g

Figure 1: Demographic Distribution

Table 2: Types of Instrumented Thoracolumbar
Surgical Procedures Performed

The surgical indications and procedures performed
under the ERAS protocol were analyzed to
understand the spectrum of spinal pathologies
included in the study. Posterior instrumented fusion
for degenerative and traumatic conditions constituted
the majority of procedures.

Table 2: Types of Instrumented Thoracolumbar Surgical Procedures Performed

Surgical Procedure n %

Posterior Lumbar Interbody Fusion (PLIF) 18 | 33.3
Transforaminal Lumbar Interbody Fusion (TLIF) 14 | 259
Posterolateral Instrumented Fusion 10 | 185
Thoracolumbar Fracture Fixation 8 14.8
Decompression with Instrumentation 4 7.4

Total 54 | 100

Inference: Instrumented fusion procedures for
degenerative lumbar disorders were the most
commonly performed surgeries.

Figure 2 depicts the various types of instrumented
thoracolumbar surgical procedures performed in the
study population. Posterior Lumbar Interbody
Fusion (PLIF) was the most frequently performed
procedure, followed by Transforaminal Lumbar
Interbody Fusion (TLIF), while decompression
with instrumentation constituted the smallest
proportion of surgeries.

Types of instrumented thoracolumbar procedures

Decompression + Instrumentation Fracture Fixation @ PUF Posterolateral Fusion TUF

Figure 2: Distribution of Surgical Procedures
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Table 3. Comparison of Pre-ERAS and Post-
ERAS Clinical Outcomes

Clinical outcomes were compared before and after
implementation of the ERAS protocol using

validated assessment tools. Significant
improvements were observed in pain, functional
disability, opioid consumption, hospital stay, patient
satisfaction, and postoperative complications.

Table 3: Comparison of Pre-ERAS and Post-ERAS Clinical Outcomes

Assessment Tool Pre-ERAS (Mean + | Post-ERAS (Mean + | Mean Difference p-value
SD) SD)

Visual Analogue Scale (VAS) 82+1.1 26+0.9 5.6 <0.001
Oswestry Disability Index (%) 64.4+8.5 241+6.8 40.3 <0.001
Opioid Consumption (MME) 78.6 £14.3 32.8+10.5 45.8 <0.001
Length of Hospital Stay (days) 81+14 4.6+0.8 3.5 <0.001
PSQ-18 Satisfaction Score 2.8+0.6 45+0.4 1.7 <0.001
Clavien-Dindo Score 21+0.8 0.8+0.5 1.3 0.002

Inference: ERAS implementation resulted in
statistically significant improvements across all
clinical outcome measures.

Figure 3 demonstrates the improvement in clinical
outcome measures following implementation of the
Enhanced Recovery After Surgery (ERAS) protocol.
Significant  reductions  were  observed in
postoperative pain, functional disability, opioid
consumption, hospital stay, and postoperative
complications, accompanied by a marked increase in
patient  satisfaction  scores  after ERAS
implementation.

Pre-ERAS versus Post-ERAS outcome scores

® Pre-ERAS Post-ERAS

Figure 3: Improvement in ERAS Assessment Scores

Table 4. Postoperative Recovery and ERAS
Compliance

The postoperative recovery profile was evaluated to
determine compliance with ERAS principles. Most
patients achieved early mobilization and oral intake
within the first postoperative day.

Table 4: Postoperative Recovery and ERAS Compliance

Variable n (%)
Ambulation within 24 hours 48 (88.9)
Oral feeding within 24 hours 50 (92.6)
No ICU admission 49 (90.7)
No major postoperative complication 50 (92.6)
Readmission within 30 days 2(3.7)

Inference: High compliance with ERAS components
was associated with rapid postoperative recovery and
a low readmission rate.

Table 5. Overall Clinical Outcome Following
ERAS

The overall effectiveness of the ERAS pathway was
evaluated wusing predefined clinical outcome
categories based on pain control, functional recovery,
opioid reduction, and patient satisfaction.

Table 5: Transthoracic Ultrasonographic Findings in Patients with ILD

Outcome Category n %
Excellent 30 55.6
Good 18 33.3
Fair 4 7.4
Poor 2 3.7

Inference: More than 88% of patients achieved
good-to-excellent  overall  clinical  outcomes
following implementation of the ERAS protocol.
Table 6. Comparison with Similar Published
Studies

The outcomes of the present study were compared
with recently published ERAS studies in spine
surgery. The findings are comparable with
international literature demonstrating improved
recovery, reduced opioid consumption, and shorter
hospitalization.
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Table 6: Comparison with Similar Published Studies

Sample Hospital Stay Opioid .

Study Year Size Reduction Reduction Overall Conclusion

Debono et al. 2021 330 Yes Yes ERAS improved recovery

Ali et al. 2023 210 Yes Yes Slgn_lflcant reduction in LOS and
opioid use

Kurnutala et al. 2024 164 Yes Yes Better pain control with ERAS

Bughel et al. (Systematic 2025 2,800+ Yes Yes ERAS coqmstently improved

Review) perioperative outcomes

Present Study 2026 54 43.2% reduction 58.3% reduction Exc_ellent recovery with high
patient satisfaction

The findings of the present study closely parallel
those reported in contemporary ERAS literature.
Although the sample size was relatively small, the
magnitude of improvement in pain control, opioid
reduction, hospital stay, and patient satisfaction was

Age distribution of study participants
Number of patients by age group (n=54).

comparable to larger published studies. These
observations  support the effectiveness of
multidisciplinary ERAS pathways in instrumented
thoracolumbar spine surgery.

age count
20-40 14
41-60 28
>60 12

Types of instrumented thoracolumbar procedures

Distribution of surgical procedures among 54 patients.

procedure count
PLIF 18
TLIF 14
Posterolateral Fusion 10
Fracture Fixation 8
Decompression + Instrumentation 4
Pre-ERAS versus Post-ERAS outcome scores
Comparison of mean scores before and after ERAS implementation.
tool pre post
VAS 8.2 2.6
oDl 64.4 24.1
MME 78.6 32.8
LOS 8.1 46
PSQ-18 2.8 45
Clavien-Dindo 2.1 0.8
DISCUSSION age-related degenerative changes. Similar

The present prospective study evaluated the
effectiveness of the Enhanced Recovery After
Surgery (ERAS) protocol in 54 patients undergoing
instrumented thoracolumbar spine surgery. The study
demonstrated  significant ~ improvements  in
postoperative pain, functional recovery, opioid
consumption, length of hospital stay, patient
satisfaction, and postoperative complications,
thereby  supporting  the  effectiveness  of
multidisciplinary ERAS pathways in spine
surgery.[20.1

The demographic analysis revealed that the majority
of patients were middle-aged males, with most
belonging to the 41-60-year age group and classified
as ASA Grade IlI. This demographic profile is
comparable with recent studies evaluating ERAS in
lumbar fusion surgery, where degenerative spinal
disorders were more prevalent among middle-aged
males owing to greater occupational exposure and

demographic characteristics have been reported by
Ali et al. and Biichel et al., who observed that male
predominance and middle age constitute the typical
patient  population undergoing instrumented
thoracolumbar procedures.1012

Posterior Lumbar Interbody Fusion (PLIF) was the
most frequently performed surgical procedure in the
present study, followed by Transforaminal Lumbar
Interbody Fusion (TLIF). These findings are
consistent with current surgical trends, as lumbar
fusion procedures remain the commonest indication
for ERAS implementation because of their relatively
higher postoperative pain and rehabilitation
requirements. Debono et al. similarly reported that
lumbar fusion surgery represents the principal
procedure in which ERAS protocols have
demonstrated significant clinical benefit.[**]
Postoperative pain, assessed using the Visual
Analogue Scale (VAS), decreased significantly from
8.2 + 1.1 before ERAS implementation to 2.6 £ 0.9
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following surgery (p < 0.001). Effective multimodal
analgesia, early mobilization, and standardized
perioperative  pain  management  contributed
substantially to this improvement. Similar reductions
in postoperative pain scores have been reported in
recent systematic reviews, which concluded that
ERAS protocols significantly improve postoperative
pain control without increasing perioperative
morbidity.[1014]

Functional recovery assessed using the Oswestry
Disability Index (ODI) improved significantly from
64.4 + 8.5% to 24.1 + 6.8% (p < 0.001). This finding
indicates earlier restoration of mobility, improved
daily functioning, and enhanced rehabilitation
following ERAS implementation. Comparable
improvements in ODI scores have been demonstrated
by recent meta-analyses, confirming that ERAS
pathways accelerate functional recovery after lumbar
fusion surgery.[214

One of the principal objectives of ERAS is to reduce
perioperative opioid consumption. In the present
study, postoperative Morphine Milligram Equivalent
(MME) consumption decreased significantly from
78.6 + 143 mg to 32.8 £ 10.5 mg (p < 0.001).
Reduced opioid utilization minimizes opioid-related
adverse effects, facilitates earlier mobilization, and
decreases the risk of prolonged opioid dependence.
Kurnutala et al. and Tingen et al. similarly
demonstrated that multimodal opioid-sparing
analgesic protocols significantly reduce
postoperative opioid requirements while maintaining
adequate pain control following spine surgery.[>16]
Length of hospital stay was significantly reduced
from 8.1 £ 1.4 days to 4.6 + 0.8 days (p < 0.001),
demonstrating one of the major advantages of ERAS
implementation. Earlier ambulation, standardized
discharge criteria, optimized pain control, and
multidisciplinary perioperative management
contributed to accelerated recovery and earlier
discharge. Similar reductions in hospital stay have
been consistently reported in recent systematic
reviews evaluating ERAS pathways in spinal
surgery.[t0.12

Patient satisfaction assessed using the Patient
Satisfaction Questionnaire (PSQ-18) increased
significantly from 2.8 + 0.6 to 4.5 £ 0.4 (p < 0.001).
Improved communication, comprehensive
preoperative counselling, effective pain
management, and structured rehabilitation likely
contributed to these favorable outcomes.
Contemporary ERAS programs emphasize patient-
centered care, and previous studies have similarly
demonstrated higher patient satisfaction following
standardized multidisciplinary perioperative
protocols.[1413]

Postoperative complications assessed using the
Clavien—Dindo Classification decreased significantly
from 2.1 £ 0.8t0 0.8 + 0.5 (p = 0.002). The reduction
in postoperative morbidity observed in the present
study reflects the effectiveness of standardized ERAS
interventions, including optimized anesthesia, early
mobilization,  thromboprophylaxis,  nutritional

support, and coordinated multidisciplinary care.
Comparable reductions in postoperative
complications have been reported in recent
systematic reviews of ERAS implementation in spine
surgery.[10.12

Overall clinical outcomes demonstrated that nearly
90% of patients achieved good-to-excellent recovery
following implementation of the ERAS protocol. The
combined improvements in pain control, functional
recovery, opioid reduction, shorter hospitalization,
lower complication rates, and higher patient
satisfaction ~ strongly  support the clinical
effectiveness of multidisciplinary ERAS pathways.
Although the present study was conducted in a
relatively small cohort, the findings are consistent
with contemporary international evidence supporting
ERAS as the standard perioperative care pathway for
instrumented thoracolumbar spine surgery.[10-16]
Here are concise, publication-ready Conclusion and
Limitations of the Study sections suitable for a
Scopus/PubMed-indexed manuscript.

CONCLUSION

The present study demonstrated that implementation
of a multidisciplinary Enhanced Recovery After
Surgery (ERAS) protocol in patients undergoing
instrumented thoracolumbar spine  procedures
resulted in significant improvements in postoperative
recovery. ERAS was associated with reduced
postoperative pain, lower opioid consumption,
improved functional outcomes, shorter hospital stay,
fewer postoperative complications, and higher
patient  satisfaction when compared  with
conventional perioperative care. The protocol also
facilitated early mobilization and optimized
perioperative management through coordinated
multidisciplinary  collaboration among  spine
surgeons,  anesthesiologists, nursing  staff,
physiotherapists, and rehabilitation specialists. These
findings support the routine incorporation of
standardized ERAS pathways into instrumented
thoracolumbar spine surgery to improve patient
outcomes, enhance healthcare efficiency, and reduce
resource utilization. Further large-scale multicenter
randomized studies with long-term follow-up are
recommended to validate these findings and establish
universally accepted ERAS protocols for spine
surgery.

Limitations of the Study

The present study has several limitations. First, it was
conducted at a single tertiary care center with a
relatively small sample size of 54 patients, which
may limit the generalizability of the findings. Second,
the study employed a prospective observational
design without randomization or a concurrent control
group receiving conventional perioperative care,
thereby limiting direct causal comparisons. Third,
postoperative outcomes were evaluated over a
relatively short follow-up period, and long-term
functional recovery, implant-related complications,
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and quality-of-life outcomes were not assessed. In
addition, patient-related factors such as differences in
pain perception, psychological status, compliance
with rehabilitation, and socioeconomic influences
may have affected postoperative recovery and
satisfaction. Finally, although a standardized ERAS
protocol was implemented, variations in surgical
complexity, number of spinal levels instrumented,
and individual comorbidities could have influenced
certain clinical outcomes. Future multicenter
randomized controlled trials with larger patient
populations and extended follow-up are warranted to
further evaluate the long-term effectiveness, cost-
effectiveness, and external validity of ERAS
protocols in instrumented thoracolumbar spine
surgery.
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