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Abstract

Thoracic segmental spinal anesthesia (TSSA) represents an advanced technique in present clinical
anesthetic practice. By lowering the systemic effects of anesthesia, preserving improved hemodynamic
stability, and accelerating postoperative recovery, its targeted approach provides significant benefits in
certain upper abdominal and thoracic procedures, particularly in high-risk patients. However, careful patient
selection, exact technical execution, and in-depth understanding of thoracic anatomy are necessary for its
successful implementation. Despite its advantages, TSSA is not yet widely adopted. The major concerns
remain related to its technical complexity, principally the risk of spinal cord injury, and the necessity for
specialized training and imaging guidance during needle placement. In recent years, there has been a surge
in the number of articles describing the safety of TSSA for varying surgeries. This review aims to summarize
various indications and the techniques described in the literature related to TSSA.

Categories: Anesthesiology
Keywords: acute postoperative pain, ‘anesthesia, regional anesthesia, subarachnoid block, thoracic segmental spinal
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Introduction And Background

Spinal anesthesia (SA) or subarachnoid block is a common regional anesthesia technique introduced in the
late 19th century. Traditionally, lumbar spinal anesthesia (LSA) has been the preferred technique due to its
well-documented safety profile and widespread applicability across various surgical procedures [1].
However, there has been growing interest in thoracic segmental spinal anesthesia (TSSA) in recent years.
This technique involves administering intrathecal local anesthetics at thoracic vertebral levels to achieve
segmental blockade [2]. Unlike LSA, which often results in a more extensive sympathetic block and
associated hemodynamic instability, particularly in patients with compromised cardiovascular reserve, TSSA
offers a more targeted approach with better hemodynamic stability and reduced side effects [3].

TSSA has emerged as an alternative to LSA and general anesthesia (GA) for several surgical procedures. The
technique has been refined with the advent of low-dose intrathecal anesthetics (isobaric and hypobaric local
anesthetics)and improved imaging modalities, like ultrasonography, ensuring safer administration [4]. By
limiting the spread of the anesthetic agent to specific thoracic dermatomes, TSSA minimizes the impact on
lower limb motor function and preserves sympathetic tone, thereby reducing the risk of hypotension and
bradycardia [5]. Additionally, TSSA has been associated with decreased opioid consumption, reduced
postoperative nausea and vomiting, and faster recovery times compared to GA and LSA [6].

Despite its potential advantages, TSSA remains underutilized in routine clinical practice, primarily due to
concerns regarding its safety and the technical expertise required for its administration [7]. However,
emerging evidence suggests that TSSA is not only feasible but also beneficial across multiple surgical
specialties, including orthopedic, abdominal, thoracic, and obstetric surgeries [3,8]. Given the expanding
body of literature on TSSA, a comprehensive review is warranted to evaluate its varied clinical indications,
identify areas where it offers superior outcomes, and highlight potential challenges in its implementation.
This narrative review aims to evaluate and synthesize current evidence regarding the clinical indications for
TSSA across different surgical specialties. By systematically analyzing the literature, we seek to provide
insights into its technique and applicability, ultimately guiding anesthesiologists in optimizing its use in
modern anesthesia practice.

Review
Methods

A broad search strategy was used to incorporate the maximum relevant articles.

Search Strategy

How to cite this article
Khan 1, Siddiqui N, Ramachandra S S, et al. (May 14, 2025) Indications and Technique for Thoracic Segmental Spinal Anesthesia in Clinical
Practice: A Narrative Review. Cureus 17(5): e84118. DOI 10.7759/cureus.84118


https://www.cureus.com/users/313003-imran-ahmed-khan
https://www.cureus.com/users/609275-nurul-haque-siddiqui
https://www.cureus.com/users/599245-srikrishna-sulgodu-ramachandra
https://www.cureus.com/users/142781-abhijit-nair
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

A comprehensive literature search was conducted in databases and search engines including
PubMed/MEDLINE, Embase, Scopus, and Google Scholar. Search terms and Boolean strategy were applied
using primary keywords “thoracic segmental spinal anesthesia” OR segmental thoracic spinal anesthesia”,
OR “thoracic spinal anesthesia”, AND “segmental spinal anesthesia”.

Eligibility Criteria
The study inclusion criteria were decided beforehand and presented according to the PICO (Population,

Intervention, Comparison, Outcome) framework (Table 7).

Component Details

Population Patients undergoing surgical procedures where TSSA was used as an anesthetic technique (e.g., general surgery,

(P) laparoscopic surgery, cesarean section, orthopedic surgery, urological surgery, and thoracic surgery)
Intervention
TSSA
0}
Comparison  Other anesthesia techniques (e.g., LSA, epidural anesthesia, and general anesthesia) or no direct comparison in some
(C) cases
Outcome Varied clinical indications and applications of TSSA, including feasibility, safety, efficacy, and advantages over other
(0) techniques

TABLE 1: PICO framework of the study

TSSA: thoracic segmental spinal anesthesia; PICO: Population, Intervention, Comparison, Outcome; LSA: lumbar spinal anesthesia

Inclusion Criteria

Studies reporting clinical indications of TSSA, consisting of randomized controlled trials (RCTs),
comparative studies, observational studies, case reports, and case series, published in the English language.
In comparative studies, only those data were included that reported TSSA participants.

Exclusion Criteria

Studies on LSA and GA without specific TSSA data were excluded. Any type of review article, editorials,
expert opinions, and animal studies were also excluded.

Study Selection and Data Extraction

Two independent investigators (IAK and KS) screened titles and abstracts from databases PubMed, Medline,
Scopus, Embase, and Google Scholar search engine till January 2025 using predefined keywords and Boolean
operators ("Thoracic segmental spinal anesthesia" OR "segmental spinal anesthesia" OR "segmental thoracic
spinal anesthesia” OR “thoracic spinal anesthesia” OR "spinal anesthesia in thoracic region"). Full-text
reviews for eligible studies were conducted by the same two investigators. Disagreements between
investigators were resolved through discussion, and in cases where consensus could not be reached, a third
reviewer (AN) was consulted. Full-text articles were retrieved for the studies shortlisted based on the
eligibility criteria. Data extraction included author, country, year of publication, study design, sample size,
level of spinal block, LA and adjuvants used, surgical procedure, comorbidities, and clinical complications.

Results

A total of 604 potentially relevant articles were identified from PubMed (43), Medline (40), Embase (30),
Scopus (48), and Google Scholar (443). After removing 30 records marked as ineligible by automation tools
and 161 duplicate articles, 413 were available for title and abstract screening. The screening through titles
and abstracts further removed 292 articles. Out of the remaining 121, the full text of 18 articles was not
retrieved and was removed. The full text of the remaining 103 articles was retrieved and assessed, and based
on the selection criteria, seven articles were excluded at this stage. Finally, the remaining 96 articles were
selected for the review presented in Figure 1.
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Screening

Identification of studies via databases and registers

Records (n = 604) identified
from:
PubMed (n = 43)
Medline (n = 40)
Scopus (n = 48)
Embase (n=30)
Google Scholar (n = 443)

L

Records screened
(n=413)

b4

Records sought for retrieval
(n=121)

v

Records assessed for eligibility
(n=103)

Studies included in review
(n = 96)

FIGURE 1: PRISMA flow diagram

TSSA: thoracic segmental spinal anesthesia

v

Records removed before
screening:
Records marked as ineligible
by automation tools (n = 30)
Duplicate records removed (n
=161)

Records excluded based on title
and abstract (n = 292)

Records not retrieved
(n=18)

Records excluded: (n=7)
Puncture cite lumbar (2)
Puncture cite cervical (1)
Lacks TSSA details (1)
Intrathecal neurolysis (1)
Retracted article (2)

A total of 6270 patients from 15 countries were included in 96 studies. A maximum of 46 articles were
published from India (Figure 2).
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FIGURE 2: Country-wise publication on TSSA

TSSA: thoracic segmental spinal anesthesia

The most common study type was a case report (Figure 3). There are 13 RCTs and an additional 13
unregistered RCTs. In most studies, comparisons of TSSA were done with GA and LSA.

29 3%

2%

» Casereport » Case series = RCT
Unregistered RCT = Feasibility study = retrospective cohort study
= prospective cohort study = retrospective study = Observational Study

FIGURE 3: Categories of publications

RCT: randomized controlled trial

TSSA was given in isolation in 77 (80%) studies, and in 14 (14.6%) cases, it was given as CSE. One case
reported ESPB with TSSA, and four cases were continuous TSSA. Needle sizes 25 and 27 were the most
commonly reported spinal needles in 32 (33.3%) studies, each followed by size 26 in 14 (14.6%) studies.
Bupivacaine, levobupivacaine, and ropivacaine with different baricities were used during TSSA. Two studies
reported the use of hypobaric local anesthetics. The most common adjuvants were fentanyl (59 studies) and
dexmedetomidine (19 studies). Other adjuvants were sufentanil, clonidine, buprenorphine, dexamethasone,
and morphine. Ketamine and midazolam were used for intrathecal sedation in two studies. Adjuvants details
were not provided in 11 studies (Figure 4).
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FIGURE 4: Intrathecal adjuvants used with local anesthetic

Figure 5 showcases the number of publications related to TSSA over the years.
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FIGURE 5: Number of publications related to TSSA over the years

TSSA: thoracic segmental spinal anesthesia

A total of 36 articles reported Laparoscopic surgeries, including 30 laparoscopic cholecystectomies. Other
major indications were upper and lower abdominal surgeries (25 studies) and breast surgeries (19 studies)
where TSSA was used. Some other operative procedures where TSSA was used included laparoscopic and
open gynecological, PCNL, nephrectomy, laparotomy, lipoma, thoracoscopy, kyphoplasty, and upper
extremity surgeries. Diabetes mellitus (DM), hypertension, chronic obstructive pulmonary disease (COPD),
chronic kidney disease (CKD), and ischemic heart disease (IHD) were the comorbidities in which TSSA was
used for operative procedures. Several studies also reported the use of TSSA in ASA-PS I and II patients
(Table 2).
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Comorbidities Studies (number)

Cardiovascular Hypertension, DCM, pacemaker, apical hypokinesia, IHD, CHF, heart transplant recipient, situs inversus, and ASD

Pulmonary COPD, asthma, byssinosis, postpneumonectomy, ILD, and bronchiectasis
Endocrine DM, obesity, and hyperthyroidism
Others Coagulopathy, amyotrophic lateral sclerosis, squamous cell carcinoma, multiple comorbidities, Parkinson’s disease, pre-

eclampsia, electrolyte imbalance, spinal deformities or previous spine surgeries, anemia, and Birt-Hogg-Dube syndrome

TABLE 2: Comorbidities among patients who received TSSA

DCM: dilated cardiomyopathy, IHD: ischemic heart disease, CHF: congestive heart failure, ASD: atrial septal defect, COPD: chronic obstructive pulmonary
disease, DM: diabetes mellitus, ILD: interstitial lung disease,

Table 3 summarizes the various types of surgery in which TSSA was used.

Indications Number of studies (%)
Laparoscopic surgery 36 (37.5)

Abdominal surgery 25 (26.0)

Breast surgery 19 (19.8)

Thoracotomy and thoracoscopic surgery 3(3.1)

Incisional and inguinal hernia 3(3.1)

Orthopedic surgery 3(3.1)

Chest wall surgery 4(4.2)

Spine surgery 3(3.1)

TABLE 3: Summary of various surgeries in which TSSA was used

Discussion

This study provides a comprehensive review of TSSA and highlights the growing clinical interest and
expanding utility of TSSA across a wide spectrum of surgical specialties. The findings suggest that TSSA is
not only a feasible and effective anesthetic technique but also offers distinct advantages over traditional LSA
and GA, particularly in terms of hemodynamic stability, reduced opioid consumption, and expedited
recovery [9-11]. Despite the concerns regarding technical expertise and safety, the inclusion of 13 RCTs [12-
24] and 13 unregistered RCTs [9,25-36], along with numerous observational studies and case reports,
reinforces the growing acceptance and reliability of TSSA in clinical practice.

While laparoscopic cholecystectomy and breast surgeries remain the most commonly reported applications,
emerging indications include thoracoscopic procedures, kyphoplasty, nephrectomy, and even select upper
extremity and gynecological surgeries [24,36]. The feasibility of TSSA in patients with significant
comorbidities, such as DM, hypertension, CKD, and IHD, further suggests its potential as a preferred
anesthetic technique in high-risk surgical populations [11,31,32].

The review highlights a growing trend of utilizing TSSA beyond conventional domains. TSSA was
successfully used in a post-pneumonectomy patient for laparoscopic cholecystectomy [16]. Laparoscopic
cholecystectomy was performed under TSSA in a high-risk patient with a cardiac pacemaker, dilated cardiac
myopathy, and an ejection fraction of 20% [37]. Continuous TSSA with intrathecal midazolam, ketamine,
and fentanyl was used in elderly patients having multiple comorbidities for conducting major abdominal
surgeries [38]. The use of TSSA was also documented in a patient with Situs Inversus Totalis and Birt-Hogg-
Dube syndrome [39,40].

Additionally, the evolving use of adjuvants and hypobaric solutions opens avenues for customized
segmental blockade suited to specific surgical needs [39,41-103]. Future applications may extend to
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incorporate TSSA to enhanced recovery after surgery (ERAS) protocols, ambulatory surgical settings, and
elderly or frail patients where minimizing hemodynamic fluctuations is crucial.

Despite the encouraging findings, several limitations in the current evidence base should be acknowledged.
A significant proportion of studies are case reports and small observational studies, limiting the
generalizability of results. Only a limited number of RCTs exist, and many comparative studies lack
uniformity in methodology, drug dosing, and outcome measures. Furthermore, heterogeneity in patient
populations, surgical procedures, and anesthetic techniques makes it challenging to draw definitive
conclusions. There is also a lack of long-term safety data and standardized protocols for TSSA
administration. Lastly, publication bias and underreporting of complications in smaller studies may skew
the perceived safety profile. Robust, multicentric trials with standardized outcome reporting are essential to
validate the routine use of TSSA in broader clinical practice.

Conclusions

This review underscores the expanding role of TSSA as an effective and versatile technique across a wide
range of surgical procedures. TSSA offers notable advantages over traditional anesthesia methods, including
accepted hemodynamic stability, reduced opioid use, and faster recovery. Its successful application in
patients with comorbidities and various surgical specialties, supported by evidence from case reports/series
and observational studies, highlights its growing indications in clinical practice. With appropriate expertise
and careful patient selection, TSSA has the potential to be a valuable addition to modern anesthesia
protocols.
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