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Purpose: Several studies have applied lumbar spinal anesthesia (SA) with isobaric/hyperbaric bupivacaine and opioids in elective
laparoscopic cholecystectomy (LC), documenting a superiority of the methodic over general anesthesia (GA) in terms of perioperative
pain, nausea, and vomiting, though with a notable incidence of intraoperative right shoulder pain, potentially responsible for
conversion to GA. This case series presents an opioid-free scheme of segmental thoracic spinal anesthesia (STSA) with hypobaric
ropivacaine, reporting its benefits mainly in terms of shoulder pain occurrence.

Patients and Methods: Hypobaric STSA was performed in nine patients undergoing elective LC between May 1 and September 1,
2022. The level of the needle insertion was included between T8 and T9, via a median or a paramedian approach. Midazolam
(0.03 mg/kg) and Ketamine (0.3 mg/kg) were used as adjuvants for intrathecal sedation, followed by the administration of hypobaric
ropivacaine 0.25% at a dose of 5 mg and then isobaric ropivacaine at a dose of 10 mg. Patients were placed in anti-Trendelenburg
position for the entire duration of surgery. LC was conducted through the standard 3 or 4 ports technique with pneumoperitoneum
maintained at a pressure of 8—10 mmHg.

Results: Mean patient age was 75.7 (£17.5) years, with a mean ASA score and Charlson comorbidity index (CCI) of 2.7 (+0.7) and
4.9 (£2.7), respectively. STSA was completed without complications in all patients, with no need for conversion to GA. Mean
operative time and SA duration were 37.5 (£8.7) and 145.2 (£21.8) min, respectively. Intraoperatively, no shoulder or abdominal pain
and nausea were reported, with only four and two patients requiring vasopressor and sedative intravenous drugs, respectively.
Postoperatively, overall mean VAS pain score and within the first 12 hafter surgery were 3 (£2) and 4 (£2), respectively. Median
length of stay was 2 (range = 1-3) days.

Conclusion: Hypobaric opioid-free STSA appears to be a promising approach for laparoscopic surgeries, with minimal to null
occurrence of shoulder pain. Larger prospective studies are required to validate these findings.

Keywords: thoracic spinal anesthesia, laparoscopic cholecystectomy, hypobaric ropivacaine, intrathecal midazolam, intrathecal

ketamine

Introduction
Since the first description in 2006 of a laparoscopic cholecystectomy (LC) conducted under the method of combined
spinal-epidural anesthesia in a patient with severe chronic obstructive pulmonary disease awaiting lung transplantation,'
the safety and feasibility of neuraxial anesthesia (NA), ie, spinal, epidural or combined techniques, in laparoscopic
surgeries, have been documented in several reports.””

Accordingly, prospective randomized studies comparing spinal anesthesia (SA) with general anesthesia (GA) in LC
have reported significantly reduced rates of postoperative pain, nausea, and vomiting, making SA an optimal technique to
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apply in elective laparoscopic surgical procedures on low-risk patients [American Society of Anesthesiologists (ASA)
score 1 or 2], allowing faster patient recovery, early discharge, and hence reduced costs.'®2°

However, the concerns for possible serious cardiovascular and respiratory alterations consequent to pneumoperito-
neum-increased intra-abdominal pressure levels and to the SA-induced sympathetic blockade together with the fears,
though generally unjustified, of spinal cord damage and the high occurrence of intraoperative right shoulder pain, have
considerably limited the routine application of SA in elective LC.*"*

In particular, shoulder tip pain, documented intraoperatively in 10-55% of cases, has been generally recognized as
a seriously distressing factor by the awake patient and, though usually relieved with administration of opioids, it might be
responsible for conversion to GA in up to 10% of cases, according to different series.''!*>
Moreover, while most of the reports in the literature on the utilization of SA during elective LC have adopted the

5-7,9-13,15-18 24814 411 these series have

lumbar puncture, with only isolated reports describing the thoracic puncture,
applied isobaric and/or hyperbaric bupivacaine as intrathecal local anesthetics and opioids as adjuvants, the first requiring
a Trendelenburg (head-down) position to obtain the optimal sensory block, with further possible negative repercussions
on the cardiovascular, respiratory, and central nervous systems, and the second potentially associated with adverse effects
such as respiratory depression, nausea, vomiting, and urinary retention.

Though recent series from our institution already illustrated the advantages of a segmental thoracic spinal anesthesia

(STSA) technique in abdominal, urological, breast, and axillary surgery,>***

maintaining at the same time the safety
profile of lumbar anesthesia (LA), with the few sporadic reports existing in literature confirming these findings in LC,*'*
no previous studies have focused their attention on investigating potential alternative intrathecal local anesthetics and
adjuvants that might reduce the drawbacks of the currently applied methods of NA in LC.

For these reasons, we present our initial experience of an opioid-free STSA with hypobaric ropivacaine used as local

intrathecal anesthetic in LC.

Materials and Methods
Study Design and Population

All cases of elective LC conducted for cholelithiasis under the technique of STSA at the Italian National Research Center
on Aging (INRCA) between May 1, 2022, and September 1, 2022, were reviewed, aiming at conducting a case series on
this specific topic.

Exclusion criteria included acute cholecystitis, previous upper abdominal surgery, and previous episodes of acute
pancreatitis.

Both anesthesia and surgery were performed by the same anesthesiologist and surgical team.

The study was approved by the INRCA Hospital Institutional Review Board, in accordance with the Helsinki
Declaration.

All patients received extensive and detailed explanation of the procedure including the possibility of intraoperative
conversion to GA if needed.

Written informed consent for publication of medical data and image material was obtained from all subjects or a legal
surrogate.

Segmental Thoracic Spinal Anesthesia Technique
Colloid (500 mL) was administered before the procedure.

Under a fully aseptic technique with the patient in a sitting position, the correct intervertebral space, located between
T8 and T9, was identified and the skin of the puncture site infiltrated with 3 mL of 2% lidocaine. The puncture was
performed via a median or a paramedian approach using a 25-gauge Whitacre needle (B. Braun Medical Inc., Melsungen,
Germany), as shown in Figure 1.

Once clear flow of cerebrospinal fluid was established, preservative free midazolam (Accord Healthcare, Milan, Italy)
at a dose of 0.03 mg/kg and preservative free ketamine (Molteni Pharmaceuticals, Florence, Italy) at a dose of 0.3 mg/kg
were injected as adjuvants for intrathecal sedation, followed by the administration of hypobaric ropivacaine 0.25%
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Figure | Insertion of the needle at T8-9: (A) paramedian approach. (B) median approach.

(Bioindustria Pharmaceuticals, Novi Ligure, Italy) at a dose of 5 mg (1 mL of ropivacaine 1% diluted with 3 mL of
distilled water for a total volume given equal to 2 mL) and isobaric ropivacaine 0.25% at a dose of 10 mg (1 mL of
ropivacaine 1% diluted with 3 mL of saline for a total volume given equal to 4 mL).

Procedure-related paresthesias, pain, or any difficulty during spinal puncture were documented in each case.

The patients were then placed supine in a slight (5°) anti-Trendelenburg (head-up) position, then increased to 20°
combined with modest rotation to the patient's left side after induction of pneumoperitoneum; this position was
maintained for the entire duration of surgery until carbon dioxide insufflation was discontinued.

The level of the sensory blockade was tested using pinprick tests. When an adequate sensory block from the
supraclavicular area (C3—C4) to the hypogastric region (T11-12) was achieved, the surgery was allowed to start.

In the case of patient anxiety and discomfort, an intravenous ketamine (0.4-0.5 mg/kg) and/or midazolam (0.02—
0.05 mg/kg) bolus were administered.

All patients were spontaneously breathing in Venturi masks on 28-40% FiO, and during surgery, another 500 mL of
colloid was administered.

Standard hemodynamic and clinical monitoring, particularly the level of sensory blockade, were applied to all
patients.

Hypotension, defined as a decrease in mean arterial blood pressure of more than 20% of the basal pre-anesthetic
value,” was managed with boluses of ephedrine at a dose of 6 mg.

Laparoscopic cholecystectomy was performed using the standard three or four-port technique and the open umbilical
access to create the pneumoperitoneum; the intraperitoneal pressure was maintained between 8 and 10 mmHg.

At the end of the surgical procedure, patients were admitted to the recovery area, where they were monitored for at
least 30 minutes and then transferred to the Surgical Unit.

Measurements
The Charlson Comorbidity Index (CCI)*® and the ASA score’’ were used to determine the burden of comorbidities and
the patient’s physiological status, respectively.

Preoperatively, patients were taught how to evaluate their own pain intensity using the visual analogue scale (VAS),
scored from 0 to 10 (where O=no pain and 10=the worst pain imaginable). Pain was assessed intraoperatively and
postoperatively every 3 h for the first 12 h and then every 6 h until discharge of the patient. Any request for intravenous
painkillers was noted. Only VAS pain scores greater than 4 were considered notable, and intravenous analgesics
(Paracetamol 1 g or NSAIDs) were administered.
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The level of sedation during surgery was assessed on a 5-point scale (modified Ramsay Sedation Scale): O=alert,
1=easily arousable, 2=awakens after tactile stimulation, 3=awakens after verbal stimulation, and 4=not arousable,28 while
the level of motor block was evaluated at the end of surgery on a 4-point scale (Bromage Scale): 1=able to lift extended
legs, 2=just able to flex knees, full ankle movement, 3=no knee movement, some ankle movement, 4=complete
paralysis.?’

Overall duration of SA was defined as the period (min) included between the onset and the complete regression of the
sensory block.

Respiratory depression was defined as a respiratory rate <10 breaths/min, oxygen saturation <90% by pulse oximetry
lasting at least 3 min, hypercapnia (pCO,>50 mm Hg) or a change from baseline end-tidal CO, >10 mmHg.*°

Any intraoperative incidents, particularly those related to STSA, ie, right shoulder or abdominal pain, headache,
discomfort, nausea, anxiety, hypotension and hemodynamic changes, or the necessity for a nasogastric tube, were recorded.

All patients were visited daily to assess any nerve root injury (radiculopathy, back pain, cauda equina), central
nervous system complications (meningitis, spinal abscess, spinal hematoma), and post-dural puncture headache (PDPH).

At the outpatient clinic, 1 week after surgery, patients were asked to assess their degree of satisfaction (high, fair, bad)
with the procedure. The same question was put to the first surgeon at the end of each surgical procedure.

Statistical Analysis

Frequency distributions were determined for baseline categorical variables, and the mean along with standard error (£SE)
were calculated for baseline continuous variables. All of the statistical analysis was performed using the Statistical
Analysis System (SAS) software, Version 9.4 (SAS Institute, Inc., Cary, NC).

Results
Nine cases were identified and described in Table 1, of whom 22.2% (2/9) were referred to our institution because of their
deliberate and reiterated refusal of GA.

Overall, mean patient age was 75.7 (+17.5) years; the percentage of male patients being 44.4% (4/9), with a mean
BMI of 26.6 (+4.8). Regarding the patient’s physiological status and comorbidities, mean ASA score and mean CCI were
2.7 (£0.7) and 4.9 (£2.7).

During all anesthetic and surgical procedures no major complications and no need for conversion from STSA to GA
were reported, with 0% of patients describing right shoulder pain, abdominal discomfort, headache, and nausea, as shown
in Table 2.

Table | Baseline Characteristics of the Case-Series

Case | Age/Gender BMI CcCl ASA
| 42/M 244 0 |
2 57/F 357 3 3
3 87/F 223 4 2
4 84/F 21.2 8 3
5 62/M 30.1 5 3
6 90/M 237 9 3
7 89/M 26.7 4 3
8 88/F 238 5 3
9 82/F 316 6 3

Abbreviations: BMI, Body Mass Index; CCl, Charlson Comorbidity Index; ASA,
American Society of Anesthesiologists.
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Table 2 Operative Variables

Conversion to GA, % (n) 0 (0)
Conversion to laparotomy, % (n) 0 (0)
Operative time (min), mean+SE 37.548.7
SA duration (min), mean+SE 145.2+21.8
Fourth port (epigastric), % (n) 333 (3)
Abdominal pain, % (n) 0 (0)
R shoulder pain, % (n) 0 (0)
Nausea/Vomiting, % (n) 0 (0)
NG tube, % (n) 0 (0)
Headache, % (n) 0 (0)
Hypotension, % (n) 444 (4)
Ephedrine bolus (n), % n

0 55.6 (5)
| 333 (3)
2 L1 ()
Anxiety, % (n) 222 (2)
Ketamine/midazolam bolus (n), % n

0 778 (7)
| 222 (2)

Abbreviations: GA, General Anesthesia; SA, Spinal Anesthesia; NG,
Naso-Gastric.

Intraoperative hypotension was documented exclusively in four cases (44.4%), with 25% (1/4) of these requiring
more than one bolus of ephedrine, whereas intraoperative anxiety was recorded in two patients (22.2%) and resolved with
a single bolus of ketamine and/or midazolam (Table 2).

The level of sedation recorded during surgery was: 2—3 for the whole duration of surgery in five cases (55.5%) and
three for the entire operation in the other four (44.5%), while the level of motor block evaluated at the end of surgery was
minimal, between 0 and 1 in all cases (100%, 9/9).

From the surgical point of view, it should be noted that in all cases (100%, 9/9) the muscular relaxation of the
abdominal wall was complete and without interruptions.

Mean operative time was 37.5 (+8.7) min, while the mean duration of SA was 145.2 (+21.8) min (Table 2). A fourth
port (epigastric) was used in three cases (33.3%) during the operation.

Postoperative course was uneventful in all cases (100%, 9/9) with a median length of stay of 2 (range 1-3) days; no
patient (0%, 0/9) needed mechanical ventilation or presented any neurologic consequences related to SA and no episodes
of post-operative nausea and vomiting (PONYV) or urinary retention were reported, as detailed in Table 3.

Regarding the analgesia, the overall mean postoperative VAS score and the mean VAS score registered within the first
12 h after surgery were 3 (+2) and 4 (+2), respectively; in 55.5% (5/9) of patients at least one dose of non-opioid rescue
analgesics was administered at a median time lapse of 4 (range =2-20) h after completion of surgery, of whom 40%
(n=2) and 20% (n=1) required a total of two and three doses, respectively (Table 3).

At outpatient clinic appointment, all patients expressed a high level of satisfaction on the anesthesiologic method,
except one patient (11.1%) who judged her experience with SA to be fair, while surgeons totally approved the method,
mainly surprised by the optimal anterior abdominal wall relaxation achieved during surgery, as shown in Table 3.
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Table 3 Post-Operative Variables

Overall complications, % (n) 0 (0)
PONV, % (n) 0 (0)
Urinary retention, % (n) 0 (0)
Neurologic complications, % (n)* 0 (0)
Analgesia

Overall VAS score, mean*SE 32
VAS score first 12 hrs, meantSE 4+2
Pain with VAS>4, % (n) 55.6 (5)
Analgesic doses (n), % (n)

0 44.4 (4)
| 222 (2)
2 222 (2)
3 L1 (1)
R shoulder pain, % (n) 0 (0)
Length of hospital stay (days), median (range) 2 (1-3)
Patient grade of satisfaction, % (n)

High 88.9 (8)
Fair LT (1)
Bad 0 (0)
Surgeon grade of satisfaction, % (n)

High 100 (9)
Fair 0 (0)
Bad 0 (0)

Notes: *Back pain, paresthesias, spinal hematomas/abscesses, meningitidis, post-
dural puncture headache.

Abbreviations: PONV, Post-Operative Nausea and Vomiting; VAS, Visual
Analogue Scale.

Discussion
As far as we are aware, this is the first study to report the use of an opioid-free hypobaric STSA approach to LC,
confirming its potential role as a primary anesthesiologic method alternative to GA in laparoscopic surgical procedures.

Though applied in a small series, our initial experience shows that this regimen may have remarkable perioperative
advantages, mainly in the field of right shoulder pain, that, carrying a high occurrence and representing a potential reason
for conversion to GA, has been acknowledged as one of the main limits of the technique.?'

Indeed, over the past 15 years, several series have described the utilization of SA in LC," with older reports
documenting its application mainly in comorbid patients who would be at high risk of perioperative morbidity with GA"’
and more recent reports supporting its adoption in low-risk patients (ASA 1-2) undergoing elective surgeries.*>

Accordingly, prospective randomized controlled trials conducted on the latter group of patients scheduled for elective LC
described several benefits of SA when compared to GA, in terms of perioperative pain management and PONV, leading to
faster patient recovery, a smoother postoperative course, and possible same-day discharge,'®*° reinforcing the concept of LC
as routine ambulatory surgery, with reduced overall health-care costs and waiting lists, as recent evidence encourages.”'~*

Nevertheless, the negative impact of combining NA and laparoscopy on the cardiovascular and respiratory system
and the high occurrence of intraoperative right shoulder pain have represented the main obstacles to an extensive
utilization of SA in laparoscopic procedures.?'*?

Indeed, regarding the first point, the increased intra-abdominal pressure caused by the artificial pneumoperitoneum

may worsen the hypotension secondary to the extensive sympathetic block of SA, whose effects of reducing systemic
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vascular resistance and inducing venous dilatation of lower limbs might eventually lead to a significant reduction in
cardiac output.®'"*

Moreover, the Trendelenburg (head-down) position, generally necessary to obtain an optimal surgical anesthesia,
facilitating the cranial diffusion of local hyperbaric anesthetics, may have further negative repercussions on the cardiac
output, on the ventilation, and on the intracranial pressure.*

Regarding the second point, the not negligible incidence of severe right shoulder pain during LC requiring
intravenous administration of opioids, ranging between 10 and 55% of cases, with up to 10% requiring conversion to
GA,'""?! has led to the implementation of various strategies aimed at preventing this pain from occurring or, at least,
reducing its severity and minimizing the consequent risk of SA failure.?'** Actions adopted intraoperatively, such as
lowering the intra-abdominal pressure of pneumoperitoneum to 8—10 mmHg or spraying the diaphragm with 2%
lidocaine solution, relied on diaphragmatic irritation by carbon dioxide as the main underlying cause of shoulder-
related pain, though definitive evidence on their effectiveness is still missing.'®**

According to our previous successful experiences’® and aiming at overcoming the above-mentioned issues, we
applied a different and promising method of SA in our series of LC, based on an association of hypobaric ropivacaine
as intrathecal local anesthetic, ie, the “hypobaric” technique, and midazolam and ketamine as adjuvants, replacing the
commonly used isobaric/hyperbaric bupivacaine and opioids, respectively.

Indeed, the demonstrated advantages of ropivacaine over bupivacaine, in delivering an enhanced sensory and motor
differentiation with a similar sensory block, improved motor recovery, and minor toxicity, were the main reasons
justifying our choice.>*>® A highly selective blockage of the sensory roots of C3—C4 and C5 innervating the diaphragm,
while sparing the motor counterpart and thus without affecting the ventilation, might explain the main clinical effects and
benefits of ropivacaine, when applied in STSA, with regard to the shoulder pain.

Moreover, the utilization of a hypobaric agent, ie, with a relative density lower than that of CSF, differently from
hyperbaric anesthetics, requires an anti-Trendelenburg (head-up) position to diffuse cranially, hence avoiding the related
risks of hypotension while allowing to adopt, since the induction of anesthesia, the definitive position required to perform
a LC, which might, concurrently, contribute to a minor diaphragmatic irritation by carbon dioxide pneumoperitoneum.>’**

The combination of these aspects, ie, use of ropivacaine, low baricity, and patient positioning, might explain the
reason why in our initial experience, even if with a limited number of cases, no patient experienced this type of pain,

11,21

compared to the high rates reported in literature, and therefore a conversion to GA was never required.

Regarding the use of adjuvants in SA, since the use of intrathecal opioids might be associated with adverse effects

39-41

such as respiratory depression, urinary retention, pruritus, nausea, and vomiting, we decided to extend the benefits of

an opioid-free STSA, demonstrated in our previous series,>"*

to laparoscopic surgeries, emphasizing the role of
midazolam and ketamine in improving the duration and quality of SA, in reducing the onset time of sensory block, in
providing a mild intraoperative sedative effect, in assuring a prolonged perioperative analgesia due to delayed recovery
time of sensory block and in decreasing the incidence of PONV without negative effects on perioperative hemodynamics,
significant side-effects, and neurotoxicity.*' *

In particular, an adequate intrathecal sedation allows the patient to remain cooperative and able to report any
discomfort or pain he might experience during the surgery, maintaining at the same time valid swallowing and cough
reflexes and preserving him from consequences related to a lack of airway protection as in GA.**

Lastly, the decision to employ the STSA in the field of minimally invasive surgeries derived from our consolidated

experience with this method,23 24

whose benefits, secondary to a highly selective neuraxial blockade, consist in improved
control over both induction and surgical anesthesia, minor negative repercussions on the cardiovascular and respiratory
systems, reduced doses of local anesthetics used and limited caudal spread with concomitant decreased sympathomimetic
blockade, vasodilatation and hypotension, in comparison to LA,* that has represented the main technique applied in
nearly all the series described so far in the literature.> 7271315718

Concurrently, the safety of thoracic puncture has been established by magnetic resonance imaging investigations on
the anatomy of the thoracic spinal cord and by large clinical series reporting similar rates of paresthesia during STSA

compared to LA, without any neurologic sequelae.***
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Similarly, severe direct complications of the technique (eg, spinal hematomas or PDPH) were not recorded in our
cases as well as in our previous works on STSA,?**** validating its security.

Moreover, our results indicate that, with this method, in addition to not reporting any occurrence of shoulder pain and
any need for conversion to GA, satisfying intraoperative hemodynamics were generally maintained and, if needed,
assured by the administration of low doses of vasopressor amines; besides an optimal perioperative analgesia was
observed in all cases as stated by all parameters used to evaluate this outcome after surgery: incidence of pain, VAS
score, and administration of intravenous non-opioid analgesics.

Conversely, since our institute is specifically focused on geriatric care and hence explained our remarkable back-

ground in applying this anesthesiologic approach to the comorbid elderly,****

it has been difficult to extend the concept
of ambulatory LC to our series, having a median length of in-hospital stay of 2 days, in relation to the mean age, CCI,
and ASA scores recorded, the last one approaching the number 3.

Another potential advantage of NA is currently related to its potential use in surgeries involving confirmed or only
suspected COVID-19 patients by limiting airway manipulation, reducing exposure to patient respiratory droplets, and
reducing the risk of virus spread in operating rooms.***” Accordingly, all major scientific societies have recommended
RA, whenever possible, in COVID-19-infected patients.*’

Future approaches may imply the association of NA techniques with fascial plane blocks such as the paravertebral
and the erector spinae plane block. Fusion anesthesia, as it was named by the developing authors Starnari and Pullano, is
based on the innovative concept of blocking the same afferent pathway in different parts, granting a major exposure to
local anesthetic, with the main plus-points of reduced neuraxial loading doses, shorter onset time, longer duration of
single-shot SA, minor hemodynamic impact, decreased motor block and lower incidence of patchy or missing segment
blocks.*®

There are several limitations to this study. First, the limited number of patients in this case series might bias the
outcomes analyzed. In addition, although the data were prospectively collected, the analysis was retrospective in nature
and lacks a control group undergoing GA to compare our findings, suggesting the need for prospective studies with
a larger number of patients undergoing laparoscopic surgeries to validate and confirm these findings.

Conclusions
Our small series confirms STSA as a safe, reliable, and adequate anesthesiologic method in elective LC, representing
a reasonable alternative to GA.

Use of hypobaric ropivacaine and non-opioid adjuvants might present important additional advantages over the
classical scheme described in the literature, mainly in the intraoperative management of shoulder pain.

Abbreviations

ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson comorbidity index; COVID-19,
coronavirus disease 2019; GA, general anesthesia; INRCA, Italian National Research Center on Aging; LA, lumbar
anesthesia; LC, laparoscopic cholecystectomy; NA, neuraxial anesthesia; NSAIDs, non-steroidal anti-inflammatory
drugs; PACU, post-anesthesia care unit; PDPH, post-dural puncture headache; PONYV, postoperative nausea and vomit-
ing; RA, regional anesthesia; SA, spinal anesthesia; STSA, segmental thoracic spinal anesthesia; VAS, visual analogue
scale.
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