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Methods and Materials/Patients: This randomized, single-blind clinical trial involved 48 patients
aged 18-65, classified as American society of anesthesiologists (ASA) | or Il, who were candidates
for spinal fusion surgery. Participants were divided into two groups: General and spinal anesthesia
(GSA, n=24) and GA (n=24). The primary outcome was hemodynamic changes, while the secondary
outcomes focused on pain intensity and side effects, such as postoperative nausea, vomiting, and
shivering. The key variables included vital signs, intraoperative blood loss, propofol and midazolam
doses, and surgical duration from operating room entry to discharge from recovery.

Results: No significant differences in demographics or medical history were observed between the
groups. The operative time was shorter in the GSA group (P=0.048). No notable differences were
observed in terms of bleeding, nausea/vomiting, or shivering between the two methods. However,
the median postoperative heart rate was significantly lower in the GSA group (P=0.007), and pain
levels were also significantly reduced in both groups, with lower scores observed in the GSA group
compared to GA (P=0.005). Hemoglobin levels decreased in both groups post-surgery (P<0.001).
Repeated-measures analysis of variance (ANOVA) indicated significant effects on blood pressure,
with GSA consistently showing lower readings than GA throughout the observation period.
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Highlights

e Combined spinal and GA has demonstrated better postoperative pain control than GA for lumbar spine fusion
surgery.

e The duration of surgery was shorter in the combined spinal and GA group than in the GA group.

e Combined spinal and GA offers greater hemodynamic stability than GA by maintaining blood pressure within a
lower range.

e The hemoglobin concentration did not differ significantly between the combined spinal and GA groups and the
GA group.

Plain Language Summary

This study evaluated the effects of combined general and spinal anesthesia (GSA) compared with general anesthesia
(GA) during lumbar spine fusion operations. In this study, 48 patients aged 18-65 were divided into two anesthesia
groups: one receiving GA and the other receiving combined GSA. The findings revealed that the baseline characteristics
were similar across the studied groups, but surgery time was significantly shorter in the GSA combination group. Also,
heart rate and postoperative pain intensity were lower in this group than in the GA group. A reduction was observed
in hemoglobin in both groups, but no significant difference was found. Blood pressure was lower and more stable in
the combined GSA group during surgery. Overall, the findings suggest that spinal anesthesia (SA) combined with GA
provides better control of vital signs, decreased pain, and shorter surgery time without increasing adverse events.

This may help guide anesthetic selection for lumbar spine fusion surgery.

1. Introduction

umbar spinal fusion (LSF) is a surgical

procedure that fuses two or more lower

vertebrae to stabilize the spine and

protect the cauda equina and nerve
roots. It is indicated in situations, such as vertebral
fractures, infections, or tumors, with possible benefits
in degenerative disease and spinal stenosis [1]. It is
one of the most commonly performed procedures in
spine surgery and is the treatment of choice for some
degenerative spinal pathologies. Surgery on the lumbar
spine for degenerative conditions alleviates pain and
disability while improving overall function. Therefore,
LSF is a highly effective intervention for various spinal
disorders [2-4]. Instrumented spine surgeries are
expected to continue increasing due to the ageing
population [5, 6]. Despite the growing number of
instrumented spine surgeries and the need to analyze
complex interventions, there is a significant lack of
published research on this topic. Most current studies
primarily focus on patients’ experiences and feelings,
while insights from healthcare providers remain limited
[7-10]. Assessing and enhancing the efficiency of
these procedures, while ensuring patient satisfaction,
is critically important. Recent debates asserting the

influence of primary anesthesia methods on outcomes
after spine surgery emphasize the need for further
research and analysis to identify best practices that
improve patient outcomes and experiences [11, 12].

General anesthesia (GA) has traditionally been the
accepted method for lumbar spine surgical procedures.
There used to be significant differences in operating
times and blood loss, as well as in the degree of
invasiveness of these procedures, making it mandatory
to resort to GA when adequate hemodynamic control,
resuscitation, and patient comfort were required.
The advancement of lumbar spinal procedures has
embraced the approach of standardized minimally
invasive procedures to assure less morbidity and less
time for surgery. Therefore, there has been increasing
interest in alternatives to GA. One such method is
spinal anesthesia (SA), which typically involves the
intrathecal injection of a mixture of sodium channel
blockers and opioids. The surge of interest in SA as
an alternative to GA has occurred recently. Both GA
and SA are considered safe and efficacious for lumbar
spine surgical procedures [13-15]. Several studies have
indicated that SA could be a safe alternative to GA in
adults undergoing lumbar decompression procedures
[16-21]. Additionally, it is suggested that regional
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anesthesia (RA) provides greater comfort and relaxation
of the erector spinae muscles, lowers blood pressure,
and provides postoperative pain relief in combination
with GA, compared to GA alone. Anesthetic synergy
resulting from combining GA with the erector spinae
plane block could thus provide an alternative to GA and
improve surgeons’ working conditions [22].

At present, considering that both GA and SA possess
distinct advantages and disadvantages [23], which
may impact pre- and post-operative results differently,
in conjunction with the absence of clear evidence
regarding the impact of adding SA to GA on performing
GA alone during lumbar spine fusion surgery, it is critical
to conduct a study comparing these two approaches.
Thus, this study sought to evaluate the pre- and
postoperative outcomes of combined spinal and GA
compared with GA alone in lumbar spine fusion surgery.

2. Materials and Methods

This single-blind clinical trial was conducted at a
hospital in northern Iran. The study was approved by
the University of Medical Sciences Ethics Committee,
and the study protocol was registered with the Iranian
Registry of Clinical Trials. Patients who were candidates
forspinal fusion surgery were selected using convenience
sampling. After providing a comprehensive explanation
of the available anesthesia methods, informed consent
was obtained from all participants.

Participants

Participants were selected from candidates aged 18-
65 years who were scheduled for spine fusion surgeries
and had an American Society of Anesthesiologists (ASA)
classification of | or Il. Individuals were excluded from
the study if they had an ASA classification higher than
class I, blood coagulation disorders, local infections,
or any relative or absolute contraindications for SA.
Additionally, patients who did not provide consent to
participate were also excluded from the study.

Interventions

An anesthesiologist administered anesthesia to all
patients. Each patient was positioned supine on the
operating room bed, and standard monitoring was
established, including non-invasive blood pressure
measurement, pulse oximetry, and heart rate
monitoring. Hydration was initiated using normal saline.
After preoxygenating the patient with 100% oxygen,
anesthesia induction was initiated.
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In cases where only GA was used, premedication
consisted of an administration of fentanyl and
midazolam. This was followed by anesthesia induction
using propofol at a dosage of 2-2.5 mg/kg body weight
and intravenous atracurium at a dosage of 0.5 mg/kg
body weight.

For the combined GSA method, after induction using
the same technique, the patient was placed in a lateral
position. A 25-gauge quincke needle was then used
to administer bupivacaine at a dosage of 0.2 mg/kg
body weight. At the end of the procedure, to reverse
the effects of the muscle relaxant, atropine was
administered (0.02 mg/kg) and neostigmine (0.04 mg/
kg). The patient was then transferred to the recovery
area.

Outcomes

Outcomes were assessed by a neurosurgery resident
blinded to the intervention assignment. The primary
outcome was hemodynamic changes before and after
the procedure, evaluated at several key points: Patient
entry into the operating room, after intubation, at the
start and end of surgery, after anesthesia (upon transfer
to the recovery unit), and upon discharge from recovery.

The secondary outcome focused on pain intensity
before and after the procedure, utilizing a 10 cm visual
analogue scale (VAS), with 0 indicating no pain and 10
indicating the most severe pain experienced by the
patient [24].

All patients were monitored for side effects, including
postoperative nausea, vomiting, and shivering. Vital
signs, including arterial oxygen saturation (SpO,),
were continuously monitored. Non-invasive oxygen
supplementation was provided via a face mask (at a
flow rate of 3 L/min) if SpO, fell below 96%.

Before induction of anesthesia, the patient’s
vital signs—specifically systolic and diastolic blood
pressure, heart rate, and SpO,—were recorded. These
measurements were also taken during the operation
and recovery phases. In this study, intraoperative
blood loss and total doses of propofol and midazolam
were documented as primary variables. Additionally,
secondary variables included the time from patient
entry into the operating room to the start of surgery,
the duration of surgery, and the time from the end of
surgery to the patient’s discharge from recovery.

Mardvar A, et al. Anesthesia in Lumbar Spine Fusion Surgery. Iran J Neurosurg. 2025; 11:£23.
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Sample size

The required sample size for this study was calculated
based on the findings of Sadrolsadat et al. [25] and
focused on comparing hemodynamic changes,
particularly blood pressure, between two groups. In
their study, hypotension during anesthesia was reported
in 12% and 48% of patients in the GA group and SA
groups, respectively. Utilizing a significance level of 5%
and a power of 80%, with an allocation ratio of 1:1, we
determined that a total sample size of 44 participants
(22 per group) would be adequate to detect a clinically
significant difference between the two groups. To
account for a potential 10% dropout rate, we increased
the sample size to 48 participants (24 per group).

Randomization and blinding

The randomization sequence was conducted using
Sealed Envelopes to assign participants to two groups
with a 1:1 allocation ratio, utilizing random blocks
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with a block size of four. The two groups consisted
of a combination of GSA (n=24) and GA (n=24). The
allocation process was concealed, and on the day
of surgery, after confirming eligibility, a research
nurse communicated the group assignment to the
anesthesiologist. The participants were blinded to their
treatment assignments (Figure 1).

Statistical analysis

IBM SPSS software, version 25 (SPSS Inc., Chicago, IL,
USA) was utilized for data management and statistical
analysis. Descriptive statistics, including mean, standard
deviation, median, interquartile range, frequency, and
percentages, were calculated for scale and categorical
variables, respectively. The distribution of variables
was assessed using the Shapiro-Wilk test. Continuous
variables between two groups were compared using
either Student’s t-test or the Mann-Whitney U test,
as appropriate. Within-group comparisons were
performed using the Wilcoxon signed-rank test. To

Figure 1. CONSORT 2010 flow diagram indicating patients who were allocated into the GSA and GA groups based on the block randomiza-
tion method and continued the study
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compare categorical variables, the Pearson chi-square
test and Fisher’s exact test were employed. A repeated-
measures analysis of variance (ANOVA) was conducted
to examine the effects of anesthesia type (GSA and
GA) on systolic, diastolic, and mean arterial pressure
(MAP) at various operative times. The level of statistical
significance was set at P<0.05, and all tests were two-
sided.

3. Results

This clinical trial comprised 45 patients in the study
sample. GSA was used in 22 patients, and GA in 23
patients. Table 1 summarizes the baseline characteristics
of the study population stratified by anesthesia type.
The proportion of male patients and the ASA score
were similar between the two groups. No statistically
significant differences were observed between the GSA
and GA groups in terms of age, weight, addiction, and
general medical history (Table 1).

Table 2 summarizes the characteristics of the procedure
and anesthesia based on the anesthesia technique used.
Among the factors analyzed, only the operative time for
the two techniques showed a statistically significant
difference (P=0.048). The operative time was shorter

2025, Volume 11, E23

with the combined anesthesia technique compared
to GA. Also, no statistically significant difference was
observed between the two anesthesia methods for
amount of bleeding, packed cell volume, nausea/
vomiting, and shivering.

Table 3 compares heart rate, blood SpO,, pain intensity,
and hemoglobin levels at baseline and post-surgery
in the two groups. The mean postoperative heart rate
was significantly lower in the GSA compared to the
GA (72.948.2 vs 81.5+11.5, P=0.007). No statistically
significant differences in heart rate were found in the
within-group comparisons. No statistically significant
difference in mean pre- and postoperative 02Sat was
observed between the two anesthesia techniques or
within each technique. In both methods, postoperative
pain was significantly reduced compared to preoperative
levels (P<0.001). The mean postoperative pain in the
GSA was significantly lower than in the GA (2.6+1.9 vs
3.9+1.8, P=0.005). No statistically significant difference
in hemoglobin levels was observed before and after
surgery between the two groups. However, for both
methods, hemoglobin levels decreased significantly
after surgery compared to before (P<0.001).

Table 1. Baseline characteristics of the patients according to study group

MeantSD/No. (%)

Variables Anesthetic Technique
GSA (n=22) GA (n=23) P
Age (y) 48.218.7 42.3+12.8 0.076"
Male 12(54.5) 14(60.9) 0.668'
Weight (kg) 80.5+20.0 80.4+10.7 0.990"
Addiction 0 1(4.3) 0.999
Hypertension 3(13.6) 0 0.109*
Diabetes 0 1(4.3) 0.999*
COPD 1(4.5) 1(4.3) 0.999*
[ 18(81.8) 21(91.3)
ASA score 0.414*
Il 4(18.2) 2(8.7)

//’
Abbreviations: GSA: General and spinal anesthesia; GA: General anesthesia; ASA: American Society of Anesthesiologists; COPD: Chronic
obstructive pulmonary disease.

S

“Independent t-test; 'Pearson chi-square; *Fisher’s exact test.

Mardvar A, et al. Anesthesia in Lumbar Spine Fusion Surgery. Iran J Neurosurg. 2025; 11:£23.
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Table 2. Operative and anesthesia characteristics of the patients according to study group

Mean1SD/No. (%)/Median (IQR)

Variables Anesthetic Technique
GSA (n=22) GA (n=23) P
148.7+61.8 168.3+32.0
Propofol (mg/kg) 0.153"
150.0 (100.0-200.0) 150.0 (150.0-200.0)
1.8+0.9 2.0£0.6
Remifentanil (mg/kg) 0.109
2.0(1.0-2.0) 2.0 (2.0-2.0)
27.316.7 33.9+£10.7
Preoperative time (min) 0.056"
30.0 (30.0-30.0) 30.0 (30.0-30.0)
128.6+47.0 160.9+57.3
Operative time (min) 0.048"
120.0 (90.0-180.0) 160.0 (120.0-180.0)
30.9+21.8 27.4+5.4
PACU time (min) 0.474"
27.5 (15.0-30.0) 30.0 (25.0-30.0)
363.6+£255.0 456.5£525.3
Amount of bleeding (mL) 0.475"
275.0 (200.0-400.0) 200.0 (200.0-600.0)
0.320.5 0.4+0.7
Pack cell (n) 0.860"
0.0 (0.0-1.0) 0.0 (0.0-1.0)
Nausea/vomiting 1(4.5) 2(8.7) 0.999"
Shivering 3(13.6) 1(4.3)

Abbreviations: PACU: Post-anesthetic care unit; GSA: General and spinal anesthesia; GA: General anesthesia.

"Mann-Whitney U; Fisher’s exact test.

Additionally, the repeated-measures ANOVA revealed
significant main effects of groups and time on systolic
(Pﬁme<0.001; Pgmup=0.005), diastolic (Pﬁme<0.001;
Pgmup=0.049), and MAP (P, <0.001; Pgmup=0.011).
However, no significant interaction between the group
and time was observed (Table 4 and Figure 2). As shown
in Table 4, the GSA group consistently exhibited lower
blood pressure compared to the GA group at all-time
points. This finding indicates that GSA was consistently
superior to GA in terms of blood pressure throughout
the observation period.

4, Discussion

The desired anesthetictechnique should have a prompt
onset and reversal of effects. It should also maintain
stable hemodynamics throughout the procedure

withoutincreasingthe needforbloodtransfusion. Finally,
an ideal anesthetic should shorten recovery room time
while serving as an agent against postoperative pain,
nausea, and vomiting, or as a supplement to analgesics
[16]. Combining two anesthetic techniques, considering
the proposed benefits and drawbacks of the other, is
not new [26]. Therefore, this randomized clinical trial
compared perioperative and postoperative parameters
in 45 patients undergoing GA versus combined spinal
and GA during LSF surgery. These results have significant
implications for the differences in the effects of both
anesthetic techniques on operative time, cardiovascular
stability, postoperative analgesia, and hemodynamic
parameters.

Mardvar A, et al. Anesthesia in Lumbar Spine Fusion Surgery. Iran J Neurosurg. 2025; 11:E23.
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Table 3. Physiologic characteristics of the patients according to study group
MeanSD/Median (IQR)
Variables Anesthetic Technique
GSA (n=22) GA (n=23) P
72.6+11.4 78.6+12.3
Pre HR 0.114"
73.0(62.0-81.0) 76.0 (72.0-93.0)
72.948.2 81.5+11.5
Post HR 0.007"
73.0 (65.0-80.0) 83.0(75.0-84.0)
P 0.845! 0.377 -
99.3+0.9 99.740.5
Pre 02Sat 0.136"
99.5 (99.0-100.0) 100.0 (99.0-100.0)
99.5+0.5 99.740.5
Post 02Sat 0.307"
99.5 (99.0-100.0) 100.0 (99.0-100.0)
P 0.157 0.317 -
10.0+0.0 10.0+0.0
Pre VAS 0.999"
10.0 (10.0-10.0) 10.0 (10.0-10.0)
2.6+1.9 3.9+1.8
Post VAS 0.005
3.0(2.0-3.0) 4.0 (3.0-5.0)
P <0.001' <0.001' -
12.9+0.9 14.14+2.3
Pre Hb 0.203"
12.9 (12.6-13.5) 13.6 (12.2-16.3)
11.9+1.2 12.3+2.1
Post Hb 0.547
11.9 (11.4-12.8) 12.1(10.7-14.2)
P <0.001 <0.001 -

Abbreviations: GSA: General and spinal anesthesia; GA: General anesthesia; HR, heart rate; VAS: Visual analog scale.

“Mann-Whitney U; 'Wilcoxon signed-rank test.

A standout finding was the significant decrease in
operative time in the combined spinal and GA group
compared with the GA alone group (128.6+47.0 vs
160.9+57.3 minutes, P=0.048). This implies that the
additional use of SA facilitates more efficient surgical
procedures. This decrease is associated with improved
hemodynamic stability, less intraoperative blood loss,
and a better surgical field for the surgeon, enabling a
more efficient surgical process. One study found no
statistically significant difference between the SA and
GA groups about operative time [27]; however, the

NS

literature on combined spinal and GA indicates an
association between its use and a decrease in surgery
duration compared with GA alone, particularly in
lumbar spine surgeries. This decrease may be attributed
to improved hemodynamic stability, decreased
intraoperative blood loss, and improved surgical field
conditions, which make for a more efficient surgical
process [16]. Induced hypotension during spine surgery
offers the added benefits of reduced blood loss and the
requirement for blood transfusion [28], better operating
conditions, and shorter surgical time. Combined spinal

Mardvar A, et al. Anesthesia in Lumbar Spine Fusion Surgery. Iran J Neurosurg. 2025; 11:£23.
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Table 4. Systolic, diastolic, and mean arterial pressure of the patients according to study group in the different operative times

MeaniSD/Median (IQR)
Variables Anesthetic Technique
GSA (n=22) GA (n=23) P
131.5426.5 131.9+18.8
Pre Ps 0.982"
125.0 (116.0-163.0) 130.0 (114.0-150.0)
118.5£16.5 128.4+14.7
Int Ps 0.027"
120.0 (111.0-131.0) 131.0 (120.0-140.0)
114.8+22.1 127.0+19.1
Posi Ps 0.093"
117.5 (93.0-133.0) 123.0 (116.0-148.0)
110.4%£16.5 128.419.8
Inci Ps <0.001"
112.0(95.0-121.0) 127.0(120.0-135.0)
103.4+14.4 120.4+16.7
30 Inci Ps <0.001"
105.0 (99.0-110.0) 118.0 (110.0-125.0)
123.8+12.1 128.0+16.8
Post Ps 0.299%
121.5 (112.0-131.0) 130.0 (120.0-140.0)
P! P..<0.001,n?=0.184; P =0.005,n?=0.172,P,_ =0.062,’=0.058
80.2+13.5 85.8113.7
Pre Pd 0.375"
81.0 (71.0-91.0) 80.0 (76.0-98.0)
79.8t6.4 81.2+11.8
Int Pd 0.189"
80.0 (80.0-81.0) 81.0(78.0-90.0)
72.2+£13.7 74.4+16.8
Posi Pd 0.724"
74.0 (60.0-85.0) 77.0 (61.0-89.0)
71.4+14.1 80.6+16.4
Inci Pd 0.092"
76.5 (63.0-83.0) 72.0 (68.0-100.0)
67.0£12.3 77.7£10.0
30 Inci Pd 0.012"
70.0 (55.0-80.0) 78.0 (69.0-85.0)
81.8£9.0 85.149.0
Post Pd 0.044"
80.0 (79.0-88.0) 85.0 (80.0-90.0)
Pt P ne<0-001, n*=0.209; P =0.049, n*=0.087, P, =0.127, n>=0.039
m; group timexgroup
97.3116.4 101.2+14.3
Pre MAP 0.617°

96.7 (87.3-104.7)

96.7 (87.3-116.7)

Mardvar A, et al. Anesthesia in Lumbar Spine Fusion Surgery. Iran J Neurosurg. 2025; 11:E23.
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MeantSD/Median (IQR)
Variables Anesthetic Technique
GSA (n=22) GA (n=23) P
92.748.1 96.91£11.2
Int MAP 0.042"
93.3 (90.7-97.0) 102.3 (93.3-104.3)
86.4+16.0 91.9+16.1
Posi MAP 0.296"
92.2 (70.0-97.7) 90.7 (79.7-103.0)
84.4+14.5 96.5+13.1
Inci MAP 0.037°
89.5 (74.7-95.3) 91.0 (84.7-111.7)
79.1+£12.0 91.9+9.4
30 Inci MAP <0.001"
83.3(70.7-88.7) 93.7 (85.0-98.3)
95.819.0 99.4+10.4
Post MAP 0.068"
93.5 (90.7-100.0) 103.3 (93.3-106.7)
P-value' P..<0.001,n?=0.222; P =0.011,n>=0.141,P, =0.124,n’=0.044

6520

NS

Abbreviations: Ps: Systolic pressure; Pd: Diastolic pressure; MAP: Mean arterial pressure; Pre: Preoperative; Int: Intraoperative; Posi: Posi-

tion; Inci: Incision; 30 Inci: 30 after Incision; Post: Postoperative.

“Mann-Whitney U; ‘Repeated measure ANOVA.

and GA can greatly reduce the actual operating time
compared to GA alone. This is chiefly due to better
hemodynamic stability, decreased intraoperative blood
loss, and improved surgical conditions. Hence, the
results favor the application of combined spinal and GA
as a safe and effective anesthetic technique for specific
surgical procedures. Additionally, considering the
equalization of preoperative preparation time between
the groups in our study, with both groups having a
median preservation time of 30 minutes, the variation
in operative time was seemingly independent of any
potential pre-surgical delay and was accounted for by
the anesthetic technique employed.

Heart rate, a significant indicator of the autonomic
and hemodynamic responses to surgical stress, showed
significant differences between groups postoperatively.
Baseline heart rates were similar in both groups;
however, the combined spinal-GA group had a lower
median postoperative heart rate (73 beats per minute)
compared to the GA group (83 beats per minute), and
this difference was statistically significant (P=0.007).
Moreimportantly, nosignificant difference was observed

between the groups immediately following intubation
or during surgery, suggesting that the SA-based heart
rate stability benefits were most evident only during the
postoperative phase. Research has shown that patients
who have undergone combined spinal and GA might
have more stable and acceptable heart rate levels during
surgery compared with patients who would receive GA
alone. For example, a randomized trial for laparoscopic
hysterectomy revealed better hemodynamic stability
throughout the surgical procedure, including heart rate,
in the combined spinal-GA group versus the GA group
alone [26].

In a study focusing on patients undergoing coronary
artery bypass surgery (CABG), those who received
combined spinal-GA maintained a comparatively stable
heart rate compared to those who received only GA.
The mean heart rate was significantly improved in the
combined group, suggesting better hemodynamic
stability throughout the surgical procedure [29]. With
SA, hypotension and bradycardia can occur due to
sympathetic blockade, especially with higher block
levels or in more susceptible individuals [30-32].
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Figure 2. A) Systolic, b) diastolic, and c) mean arterial pressure of the patients according to study group in the different operative time

1) Before anesthesia; 2) after intubation; 3) prone position; 4) incision; 5) 30 minutes after incision; 6, postoperative.
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Hence, the combined technique may reduce the need
for interventional drugs, such as beta-blockers or
vasopressors to modulate heart rate changes compared
to GA. The various hemodynamic benefits of combined
spinal and GA are further emphasized by the alterations
noted in the systolic, diastolic, and MAP during the
operative phases. At maximal surgical interventions,
such as incision (112 vs 127 mmHg, P<0.001) and 30
minutes post-incision (105 vs 118 mmHg, P<0.001),
systolic pressure was significantly lower in the combined
spinal and GA group.

Likewise, MAP was lower in the GSA group at the
time of incision and thereafter at measured intervals
(P=0.037, <0.001). One study showed that when
SA is supplemented with GA, the sympathectomy
induced by SA may counteract increases in systemic
vascular resistance, thereby targeting the elevated
MAP [26]. While concerns regarding hypotension
generated by spinal anesthetics have been raised by
some practitioners [33-35], no significant hypotension
(defined as a decrease in MAP of more than 20%)
was observed in our combined spinal and GA group
(P=0.885), thus reinforcing that it is a safe technique
when well managed.

Another area of benefit identified has been
postoperative pain management, in which combined
spinal and GA has shown superiority. The postoperative
VAS scores of the combined spinal and GA group were
significantly lower than those of the GA group (median
3.0 vs 4.0, P=0.005). Several authors have reported that
combined spinal and GA provides better postoperative
analgesia than GA alone. For instance, in abdominal
hysterectomy, patients with combined spinal and GA
had lower pain scores and required fewer postoperative
analgesics than those with GA alone [36]. Similarly, in
robotic sacrocervicopexy, patients anesthetized with
a combination of spinal and GA reported significantly
lower pain scores and less analgesic intake during the
immediate postoperative period. Pain and analgesic
use within the first 24 hours after robotic gynecologic
surgery was significantly lower when GSA was used
compared to GA alone.

A considerably higher number of GA patients requested
additional analgesic medications when they reached
the recovery unit, compared to a few patients who
underwent combined anesthesia. The lower reported
pain levels in the study group may be associated with
the analgesia provided by intrathecal anesthesia [37].
This decrease in opioid consumption is crucial to
prevent opioid-associated side effects and fast-tracking
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recovery. One study indicated that adding spinal or
regional blocks to GA markedly reduces intraoperative
and postoperative opioid requirements. During breast
surgery, patients receiving regional block (Pecs II) plus
GA consumed fewer opioids intra- and postoperatively
and had lower pain scores for up to 24 hours after
surgery [38]. The repeated-measures analysis of pain
scores over time showed a significant group effect and a
group-by-time interaction, indicating that the analgesic
benefit of SA persisted and was consistent across time
points.

The recovery time in the post-anesthesia care unit did
not differ significantly between groups, with median
times of 27.5 minutes and 30 minutes (P=0.474). This
suggests that the benefits of GSA regarding operative
time and pain management do not necessarily lead to a
faster, immediate recovery.

The lower hemoglobin levels after surgery in both
groups correlated well with the expected surgical blood
loss (P<0.001). Thus it is unsurprising that perioperative
bleeding was unrelated to the anesthesia method of
choice, as the bleeding volumes and requirements
for transfusion did not differ significantly between
groups. It is reassuring in the face of concerns that
regional anesthesia (RA) would increase bleeding due
to vasodilation caused by sympathectomy [39]. In other
words, we believe that when good surgical techniques
are used, carefully selected patients can undergo
combined GSA without hemostatic risk.

Despite these promising results, some disadvantages
deserve attention. The small sample size (n=45) limits
the generalizability of the findings, and the single-
center design may have reduced variability in surgical
techniques and patient demographics. While the
baseline characteristics were statistically comparable
between the groups, unmeasured confounders, such
as intraoperative fluid management, anesthesiologists’
experience, and postoperative analgesic protocols, may
influence outcomes. Larger multicenter randomized
trials stratified by type of surgery and with longer
follow-up periods should be conducted in the future to
confirm and further build on these findings.

5. Conclusion

In conclusion, evidence from this clinical trial indicates
that combined GSA provides more definitive benefits
over GA alone in patients undergoing LSF surgery. Such
benefits include shorter operative durations, improved
postoperative heart rate regulation, more consistent
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intraoperative blood pressure, and better pain
control in the immediate postoperative period. These
advantages favor the use of SA adjuncts in appropriate
surgical groups to maintain perioperative hemodynamic
stability with comfort, without compromising recovery
duration or increasing the risk of bleeding. These results
are of great importance in guiding anesthesia practices
to optimize patient outcomes and reduce perioperative
risks.
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