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ABSTRACT

Background: Opioid-based anaesthesia (OBA) has traditionally been used for perioperative pain management;
however, it is associated with adverse effects such as respiratory depression, postoperative nausea and vomiting
(PONV), and delayed recovery. Opioid-free anaesthesia (OFA), based on multimodal analgesia, has emerged as a
promising alternative, particularly in spine surgeries where optimal hemodynamic stability and early recovery are
essential. Aim: To comparatively evaluate the efficacy and safety of opioid-free anaesthesia versus opioid-based
anaesthesia in patients undergoing spine surgery. Objectives: To compare intraoperative hemodynamic parameters
between OFA and OBA groups. To assess postoperative pain scores and analgesic requirements. To evaluate
postoperative recovery outcomes including PONYV, sedation, and duration of hospital stay. Materials and Methods:
This prospective observational study included 94 patients undergoing spine surgery, divided into OFA (n=47) and
OBA (n=47) groups. Baseline demographic data were recorded. Intraoperative hemodynamic parameters (HR, SBP,
DBP, MAP) were monitored. Postoperative pain was assessed using the Visual Analog Scale (VAS) at multiple time
intervals. Analgesic consumption, PONV, sedation scores, extubation time, PACU stay, and hospital stay were
recorded. Statistical analysis was performed using appropriate tests, with p < 0.05 considered significant. Results:
Baseline characteristics were comparable between groups (p > 0.05). The OFA group demonstrated significantly lower
intraoperative HR, SBP, DBP, and MAP (p <0.01), indicating better hemodynamic stability. Postoperative VAS scores
were significantly lower in the OFA group at all time intervals (p < 0.001), with reduced rescue analgesia requirement
and total analgesic consumption. The incidence of PONV was significantly lower in the OFA group (17.0% vs 46.8%,
p=10.002). Additionally, OFA was associated with lower sedation scores, shorter extubation time, reduced PACU stay,
and shorter hospital stay (p < 0.001). Conclusion: Opioid-free anaesthesia is a safe and effective alternative to opioid-
based anaesthesia in spine surgery, providing superior hemodynamic stability, improved postoperative analgesia,
reduced complications, and enhanced recovery.
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Spine surgeries are increasingly performed worldwide

INTRODUCTION for degenerative, traumatic, and neoplastic conditions,
and they are often associated with significant
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intraoperative and postoperative pain. Traditionally,
opioid-based anaesthesia (OBA) has been the
cornerstone of perioperative pain management due to
its potent analgesic effects. However, the use of
opioids is associated with several adverse effects such
as respiratory depression, postoperative nausea and
vomiting (PONYV), ileus, sedation, opioid-induced
hyperalgesia (OIH), and risk of long-term dependence.
These complications can delay recovery, prolong
hospital stay, and negatively impact patient
outcomes.[!!

In recent years, there has been a paradigm shift toward
opioid-sparing and opioid-free anaesthesia (OFA)
techniques. OFA involves the use of multimodal
analgesia using non-opioid agents such as
dexmedetomidine, ketamine, lidocaine, magnesium
sulphate, NSAIDs, and regional anaesthesia
techniques to achieve adequate analgesia without
opioids. This approach aligns with Enhanced
Recovery After Surgery (ERAS) protocols, which
emphasize minimizing opioid use to improve recovery
profiles and reduce perioperative complications. 1]
Spine surgeries present unique challenges for
anaesthesiologists, including the need for stable
hemodynamics,  optimal  surgical conditions,
neuromonitoring  compatibility, and effective
postoperative pain control. Opioids, while effective,
may interfere with intraoperative neurophysiological
monitoring and contribute to delayed awakening.
Conversely, OFA techniques have been shown to
provide stable hemodynamics, reduce stress response,
and improve recovery characteristics without
compromising analgesia.[*!

AIM

To comparatively evaluate the efficacy and safety of
opioid-free  anaesthesia  versus  opioid-based
anaesthesia in patients undergoing spine surgery.

OBJECTIVES

1. To compare intraoperative hemodynamic
parameters between opioid-free and opioid-
based anaesthesia groups.

2. To assess postoperative pain scores and
analgesic requirements in both groups.

3. To evaluate postoperative recovery outcomes
including PONV, sedation, and duration of
hospital stay.

MATERIALS AND METHODOLOGY

Source of Data

The data were collected from patients undergoing
elective spine surgery under general anaesthesia at a
tertiary care hospital. Patients were recruited from the

Department of Anaesthesiology in collaboration with
the Department of Neurosurgery.

Study Design

The study was a prospective observational
comparative study.

Study Location

The study was conducted at a tertiary care teaching
hospital equipped with advanced neurosurgical and
anaesthesia facilities.

Study Duration

The study was conducted over a period of 18-24
months after obtaining ethical committee approval.
Sample Size

A total of 94 patients were included in the study and
were divided into two groups:

e Group OFA (Opioid-Free Anaesthesia): 47
patients

e Group OBA (Opioid-Based Anaesthesia): 47
patients

Inclusion Criteria

e Patients aged 18-65 years

o  ASA physical status I-III

e Patients scheduled for elective spine surgery
under general anaesthesia

e Patients providing informed written consent

Exclusion Criteria

e Patients with ASA grade IV or above

e Known allergy to study drugs

e  Chronic opioid use or opioid dependence

e Severe hepatic, renal, or cardiac dysfunction

e Pregnant or lactating women

e  Patients with psychiatric illness or inability to
assess pain scores

Procedure and Methodology

After obtaining informed consent, patients were
randomly allocated into OFA and OBA groups. All
patients underwent a detailed pre-anaesthetic
evaluation. Standard fasting guidelines were followed.
On arrival in the operating room, baseline parameters
including heart rate (HR), systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), and oxygen saturation (SpO:) were
recorded. Standard monitoring including ECG, NIBP,
pulse oximetry, and EtCO: was instituted.
Anaesthesia induction in both groups was performed
using standard agents such as propofol and muscle
relaxants.

e OFA Group: Received dexmedetomidine
infusion, ketamine, lignocaine, magnesium
sulphate, and NSAIDs without opioid
administration.
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e OBA Group: Received opioids such as
fentanyl or morphine along with standard
anaesthetic agents.

Maintenance of anaesthesia was achieved using
inhalational agents or total intravenous anaesthesia
(TIVA) as per institutional protocol. Hemodynamic
parameters were recorded at regular intervals
intraoperatively.

Postoperatively, pain was assessed using Visual
Analog Scale (VAS) or Numerical Rating Scale (NRS)
at predefined intervals (15 min, 2 hr, 6 hr, 12 hr, and
24 hr). Rescue analgesia was administered as required.
Incidence of PONYV, sedation scores, and other
complications were recorded.

Sample Processing

All clinical and hemodynamic data were recorded in a
structured proforma. Pain scores, drug dosages, and
recovery parameters were documented systematically.
Data were checked for completeness and accuracy
before analysis.

Statistical Methods

Data were analysed using SPSS version 22.0.

e Quantitative variables were expressed as
mean =+ standard deviation (SD)

e Qualitative variables were expressed as
frequency and percentage (%)

e Student’s t-test was used for comparison of
continuous variables

e  Chi-square test (¥?) was used for categorical
variables

e A p-value <0.05 was considered statistically
significant

e Confidence intervals (95% CI) were
calculated where applicable

Data Collection

Data were collected prospectively using a predesigned
and pretested proforma. Demographic details,
intraoperative parameters, drug usage, postoperative
pain scores, complications, and recovery outcomes
were recorded for each patient. Follow-up was done up
to 24 hours postoperatively.

OBSERVATION AND RESULTS
Table 1: Baseline Demographic and Clinical Profile
(OFA vs OBA) (N =94)

95%
Varia OFA | OBA | Test of CI p
ble (n=4 | (n=4 | Significa | (Me | val
7 7 nce an ue
diff)
Age 44.8 | 46.1 -3.1 05
(years | + + t=0.58 to 6-
) 10.2 11.0 5.7

rGende 78 30 o
(59.6 | (63.8 | ¥*=0.18 '
gMale %) %) 7
rGende 19 17
(404 | (36.2
g)ema %) %)
BMI -1.8
254 | 259 0.4
(kg/m? t=0.74 to
) +32 | +35 09 6
18 16 08
ASAT | (383 | (34.0 | ¥*=0.39 2'
%) %)
21 23
ﬁSA 44.7 | (48.9
%) %)
8 8
ﬁISA (7.0 | (17.0
%) %)
Durati
onof | 138.5 | 141.2 )
surger | =+ + t=0.39 3(?'6 8'6
y 32.4 | 34.1
. 15.9
(min)

The baseline demographic and clinical characteristics
of patients in both the opioid-free anaesthesia (OFA)
group and opioid-based anaesthesia (OBA) group
were comparable. The mean age in the OFA group was
44.8 + 10.2 years, while in the OBA group it was 46.1
+ 11.0 years, with no statistically significant difference
(t = 0.58, p = 0.56; 95% CI: -3.1 to 5.7). Gender
distribution was also similar between the two groups,
with males constituting 59.6% in the OFA group and
63.8% in the OBA group (x> = 0.18, p = 0.67). The
mean body mass index (BMI) was comparable
between groups (25.4 + 3.2 kg/m? in OFA vs 25.9 £ 3.5
kg/m? in OBA; p = 0.46).

Regarding ASA physical status, the majority of
patients in both groups belonged to ASA II category
(44.7% in OFA vs 48.9% in OBA), followed by ASA 1
and ASA III, with no statistically significant difference
(*=10.39, p=0.82). The mean duration of surgery was
also similar between the groups (138.5 + 32.4 minutes
in OFA vs 141.2 +34.1 minutes in OBA; p=0.69; 95%
CI: -10.6 to 15.9).

Table 2: Intraoperative Hemodynamic Parameters
(OFA vs OBA)

Paramete | OFA | OBA | Tes | 95 P

r (Mea | (Mea |t % value
CI
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n | n +
SD) SD)
HR 72,6+ | 789+ |t =| - 0.001
(beats/mi | 8.4 9.2 33 | 10.1 | *
n) 9 to -
2.5
SBP 1182 | 1257 |t = - 0.003
(mmHg) +10.6 | £123 3.0 | 122 | *
9 to -
2.8
DBP 725+ | 77.1+ |t =|-8.1 | 0.008
(mmHg) 7.8 8.4 27 |to - | *
0 1.1
MAP 877+ 935+ |t =1|-9.4 | 0.002
(mmHg) 8.3 9.1 31 [to - | *
8 2.1
EtCO- 352+ | 361+ |t =|-22 |0.19
(mmHg) 3.1 34 1.3 |to
1 0.5

The intraoperative hemodynamic parameters showed
significant differences between the two groups. The
mean heart rate (HR) was significantly lower in the
OFA group (72.6 = 8.4 beats/min) compared to the
OBA group (78.9 + 9.2 beats/min), which was
statistically significant (t = 3.39, p = 0.001; 95% CI: -
10.1 to -2.5).

Similarly, systolic blood pressure (SBP) was
significantly lower in the OFA group (118.2 + 10.6
mmHg) compared to the OBA group (125.7 + 12.3
mmHg) (p = 0.003; 95% CI: -12.2 to -2.8). Diastolic
blood pressure (DBP) and mean arterial pressure
(MAP) were also significantly lower in the OFA group
(p = 0.008 and p = 0.002 respectively), indicating
better hemodynamic stability.

However, there was no statistically significant
difference in end-tidal CO: (EtCO2) levels between the
two groups (35.2 = 3.1 mmHg in OFA vs 36.1 + 3.4
mmHg in OBA; p=0.19).

Table 3: Postoperative Pain Scores and Analgesic
Requirement

Paramet | OFA OBA | Tes | 95 p
er t % value
Cl
VAS (15|31 £|46 £|t =]|-2.1|<0.00
min) 1.2 1.4 55 |to - | 1%
4 0.9
VAS (2|28 |42 £t =]-19 | <0.00
hr) 1.1 1.3 54 |to - | 1*
9 0.8
VAS (6|25 |38 £|t=]-1.7 | <0.00
hr) 1.0 1.2 54 |to - | 1*
2 0.7

VAS (12|23 £ |35 £|t =]-1.6 | <0.00
hr) 0.9 1.1 54 [to - | 1*
9 0.7
VAS (24|21 £|32 £ |t =]-1.5]<0.00
hr) 0.8 1.0 56 [to -| 1*
9 0.7
Rescue 14 28 2 0.004*
analgesia | (29.8 | (59.6 | =
required | %) %) 8.2
7
Total 785 £ | 1124 |t = - <0.00
analgesic | 18.6 +243 | 74 | 42. | 1*
dose 2 1 to
(mg) -
25.
6

Postoperative pain scores assessed using the Visual
Analog Scale (VAS) were significantly lower in the
OFA group at all time intervals. At 15 minutes
postoperatively, the mean VAS score was 3.1 £ 1.2 in
the OFA group compared to 4.6 £ 1.4 in the OBA
group (p < 0.001; 95% CI: -2.1 to -0.9). Similar
statistically significant reductions in pain scores were
observed at 2 hours, 6 hours, 12 hours, and 24 hours
postoperatively (all p < 0.001).

The requirement of rescue analgesia was significantly
lower in the OFA group, with only 29.8% of patients
requiring additional analgesia compared to 59.6% in
the OBA group (¥*>=8.27, p =0.004). Furthermore, the
total postoperative analgesic consumption was
significantly lower in the OFA group (78.5 £ 18.6 mg)
compared to the OBA group (112.4 + 24.3 mg), which
was highly significant (p < 0.001; 95% CI: -42.1 to -
25.6).

Table 4: Postoperative Recovery Outcomes

Paramet | OFA OBA | Tes | 95 p
er t % value
CI
PONV 8 22 e 0.002*
present (17.0 | (46.8 | =
%) %) 9.5

2
Sedation | 2.1 +£|34 £ |t =|-1.6 | <0.00
score 0.6 0.8 85 |to - | I*
(Ramsay 2 1.0
)
Time to | 9.8 £ | 142+ |t =|-55 | <0.00
extubatio | 2.4 3.1 7.6 | to - | 1*
n (min) 8 3.2
PACU 426 £ | 583+ |t =|- <0.00
stay 10.5 12.7 6.4 |20. | 1*
(min) 9 3to
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10.

7
Hospital |42 £ |56 +£|t =]-2.0 | <0.00
stay 1.1 1.4 52 | to - | I*
(days) 7 0.8

Postoperative recovery outcomes were significantly
better in the OFA group compared to the OBA group.
The incidence of postoperative nausea and vomiting
(PONV) was significantly lower in the OFA group
(17.0%) compared to the OBA group (46.8%) (x> =
9.52,p=0.002).

The mean sedation score was also significantly lower
in the OFA group (2.1 = 0.6) compared to the OBA
group (3.4 = 0.8), indicating less postoperative
sedation (p < 0.001; 95% CI: -1.6 to -1.0). Time to
extubation was significantly shorter in the OFA group
(9.8 + 2.4 minutes) compared to the OBA group (14.2
+ 3.1 minutes) (p < 0.001).

Additionally, the duration of stay in the post-
anaesthesia care unit (PACU) was significantly
reduced in the OFA group (42.6 + 10.5 minutes vs 58.3
+ 12.7 minutes; p < 0.001). The overall hospital stay
was also significantly shorter in the OFA group (4.2 +
1.1 days) compared to the OBA group (5.6 + 1.4 days)
(p <0.001; 95% CI: -2.0 to -0.8).

DISCUSSION

Table 1: Baseline Demographic and Clinical Profile
In the present study, both the OFA and OBA groups
were comparable in terms of baseline demographic
and clinical characteristics, including age, gender
distribution, BMI, ASA grading, and duration of
surgery (p > 0.05). The mean age in our study was 44.8
+ 10.2 years in the OFA group and 46.1 + 11.0 years in
the OBA group, which is consistent with findings
reported by Barakat et al. (2024)!', who observed
similar age distribution in patients undergoing opioid-
free anaesthesia protocols.

The gender distribution in our study showed a slight
male predominance, comparable to the findings of
Tripodi et al. (2025)P], where males constituted the
majority of spine surgery patients. Similarly, BMI and
ASA classification were comparable between groups,
which aligns with the observations of Chattopadhyay
et al. (2025)B], who emphasized the importance of
comparable baseline characteristics to ensure unbiased
comparison of anaesthetic techniques.

The absence of statistically significant differences in
baseline parameters in our study confirms appropriate
matching between groups and minimizes confounding
bias. This is in agreement with Taylor et al. (2023)1],
who highlighted that comparable baseline profiles are

essential for evaluating perioperative interventions
effectively.

Table 2: Intraoperative Hemodynamic Parameters
In the present study, intraoperative hemodynamic
parameters such as HR, SBP, DBP, and MAP were
significantly lower in the OFA group compared to the
OBA group (p <0.01), indicating better hemodynamic
stability. These findings are consistent with Barakat et
al. (2024)1, who reported that opioid-free anaesthesia
using dexmedetomidine and multimodal agents results
in reduced sympathetic response and improved
cardiovascular stability.

Similarly, Tripodi et al. (2025)P! demonstrated that
OFA significantly reduces intraoperative heart rate and
blood pressure fluctuations due to its sympatholytic
effects. The lower MAP observed in our study further
supports the role of non-opioid agents like
dexmedetomidine in attenuating stress response
during surgery.

However, there was no significant difference in EtCO:
levels between the two groups (p = 0.19), suggesting
that both anaesthetic techniques maintained adequate
ventilation. This finding is comparable to the results of
Mathew et al. (2023)), who also reported no
significant differences in respiratory parameters
between OFA and OBA groups.

Thus, our study supports existing evidence that OFA
provides superior hemodynamic stability without
compromising respiratory function, as also supported
by systematic reviews such as Feenstra et al. (2023)°1.
Table 3: Postoperative Pain Scores and Analgesic
Requirement

The present study demonstrated significantly lower
postoperative pain scores (VAS) in the OFA group at
all time intervals (p < 0.001), along with reduced need
for rescue analgesia and lower total analgesic
consumption. These findings are in strong agreement
with Barakat et al. (2024)', who reported that
multimodal analgesia in OFA reduces postoperative
pain and opioid requirements.

Similarly, Sangadala et al. (2024) observed that
opioid-free  techniques  significantly  decrease
postoperative analgesic consumption due to the
synergistic action of non-opioid agents. The reduced
requirement of rescue analgesia in our study (29.8% vs
59.6%) further supports the analgesic efficacy of OFA.
In addition, Tripodi et al. (2025)?) emphasized that
multimodal analgesia improves postoperative pain
control and reduces opioid-related adverse effects. Our
findings are also consistent with Mathew et al
(2023)1), who reported significantly lower VAS scores
and analgesic requirements in patients receiving
opioid-sparing anaesthesia. Comparable findings have
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also been highlighted in spine-specific analyses such
as Ambreen et al. (2025)11.

Table 4: Postoperative Recovery Qutcomes

In the present study, postoperative recovery
parameters were significantly improved in the OFA
group. The incidence of PONV was significantly
lower in the OFA group (17.0%) compared to the OBA
group (46.8%) (p = 0.002). This finding is consistent
with Tripodi ef al. (2025)?], who reported a marked
reduction in PONV with opioid-free techniques due to
avoidance of opioid-related emetogenic effects.

The sedation score was significantly lower in the OFA
group, indicating faster recovery and better alertness.
Similar findings were reported by Rani et al. (2024)[,
who observed reduced sedation and faster awakening
with OFA.

Time to extubation and PACU stay were significantly
shorter in the OFA group in our study, which is in
agreement with Ambreen et al. (20258, who
demonstrated that opioid-sparing strategies enhance
recovery and reduce postoperative care duration.
These findings are further supported by broader
systematic evidence from Feenstra et al. (2023)C],
emphasizing enhanced recovery profiles with OFA.
Furthermore, the hospital stay was significantly
shorter in the OFA group (4.2 £ 1.1 days vs 5.6 = 1.4
days), which aligns with findings of Hublet ef al.
(2022)1"%, who reported improved recovery profiles
and early discharge with opioid-free anaesthesia.

CONCLUSION

The present prospective observational study aimed to
comparatively evaluate the efficacy and safety of
opioid-free anaesthesia (OFA) versus opioid-based
anaesthesia (OBA) in patients undergoing spine
surgery. Based on the findings of this study, it can be
concluded that opioid-free anaesthesia is a safe,
effective, and advantageous alternative to
conventional opioid-based techniques in the
perioperative management of spine surgery patients.
The baseline demographic and clinical characteristics
of both groups were comparable, ensuring that the
observed outcomes were attributable to the anaesthetic
technique rather than confounding factors.
Intraoperatively, patients in the OFA group
demonstrated significantly better hemodynamic
stability, evidenced by lower heart rate, systolic and
diastolic blood pressures, and mean arterial pressure.
This can be attributed to the sympatholytic and
analgesic properties of non-opioid agents such as
dexmedetomidine, ketamine, and lignocaine, which
effectively attenuate the surgical stress response.
Postoperative pain control was significantly superior
in the OFA group, with consistently lower VAS scores

at all measured time intervals. Additionally, the
requirement for rescue analgesia and total analgesic
consumption were markedly reduced in the OFA
group. These findings highlight the effectiveness of
multimodal analgesia in achieving adequate pain relief
without reliance on opioids, thereby minimizing
opioid-related adverse effects.

Furthermore, postoperative recovery outcomes were
significantly improved in the OFA group. The
incidence of postoperative nausea and vomiting
(PONV) was considerably lower, and patients
exhibited lower sedation scores, indicating faster
recovery and improved alertness. The time to
extubation and duration of stay in the post-anaesthesia
care unit (PACU) were also significantly reduced,
contributing to enhanced recovery profiles.
Importantly, the overall hospital stay was shorter in the
OFA group, suggesting potential benefits in terms of
healthcare resource utilization and cost-effectiveness.

LIMITATIONS OF THE STUDY

1. The study was conducted at a single tertiary
care center, which may limit the
generalizability of the results.

2. The sample size, although adequate, was
relatively small for detecting rare
complications.

3. Being an observational study, there was no
randomization, which may introduce
selection bias.

4. Variability in surgical techniques and
duration could have influenced intraoperative
and postoperative outcomes.

5. The study evaluated short-term outcomes
only; long-term follow-up was not included.

6. Pain assessment using VAS is subjective and
may vary between patients.

7. Different combinations of non-opioid drugs
in OFA protocols may affect reproducibility.

8. Blinding was not possible, which could
introduce observer bias.
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