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Abstract 
Background: Laparoscopic and open abdominal surgeries are traditionally performed under general anaesthesia 
(GA). However, GA poses significant risks for patients with cardiopulmonary comorbidities. Thoracic 
segmental spinal anaesthesia (TSSA) has emerged as an alternative, but comparative data regarding its safety 
and efficacy remains fragmented. 
Methods: A systematic review and meta-analysis were conducted following PRISMA guidelines. We included 
randomized controlled trials (RCTs), prospective comparative studies, and observational reports comparing 
TSSA to GA in adult patients undergoing abdominal surgery. Primary outcomes included intraoperative 
haemodynamic stability. Secondary outcomes were postoperative pain, time to first analgesic, time to 
ambulation, and postoperative nausea and vomiting (PONV). 
Results: Multiple studies were included in the qualitative synthesis, comprising comparative trials and a 
massive cohort of observational data. TSSA consistently demonstrated superiority in postoperative recovery 
metrics. Time to ambulation was significantly shorter in TSSA cohorts compared to GA (SMD = -1.62, p < 
0.0001). Time to first analgesic request was also significantly prolonged under TSSA (SMD = 1.54, p = 0.0016). 
Haemodynamic outcomes exhibited heterogeneity; while some studies reported superior MAP stability under 
TSSA, others noted a higher incidence of transient hypotension requiring vasopressor support, though the 
overall pooled effect was not statistically significant (OR = 1.25, p = 0.822). TSSA successfully facilitated 
surgery in high-risk patients while avoiding respiratory complications, and significantly reduced PONV (OR = 
0.24, p = 0.002). 
Conclusion: TSSA is a safe and highly efficacious alternative to GA for abdominal surgery, offering superior 
early postoperative analgesia and accelerated functional recovery. Careful pharmacological optimization and 
haemodynamic monitoring are required. Registered on Prospero with registration number: CRD420261336741. 
Keywords: segmental spinal anaesthesia, thoracic spinal anaesthesia, laparoscopic cholecystectomy, abdominal 
surgery. 
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Introduction  

Laparoscopic and open abdominal surgeries are 
traditionally performed under general anaesthesia 
(GA) [1, 2]. GA ensures optimal surgical 
conditions by providing airway protection, 
complete muscle relaxation, and strict control of 
hypercarbia resulting from carbon dioxide 

pneumoperitoneum [3, 4]. However, GA carries 
inherent risks. Beyond the haemodynamic 
fluctuations and difficulties encountered during 
physiologically challenging endotracheal intubation 
[5], GA is associated with a high incidence of 
postoperative nausea and vomiting (PONV) [6]. 
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These factors significantly contribute to delayed 
recovery and prolonged stays in the post-
anaesthesia care unit (PACU) [7, 8]. Consequently, 
the economic impact of managing PONV and 
managing delayed discharges places a substantial 
burden on ambulatory surgery centers and global 
healthcare systems [9, 10]. 

Furthermore, these risks are exponentially 
magnified in patients with pre-existing 
cardiopulmonary comorbidities. Positive pressure 
ventilation combined with pneumoperitoneum can 
precipitate ventilator-induced lung injury [11]. In 
patients with chronic obstructive pulmonary 
disease (COPD) or asthma undergoing non-
pulmonary surgery, airway instrumentation 
drastically increases the risk of severe 
postoperative respiratory complications—such as 
atelectasis, pneumonia, and prolonged mechanical 
ventilation [12-14]. 

To circumvent these GA-related complications, 
regional anaesthesia techniques have gained 
prominence, demonstrating an overall capacity to 
reduce postoperative morbidity and mortality [15-
17]. While lumbar spinal anaesthesia is frequently 
utilized, achieving an adequate T4 dermatomal 
block for upper abdominal surgery via a lumbar 
approach requires high anaesthetic volumes. This 
drastically increases the risk of profound 
sympathetic blockade and haemodynamic collapse 
[18, 19]. Consequently, Thoracic Segmental Spinal 
Anaesthesia (TSSA) has emerged as a highly 
targeted, low-dose alternative [20, 21]. 

The anatomical feasibility and safety of TSSA have 
been definitively established by magnetic 
resonance imaging (MRI) studies. These 
investigations demonstrate that the posterior dural-
spinal cord distance is significantly greater in the 
mid-thoracic region compared to the cervical or 
upper lumbar spine, providing a protective 
physiological buffer against direct spinal cord 
injury [22-24]. Over the last decade, a massive 
volume of feasibility studies, comparative trials, 
and large retrospective analyses have established 
the viability of spinal anaesthesia specifically for 
laparoscopic cholecystectomy, employing various 
doses and baricities [25-36]. The success of this 
technique has naturally extended into open 
cholecystectomies [37] and combined spinal-
epidural (CSE) applications [38]. Furthermore, the 
profound efficacy of TSSA has prompted its 
expansion into supra-umbilical procedures and 
breast cancer surgeries [39-41]. With mounting 
evidence of its safety and efficacy, recent editorials 
have begun to ask whether TSSA is ready for 
routine clinical use beyond just high-risk cases 
[42]. This systematic review and meta-analysis 
aims to rigorously evaluate the safety, efficacy, and 
recovery profiles of TSSA compared to GA in 
patients undergoing abdominal surgery. 

Methods 

Study Design and Registration: This systematic 
review and meta-analysis was conducted in strict 
accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines [43]. Registered on Prospero with 
registration number: CRD420261336741. 

Eligibility Criteria (PICO) 

● Population: Adult patients (ASA physical 
status I-IV) undergoing elective or 
emergency abdominal surgery. 

● Intervention: Thoracic Segmental Spinal 
Anaesthesia (TSSA), defined as a single-
shot subarachnoid injection between the 
T2 and T11 intervertebral spaces. 

● Comparator: General Anaesthesia (GA) 
with endotracheal intubation. 

● Outcomes: Intraoperative haemodynamic 
stability, time to first rescue analgesic, 
time to ambulation, and PONV. 

● Study Design: RCTs and 
prospective/retrospective comparative 
studies. Single-arm observational cohorts 
and case series without a GA comparator 
were included exclusively for the 
qualitative synthesis of safety and 
feasibility. 

Data Extraction and Risk of Bias Assessment: 
Data was independently extracted using a 
standardized template. For comparative studies, 
Risk of Bias was assessed using the Cochrane RoB 
2 tool for randomized trials and the ROBINS-I tool 
for non-randomized observational cohorts [44]. For 
single-arm observational studies and case series 
included in the qualitative synthesis, quality was 
appraised using the Methodological Index for Non-
Randomized Studies (MINORS) criteria for non-
comparative studies. Continuous data was analyzed 
using the Standardized Mean Difference (SMD), 
and dichotomous data was analyzed using the Odds 
Ratio (OR) utilizing a Mantel-Haenszel Random-
Effects model. To account for differing baseline 
risks of bias, RCTs and non-randomized 
observational studies were separated into distinct 
subgroups for quantitative synthesis. Funnel plots 
for publication bias assessment were deliberately 
omitted in accordance with Cochrane guidelines, as 
the inclusion of fewer than 10 studies per outcome 
renders such analyses statistically underpowered 
and highly misleading. 

Results 

Literature Search and Study Selection: An initial 
comprehensive literature search across major 
databases (PubMed, Embase, Cochrane Central) 
yielded a total of 1,245 records. After the removal 
of 312 duplicate records, 933 titles and abstracts 
were screened for relevance. Of these, 80 full-text 
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articles were retrieved and assessed for eligibility. 
Following the application of strict inclusion and 
exclusion criteria—specifically excluding studies 
utilizing exclusively lumbar spinal punctures, 
epidurals without a segmental thoracic spinal 
component, or surgeries outside the abdominal 

region—74 articles were excluded. 

Ultimately, 6 studies were included in the 
qualitative synthesis, and 4 comparative trials 
(Hossain [45], Mahasivabhattu [46], Kabir [47], 
and Jakhar [48]) met the strict criteria for the 
quantitative meta-analysis (Figure 1). 

 

Figure 1: Prisma flow diagram 

Study Selection and Characteristics: A 
qualitative synthesis was performed on the 
extracted literature. Comparative studies directly 
evaluating TSSA against GA for laparoscopic 
cholecystectomy included cohorts and RCTs by 
Hossain, Mahasivabhattu, Kabir, and Jakhar [45-
48]. Recent comparative trials specifically 
evaluating the intricate haemodynamic profiles of 

these two modalities [49-51] and broader meta-
analyses [52] were also reviewed. Furthermore, 
robust observational data was synthesized from 
massive retrospective cohorts, including a 192-
patient analysis by Haloi [53], alongside numerous 
case series highlighting the utility of TSSA in high-
risk surgical patients requiring specialized 
neuraxial or epidural techniques [54-61]. 

 
Table 1: Characteristics of Core Included Studies 

Study (First 
Author, Year) 

Study Design Total N Intervention 
(TSSA) N 

Comparato
r (GA) N 

Surgical 
Procedure 

Hossain (2025) [45] Comparative Cohort 90 45 45 Laparoscopic 
Cholecystectomy 

Mahasivabhattu 
(2023) [46] 

Comparative Cohort 50 25 25 Laparoscopic 
Cholecystectomy 

Kabir (2024) [47] Comparative Cohort 40 20 20 Laparoscopic 
Cholecystectomy 

Jakhar (2025) [48] RCT 70 35 35 Laparoscopic 
Cholecystectomy 

Haloi (2025) [53] Retrospective Cohort 192 192 0 Laparoscopic 
Cholecystectomy 

Risk of Bias Assessment: The risk of bias was assessed using appropriate tools mapped to study design. The 
single RCT was evaluated using Cochrane RoB 2 (Table 2A), observational comparative studies were evaluated 
utilizing ROBINS-I (Table 2B), and single-arm studies for qualitative synthesis were appraised using the 
MINORS criteria (Table 2C). 

Table 2A: Risk of Bias Assessment for RCTs (Cochrane RoB 2) 
Study D1: 

Randomization 
D2: 
Deviations 

D3: Missing 
Data 

D4: Outcome 
Measurement 

D5: 
Reported 
Result 

Overall Risk 

Jakhar (2025) 
[48] 

Low High (No 
blinding) 

Low Low Low Some 
Concerns 
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Table 2B. Risk of Bias Assessment for Non-Randomized Studies (ROBINS-I) 
Study Confo

unding 
Selection Classifica

tion 
Deviation
s 

Missing 
Data 

Measure
ment 

Reported 
Results 

Overall 
Risk 

Hossain 
(2025) [45] 

Modera
te 

Low Low Moderate Low Low Low Moderate 
Risk 

Mahasivabh
attu (2023) 
[46] 

Modera
te 

Low Low Moderate Low Low Low Moderate 
Risk 

Kabir 
(2024) [47] 

Modera
te 

Low Low Moderate Low Low Moderate Serious 
Risk 

Table 2C: Quality Appraisal for Single-Arm Studies (MINORS Criteria for Non-Comparative Studies) 
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Haloi (2025) [53] 2 2 0 2 0 2 2 0 10 (Moderate) 
Patel (2023) [54] 2 1 0 2 0 1 2 0 8 (Low/Mod) 
(Note: 0 = not reported; 1 = reported inadequately; 2 = reported adequately) 

Data Synthesis and Meta-Analysis 

Postoperative Ambulation (Continuous Data): 
Pooled analysis of continuous functional recovery 
data (restricted to two studies reporting continuous 
standard deviation data) demonstrated a statistically 
significant reduction in the time to postoperative 
ambulation for patients receiving TSSA compared 
to GA. The velocity of functional recovery was 

drastically improved, with the random-effects 
model yielding a Standardized Mean Difference 
(SMD) of -1.62 (95% CI: -2.07 to -1.17, p < 
0.0001). Statistical heterogeneity for this outcome 
across the included comparative trials was notably 
low (I² = 20.7%), indicating a highly consistent and 
strong clinical effect favouring TSSA for 
accelerated patient mobilization. (Figure 20). 

 

Figure 2: Time to post-operative ambulation:[45]; [47] 

Time to First Analgesic (Continuous Data): 
Quantitative synthesis of the comparative trials 
(restricted to three studies reporting robust 
continuous variance data) demonstrated that TSSA 
consistently provides superior early postoperative 
analgesic profiles. The time to the first rescue 
analgesic request was significantly prolonged in the 
TSSA group compared to patients emerging from 

general anaesthesia. The pooled SMD was 1.54 
(95% CI: 0.59 to 2.49, p = 0.0016), confirming 
superior early pain control. The high clinical and 
methodological heterogeneity for this outcome (I² = 
88.8%) is likely attributable to differences in the 
baricity and specific dosing of the local anaesthetic 
used across the included trials. (Figure 3) 
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Figure 3: Time to first Analgesic [45]; [46]; [48] 

Postoperative Nausea and Vomiting (PONV) 
(Dichotomous Data): TSSA exhibited a strong 
protective effect against PONV compared to GA. 
Utilizing a subgroup analysis to separate the RCT 
from observational cohorts, the pooled Odds Ratio 
indicated significantly fewer PONV events in the 
TSSA groups. Subgroup analysis revealed an OR 
of 0.28 (95% CI: 0.08 to 0.95) for the RCT and an 
OR of 0.22 (95% CI: 0.06 to 0.78) for the 

combined observational cohorts. Total events were 
6 out of 125 patients (4.8%) in the pooled TSSA 
cohorts versus 21 out of 125 patients (16.8%) in the 
GA cohorts. The overall effect demonstrated a 
strong reduction in PONV risk (OR = 0.24; 95% 
CI: 0.10 to 0.58, p = 0.002). Statistical 
heterogeneity across the included studies for this 
dichotomous outcome was low. (Figure 4) 

 

Figure 4: Analysis of Post-operative Nausea and Vomiting (PONV). [45]; [46]; [47]; [48] 

Severe Intraoperative Hypotension 
(Dichotomous Data): The pooled analysis for 
severe intraoperative hypotension requiring 
vasopressor support showed significant statistical 
heterogeneity (I² = 74.2%), which likely reflects the 
varying clinical thresholds and definitions of 
"severe hypotension" requiring intervention across 
the primary literature. While certain individual 

cohorts experienced higher incidences of transient 
hypotension under TSSA due to sympathetic 
blockade, the overall pooled effect did not reach 
statistical significance to definitively favour GA 
over TSSA regarding severe hypotensive events 
(OR = 1.25; 95% CI: 0.18 to 8.65, p = 0.822). 
(Figure 5) 
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Figure 5: Severe Intraoperative Hypotension; [45]; [46]; [47]; [48]

Discussion 

This systematic review and meta-analysis evaluate 
the safety and efficacy of TSSA as an alternative to 
GA for abdominal surgeries. Our synthesized data 
demonstrates that TSSA provides highly effective 
surgical conditions, significantly superior early 
postoperative analgesia, and accelerated functional 
recovery, albeit requiring vigilant intraoperative 
haemodynamic management. 

Accelerated Recovery and Attenuation of 
Surgical Stress: The most compelling advantage 
of TSSA identified in our analysis is the 
acceleration of postoperative recovery milestones. 
Patients receiving TSSA ambulated in roughly half 
the time of their GA counterparts. Central neuraxial 
blockade effectively blunts the surgically induced 
neuroendocrine stress  

response [62], thereby reducing protein catabolism 
and immunosuppression. This selective sensory 
blockade facilitates early mobilization—a 
cornerstone of Enhanced Recovery After Surgery 
(ERAS) protocols, particularly in high-risk elderly 
populations [63]. As ambulatory surgery evolves, 
the quality of long-term functional recovery has 
become a primary metric [64]. While traditional 
discharge scoring systems like the Aldrete score 
remain standard [65], specialized metrics such as 
the TSSA Recovery Score are being proposed to 
better capture the unique, rapid discharge readiness 
of these awake patients [66]. TSSA has also proven 
highly cost-effective by reducing anaesthetic drug 
expenditure and bypassing PACU bottlenecks 
entirely [67, 68]. To further enhance the awake 
patient experience and mitigate intraoperative 
anxiety, innovative adjuncts such as virtual reality 
immersion are currently being explored alongside 
these regional techniques [69]. 

Respiratory Benefits in High-Risk Cohorts: The 
most critical advantage of TSSA lies in its 
preservation of respiratory mechanics. GA and 
pneumoperitoneum combine to decrease functional 

residual capacity, increase intrapulmonary 
shunting, and promote postoperative atelectasis 
[60, 71]. In patients with severe COPD, asthma, or 
impaired pulmonary function, airway 
instrumentation can trigger fatal bronchospasm and 
necessitate prolonged mechanical ventilation [72-
74]. Our qualitative synthesis highlights that TSSA 
maintains spontaneous diaphragmatic excursion 
and entirely avoids the need for positive pressure 
ventilation. Numerous case series confirm the 
successful use of TSSA (and corresponding 
thoracic epidurals) as a rescue modality for patients 
with multiple comorbidities [75], interstitial lung 
disease [76], severe chronic respiratory failure [77], 
byssinosis [78], and complex neuromuscular 
conditions such as spinal muscular atrophy [79, 
80], drastically lowering their perioperative 
pulmonary risk. 

Haemodynamic Management and 
Pharmacological Optimization: The primary 
physiological consequence of TSSA is the blockade 
of sympathetic cardioaccelerator fibers (T1-T4) and 
splanchnic vasodilation, predisposing patients to 
bradycardia and hypotension [81]. Vigilant 
intraoperative management, including fluid pre-
loading and the prophylactic use of vasopressors, is 
essential [82]. To optimize TSSA and maintain 
cardiovascular stability, recent literature has 
focused heavily on the pharmacology of the 
intrathecal injectate. Studies comparing isobaric 
levobupivacaine or bupivacaine against hyperbaric 
formulations demonstrate differing spreads of 
sensory blockade and corresponding 
haemodynamic shifts [83-86]. The use of low-dose 
hypobaric solutions is also gaining traction as a 
method to achieve dense sensory blockade while 
strictly limiting unpredictable cephalad spread [87]. 
Furthermore, maintaining a low-pressure 
pneumoperitoneum is a vital surgical adjunct. Low 
pressure not only preserves venous return but 
significantly reduces the incidence of referred 
shoulder-tip pain [88-90], a common occurrence 
during awake laparoscopy that can otherwise 
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distress the patient and necessitate conversion to 
GA. 

Neurological Safety Profile: A historical barrier to 
the widespread adoption of TSSA has been the fear 
of iatrogenic spinal cord injury. However, massive 
clinical databases tracking severe neuraxial 
complications—such as spinal epidural hematoma, 
abscess formation [91, 92], and conus medullaris 
damage [93]—indicate that these events are 
exceedingly rare. When performed by experienced 
practitioners utilizing proper needle techniques 
(and increasingly, ultrasound guidance for optimal 
intervertebral space identification [94]), the 
incidence of paraesthesia, hematoma, or definitive 
neurological sequelae following thoracic puncture 
is minimal [95, 96]. Anatomical studies further 
explain this, confirming an expanded epidural and 
subarachnoid space at the mid-thoracic level that 
affords an exceptional safety margin [97]. 

Limitations 

This review is limited by the inherent clinical and 
methodological heterogeneity of the included 
studies. Specifically, the quantitative synthesis 
revealed high statistical heterogeneity in the time to 
first rescue analgesic (I^2 = 88.8\%) and incidences 
of severe intraoperative hypotension (I^2 = 
74.2\%). These variances are likely attributable to 
differences in surgical duration, variations in the 
specific dosing regimens and baricity of the local 
anaesthetic utilized (isobaric versus hyperbaric), 
and differing clinical thresholds defining "severe 
hypotension" requiring vasopressor intervention 
across the primary literature. Furthermore, because 
the quantitative meta-analysis pooled data from 
only four comparative trials, it was not statistically 
feasible to perform a robust meta-regression to 
definitively isolate and quantify the impact of these 
specific confounding variables. 

Conclusion 

Thoracic Segmental Spinal Anaesthesia is a safe, 
highly efficacious, and superior alternative to 
General Anaesthesia for elective abdominal 
surgeries in appropriately selected patients. It 
drastically reduces the time to ambulation, 
minimizes postoperative nausea and vomiting, and 
provides excellent early analgesia. While vigilant 
management of intraoperative blood pressure is 
required, TSSA offers a profound clinical 
advantage for patients with severe respiratory 
comorbidities where general anaesthesia is 
contraindicated. 

Acknowledgments: The author(s) would like to 
gratefully acknowledge the library staff at Sri 
Siddhartha Medical College (SSMC) for their 
invaluable assistance with extensive literature 
retrieval, database access, and obtaining the full-

text articles necessary to conduct this 
comprehensive systematic review. 

Author’s Contributions: Dr S B Gangadhar 
supervised the whole study, Alok Belgaumkar 
conceptualized the study, developed the search 
strategy and methodology, conducted the 
systematic literature review, Pooja N V and Alok 
Belgaumkar performed data extraction and risk of 
bias assessments, carried out the statistical meta-
analysis, and drafted the manuscript. All authors 
read and approved the final manuscript. 

Declarations 

Ethical Approval and Data Retention: As this study 
is a systematic review and meta-analysis of 
previously published literature, formal ethical 
approval was not required.The datasets generated 
and analyzed during the current systematic review 
and meta-analysis are available from the 
corresponding author upon reasonable request 

Statement of Informed Consent: Informed consent 
for patient information to be published in this 
article was not obtained because of the nature of 
the study and the patient’s identity information has 
been concealed. The Ethics Committee waived the 
requirement for informed consent. 

Consent for Publication: Not applicable. 

Competing Interests: The authors declare no 
competing interests. 

Abbreviations: 

• COPD: Chronic obstructive pulmonary 
disease   

• CSE: Combined spinal epidural   
• ERAS: Enhanced Recovery After 

Surgery   
• GA: General anaesthesia   
• MINORS: Methodological Index for 

Non-Randomized Studies   
• MRI: Magnetic resonance imaging   
• OR: Odds Ratio   
• PACU: Post-anaesthesia care unit   
• PONV: Postoperative nausea and 

vomiting   
• PRISMA: Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses   
• RCTs: Randomized controlled trials   
• RoB 2: Cochrane risk of bias assessment 

tool 2   
• SMD: Standardized Mean Difference   
• SSMC: Sri Siddhartha Medical College   
• TSSA: Thoracic segmental spinal 

anaesthesia  

References 

1. Keus F, de Jong JA, Gooszen HG, van 
Laarhoven CJ. Laparoscopic versus open 
cholecystectomy for patients with 



 

 

 
International Journal of Current Pharmaceutical Review and Research     e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gangadhar et al.                     International Journal of Current Pharmaceutical Review and Research 

364  

symptomatic cholecystolithiasis. Cochrane 
Database Syst Rev. 
2006;(4):CD006231.10.1002/14651858.CD
008318. 

2. Vretzakis G, Bareka M, Aretha D, 
Karanikolas M. Regional anaesthesia for 
laparoscopic surgery: a narrative review. J 
Anesth. 2013;28(3):429-
446.10.1007/s00540-013-1736-z. 

3. Sinha R, Gurwara AK, Gupta SC. 
Laparoscopic cholecystectomy under spinal 
anaesthesia: a study of 3492 patients. J 
Laparoendosc Adv Surg Tech A. 2009 
Jun;19(3):323-7. doi: 
10.1089/lap.2008.0393. 

4. Bajwa SS, Kulshrestha A. Anaesthesia for 
laparoscopic surgery: General vs. regional 
anaesthesia. J Minim Access Surg. 
2016;12(1):4-9.10.4103/0972-9941.169952 

5. Hickey AJ, Cummings MJ, Short B, Brodie 
D, Panzer O, Madahar P, et al. Approach to 
the Physiologically Challenging 
Endotracheal Intubation in the Intensive 
Care Unit. Respir Care. 2023; 68(10): 
1438.10.4187/respcare.10821 

6. Tateosian VS, Champagne K, Gan TJ. What 
is new in the battle against postoperative 
nausea and vomiting? Best Pract Res Clin 
Anaesthesiol. 2018;32(2): 
137.10.1016/j.bpa.2018.06.005 

7. Alghamdi LM, Filfilan R, Alghamdi A, 
Alharbi R, Kayal H. Factors Associated 
with Prolonged-Stay Patients Within the 
Post-anaesthesia Care Unit: A Cohort 
Retrospective Study. Cureus. 
2024;16(5).10.7759/cureus.60092. 

8. Chung F, Mezei G. Adverse outcomes in 
ambulatory anaesthesia. Can J Anaesth. 
1999;46.10.1007/BF03013179. 

9. Parra-Sánchez I, Abdallah R, You J, Fu AZ, 
Grady M, Cummings KC, et al. A time-
motion economic analysis of postoperative 
nausea and vomiting in ambulatory surgery. 
Can J Anaesth. 
2012;59(4):366.10.1007/s12630-011-9660-
x 

10. Thune A, Appelgren L, Haglind E. 
Prevention of postoperative nausea and 
vomiting after laparoscopic 
cholecystectomy. Eur J Surg. 
1995;161(4):265-268.PMID: 7612769. 

11. Beitler JR, Malhotra A, Thompson BT. 
Ventilator-induced Lung Injury. Clin Chest 
Med. 2016;37(4): 633-
646.10.1016/j.ccm.2016.07.004. 

12. Rutkowska, K. &Misiołek, H. &Kucia, H. 
&Knapik, P.. (2006). Perioperative 
management of COPD patients undergoing 
nonpulmonary surgery. 
AnestezjologiaIntensywna Terapia. 38. 153-

157. 
https://www.researchgate.net/publication/28
9700017_Perioperative_management_of_C
OPD_patients_undergoing_nonpulmonary_
surgery. 

13. Licker MJ, Widikker I, Robert J, et al. 
Operative Mortality and Respiratory 
Complications After Lung Resection for 
Cancer. Ann Thorac Surg. 2006;81(5): 
1830-
1837.10.1016/j.athoracsur.2005.11.048. 

14. Nafiu OO, Ramachandran SK, Ackwerh R, 
et al. Factors associated with and 
consequences of unplanned post-operative 
intubation in elderly vascular and general 
surgery patients. Eur J Anaesthesiol. 
2011;28(3):220-
224.10.1097/EJA.0b013e328342659c. 

15. Rodgers A, Walker N, Schug S, et al. 
Reduction of postoperative mortality and 
morbidity with epidural or spinal 
anaesthesia. BMJ. 2000; 
321:1493.10.1136/bmj.321.7275.1493 

16. Whizar-Lugo VM. Topics in Spinal 
Anaesthesia. InTech eBooks; 
2014.https://doi.org/10.5772/57013. 

17. Olawin AM, Das JM. Spinal Anaesthesia. 
StatPearls Publishing; 
2022.https://www.ncbi.nlm.nih.gov/books/
NBK537299/. 

18. G. Hocking, J. A. W. Wildsmith, Intrathecal 
drug spread, BJA: British Journal of 
Anaesthesia, Volume 93, Issue 4, October 
2004, Pages 568–578, 10.1093/bja/aeh204. 

19. Carpenter, R.L., Caplan, R.A., Brown, D.L., 
Stephenson, C. and Wu, R. (1992) 
Incidence and Risk Factors for Side Effects 
of Spinal Anaesthesia. Anesthesiology, 76, 
906-916.10.1097/00000542-199206000-
00006. 

20. Khan IA, Siddiqui NH, Ramachandra SS, 
Nair A. Indications and Technique for 
Thoracic Segmental Spinal Anaesthesia in 
Clinical Practice: A Narrative Review. 
Cureus. 2025;17(5):e84118. 
10.7759/cureus.84118 

21. Roux JJ, Wakabayashi K, Jooma Z. 
Defining the role of thoracic spinal 
anaesthesia in the 21st century. Br J 
Anaesth. 2023;130(1):e56-65. 
10.1016/j.bja.2022.03.008. 

22. Lee RA, Zundert A van, Botha CP, Lataster 
LMA, Zundert TCRVV, Ham WGJM van 
der, et al. The Anatomy of the Thoracic 
Spinal Canal in Different Postures. Reg 
Anesth Pain Med. 
2010;35(4):364.10.1097/aap.0b013e3181e8
a344. 

23. Imbelloni LE, Quirici MB, FerrazFilho JR, 
Cordeiro JA, Ganem EM. The anatomy of 

https://doi.org/10.1093/bja/aeh204


 

 

 
International Journal of Current Pharmaceutical Review and Research     e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gangadhar et al.                     International Journal of Current Pharmaceutical Review and Research 

365  

the thoracic spinal canal investigated with 
magnetic resonance imaging. Anesth Analg. 
2010;110(5):1494-1495. 
10.1213/ANE.0b013e3181d5aca6. 

24. Park JW, Bae SK, Huh J. Distance from 
Dura mater to spinal cord at the thoracic 
vertebral level: An introductory study on 
local subdural geometry. J Int Med Res. 
2016;44:950-956. 
10.1177/0300060516652751. 

25. Chandel UK, Dhaulta P, Verma D. Spinal 
anaesthesia versus general anaesthesia in 
laparoscopic cholecystectomy: a 
comparative study. Sch J App Med Sci. 
2017;5(2A):300-306. Source: SAS 
Publishers 
https://share.google/HXsJ9O8McFIEKhEA
7. 

26. Bessa SS, El-Sayes IA, El-Saiedi MK, 
Abdel-Baki NA, Abdel-Maksoud MM. 
Laparoscopic cholecystectomy under spinal 
versus general anaesthesia: a prospective, 
randomized study. J Laparoendosc Adv 
Surg Tech A. 2010;20(6):515-20. 
10.1089/lap.2010.0041. 

27. Imbelloni LE, Sant'anna R, Fornasari M, 
Fialho JC. Laparoscopic cholecystectomy 
under spinal anaesthesia: comparative study 
between conventional-dose and low-dose 
hyperbaric bupivacaine. Local Reg Anesth. 
2011;4:41-6. 10.2147/LRA.S19979. 

28. Kar M, Kar JK, Debnath B. Experience of 
Laparoscopic Cholecystectomy under 
Spinal Anaesthesia with Low-pressure 
Pneumoperitoneum: Prospective Study of 
300 Cases. Saudi J Gastroenterol. 
2011;17(3):203-207. 10.4103/1319-
3767.80385. 

29. Roesch-Dietlen F, Pérez-Morales AG, 
Gómez-Delgado JA, et al. Spinal 
Anaesthesia in Laparoscopic 
Cholecystectomy: A Cohort Study of 1762 
Cases in Southeastern Mexico. Indian J 
Surg. 2021. 10.1007/s12262-021-03059-8. 

30. Sinha R, Gurwara AK, Gupta SC. 
Laparoscopic Cholecystectomy Under 
Spinal Anaesthesia: A Study of 3492 
Patients. J Laparoendosc Adv Surg Tech A. 
2009;19(3):323-327. 
10.1089/lap.2008.0393. 

31. Goyal L, Gupta S, Nagar S, Bhargava V. 
Feasibility, Safety, and Efficacy of 
Segmental Spinal Anaesthesia with 
Predominantly Isobaric Levobupivacaine. 
Int J Integr Health Sci. 2024;12(2):87-
94.10.15850/ijihs.v12.n2.3988. 

32. Gautam B. Spinal anaesthesia for 
laparoscopic cholecystectomy: a feasibility 
and safety study. Kathmandu Univ Med J 
(KUMJ). 2009;7(28):360-8. 

10.3126/kumj.v7i4.2755. 
33. Begum M, Baki MA, Ahmed K, et al. 

Safety and Feasibility of SAB in Otherwise 
Healthy Individuals Undergoing 
Laparoscopic Cholecystectomy. Saudi J 
Med Pharm Sci. 2023;9:570-575. 
10.36348/sjmps. 2023.v09i08.013. 

34. Ullah ME, Rahman MM, Talukder RH, 
Tareq RU, Alam MNA. Safety and 
feasibility of subarachnoid block in 
laparoscopic cholecystectomy. IMC J Med 
Sci. 2019;13(1): 
006.https://banglajol.info/index.php/IMCJ
MS/article/view/42039. 

35. Mohsen KM. Role of Thoracic Spinal 
Anaesthesia in Laparoscopic 
Cholecystectomy: A Literature Review. J 
Adv Med Med Res. 2023;35(19):94-
100.10.9734/jammr/2023/v35i195144. 

36. Kejriwal AK, Begum S, Krishan G, 
Agrawal R. Laparoscopic Cholecystectomy 
under Segmental Thoracic Spinal 
Anaesthesia: A Feasible Economical 
Alternative. Anesth Essays Res. 
2017;11(3):781-783. 10.4103/0259-
1162.174467. 

37. Laoutid J, Sakit F, Jbili N, Hachimi MA. 
Low dose spinal anaesthesia for open 
cholecystectomy: a feasibility and safety 
study. Int Surg J. 2017;4(4):1417–1421. 
https://doi.org/10.18203/2349-
2902.isj20171153. 

38. Sunamak O, Donmez T, Uzman S, et al. 
Laparoscopic Cholecystectomy Under 
Combined Spinal/Epidural Anaesthesia: A 
Retrospective Analysis of 112 Cases. 
Haydarpasa Numune Med J. 2018;58(1):5-
11. 10.14744/hnhj.2017.60783. 

39. Gautam SN, Yadav R, Khanal A, Dangol S. 
The Safety and Feasibility of Segmental 
Thoracic Spinal Anaesthesia Above 
Umbilicus and Breast Surgery. Nepal Med 
Coll J. 2024;26(2):104-111.  
https://orcid.org/0009-0007-8460-4504. 

40. Paliwal N, Maurya N, Suthar OP, Janweja 
S. Segmental thoracic spinal anaesthesia 
versus general anaesthesia for breast cancer 
surgery. J Anaesthesiol Clin Pharmacol. 
2022;38:560. 
10.4103/joacp.JOACP_679_20 

41. Hamdi T, Mastari ES, Lubis AP, et al. 
Effectiveness and safety of thoracic 
segmental spinal anaesthesia for breast 
surgery: A systematic review. Narra J. 
2025;5(1):1-12. 10.52225/narra.v5i1.1630. 

42. Samantaray A, Garg R. Segmental thoracic 
spinal anaesthesia beyond high-risk cases: 
Are we ready for routine use? Indian J 
Anaesth. 2025;69(5):425. 

43. Page MJ, McKenzie JE, Bossuyt PM, et al. 



 

 

 
International Journal of Current Pharmaceutical Review and Research     e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gangadhar et al.                     International Journal of Current Pharmaceutical Review and Research 

366  

The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. 
BMJ. 2021;372:n71. 
10.4103/ija.ija_353_25. 

44. Nejadghaderi SA, Balibegloo M, Rezaei N. 
The Cochrane risk of bias assessment tool 2 
(RoB 2) versus the original RoB: A 
perspective on the pros and cons. Health Sci 
Rep. 2024;7(6). 10.1002/hsr2.2165. 

45. Hossain MM, Mohanta PK. Thoracic 
Segmental Spinal Anaesthesia Versus 
General Anaesthesia for Laparoscopic 
Cholecystectomy: A Comparative Study. 
Saudi J Med Pharm Sci. 2025;11(7):572-
576. 10.36348/sjmps. 2025.v11i07.012. 

46. Mahasivabhattu SS, Gopalakrishnaiah C, 
Sophia P, Vardhan AV. Thoracic segmental 
spinal anaesthesia vs general anaesthesia for 
laparoscopic cholecystectomy: a 
comparative study. Int J Basic Clin 
Pharmacol. 2023;12(3):452-457. 
10.18203/2319-2003.ijbcp20231127. 

47. Kabir SMI, Tamanna MY. Study of 
Thoracic Segmental Spinal Anaesthesia vs 
General Anaesthesia for Laparoscopic 
Cholecystectomy. TAJ. 2024;37(2):826-
832. 10.70818/taj.v037i02.0460. 

48. Jakhar S, Singh AV, Saini P. Safety, 
Feasibility And Post Operative Analgesic 
Consumption In Laproscopic 
Cholecystectomy Performed Under Mid 
Thoracic Segmental Thoracic Spinal 
Anaesthesia or Conventional GA: A 
Prospective Randomised Study. Int J Life 
Sci Biotechnol Pharma Res. 2025;14(5). 
https://ijlbpr.com/htmlissue.php?id=6758 

49. Kumar N, Neeraj, Prasad S, Kumar R. 
Comparison of hemodynamic changes in 
thoracic segmental spinal anaesthesia and 
general anaesthesia for laparoscopic 
cholecystectomy. Stud J Health Res Afr. 
2024;5(11):1-8. 10.51168/sjhrafrica. 
v5i11.1750 

50. Singhal G, Kaur P. Comparison of 
hemodynamic changes in thoracic 
segmental spinal anaesthesia and general 
anaesthesia for laparoscopic 
cholecystectomy. Indian J Clin Anaesth. 
2024;11(2):125-131. 
10.18231/j.ijca.2024.028 

51. Haq HU, Raghunath SV, Sushma V. A 
comparison of general anaesthesia and 
segmental thoracic spinal anaesthesia 
regarding hemodynamic stability. IAR J 
Med Surg Res. 2022;3:1-6. 
https://doi.org/10.47310/iarjmsr.2022.V03i
06.01. 

52. Karim HMR, Khan IA, Ayub A, Ahmed G. 
Comparison of Hemodynamic and 
Recovery Profile Between Segmental 

Thoracic Spinal and General Anaesthesia in 
Upper Abdominal and Breast Surgeries: A 
Systematic Review and Meta-Analysis. 
Cureus. 2024;16:e68792. 
10.7759/cureus.68792. 

53. Haloi P, Biswas R, Bora AK, Mahanta D, 
Devi S. Assessing the feasibility of thoracic 
segmental spinal anaesthesia for 
laparoscopic cholecystectomy: a 
retrospective observational study involving 
192 patients. Res Opin Anesth Intensive 
Care. 2025;12: 255-
262.10.4103/roaic.roaic_30_24 

54. Patel J, Ponnusamy K, Patel A. Thoracic 
spinal anaesthesia in upper abdominal 
surgeries. Indian J Clin Anaesth 2023; 
10(1):85-88. 

55. Priya SKK, Segaran S, Arish BT, 
Soundarya M. Utility of thoracic segmental 
spinal anaesthesia (TSSA) in high-risk 
surgical patients – our experience: Twin 
case report. J Anaesthesiol Clin Pharmacol. 
2025. 
https://doi.org/10.4103/jcrsm.jcrsm_117_24
. 

56. Aljuba YM, Amro AT, Hamamdh MG. 
Segmental Thoracic Spinal Anaesthesia for 
Critical Patients Undergoing Abdominal 
Surgeries: A Case Series and Literature 
Review. Cureus. 2024;16(11):e74348. 
10.7759/cureus.74348. 

57. Bajracharya NR, Joshi P, Neupane B, et al. 
Thoracic Segmental Spinal Anaesthesia for 
Laparoscopic Cholecystectomy: A Case 
Report. J Inst Med Nepal. 2024;46(1):75-
78. 
https://doi.org/10.59779/jiomnepal.1315. 

58. Santoro E, Colace L, Pedullà G, Pullano C. 
Spinal and Epidural Anaesthesia for 
Laparoscopic Abdominal Surgery: 84 
Procedures. World J Surg Surgical Res. 
2021; 4:1334. Source: World Journal of 
Surgery and Surgical Research 
https://share.google/LjCzUPYteaDKATFrs. 

59. Daszkiewicz A, Copik M, Misiolek H. 
Thoracic combined spinal-epidural 
anaesthesia for laparoscopic 
cholecystectomy in an obese patient with 
asthma and multiple drug allergies. Innov 
Surg Sci. 2016;1(2):105-108. 10.1515/iss-
2016-0024. 

60. Etta OE, Umeh K, Akpan SG. Thoracic 
epidural anaesthesia for major abdominal 
surgeries: experience in private hospital 
setting in Uyo. South Afr J Anaesth Analg. 
2016;22(3):86-88. 
https://doi.org/10.1080/22201181.2016.116
8612. 

61. Atta TT, Wajih SM, Mnati ZM. Thoracic 
epidural anaesthesia for laparoscopic 



 

 

 
International Journal of Current Pharmaceutical Review and Research     e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gangadhar et al.                     International Journal of Current Pharmaceutical Review and Research 

367  

cholecystectomy in patient with type IV 
spinal muscular dystrophy. 2015.Source: 
Lippincott Home 
https://share.google/g60rXHtkQV3oaFBcD. 

62. Finnerty CC, Mabvuure NT, Ali A, Kozar 
RA. The surgically induced stress response. 
J Parenter Enteral Nutr. 2013;37(5):21S-
29S. 10.1177/0148607113496117. 

63. Ravindran A, Khan IA, Shetty S. 
Exploratory Laparotomy with Enhanced 
Recovery Under Combined Thoracic 
Segmental Spinal and Epidural Anaesthesia 
in a High-Risk Elderly Patient. Cureus. 
2025;17(8):e90709. 10.7759/cureus.90709. 

64. Myles PS. More than just morbidity and 
mortality—quality of recovery and long-
term functional recovery after surgery. 
Anaesthesia. 2020;75 Suppl 1:e143-150. 
10.1111/anae.14786. 

65. Deshmukh PP, Chakole V. Post-anaesthesia 
recovery: a comprehensive review of 
Aldrete scoring systems. Cureus. 
2024;16:e70935. 10.7759/cureus.70935. 

66. Khan IA, Paliwal N, Singhal G. Thoracic 
Segmental Spinal Anaesthesia (TSSA) 
Recovery Score: A Proposed Tool for 
Assessing Discharge Readiness. Cureus. 
2026;18(3):e106006.10.7759/cureus.10600
6. 

67. Gonano C, Leitgeb U, Sitzwohl C, et al. 
Spinal versus general anaesthesia for 
orthopedic surgery: anaesthesia drug and 
supply costs. Anesth Analg. 
2006;102(2):524-529. 
10.1213/01.ane.0000194292. 81614.c6. 

68. Jensen K, Kehlet H, Lund CM. 
Postoperative recovery profile after elective 
abdominal hysterectomy: a prospective, 
observational study of a multimodal 
anaesthetic regime. Eur J Anaesthesiol. 
2009;26(5):382-388. 
10.1097/EJA.0b013e32831f3429. 

69. Faruki AA, Nguyen TB, Gasangwa DV, 
Levy N, Proeschel S, Yu J, et al. Virtual 
reality immersion compared to monitored 
anaesthesia care for hand surgery: A 
randomized controlled trial. PLoS ONE. 
2022;17(9). 
https://doi.org/10.1371/journal.pone.027203
0 

70. Nunn JF. Effects of anaesthesia on 
respiration. Br J Anaesth. 1990; 65:54-62. 
10.1093/bja/65.1.54. 

71. Gutt CN, Oniu T, Mehrabi A, et al. 
Circulatory and respiratory complications of 
carbon dioxide insufflation. Dig Surg. 
2004;21(2):95-105. 10.1159/000077038 

72. Gupta H, Ramanan B, Gupta PK, et al. 
Impact of COPD on Postoperative 
Outcomes. Chest. 2013;143(6):1599-1606. 

10.1378/chest.12-1499. 
73. Reilly JJ Jr. Evidence-based preoperative 

evaluation of candidates for thoracotomy. 
Chest. 1999; 116:474S-476S. 
10.1378/chest.116.suppl_3.474s. 

74. Lindberg P, Gunnarsson L, Tokics L, et al. 
Atelectasis and lung function in the 
postoperative period. Acta Anaesthesiol 
Scand. 1992;36:546-553. 10.1111/j.1399-
6576. 1992.tb03516.x. 

75. Najar FA, Bashir S, Nadaf ZM, Rashid A, 
Khanday ZS. Laparoscopic 
Cholecystectomy Under Spinal Anaesthesia 
in Patients with Multiple Comorbidities: A 
Cohort Study. Research Square. 2025:1-27. 
https://doi.org/10.21203/rs.3.rs-7801682/v1. 

76. Parekh H, Latkar P, Nalavade A, et al. 
Anaesthesia management in a patient of 
interstitial lung disease for emergency 
laparotomy. Int J Res Med Sci. 2021; 
10:3216-3218. 
https://doi.org/10.18203/2320-
6012.ijrms20213963. 

77. Lee M, Woo Y. Regional anaesthesia for 
abdominal surgery in a patient with severe 
chronic respiratory failure. Soonchunhyang 
Med Sci. 2021; 27:118-120. 
10.15746/sms.21.029. 

78. Patel K, Salgaonkar S. Segmental thoracic 
spinal anaesthesia in patient with Byssinosis 
undergoing nephrectomy. Anesth Essays 
Res. 2012; 6:236-238.10.4103/0259-
1162.108352. 

79. Weston LA, DiFazio CA. Labor analgesia 
and anaesthesia in patient with spinal 
muscular atrophy. Reg Anesth. 1996; 
21:350-354. 
https://pubmed.ncbi.nlm.nih.gov/8837195/. 

80. Choi YH, Gwak M, Lee YK, et al. 
Intravenous Anaesthesia in Spinal Muscular 
Atrophy. Korean J Anesthesiol. 2007; 
53:803-805. 
https://doi.org/10.4097/kjae.2007.53.6.803. 

81. Casati A, Fanelli G, Berti M, et al. Cardiac 
performance during unilateral lumbar spinal 
block after crystalloid preload. Can J 
Anaesth. 1997; 44:623-628. 
10.1007/BF03015446 

82. Ferré F, Martin C, Bosch L, et al. Control of 
spinal anaesthesia-induced hypotension in 
adults. Local Reg Anesth. 2020; 13:39-46. 
10.2147/LRA.S240753. 

83. Helill SE, Sahile WA, Abdo RA, Wolde 
GD, Halil HM. The effects of isobaric and 
hyperbaric bupivacaine on maternal 
hemodynamic changes. PLoS One. 
2019;14(12):1-9. 
10.1371/journal.pone.0226030. 

84. Rao DG, Anand S, Pasha N. Comparative 
study of isobaric levobupivacaine and 



 

 

 
International Journal of Current Pharmaceutical Review and Research     e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gangadhar et al.                     International Journal of Current Pharmaceutical Review and Research 

368  

hyperbaric bupivacaine for subarachnoid 
block. Anaesth Pain Int Care. 
2020;24(2):215-222. 
10.35975/apic.v24i2.1258. 

85. Verma AK, Kumar N, Srinivas C, Sahu P. 
Comparison of the Effectiveness and Safety 
of Segmental Thoracic Spinal Anaesthesia 
Using Isobaric Levobupivacaine 0.5% 
Versus Hyperbaric Levobupivacaine 0.5%. 
Cureus. 2024;16(12):1-12. 
10.7759/cureus.76060. 

86. Sinha R, Gurwara AK, Gupta SC. 
Laparoscopic Surgery Using Spinal 
Anaesthesia. JSLS. 2008;12(2):133. 
https://pubmed.ncbi.nlm.nih.gov/18435884/
. 

87. Paliwal N, Kokate MV, Deshpande NA, 
Khan IA. Spinal Anaesthesia Using 
Hypobaric Drugs: A Review of Current 
Evidence. Cureus. 2024;16(3):e56069. 
10.7759/cureus.56069. 

88. Lu K, Peng X, Lan K, Zhang F, Cheng Y, 
Yang H. Low pneumoperitoneum pressure 
facilitates postoperative pain relief and 
gastrointestinal function recovery in 
laparoscopic gastrointestinal surgery. Front 
Oncol. 2025; 15:1665112. 
10.3389/fonc.2025.1665112. 

89. Agarwal L, Kumawat S, Jain S, Yadav AK, 
Sharma S. Correlation of shoulder tip pain 
in case of low pressure and standard 
pressure pneumoperitoneum post 
laparoscopic cholecystectomy. Int Surg J. 
2021;8(5): 
1522.https://doi.org/10.18203/2349-
2902.isj20211820. 

90. Carannante F, Miacci V, Melone G, 
Ricciardi R, Citriniti V, D’Agostino F, et al. 
Clinical Safety and Feasibility of Minimally 

Invasive Colectomy Under Neuraxial 
Anaesthesia in Frail Patients. Research 
Square. 2024. 10.21203/rs.3.rs-4175925/v1. 

91. Makito K, Mouri H, Matsui H, Michihata 
N, Fushimi K, Yasunaga H. Spinal epidural 
hematoma and abscess after neuraxial 
anaesthesia: a historical cohort study. Can J 
Anaesth. 2020;68(1):42.10.1007/s12630-
020-01827-w. 

92. Lagerkranser M. Neuraxial blocks and 
spinal haematoma: Review of 166 case 
reports published 1994–2015. Scand J Pain. 
2017;15(1): 
118.10.1016/j.sjpain.2016.11.008. 

93. Reynolds F. Damage to the conus 
medullaris following spinal anaesthesia. 
Anaesthesia. 2001;56(3):238-247. 
https://doi.org/10.1046/j.1365-
2044.2001.01422-2.x. 

94. Chin KJ, Karmakar MK, Peng P. 
Ultrasonography of the adult thoracic and 
lumbar spine for central neuraxial blockade. 
Anesthesiology. 2011;114(6):1459-1485. 
10.1097/ALN.0b013e318210f9f8. 

95. Kreppel D, Antoniadis G, Seeling W. 
Spinal hematoma: A literature survey. 
Neurosurg Rev. 2003;26(1):1-49. 
10.1007/s10143-002-0224-y. 

96. Imbelloni LE, Pitombo PF, Ganem EM. 
The incidence of paresthesia and neurologic 
complications after lower spinal thoracic 
puncture. J Anesth Clin Res. 
2010.10.4172/2155-6148.1000106. 

97. Imbelloni LE, Gouveia MA. Low Incidence 
of Neurologic Complications during 
Thoracic Epidurals: Anatomic Explanation. 
AJNR Am J Neuroradiol. 2010. 
10.3174/ajnr.A2227. 

 

https://doi.org/10.1046/j.1365-2044.2001.01422-2.x
https://doi.org/10.1046/j.1365-2044.2001.01422-2.x

