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Evaluation of cutaneous sensory block area following a novel approach to transversus abdominis plane block: an observational study
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Background: Ultrasound-guided transversus abdominis plane (US-TAP) block is currently used as part of a multimodal analgesic regimen in anterior abdominal wall surgery, but the distribution of cutaneous sensory block area (CSBA) shows significant interindividual variation. We predeveloped a novel US-TAP block approach, and this study aims to assess the CSBA following the novel US-TAP block approach.

Methods: Sixteen patients undergoing elective laparoscopic cholecystectomy (LC) received bilateral novel US-TAP blocks with a total of 40 mL of 2.5 mg/mL ropivacaine. Measurements were taken 45 min after block administration. CSBA was mapped using cold sensation and a sterile marker, photodocumented, and transferred to a transparency. The area of the CSBA was calculated from the transparencies.

Results: The median CSBA of the novel US-TAP approach was 332 cm2 (IQR 297–413 cm2; range 258–466 cm2). In all patients, the CSBA showed wide periumbilical distribution. In all 32 unilateral blocks (100%), both epigastric and infraumbilical components were present; and in 16 of the 32 blocks (50%), the CSBA extended to the abdominal wall lateral to the vertical reference line through the anterior superior iliac spine. Fourteen patients (88%) had resting NRS scores of 3 or lower within 24 h postoperatively.

Conclusion: The novel US-TAP approach produces a broad dermatomal CSBA, covering much of the abdominal wall around the umbilicus.

Clinical trial registration: https://www.chictr.org.cn/showproj.html?proj=211485, ChiCTR2300077899.
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1 Introduction

The transversus abdominis plane (TAP) block is a widely used technique for providing truncal analgesia in abdominal surgeries (1, 2). Despite its popularity, the conventional TAP block often results in inconsistent analgesia due to variable spread of the local anesthetic within the transversus abdominis plane (3, 4). Various approaches—including subcostal (5), lateral (2), and posterior (6)—have been explored to enhance the distribution of the anesthetic agent and improve analgesic outcomes. However, these modifications have not fully resolved the issue of inconsistent sensory blockade.

Comprehending block characteristics—target structures, duration, and variability—is essential for optimizing the clinical efficacy of this technique. TAP blocks theoretically target the 7th to 11th intercostal nerves, as well as the subcostal, iliohypogastric, and ilioinguinal nerves (7). The sensory effects of TAP blocks have been reported to span dermatomes from T6 to L2, depending on the specific approach (7). However, current TAP block approaches exhibit non-dermatomal distribution of the cutaneous sensory block area (CSBA), with considerable interindividual variability in CSBA size, location, and block duration (both sensory and motor) (8–10).

Although we previously described a novel TAP block approach (11), CSBA mapping has not yet been documented. This study explores the novel US-TAP approach. We hypothesized that the novel US-TAP approach would yield a broad dermatomal sensory block with more consistent characteristics. This study aimed to assess the CSBA of the novel US-TAP approach by measuring cold sensation.



2 Methods


2.1 Approvals and monitoring

This study was conducted at a single clinical site in Shanghai, China, as part of a randomized, double-blind clinical trial (ChiCTR2300077899). The Shanghai Sixth People’s Hospital Ethics Committee approved the study protocol (no. 2023-109-(1)). We collected prospective data from 16 patients who underwent elective three-port laparoscopic cholecystectomy (LC) at Shanghai Sixth People’s Hospital, a tertiary academic center affiliated with Shanghai Jiaotong University, between November 25, 2023, and April 15, 2024. All participants provided written informed consent. Reporting conforms to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines (Supplementary material).



2.2 Inclusion and exclusion criteria

In this study, adult patients aged 18 to 75 years with an ASA physical status of 1 or 2, scheduled for elective three-port LC, were eligible for enrollment and recruited by research assistants during preoperative anesthesia visits. The exclusion criteria included prior abdominal wall surgery, ropivacaine allergy, coagulation disorders, chronic opioid use, significant cardiac, hepatic, renal dysfunction, psychiatric conditions, infection at the puncture site, or coagulation abnormalities.



2.3 Intervention

No preoperative premedication was administered in the ward. Upon entering the operating room, an 18-gauge intravenous cannula was placed in a peripheral vein of the non-operative arm, and lactated Ringer’s solution infusion was initiated. Continuous monitoring included three-lead electrocardiogram, heart rate, invasive blood pressure, respiratory rate, and pulse oximetry.

Prior to general anesthesia, while the patient was supine, an anesthesiologist skilled in the procedure administered the novel TAP block. All procedures in this trial were performed by two senior anesthesiologists (X.C. and L.J.) with extensive experience in TAP blocks. The novel TAP block technique employed a “one-stitch” approach, eliminating the need for a second needle insertion. The detailed method description has been previously published (11). Briefly, a high-frequency probe (5–13 MHz) is positioned beneath the subcostal margin and moved from medial to lateral along the subcostal region to visualize the three muscle layers: external oblique (EO), internal oblique (IO), and transversus abdominis (TA) (Figure 1A). The initial injection is directed at the fascia between the internal oblique and transversus abdominis, administering 20 mL of 0.25% ropivacaine with an 80–100 mm, 21-gauge needle (Figure 1B). The needle is then withdrawn subcutaneously, and a second injection of 20 mL of 0.25% ropivacaine is administered, targeting the superficial fascia of the external oblique muscle (Figure 1C). Ultrasonography confirmed the separation of fascial planes. No supplementary local anesthetic (LA) infiltration was administered during the perioperative period.
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FIGURE 1
 The novel ultrasound-guided transversus abdominis plane block approach. (A) Pre-block ultrasound probe placement and ultrasound images; (B) the initial injection: needle-tip placement at the fascia between the internal oblique and transversus abdominis as visualized using ultrasonographic imaging; (C) the second injection: needle-tip placement at the superficial fascia of the external oblique muscle as visualized using ultrasonographic imaging.




2.4 Anesthesia protocols and postoperative analgesia

Anesthesia was induced with 2 mg/kg of propofol, 0.4 μg/kg of sufentanil, and followed by 0.6 mg/kg of rocuronium for muscle relaxation. Maintenance was achieved using 2% sevoflurane in a 50% O₂ (2 L/min) and 60% air mixture. The remifentanil infusion rate was titrated between 0.05 and 0.4 mg/kg/min to maintain heart rate and blood pressure within 20% of baseline values. After surgery, neuromuscular blockade was reversed, and tracheal extubation was performed once sufficient muscle strength was regained. All patients were monitored for 60 min in the post-anesthesia care unit.

The standard analgesia protocol included 1 g of intravenous paracetamol every 8 h, 50 mg of intravenous flurbiprofen axetil every 12 h, and 1 mg/kg of tramadol; the initial doses were administered 15 min before the conclusion of surgery. Pain intensity at rest and during movement was assessed using the 0–10 Numerical Rating Scale (NRS). Intravenous flurbiprofen axetil (50 mg) was administered as a rescue analgesic if the NRS was ≥4.



2.5 Outcome measures

The primary outcome, the CSBA, was evaluated 45 min following block completion. CSBA was identified by applying alcohol-dipped gauze to the skin, followed by marking. A radial application technique, centered at the umbilicus, was used to tap the alcohol-soaked gauze on the abdominal wall along the midsagittal line to assess changes in cold sensation. A single investigator conducted all CSBA mapping. Patients were instructed to differentiate between an immediate cold sensation and feelings of heat or numbness. If uncertainty arose, the area was reassessed prior to concluding the examination. After confirming changes three times, markings were placed on the skin, and a connecting line was drawn to delineate the CSBA. The marked area was transferred onto transparencies. Using photographs of the transparencies, the total area and the medial, lateral, cephalad, and caudad distributions were measured with SketchAndCalc software. We also defined longitudinal surface landmarks to evaluate the likelihood of CSBA blockade from T6 to L1. The anterior abdominal region encompassed the area between the midline and both midclavicular lines. The anterolateral abdominal region extended from each midclavicular line to the corresponding midaxillary line. As illustrated in Figure 2A, a blockade was considered effective when the CSBA-affected area overlapped partially or completely with the boundary of a designated zone.
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FIGURE 2
 Visualisation of the cutaneous sensory block area (CSBA) after bilateral novel ultrasound-guided transversus abdominis plane block approach in 16 subjects. (A) Outline the skin areas of the anterior abdominal wall and anterolateral abdominal wall with vertical lines of different colors. (B) Frontal view. The solid line portion represents the CSBA, the dashed line represents the costal margin, and the circle represents the sternal angle. (C) Right lateral view; (D) left lateral view.


Secondary outcomes included numeric rating scale (NRS) scores at 1, 4, 12, 18, and 24 h postoperatively, along with block-related complications. In the NRS, a score of 0 indicates “no pain,” while 10 represents “the worst possible pain”.



2.6 Statistical analysis

Sample size estimation was deemed unnecessary due to the observational design of the study. Continuous variables are reported as median, range, and interquartile range (IQR), while categorical variables are presented as numbers with percentages. Statistical analyses were conducted using IBM SPSS Statistics version 26 (IBM) and Rex version 3.5.3 (RexSoft Inc.).




3 Results


3.1 Study participants

A total of 20 patients were enrolled in this study. After excluding four patients with a prior history of abdominal surgery, data from 16 patients were included in the final analysis (Figure 3). Sixteen patients, including six females (38%), scheduled for elective LC were enrolled in the study. All participants underwent the bilateral novel approach US-TAP block and had CSBA assessed. Baseline characteristics included: median age of 42 years (range: 34–69); height, 168 cm (range: 158–181); weight, 71 kg (range: 57–93); and BMI, 25 kg/m2 (range: 20–29) (Table 1).
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FIGURE 3
 Patient inclusion flowchart. ASA: American Society of Anesthesiologists physical status classification.



TABLE 1 Clinical characteristics.


	Characteristics
	N = 16

 

 	Age (yrs) 	42 (34–69)


 	Sex


 	Male 	10 (62.5)


 	Female 	6 (37.5)


 	ASA physical status: no. (%)


 	1 	7 (43.8)


 	2 	9 (56.2)


 	Height (cm) 	168 (158–181)


 	Weight (kg) 	71 (57–93)


 	BMI (kg/m2) 	25 (20–29)


 	Duration of Surgery (min) 	69 (55–90)





Values are presented as median (range) or n (%). ASA: American Society of Anesthesiologists physical status classification.
 



3.2 Main results

Forty-five minutes after the novel bilateral US-TAP block, the cutaneous sensory block area (CSBA) was evaluated using a cold stimulus (alcohol-soaked gauze), as shown in Figures 2B–D. All applications of the novel US-TAP approach produced a cutaneous sensory effect. The median CSBA was 332 cm2 (IQR: 297–413 cm2, range: 258–466 cm2). The CSBA demonstrated a periumbilical distribution in all patients. Considering the bilateral US-TAP technique as two independent unilateral blocks, the following pattern was observed: 32 unilateral blocks were assessable 45 min post-block. The CSBA was most reproducible at mid-thoracic dermatomes. Along the anterior abdominal wall (midline to mid-clavicular lines), T10–T11 were universally anesthetized (32/32, 100%), with high extension to T9 (30/32, 93.8%) and T12 (26/32, 81.3%); cephalad spread to T8 occurred in 11/32 (34.3%), while no spread reached T6–T7 (0/32). Caudal involvement of L1 was observed in 7/32 (21.9%). Laterally (mid-clavicular to mid-axillary lines), coverage remained high at T9 (30/32, 93.8%) and T10 (31/32, 96.9%) but declined at T11 (28/32, 87.6%), T12 (16/32, 50.0%), and L1 (5/32, 15.6%); cephalad spread to T8 was infrequent (5/32, 15.6%), and absent at T6–T7. Overall, the distribution demonstrates a reliable band of anesthesia centered at T9–T11 with tapering cephalad and caudad spread, which was less extensive laterally than anteriorly (Table 2).


TABLE 2 Frequency of dermatomes blocked at 45 min after completion of bilateral novel ultrasound-guided transversus abdominis plane block approach in all 32 unilateral blocks.


	Level
	Anterior abdominal wall (n = 32)*
	Anterolateral abdominal wall (n = 32)&

 

 	T6 	0 (0) 	0 (0)


 	T7 	0 (0) 	0 (0)


 	T8 	11 (34.3) 	5 (15.6)


 	T9 	30 (93.8) 	30 (93.8)


 	T10 	32 (100) 	31 (96.9)


 	T11 	32 (100) 	28 (87.6)


 	T12 	26 (81.3) 	16 (50)


 	L1 	7 (21.9) 	5 (15.6)





Values are presented as n (%). * The anterior abdominal wall denotes the region between the midline and the bilateral midclavicular lines; & The anterolateral abdominal wall denotes the region from the midclavicular lines to the midaxillary lines on both sides.
 



3.3 Secondary results

Among 16 patients, postoperative pain remained low at rest over the first 24 h (Table 3). Median resting NRS (0–10) increased from 1 (IQR, 1–2 [range, 0–3]) at 1 h to 3 (2–4 [2–4]) at 12–18 h, then declined to 2 (2–3 [1–4]) at 24 h. With coughing, pain scores were consistently higher than at rest, rising from a median of 2 (2–3 [1–3]) at 1 h to 3 by 12 h and remaining 3 through 24 h (IQR generally 2–4; maximum 5). Fourteen patients (88%) had resting NRS scores of 3 or lower within 24 h postoperatively, while 13 patients (81%) had NRS scores below 5 during coughing in the same period. No nerve block–related complications were observed in any patient.


TABLE 3 Numeric rating scale postoperatively.


	NRS (n = 16)
	1 h
	4 h
	12 h
	18 h
	24 h

 

 	Resting 	1 (1–2 [0–3]) 	2 (2–4 [1–4]) 	3 (2–4 [2–4]) 	3 (2–4 [2–4]) 	2 (2–3 [1–4])


 	Coughing 	2 (2–3 [1–3]) 	2 (3–4 [2–4]) 	3 (3–4 [2–5]) 	3 (3–4 [2–5]) 	3 (2–4 [1–5])





Values are median (IQR [range]). NRS, numeric rating scale; IQR, interquartile range.
 




4 Discussion

This study demonstrated that the novel US-TAP block yielded a broad dermatomal CSBA with less variability compared to subcostal (8) and posterior (9, 10) US-TAP approaches.

The novel US-TAP block is grounded in a more comprehensive understanding of the anatomical alignment between the intercostal, subcostal, and lumbar nerves. Upon exiting their respective intervertebral foramina, spinal nerves split into anterior and posterior rami. The anterior ramus subsequently branches into two primary nerves: the anterior and lateral cutaneous nerves. The anterior cutaneous branches (T6–T11) form the intercostal nerves, and the subcostal nerve (T12), along with the anterior branch of L1, innervate the skin and muscles of the anterior abdominal wall (12). These nerves are also targeted by the classical TAP block. However, the lateral cutaneous nerve, emerging from the anterior rami near the rib angle or midaxillary line, is often neglected (Figure 4). This anatomical variation may contribute to the substantial variability in the CSBA observed across different TAP block approaches. In this study, we employed a “one-stitch” technique to block the lateral cutaneous nerve, revealing that in 50% of unilateral CSBAs, the block extended to the lateral aspect of the anterior superior iliac spine (ASIS). This contrasts with prior research (3, 8, 13), which found that most blocks did not extend laterally to the ASIS. The findings of this study are promising, and the clinical insights gained are crucial for redefining TAP approaches, ensuring analgesic effects, and broadening its clinical application.
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FIGURE 4
 Cross-sectional view of the lower abdominal wall (at the T11 level) illustrating the path taken by a thoracolumbar nerve.


In contrast to the conventional subcostal US-TAP, the ultrasound probe placement for the novel US-TAP block in this study was positioned more laterally than the subcostal approach but more medially than the lateral approach. The T6–T8 intercostal nerves first course between the innermost and internal intercostal muscles, then enter the transversus abdominis plane at the costal margin. However, as noted by Barrington et al. (14), the anterior branches of the T6–T8 intercostal nerves may frequently pass directly into the rectus abdominis muscle near the costal margin, which could limit the effectiveness of a local anesthetic injection between the transversus abdominis and internal oblique muscles. This anatomical feature may contribute to incomplete blockade of these branches. In our study, we observed that the branches of T9–T11 were consistently affected by the block, whereas the T8, T12 and L1 branches were sometimes spared, which further highlights the anatomical variability in achieving complete blockade of the anterior abdominal wall. These factors should be considered when evaluating the overall efficacy of the novel US-TAP block. The T9–T11 intercostal nerves and the T12 subcostal nerve penetrate the transversus abdominis plane posterior to the midaxillary line (15). We hypothesize that the classical subcostal US-TAP may not reach T9–T11 because of its medial placement, while the lateral approach may miss T6–T8 due to its lateral position. Thus, we selected a more central placement to facilitate broad cephalad diffusion of local anesthetics, although further studies are required to validate this approach.

Our findings demonstrate a periumbilical distribution centered at T9–T11, corresponding to procedures where nociceptive input arises around the umbilicus, including three-port laparoscopic cholecystectomy, umbilical or paraumbilical hernia repair, and single-incision laparoscopic approaches. In contrast, when pain is localized to the upper abdomen (T8 or above), a paravertebral block generally offers more precise coverage, whereas lower abdominal pain with L1 involvement (such as Pfannenstiel incisions) may be better addressed by posterior or lateral TAP, or by iliohypogastric and ilioinguinal blocks. Therefore, this novel technique should be regarded as complementary rather than universally superior, especially in scenarios where periumbilical coverage is critical and wide lateral spread is unnecessary.

In our study, the CSBA following the novel US-TAP block predominantly encompassed a broad periumbilical region. Støving et al. (10) found that, after the posterior US-TAP, the CSBA primarily had a lateral distribution, with only a small portion (median area of 321 cm2) covering the medial infraumbilical region. Similarly, Salmonsen et al. (8) reported that the CSBA (median area of 174 cm2) following the subcostal US-TAP mostly covered the upper medial abdomen. In contrast, our study found that the CSBA (median area of 332 cm2) from the novel US-TAP approach covered a substantial portion of the abdomen centered around the umbilicus and extended to the inguinal region. However, the T12 and L1 nerves were not always consistently involved. T12 nerve coverage was observed in some patients, but not universally, and L1 nerve involvement was only noted in a few cases. This variability in nerve coverage could be due to differences in anatomy, the specific approach used, and the distribution of local anesthetic. To our knowledge, the median CSBA value measured in this study represents the largest reported to date. Notably, both Salmonsen et al. (8) and Chen et al. (16) used a subcostal approach to assess the CSBA, yet their findings varied significantly. These differences may be due to variations in target populations, measurement timing, and methodologies.

The broad CSBA associated with the novel US-TAP approach could guarantee analgesic effectiveness. The muscle-relaxing properties or systemic effects of the local anesthetic could significantly contribute to TAP-induced pain relief. However, several studies assessing the impact of TAP blocks on post-laparoscopic cholecystectomy pain have produced inconsistent results (17–20). This study showed that the majority of patients receiving the novel US-TAP approach reported mild postoperative pain. These findings may provide updated clinical evidence supporting the inclusion of the novel US-TAP approach in multimodal analgesic regimens for LC.

This study has several limitations. First, being a single-arm observational study, we could not establish a control group to assess CSBA differences in a randomized, blinded manner. Second, this study lacks power calculation, and may therefore have been underpowered to detect differences in outcome measures. The present study should therefore be characterized as a pilot study. Third, we assessed block effectiveness using a cold stimulus instead of postoperative pain relief. Cold and pain perceptions involve distinct sensory pathways, including different receptors, conduction mechanisms, and central integration (10). However, our goal was to achieve a straightforward and visual representation of the CSBA. Although the pinprick test may yield slight variations compared to the cold sensation test, visual documentation remained the primary focus of this study. Fourth, the multimodal regimen, including rescue analgesia, employed in this trial represents our institution’s long-standing standard for post-laparoscopic cholecystectomy pain control; however, its external generalisability is uncertain, and the observed analgesic efficacy may not translate to other centres or patient populations.

The novel US-TAP block may further contribute to the ongoing debate regarding the analgesic effectiveness and clinical relevance of TAP. We believe that a deeper understanding of TAP block effects, grounded in anatomical insights, is crucial. This study contributes updated knowledge on the clinical use of TAP block by mapping sensory distribution following the modified US-TAP technique. Randomized trials remain necessary to establish the clinical significance of the novel US-TAP approach.

In conclusion, the novel US-TAP approach produces a broad dermatomal CSBA, covering much of the abdominal wall around the umbilicus.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by Shanghai Sixth People’s Hospital Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

CX: Supervision, Data curation, Project administration, Writing – original draft, Formal analysis, Methodology, Software, Investigation, Visualization, Resources, Writing – review & editing. SK: Project administration, Validation, Supervision, Methodology, Data curation, Writing – original draft, Funding acquisition, Resources, Visualization, Formal analysis. YC: Funding acquisition, Project administration, Writing – original draft, Formal analysis, Investigation, Resources, Conceptualization, Validation, Data curation. JL: Writing – original draft, Supervision, Methodology, Formal analysis, Investigation, Writing – review & editing, Software, Data curation, Resources, Conceptualization, Visualization, Validation, Project administration, Funding acquisition. AW: Supervision, Software, Investigation, Writing – review & editing, Funding acquisition, Conceptualization, Project administration, Formal analysis, Writing – original draft, Validation, Data curation, Resources, Methodology, Visualization.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The authors are grateful for the financial support from the Clinical Project of Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (no. ynts202209), the Major Research Plan of the National Natural Science Foundation of China (no. 82272298), and the Clinical Research Special Project in Health Industry of Shanghai Municipal Health Commission (no. 20244Y0016).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1605364/full#supplementary-material



References
	 1. Osborn,S, Cyna,AM, Middleton,P, and Griffiths,JD. Perioperative transversus abdominis plane (TAP) blocks for analgesia after abdominal surgery. Cochrane Database Syst Rev. (2020) 4:CD007705. doi: 10.1002/14651858.CD007705.pub3 
	 2. Hebbard,P, Fujiwara,Y, Shibata,Y, and Royse,C. Ultrasound-guided transversus abdominis plane (TAP) block. Anaesth Intensive Care. (2007) 35:616–7. doi: 10.26226/morressier.5b519f6ab1b87b000ecf1822
	 3. Barazanchi,AWH, MacFater,WS, Rahiri,JL, Tutone,S, Hill,AG, and Joshi,GP. Evidence-based management of pain after laparoscopic cholecystectomy: a PROSPECT review update. Br J Anaesth. (2018) 121:787–803. doi: 10.1016/j.bja.2018.06.023 
	 4. Tran,DQ, Bravo,D, Leurcharusmee,P, and Neal,JM. Transversus abdominis plane block: a narrative review. Anesthesiology. (2019) 131:1166–90. doi: 10.1097/ALN.0000000000002842 
	 5. Lee,TH, Barrington,MJ, Tran,TM, Wong,D, and Hebbard,PD. Comparison of extent of sensory block following posterior and subcostal approaches to ultrasound-guided transversus abdominis plane block. Anaesth Intensive Care. (2010) 38:452–60. doi: 10.1177/0310057X1003800307 
	 6. Carney,J, Finnerty,O, Rauf,J, Bergin,D, Laffey,JG, and Mc Donnell,JG. Studies on the spread of local anaesthetic solution in transversus abdominis plane blocks. Anaesthesia. (2011) 66:1023–30. doi: 10.1111/j.1365-2044.2011.06855.x 
	 7. Chin,KJ, McDonnell,JG, Carvalho,B, Sharkey,A, Pawa,A, and Gadsden,J. Essentials of our current understanding: abdominal wall blocks. Reg Anesth Pain Med. (2017) 42:133–83. doi: 10.1097/AAP.0000000000000545 
	 8. Salmonsen,CB, Lange,KHW, Rothe,C, Kleif,J, and Bertelsen,CA. Cutaneous sensory block area of the ultrasound-guided subcostal transversus abdominis plane block: an observational study. Reg Anesth Pain Med. (2024) 49:289–92. doi: 10.1136/rapm-2023-104753 
	 9. Juhl,CS, Rothe,C, Støving,K, Aasvang,EK, Rosenstock,CV, Lange,KHW , et al. Intraindividual variation of the transversus abdominis plane block: an exploratory study in healthy volunteers. Reg Anesth Pain Med. (2020) 45:419–23. doi: 10.1136/rapm-2020-101322 
	 10. Støving,K, Rothe,C, Rosenstock,CV, Aasvang,EK, Lundstrøm,LH, and Lange,KH. Cutaneous sensory block area, muscle-relaxing effect, and block duration of the transversus abdominis plane block: a randomized, blinded, and placebo-controlled study in healthy volunteers. Reg Anesth Pain Med. (2015) 40:355–62. doi: 10.1097/AAP.0000000000000252 
	 11. Xu,C, Wang,D, Gao,X, Zhou,Q, and Chen,Y. A novel approach to transversus abdominis plane block for analgesia in subcostal margin incision surgery. J Clin Anesth. (2022) 80:110832. doi: 10.1016/j.jclinane.2022.110832 
	 12. Rozen,WM, Tran,TM, Ashton,MW, Barrington,MJ, Ivanusic,JJ, and Taylor,GI. Refining the course of the thoracolumbar nerves: a new understanding of the innervation of the anterior abdominal wall. Clin Anat. (2008) 21:325–33. doi: 10.1002/ca.20621 
	 13. Børglum,J, Jensen,K, Christensen,AF, Hoegberg,LCG, Johansen,SS, Lönnqvist,PA , et al. Distribution patterns, dermatomal anesthesia, and ropivacaine serum concentrations after bilateral dual transversus abdominis plane block. Reg Anesth Pain Med. (2012) 37:294–301. doi: 10.1097/AAP.0b013e31824c20a9 
	 14. Barrington,MJ, Ivanusic,JJ, Rozen,WM, and Hebbard,P. Spread of injectate after ultrasound-guided subcostal transversus abdominis plane block: a cadaveric study. Anaesthesia. (2009) 64:745–50. doi: 10.1111/j.1365-2044.2009.05933.x 
	 15. Jankovic,ZB, du Feu,FM, and McConnell,P. An anatomical study of the transversus abdominis plane block: location of the lumbar triangle of petit and adjacent nerves. Anesth Analg. (2009) 109:981–5. doi: 10.1213/ane.0b013e3181ae0989 
	 16. Chen,Y, Shi,K, Xia,Y, Zhang,X, Papadimos,TJ, Xu,X , et al. Sensory assessment and regression rate of bilateral oblique subcostal transversus abdominis plane block in volunteers. Reg Anesth Pain Med. (2018) 43:174–9. doi: 10.1097/AAP.0000000000000715 
	 17. El-Dawlatly,AA, Turkistani,A, Kettner,SC, Machata,AM, Delvi,MB, Thallaj,A , et al. Ultrasound-guided transversus abdominis plane block: description of a new technique and comparison with conventional systemic analgesia during laparoscopic cholecystectomy [published correction appears in Br J Anaesth. 2009 Oct;103(4):622]. Br J Anaesth. (2009) 102:763–7. doi: 10.1093/bja/aep067 
	 18. Choi,YM, Byeon,GJ, Park,SJ, Ok,YM, Shin,SW, and Yang,K. Postoperative analgesic efficacy of single-shot and continuous transversus abdominis plane block after laparoscopic cholecystectomy: a randomized controlled clinical trial. J Clin Anesth. (2017) 39:146–51. doi: 10.1016/j.jclinane.2017.03.050 
	 19. Elamin,G, Waters,PS, Hamid,H, O’Keeffe,HM, Waldron,RM, Duggan,M , et al. Efficacy of a laparoscopically delivered transversus abdominis plane block technique during elective laparoscopic cholecystectomy: a prospective, double-blind randomized trial. J Am Coll Surg. (2015) 221:335–44. doi: 10.1016/j.jamcollsurg.2015.03.030 
	 20. Jung,J, Jung,W, Ko,EY, Chung,YH, Koo,BS, Chung,JC , et al. Impact of bilateral subcostal plus lateral transversus abdominis plane block on quality of recovery after laparoscopic cholecystectomy: a randomized placebo-controlled trial. Anesth Analg. (2021) 133:1624–32. doi: 10.1213/ANE.0000000000005762 


Copyright
 © 2025 Xu, Kong, Chen, Lu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1605364-g003.jpg
Inclusion criteria
(1) aged 18 to 75 years
(2) ASA physical status of
Tor2

Exclusion criteria
(1) prior abdominal wall surgery
(2) ropivacaine allergy

(3) coagulation disorder

(4) chronic opioid use

(5) significant car
(6) hepatic

(@) renal dysfunction
(8) psychiatric conditions

(9) infection at the puncture site
(10) coagulation abnormalities

Four patients had a
tory of prior
abdominal surgery






OPS/images/fmed-12-1605364-g004.jpg
Anterior layer of
rectus sheath

Linea semilunaris

Posterior layer of
rectus sheath

Anterior
cutaneous nerve

Lateral
cutaneous nerve

External oblique

internal oblique
Transversus abdominis

Latissimus dorsi
Quadratus lumborum

Psoas major
Erector spinae





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluation of cutaneous sensory block area following a novel approach to transversus abdominis plane block: an observational study



		1 Introduction



		2 Methods



		2.1 Approvals and monitoring



		2.2 Inclusion and exclusion criteria



		2.3 Intervention



		2.4 Anesthesia protocols and postoperative analgesia



		2.5 Outcome measures



		2.6 Statistical analysis









		3 Results



		3.1 Study participants



		3.2 Main results



		3.3 Secondary results









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fmed-12-1605364-g001.jpg





OPS/images/fmed-12-1605364-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Evaluation of cutaneous sensory
block area following a novel
approach to transversus
abdominis plane block: an
observational study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






