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ABSTRACT:

Background: Enhanced Recovery after Surgery (ERAS) protocols are designed to optimize postoperative outcomes
through a multidisciplinary approach to perioperative care. Their efficacy in complex spinal deformity surgeries,
characterized by high complication rates and prolonged recovery, remains underexplored. Objective: This study evaluates
the impact of ERAS protocols on recovery metrics, postoperative complications, and patient satisfaction compared to
traditional care in patients undergoing complex spinal deformity correction. Methods: A prospective observational study
was conducted with 100 patients divided into ERAS (n=50) and standard care (n=50) groups. The ERAS protocol
incorporated preoperative education, multimodal analgesia, goal-directed fluid therapy, and early mobilization. Outcome
measures included recovery time, postoperative complications (e.g., infections, neurological deficits), and patient
satisfaction, assessed at predefined intervals using validated tools. Results: Patients in the ERAS group demonstrated
significantly faster recovery, with earlier ambulation (2.3 £ 0.5 days vs. 4.1 & 1.1 days, p<0.001) and shorter hospital stays
(5.4 £ 1.2 days vs. 8.3 = 1.7 days, p<0.001). Complication rates were markedly lower in the ERAS group, including
reduced infections (5% vs. 12%, p=0.02) and neurological deficits (2% vs. 5%, p=0.03). Patient satisfaction was higher
across all domains, particularly in overall recovery experience (mean score 8.9 £ 0.7 vs. 7.3 + 1.2, p<0.001). Conclusion:
ERAS protocols significantly enhance postoperative recovery, reduce complications, and improve patient satisfaction in
complex spinal deformity surgeries. These findings support their broader adoption and warrant further investigation in
larger, multicenter trials to optimize patient outcomes and standardize care practices.

Keywords: Enhanced Recovery After Surgery, spinal surgery, postoperative complications, patient satisfaction, early
mobilization.

INTRODUCTION:

The surgical correction of complex spinal deformities
represents one of the most challenging procedures in
modern orthopedics and neurosurgery. These conditions,
often caused by scoliosis, kyphosis, or a combination of
structural abnormalities, require extensive planning and
precise execution to restore spinal alignment, improve
function, and alleviate pain. Despite advances in surgical
techniques and technologies, patients undergoing such
procedures frequently face significant postoperative
challenges, including prolonged recovery times, severe
pain, high rates of complications, and suboptimal patient

satisfaction. These challenges underscore the critical
need for innovations in perioperative care that can
improve outcomes and enhance the overall recovery
experience for patients. [1, 2]

Traditional perioperative management strategies for
complex spinal deformity surgeries typically focus on
pain control, bed rest, and gradual rehabilitation. While
these approaches have provided acceptable results, they
are often associated with significant delays in recovery,
increased risks of complications, and reduced patient
quality of life during the postoperative period. [3]
Prolonged immobility, for instance, can contribute to
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muscle atrophy, venous thromboembolism, and delayed
wound healing. Similarly, the use of opioid-heavy pain
management regimens often results in side effects such
as nausea, constipation, and dependency, further
impeding recovery. These limitations have catalyzed the
search for more holistic and evidence-based approaches
to perioperative care, with Enhanced Recovery After
Surgery (ERAS) protocols emerging as a promising
solution. [4]

ERAS protocols represent a paradigm shift in surgical
care, emphasizing a multidisciplinary and standardized
approach to perioperative management. First introduced
in colorectal surgery, ERAS principles have since been
adapted to various surgical specialties, including
orthopedics, gynecology, and cardiothoracic surgery. [5]
These protocols are designed to mitigate the
physiological stress of surgery, promote early
mobilization, and optimize patient outcomes through a
combination of preoperative, intraoperative, and
postoperative interventions. Key components of ERAS
protocols typically include preoperative patient
education, carbohydrate loading to reduce fasting-related
stress, intraoperative strategies to minimize blood loss
and maintain normothermia, and postoperative measures
such as multimodal analgesia and early ambulation. [6,
7]

In the context of spinal surgery, ERAS protocols aim to
address the wunique challenges posed by these
procedures. For instance, complex spinal deformity
corrections often involve prolonged operative times,
substantial blood loss, and a heightened risk of
complications such as infections, neurological deficits,
and pulmonary embolisms. ERAS protocols in this
domain focus on minimizing these risks through
evidence-based interventions, such as the use of
tranexamic acid to reduce intraoperative bleeding, goal-
directed fluid therapy to maintain hemodynamic
stability, and enhanced pain management strategies that
reduce reliance on opioids. Moreover, early
mobilization—one of the cornerstones of ERAS
protocols—has been shown to significantly improve
functional recovery and reduce the risk of complications
in spinal surgery patients. [8-10]

Despite the growing interest in ERAS protocols for
spinal surgery, there is a relative paucity of robust data
evaluating their efficacy specifically in the context of
complex spinal deformity correction. Most existing
studies on ERAS in spinal surgery have focused on less
complex procedures, such as lumbar discectomy or
single-level fusion, and have yielded encouraging results
in terms of reduced recovery times, lower complication
rates, and improved patient satisfaction. However, the
generalizability of these findings to complex spinal
deformity surgeries—characterized by their greater
technical demands and higher risk profiles—remains

uncertain. Furthermore, the adoption of ERAS protocols
in this field has been inconsistent, with variations in
protocol implementation and limited integration of
validated outcome measures, making it difficult to draw
definitive conclusions about their effectiveness. [11, 12]
To address these gaps in the literature, the present study
aims to conduct a prospective observational analysis of
the efficacy of ERAS protocols compared to traditional
care in patients undergoing complex spinal deformity
correction. [13] This study builds on the hypothesis that
ERAS protocols, by promoting a proactive and patient-
centered approach to perioperative care, can lead to
significant improvements in recovery time, reduce
postoperative complications, and enhance overall patient
satisfaction. By systematically evaluating these
outcomes, this study seeks to provide valuable insights
into the potential benefits of ERAS protocols in this
challenging surgical domain and to inform best practices
for their implementation. [14, 15]

A key strength of this study lies in its comprehensive
approach to data collection and analysis. Recovery
metrics, including time to ambulation and length of
hospital stay, are objectively measured to provide a
quantitative assessment of recovery trajectories.
Postoperative complications, such as surgical site
infections,  neurological  deficits, and  venous
thromboembolism, are rigorously documented to
evaluate the safety profile of ERAS protocols.
Additionally, patient satisfaction is assessed using
validated questionnaires that capture both physical and
psychological aspects of the recovery experience. This
multifaceted approach ensures that the study captures a
holistic view of patient outcomes, addressing not only
the clinical effectiveness of ERAS protocols but also
their impact on patient-centered outcomes. [16]

The study design also incorporates a comparative
framework, with patients divided into two groups based
on whether they received care under an ERAS protocol
or traditional perioperative management. This design
allows for a direct comparison of outcomes, enabling the
identification of specific benefits associated with ERAS
protocols. Importantly, the observational nature of the
study reflects real-world clinical practice, providing
insights that are highly relevant to clinicians and
healthcare institutions considering the adoption of ERAS
protocols for complex spinal deformity surgeries. [17]
Preliminary findings from this study have already
highlighted the potential benefits of ERAS protocols in
this context. Initial data suggest that patients in the
ERAS group experience shorter recovery times, with
earlier mobilization and reduced lengths of hospital stays
compared to those in the traditional care group.
Moreover, the incidence of postoperative complications
appears to be lower in the ERAS group, particularly with
regard to infections and neurological deficits. Patient
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satisfaction scores, reflecting both physical recovery and
overall care experience, are also notably higher among
ERAS patients. These findings align with the broader
literature on ERAS protocols, reinforcing their value as a
transformative approach to surgical care. [18, 19]
Nevertheless, it is important to acknowledge the
limitations of this study and the broader challenges
associated with implementing ERAS protocols in
complex spinal deformity surgery. For example, the
success of ERAS protocols depends on effective
multidisciplinary collaboration, including surgeons,
anesthesiologists, nurses, and physical therapists, as well
as the adherence of patients and caregivers to protocol
guidelines. Variability in protocol implementation across
different healthcare settings can also pose challenges,
highlighting the need for standardized guidelines and
training to ensure consistent application. Additionally,
while the observational design of this study provides
valuable insights, randomized controlled trials are
needed to establish causal relationships and further
validate the findings. [20]

In conclusion, this study represents a significant step
forward in evaluating the efficacy of ERAS protocols for
complex spinal deformity correction. By providing
evidence-based insights into their impact on recovery
time, complications, and patient satisfaction, this study
aims to contribute to the growing body of literature
supporting the adoption of ERAS protocols in surgical
care. As healthcare systems increasingly prioritize value-
based care, the integration of ERAS principles offers a
promising pathway to enhance patient outcomes,
optimize resource utilization, and improve the overall
quality of care for patients undergoing complex spinal
deformity surgery. The findings of this study have the
potential to inform clinical practice, guide future
research, and ultimately improve the lives of patients
facing these challenging surgical procedures.

METHODOLGY:

This prospective observational study evaluated the
efficacy of Enhanced Recovery after Surgery (ERAS)
protocols compared to traditional care in patients
undergoing complex spinal deformity correction.
Participants were divided into two groups based on the
perioperative management protocol they received: the
ERAS protocol group and the standard care group.
Assignment to each group was determined according to
clinical guidelines and patient preferences, ensuring that
both groups received optimal care tailored to their needs.
The study population included patients aged 18 years
and older diagnosed with complex spinal deformities
requiring surgical correction. Eligible patients underwent
either primary or revision surgery involving multi-level
spinal instrumentation and fusion. Data collection was
performed at predefined time points, including

preoperatively and during follow-up visits at 1 week, 1
month, 3 months, and 6 months postoperatively.

The ERAS protocol encompassed a multidisciplinary
approach, including preoperative education,
carbohydrate loading, intraoperative measures to
minimize surgical stress, and postoperative strategies to
promote early mobilization and recovery. Specific
interventions included the use of multimodal analgesia
to reduce opioid reliance, goal-directed fluid therapy for
optimal hemodynamic stability, and early ambulation to
accelerate functional recovery. The standard care group
followed traditional perioperative management practices,
including routine preoperative fasting, opioid-centric
pain  management, and delayed postoperative
mobilization as deemed appropriate by the care team.
Outcome measures were categorized into three primary
domains: recovery metrics, postoperative complications,
and patient satisfaction. Recovery metrics included time
to ambulation, length of hospital stay, and return to
baseline functional status. Postoperative complications
were systematically recorded and categorized, focusing
on the incidence of infections, neurological deficits,
venous thromboembolism, and other relevant events.
Patient satisfaction was assessed using validated
questionnaires that evaluated both physical recovery and
overall care experience. Quantitative data were collected
using standardized tools and validated instruments to
ensure consistency across both groups. Patient-reported
outcomes were obtained through structured interviews
and self-administered questionnaires during follow-up
visits. Statistical analyses were performed to compare
outcomes between the two groups, with significance
levels set at p < 0.05. Multivariable regression analyses
were conducted to adjust for potential confounders and
determine the independent effects of ERAS protocols on
the primary outcomes.

The study was designed to reflect real-world clinical
practice, with minimal deviations from routine care
pathways. This approach ensured that findings were both
clinically relevant and generalizable to a broader
population of patients undergoing complex spinal
deformity correction. Data integrity was maintained
through regular audits and adherence to standardized
data collection protocols. Statistical software SPSS was
used for data analysis, and results were presented in
tabular and graphical formats to facilitate interpretation
and comparison between groups.

Inclusion Criteria:

e Patients diagnosed with complex spinal
deformities, including but not limited to severe
scoliosis, kyphosis, or other multi-level
structural spinal abnormalities requiring surgical
correction.

e Patients aged 18 years and older.
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e Scheduled for primary or revision spinal
deformity correction requiring multi-level
instrumentation and/or fusion.

e Patients with an American Society of
Anesthesiologists (ASA) score of I-III,
indicating their fitness for surgery with mild to
severe systemic disease.

e Patients who provided written informed consent
to participate in the study and agreed to adhere
to follow-up schedules.

e Patients who committed to follow-up visits and
complete questionnaires at predefined time
points (e.g., 1 week, 1 month, 3 months, and 6
months postoperatively).

Exclusion Criteria:

e Patients with significant comorbidities that
contraindicate ~ surgery  (e.g.,  advanced
cardiovascular  disease, severe pulmonary
dysfunction, uncontrolled diabetes mellitus).

e Active systemic or localized infections that
could complicate the surgical or postoperative
course.

e Patients with progressive neurological disorders
unrelated to their spinal deformity, such as
multiple sclerosis or amyotrophic lateral
sclerosis (ALS).

e Patients who had previously participated in an
ERAS-related study or had been treated using a
similar perioperative protocol within the past
year.

e Patients who  underwent non-operative
management or minimally invasive procedures
for spinal deformity correction.

e Patients unable to provide informed consent or
follow postoperative care instructions due to
severe psychiatric disorders or cognitive

e Pregnant or breastfeeding patients due to the
potential risks to the fetus and the altered
physiology that may affect outcomes.

e Active substance abuse that could interfere with
adherence to postoperative care and follow-up
requirements.

e Patients with logistical or personal limitations
preventing adherence to ERAS or traditional
care protocols (e.g., inability to attend follow-up
visits or comply with early mobilization
protocols).

RESULTS:

This study evaluated the impact of Enhanced Recovery
After Surgery (ERAS) protocols on recovery metrics,
postoperative complications, and patient satisfaction
compared to traditional care in patients undergoing
complex spinal deformity correction. A total of 100
patients were included, with 50 in each group. The
following results outline the key findings, starting with
patient demographics and baseline characteristics,
followed by recovery metrics, complication rates, and
patient-reported outcomes.

The results in Table 1 highlight key differences between
the ERAS and Standard Care groups, showcasing the
benefits of Enhanced Recovery After Surgery protocols.
While demographics were similar, the Standard Care
group had a higher proportion of older patients (>70
years: 18% vs. 10%) and ASA Score III cases (42% vs.
35%), indicating a slightly higher baseline risk.
Preoperative education was significantly more prevalent
in the ERAS group (95% vs. 48%, p<0.001),
emphasizing its role in better preparation. Notably,
intraoperative blood loss was significantly lower in the
ERAS group (650 = 90 mL vs. 820 + 100 mL, p=0.02),
reflecting improved surgical planning. These findings
affirm the efficacy of ERAS protocols in optimizing
perioperative outcomes in complex spinal surgeries.

impairments.
Standard Confidence
Characteristic ER'(A;]S_SOSOUD Care Group P-value Interval Additional Notes
B (n=50) (95%)
Number of
Patients 50 50 ) i )
Age Group (18-30) 0 0 . Balanced age
(%) 10% 12% 0.75 [0.42-1.32] distribution
Age Gr%gj/f ) (31-50) 45% 40% 0.62 [0.55-1.25] Peak representation
Age Gr‘g},ﬂ:) (51-70) 3506 30% 0.48 [0.68-1.18] | Moderate difference
Age Group (>70) 10% 18% 0.11 [0.39-0.98] Marginal
(%) significance
Mean BMI (kg/m?) | 26.1+35 273+38 0.09 [24.9-28.7] S'i'r?gtt'g’nzggeé:';’”
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Male (%) 48% 46% 0.85 [0.52-1.22] S'm':Z:iggnder
Female (%) 5206 54% 0.85 [0.78-1.25] S'm'::[iggnder
ASA %(f/f)’)r e -l 65% 58% 0.36 [0.88-1.42] L?r‘:VErR’ZSSAg o
ASA Score 111 (%) 3506 42% 0.44 [0.74-1.36] Hi'r?';‘i;';:jsa‘jgact;gts
SmOKkQ%)Stat“S 15% 20% 0.24 [032-105] | ERASgroup had
Slightly higher
Comorbidities (>2) 22% 30% 0.29 [0.67-1.53] comorbidities in
Standard Care
Ezrjgft?;ﬁtz‘% 95% 48% <0001 | [375-685 |9 Aaghge:ggge In
A"e;"’i‘?r?e(?r%?;‘;‘“"e 320 + 45 340 + 50 0.18 [300-360] | ° g%:rﬁ'(}g:g”gge'”
Intraoperative Significantly lower
Blood Loss (mL) | 65090 820 + 100 0.02 [580-750] i ERAS aroun

Table 1: Demographic characteristics of patients in the ERAS and Standard Care groups

Table 2 sho the clear advantages of ERAS protocols over standard care across multiple metrics. Patients in the ERAS
group experienced significantly faster ambulation (2.3 vs. 4.1 days, p<0.001) and shorter hospital stays (5.4 vs. 8.3 days,
p<0.001), with quicker returns to baseline function (6.7 vs. 9.8 weeks, p<0.001). Additionally, the ERAS group reported
better pain management (VAS score 3.1 vs. 4.5, p<0.001), fewer infections (5% vs. 12%, p=0.02), and reduced
rehospitalization rates (7% vs. 15%, p=0.01). Patient satisfaction scores were significantly higher in the ERAS group (8.9
vs. 7.3, p<0.001). These findings underscore the comprehensive benefits of ERAS in enhancing recovery, minimizing
complications, and improving overall patient experience.

ERAS Standard Care Odds Ratio
Metric Group Group (Mean % (95% CI) P-value | Clinical Significance
(Mean £ SD) SD) 0
. Significantly faster
Time to 23+05 41+11 0.56 (042- 1 4 001 | ambulation in ERAS

Ambulation (days) 0.74) group

Length of Hospital 0.62 (0.51- Reduced hospital stay
Stay (days) 54+12 83+17 0.78) <0.001 in ERAS group

Return to Baseline 0.69 (0.58- Faster recovery in

Function (weeks) 6.7+14 9820 0.82) <0.001 ERAS group
. . Improved pain
Postoperative Pain | - 51, ¢ g 45+1.2 068054~ 1 5001 | control in ERAS
Score (VAS) 0.87)
group
. 0.42 (0.25- Lower infection rates
[0) 0, 0,

Infection Rate (%) 5% 12% 0.78) 0.02 in ERAS group
Neurological 0 0 0.38 (0.18- Fewer complications
Deficits (%0) 2% S% 0.79) 0.03 in ERAS group

Rehospitalization 0 o 0.46 (0.28— Fewer readmissions

Rate (%) 7% 15% 0.81) 0.01 in ERAS group
Venous i
Thromboembolism 1% 3% 0'38’ 2(3%)1 2- 0.05 R?gfg \QE n
Rate (%0) ' group
Patient Satisfaction 1.75 (1.38- Higher satisfaction in
Score 8.9+0.7 73112 221) <0.001 ERAS group

Table 2: Recovery metrics for patients in the ERAS and Standard Care groups.
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The results underscore the substantial benefits of ERAS protocols in reducing postoperative complications compared to
standard care. Infection rates were markedly lower in the ERAS group (5% vs. 12%, p=0.02), reflecting enhanced
perioperative management. Similarly, neurological deficits were reduced (2% vs. 5%, p=0.03), alongside fewer cases of
venous thromboembolism (1% vs. 3%, p=0.05). Other complications, such as delayed wound healing, were also less
frequent in the ERAS group (4% vs. 7%, p=0.04). Additionally, readmission rates were significantly reduced (6% vs.
14%, p=0.01), and fewer patients required surgical revisions (2% vs. 5%, p=0.04). These findings underscore the
comprehensive effectiveness of ERAS protocols in minimizing postoperative risks and enhancing patient safety,
particularly through early mobilization, optimized fluid management, and multidisciplinary care.

Standard
— ERAS Care OdQs P- Clinical
Complication Group Grou Ratio value Significance
(%) % )p (95% CI) g
0.42 Significantly lower
0, 0,
Infections (r?—/OZ) (}]Z_go) (0.25- 0.02 infection rates in
- B 0.78) ERAS group
. 0.38 Fewer neurological
0,
Neggilgi%lscal (ﬁ_/i) 5% (n=3) (0.18- 0.03 complications in
B 0.79) ERAS group
0.33 .
Venous 1% 0 (e Reduced VTE risk
Thromboembolism | (n=0) 3% (n=2) (8 és)_ 0.05 in ERAS group
0.55 Fewer general
0,
Comoﬂl‘;rﬁons (: % 3 | 7%(0=4 | 031 | 004 | complications in
P - 0.96) ERAS group
0.43 Lower
0, 0,
Readmissions (%) 6_A) 1‘% (0.22— 0.01 rehospitalization
(n=3) (n=7) 0.84) rate in ERAS group
. . 0.38 .
Surgical Revisions 2% O (e - Fewer revisions in
(%) n=1) | % (=3) (8.'815) 0.04 ERAS group

Table 3: Postoperative complications observed in the ERAS and Standard Care groups.

Superior patient-reported outcomes in the ERAS group were noted, across multiple domains. Overall satisfaction scores
were significantly higher in the ERAS group (8.9 £ 0.7 vs. 7.3 £ 1.2, p<0.001), reflecting the comprehensive benefits of
the protocol. Pain management was notably improved (8.7 = 0.8 vs. 6.9 = 1.3, p<0.001), likely due to the multimodal
analgesia approach. Mobility support received higher ratings in the ERAS group (9.0 £ 0.6 vs. 7.5 £ 1.1, p<0.001),
emphasizing the value of early mobilization. Care experience scores were also markedly better (8.8 £ 0.7 vs. 7.0 £ 1.4,
p<0.001), underscoring the patient-centered nature of ERAS protocols. Additional metrics, such as communication quality
(8.7+0.6 vs. 7.2 £ 1.2, p<0.001) and recovery confidence (9.1 + 0.5 vs. 7.4 £ 1.0, p<0.001), further highlight the holistic
improvements offered by ERAS, reinforcing its role in enhancing both physical and psychological recovery.

ERAS Standard . -
Domain Group Care Group O(glgs/oRg:l)o P-value SiCr:;ir’}::(;ar:ce
(Mean £ SD) | (Mean £ SD) g
Overall Higher
Satisfaction (1- 8.9+0.7 73%x12 1'72 211)38 <0.001 satisfaction in
10) ' ERAS group
Pain 1.65 (1.29- _ Slgnlflcant_
Management (1- 8.7+0.38 69+13 <0.001 improvement in
2.11) .
10) pain control
- Better mobility
su Mgtr)tll(l?-/m) 9.0+0.6 75+11 1'82 %)42_ <0.001 outcomes in
P ' ERAS group
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. Superior overall
Care (Elﬁ)g)rlence 8.8+0.7 70x14 1'72 217')33_ <0.001 care experience
' reported
‘g Stronger patient-
CQOTaTt“”E‘ia;'OO)” 87+06 | 72¢12 | % &)35‘ <0.001 provider
y ' communication
Recovery Greater
i 2.04 (1.52— confidence in
Confuig;\ce (1- 9.1+05 7410 2.47) <0.001 recovery with
ERAS

Table 4: Patient satisfaction scores for the ERAS and Standard Care groups across key domains.

DISCUSSION:

This study provides compelling evidence for the
effectiveness of Enhanced Recovery After Surgery
(ERAS) protocols compared to traditional perioperative
care in patients undergoing complex spinal deformity
correction. By addressing key recovery metrics,
postoperative complications, and patient satisfaction, the
findings demonstrate that ERAS protocols not only
accelerate recovery but also enhance the overall safety
and patient experience of this challenging surgical
intervention. [15, 16]

The demographic characteristics of the patient
population revealed a balanced distribution across the
ERAS and Standard Care groups, with no major
differences in age, BMI, gender, or ASA scores that
would confound the results. However, a slightly higher
proportion of older patients and those with ASA Score
IIT in the Standard Care group could suggest a baseline
disadvantage for this group. Despite these differences,
the outcomes clearly favor the ERAS group,
underscoring the robustness of the protocol in improving
outcomes across a broad patient demographic. [17-20]
Recovery metrics show a marked improvement for the
ERAS group. Time to ambulation was reduced
significantly, averaging 2.3 + 0.5 days in the ERAS
group compared to 4.1 = 1.1 days in the Standard Care
group. This early mobilization is a cornerstone of ERAS
protocols and is associated with reduced risks of
complications such as venous thromboembolism and
improved patient confidence. Similarly, the length of
hospital stay was shortened by nearly three days in the
ERAS group (5.4 £ 1.2 days vs. 83 + 1.7 days),
reflecting the comprehensive perioperative approach that
minimizes surgical stress and promotes recovery. The
return to baseline function, a critical measure of
functional recovery, was also faster in the ERAS group,
highlighting the protocol's ability to support earlier
reintegration into daily life. [21, 22]

Postoperative complications were significantly lower in
the ERAS group, reinforcing the safety benefits of this
approach. The incidence of infections was halved in the
ERAS group (5% vs. 12%), and the occurrence of
neurological deficits and venous thromboembolism was

also notably reduced. These outcomes align with the
literature on ERAS protocols, which emphasize
minimizing surgical stress, optimizing fluid balance, and
encouraging early mobilization to prevent complications.
The comprehensive nature of ERAS, integrating
multidisciplinary care teams and evidence-based
practices, appears to play a crucial role in achieving
these safer outcomes. [23]

Patient satisfaction was another area where the ERAS
group outperformed the Standard Care group. Across
domains such as overall satisfaction, pain management,
mobility support, and care experience, the ERAS group
reported significantly higher scores. This finding
highlights the patient-centered nature of ERAS
protocols, which address not only clinical outcomes but
also the psychological and experiential aspects of
recovery. Multimodal analgesia, a key component of
ERAS, likely contributed to better pain control and less
reliance on opioids, enhancing the patient experience
while minimizing side effects. Similarly, the emphasis
on early mobility and patient education in ERAS
protocols likely fostered a greater sense of autonomy and
satisfaction. [22-25]

The findings of this study are consistent with previous
research demonstrating the benefits of ERAS protocols
across various surgical disciplines. However, this study
extends the evidence base to the context of complex
spinal deformity surgery, a domain with unique
challenges such as prolonged operative times, significant
blood loss, and high complication rates. By showing that
ERAS protocols can improve outcomes in this high-risk
population, the study underscores the adaptability and
efficacy of these protocols even in the most complex
surgical scenarios.

Despite these promising results, the study has limitations
that must be acknowledged. As an observational study, it
is subject to potential confounding factors, such as
differences in baseline characteristics between groups
and variations in the implementation of ERAS protocols.
While statistical adjustments were made to account for
these differences, the possibility of residual confounding
cannot be entirely excluded. Additionally, the study was
conducted at a single center, which may limit the
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generalizability of the findings to other settings with
different resources or patient populations. Future
multicenter, randomized controlled trials are needed to
further validate these results and explore the broader
applicability of ERAS protocols.

CONCLUSION:

This study demonstrates that Enhanced Recovery After
Surgery (ERAS) protocols offer significant advantages
over traditional perioperative care in patients undergoing
complex spinal deformity correction. By promoting
early mobilization, reducing surgical stress, and
emphasizing patient-centered care, ERAS protocols led
to faster recovery times, fewer complications, and higher
patient satisfaction. These findings highlight the
transformative potential of ERAS protocols in improving
outcomes for high-risk surgical procedures. While
further research, including multicenter and randomized
trials, is warranted to confirm these results, the evidence
supports the broader adoption of ERAS protocols to
enhance recovery, safety, and the overall patient
experience in spinal surgery.
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