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Abstract: Postoperative pain remains a major concern following breast surgery, with persistent pain rates varying by definition and
duration of follow-up. Optimizing perioperative analgesia is essential to enhance recovery and reduce the risk of chronic postmas-
tectomy pain syndrome (PMPS). Ultrasound-guided fascial plane blocks, including interpectoral plane (IPP), pectoserratus plane
(PSP), and serratus anterior plane (SAP) blocks, have gained increasing use as regional analgesic techniques targeting chest wall
innervation while avoiding the risks associated with more invasive regional approaches such as thoracic epidural or paravertebral
blocks. A narrative review of the literature was conducted using PubMed, with studies selected based on relevance to postoperative
pain outcomes in breast surgery. Evidence suggests that IPP, PSP, and SAP blocks are associated with reduced postoperative pain
scores and opioid consumption compared with systemic analgesia alone. Comparative studies generally demonstrate similar overall
analgesic efficacy between techniques, although differences in dermatomal coverage and onset characteristics have been reported. [PP
primarily targets the pectoral nerves, whereas PSP provides broader coverage of the intercostal and intercostobrachial nerves,
including the axillary region. In contrast, SAP blocks provide wider lateral thoracic wall coverage through blockade of the lateral
cutaneous branches of the intercostal nerves. Evidence regarding effects on chronic pain outcomes remains limited and heterogeneous.
These techniques demonstrate favorable safety profiles when performed under ultrasound guidance. Selection of block technique
should be individualized based on surgical approach, anticipated pain distribution, and patient-specific factors.
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pain management, regional anesthesia, serratus anterior plane block, ultrasound-guided nerve block

Introduction

Breast cancer surgery, a common oncological procedure, is frequently associated with significant postoperative pain. When
inadequately managed, this pain can progress to chronic pain syndromes and adversely impact long-term quality of life.
Reported rates of persistent pain vary depending on definition and duration of follow-up, with estimates ranging from
approximately 20% to 50%.'* Optimizing perioperative pain control is essential for improving immediate postoperative
comfort and may help reduce the risk of developing chronic postmastectomy pain syndrome (PMPS). PMPS is a neuropathic
pain condition characterized by persistent pain in the chest wall, axilla, and/or upper arm following mastectomy or
lumpectomy procedures.” In this review, persistent postoperative pain is used broadly to describe pain extending beyond
the expected period of surgical recovery, whereas PMPS refers more specifically to a neuropathic pain condition involving the
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chest wall, axilla, and/or upper arm after breast surgery; however, the primary focus of this review is on acute postoperative
pain outcomes and opioid consumption.

Regional anesthesia techniques play a vital role within multimodal strategies for managing perioperative pain in
breast surgeries. Although thoracic epidural and thoracic paravertebral (TPV) blocks have traditionally provided effective
analgesia, they are associated with risks such as hypotension, pneumothorax, and urinary retention.® Recently, ultra-
sound-guided fascial plane blocks have gained popularity as minimally invasive alternatives with improved safety
profiles. These blocks include interpectoral plane (IPP), pectoserratus plane (PSP), serratus anterior plane (SAP), and
erector spinae plane (ESP) blocks, which have all been investigated for perioperative analgesia in breast and thoracic
procedures.*> To improve consistency in terminology, recent consensus guidelines from the American Society of
Regional Anesthesia and Pain Medicine (ASRA) and the European Society of Regional Anesthesia (ESRA) recommend
anatomically descriptive nomenclature for chest wall blocks.® Accordingly, the IPP block (formerly PECS I) involves
deposition of local anesthetic between the pectoralis major and minor muscles, while the PSP block (formerly PECS II)
extends this approach with an additional injection between the pectoralis minor and serratus anterior muscles, providing
broader coverage by targeting the pectoral nerves as well as the lateral cutaneous branches of the upper intercostal nerves
(approximately T2-T6), including contributions to the intercostobrachial nerve.” In contrast, the SAP block may be
performed as either a superficial approach, with local anesthetic deposited superficial to the serratus anterior muscle, or
a deep approach, with injection between the posterior surface of the serratus anterior muscle and the periosteum of the
rib.® These techniques are intended to anesthetize the lateral cutaneous branches of the thoracic intercostal nerves,
commonly spanning T2 to T9 depending on local anesthetic spread.®

These blocks are indicated for postoperative analgesia in breast surgeries such as mastectomy (particularly modified
radical mastectomy), lumpectomy, reconstruction, and axillary lymph node dissection.”® They are valued for their ease of use,
efficacy, and favorable safety profiles compared with more invasive regional techniques such as thoracic epidural and thoracic
paravertebral blocks.® By targeting peripheral nerves involved in surgical pain transmission, IPP, PSP, and SAP blocks have
been associated with opioid-sparing analgesia, decreased opioid-related side effects, and improved postoperative recovery.”'

This narrative review aims to evaluate the anatomical targets, analgesic efficacy, clinical applications, and safety
considerations of IPP, PSP, and SAP blocks for postoperative pain management in breast surgery, with a primary focus on
acute postoperative pain outcomes and opioid consumption. Additional discussion will include their potential role in reducing

the incidence of chronic postoperative pain and explore future directions for optimizing their use in perioperative care.”''

Methods

A narrative review of the literature was conducted to evaluate the role of IPP, PSP, and SAP blocks in postoperative pain
management following breast surgery. A structured search of the PubMed database was performed using combinations of
the following keywords: “pectoral nerve block,” “PECS block,” “interpectoral plane block,” “pectoserratus plane block,”
“serratus anterior plane block,” “SAP block,” “breast surgery analgesia,” and “regional anesthesia breast surgery.”
Reference lists of selected articles were also reviewed to identify additional relevant studies. The final literature search
was conducted in March 2026. Additional recent randomized trials, meta-analyses, and practice guidelines were
incorporated during revision to ensure inclusion of contemporary evidence relevant to current clinical practice.
Relevant studies were selected based on their focus on postoperative pain outcomes in adult patients undergoing
breast surgery. Randomized controlled trials, systematic reviews, and observational studies were included to provide
a comprehensive overview of current evidence. Studies were also included when they provided meaningful insight into
anatomical considerations, clinical applications, or safety. The available evidence is primarily derived from studies
involving modified radical mastectomy, with more limited data available for lumpectomy and reconstructive procedures.
Articles were screened for relevance based on topic and abstract, followed by full-text review. Data was synthesized
qualitatively, with emphasis on analgesic efficacy, opioid consumption, dermatomal coverage, and safety profiles and
organized into structured tables to allow comparison of study characteristics and outcomes across the included literature.
Analgesic outcomes were summarized in a structured evidence table (Table 1), while safety considerations, including
reported complications, proposed mechanisms, and risk mitigation strategies, were summarized separately in Table 2.
Terminology was standardized according to the ASRA-ESRA consensus nomenclature for chest wall blocks.

2 htps: Journal of Pain Research 2026:19



Wolf et al

Table | Summary of Key Studies Evaluating IPP, PSP, and SAP Blocks for Postoperative Analgesia in Breast Surgery

Study Design Procedure Block Comparator Local Anesthetic Key Findings
(Dose/Volume)*
Grape etal, | Systematic Modified radical | IPP, PSP, and No regional Variable Reduced pain scores at 2 h (—1.5), 12 h (—1.1),
2020'? review and mastectomy SAP (varied anesthesia and 24 h (—0.9); reduced 24-h opioid
meta-analysis techniques) consumption (~7.2 mg IV morphine equivalents);
(16 RCTs, n = prolonged time to first analgesia (~301 min);
1026) substantial heterogeneity noted
Elshanbary Systematic Breast cancer PSP-based Control, TPVB, Variable Reduced intraoperative and postoperative opioid
etal, 2021° | review and surgery (mixed approaches; ESPB, local consumption vs control; PSP associated with
meta-analysis procedures) IPP + SAP anesthesia lower postoperative opioid use vs ESPB;
(37 RCTs, n = combinations significant heterogeneity limits direct
3384) comparisons
Albi- Multicenter Breast- Combined IPP Placebo Ropivacaine Reduced rescue analgesia within first 3 h (43% vs
Feldzer double-blind conserving + PSP (volume not 61%; RR 0.70); reduced early postoperative pain
etal, RCT surgery with consistently scores; no major block-related complications
2025"3 sentinel lymph reported) reported
node biopsy
Alshawadfy RCT Modified radical | SAP block vs PSP Not consistently SAP associated with longer time to first analgesia
& Al-Touny, mastectomy PSP (SAP reported (911 vs 578 min), lower 24-h opioid use (1.2 vs
2023' approach 2.6 mg morphine equivalents), and lower early
inconsistently postoperative pain scores; some differences may
specified) not be clinically significant
Alasrag Prospective Modified radical | PSP + SAP block (deep Not consistently Reduced 24-h opioid consumption (3 mg vs 9 mg
etal, randomized mastectomy transversus vs superficial reported morphine equivalents), prolonged time to first
2023'° study thoracic plane approach analgesia (8 h vs 6 h), and reduced early pain
block inconsistently scores; improved anterior chest wall coverage
specified) suggested
Altas et al, Randomized Breast cancer Preoperative General Not consistently Preoperative block associated with lower early
2026'¢ study surgery (mixed | vs anesthesia alone reported across pain scores (1-2 h), improved shoulder range of
procedures) intraoperative studies motion, strength, and functional recovery
IPP + PSP measures; limited by abstract-only data
Joshi et al, Clinical Mastectomy Fascial plane Systemic Not applicable Moderate-strength evidence supporting reduced
2026'7 Practice blocks (IPP, analgesia or pain at 24 h, reduced opioid consumption (~25.8
Guideline PSP, SAP) alternative oral morphine equivalents, OME), and improved
regional quality of recovery and patient satisfaction
techniques

Notes: Local anesthetic type, concentration, and volume varied significantly across studies and were inconsistently reported in many trials, limiting direct comparison.
Abbreviations: IPP, interpectoral plane block; PSP, pectoserratus plane block; SAP, serratus anterior plane block; TPVB, thoracic paravertebral block; ESPB, erector spinae
plane block; OME, oral morphine equivalents; RCT, randomized controlled trial.

Anatomical Considerations and Mechanism of Action of IPP, PSP, and SAP Blocks

IPP, PSP, and SAP blocks have gained popularity for postoperative pain control in breast surgery by targeting nerves that
innervate the pectoralis major, pectoralis minor, and serratus anterior muscles.”® The IPP primarily targets the medial and
lateral pectoral nerves that innervate the pectoral muscles. The PSP, which extends this approach, involves injection in
the plane between the pectoralis minor and serratus anterior muscles and is intended to provide analgesia by targeting the
intercostobrachial nerve (T2), intercostal nerves (T3—T6), and the long thoracic nerve.”!420

In contrast, the SAP block is administered into the fascial plane either superficial or deep to the serratus anterior
muscle. This may result in blockade of the lateral cutaneous branches of the thoracic intercostal nerves (typically T2-T9),
as well as potential spread to adjacent nerves such as the long thoracic and thoracodorsal nerves depending on the depth
of injection and local anesthetic distribution.®'* Compared to IPP and PSP, SAP blocks are performed in a more posterior
and lateral plane, which may allow for broader lateral thoracic wall coverage.'*

These techniques function by delivering local anesthetic into fascial planes under ultrasound guidance, where the
agent inhibits voltage-gated sodium channels on neuronal membranes, preventing the initiation and propagation of action
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Table 2 Reported Complications and Safety Outcomes of IPP, PSP, and SAP Blocks

Complication

Mechanism

Evidence Source

Clinical Consideration

Prevention/Risk Mitigation

too deep near
pleura, particularly
with SAP block

complication reported
in thoracic wall block

literature'®

hypoxia; uncommon but

clinically significant

Vascular Needle trauma to Observational studies May result in bleeding, Use color Doppler to identify vascular

puncture/ thoracoacromial or and technical hematoma, or inadvertent structures; aspirate frequently; use

hematoma intercostal vessels reviews'®'? intravascular injection incremental injection technique

Local Intravascular Reported across Neurologic (tinnitus, seizures) | Adhere to maximum dosing guidelines;

anesthetic injection or regional anesthesia and cardiovascular toxicity; risk | consider cumulative dosing when

systemic excessive cumulative | literature; emphasized in | increases with high-volume or | combining blocks; inject incrementally;

toxicity local anesthetic reviews'®'? combined blocks monitor patients; ensure lipid emulsion
dosing therapy availability

Pneumothorax | Needle advancement | Rare but recognized May present with dyspnea or Maintain continuous needle-tip

visualization; use in-plane ultrasound

guidance; avoid excessive depth

Block Failure/
incomplete

analgesia

Inadequate spread of
local anesthetic
within fascial plane;

anatomic variability

Frequently described in

RCTs and systematic

reviews'2'®

May require rescue analgesia or

additional block

Ensure accurate identification of fascial
planes; use adequate volume; confirm

spread under ultrasound

Nerve Injury

Direct needle
trauma or

intraneural injection

Rarely reported in

systematic reviews 18

Typically transient; permanent

injury is rare

Avoid high injection pressures; maintain
visualization of needle tip; monitor

patient feedback during injection

Infection

Contamination
during needle

insertion

Rarely reported in
available studies;
described in regional
anesthesia safety

. 18,19
literature

Rare; may result in local or
systemic infection including
when multiple blocks are

performed

Use strict aseptic technique, including
sterile probe handling and appropriate

skin preparation

Notes: Reported complication rates are low across available studies; however, adverse-event reporting is variable and often inconsistent, and the true incidence of
complications may be underestimated.
Abbreviations: IPP, interpectoral plane block; PSP, pectoserratus plane block; SAP, serratus anterior plane block; LAST, local anesthetic systemic toxicity.

potentials and thereby reducing nociceptive transmission.”’ For IPP and PSP blocks, the transducer is positioned in the
infraclavicular region to visualize the pectoral muscles, with local anesthetic deposited between the pectoralis major and
minor muscles (IPP) and between the pectoralis minor and serratus anterior muscles (PSP).'* The SAP block is typically
performed at the midaxillary line near the level of the fifth rib, with local anesthetic injected either superficial or deep to
the serratus anterior muscle.® Accurate anatomical visualization via ultrasound is essential to ensure adequate spread of
local anesthetic and minimize complications.

Commonly used local anesthetics include bupivacaine, ropivacaine, and lidocaine. The typical volume injected ranges
from 20 to 40 mL, administered incrementally to achieve adequate spread within the targeted fascial plane.”>** In terms of
anesthetic distribution, IPP and PSP blocks are intended to provide coverage primarily within the T2-T6 dermatomal
distribution, whereas SAP blocks may provide broader lateral thoracic spread extending from approximately T2 to
T9.>'*2° However, the extent of dermatomal coverage is variable and depends on factors such as injection technique, local
anesthetic volume, and individual patient anatomy.

Although these techniques are effective in reducing postoperative pain, their dermatomal spread and targeted nerve
pathways differ, which may influence block selection based on the surgical field and expected pain distribution.
A detailed understanding of these anatomical considerations is essential for selecting the appropriate regional technique
and optimizing postoperative analgesia in breast surgery.
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Clinical Significance and Applications of IPP, PSP, and SAP Blocks

The use of regional anesthesia techniques such as IPP, PSP, and SAP blocks has gained prominence in breast surgery for
their role in reducing postoperative pain, minimizing opioid requirements, and enhancing recovery. These blocks are
utilized across a variety of procedures, including simple and modified radical mastectomies, breast-conserving surgeries
(eg, lumpectomy), sentinel lymph node biopsies, axillary lymph node dissections, and reconstructive interventions.
Multiple studies have demonstrated that these techniques improve analgesia in operations involving the breast and
axillary regions.”””

Selection of regional technique should be individualized based on surgical approach, anatomical considerations,
patient comorbidities, and specific analgesic goals. Patients at increased risk for opioid-related adverse effects may derive
particular benefit, as these blocks have been shown to reduce intraoperative and postoperative opioid requirements.’
Regional anesthesia techniques may be associated with a reduced incidence of persistent postoperative pain; however,
current evidence remains limited and heterogeneous, and a definitive causal relationship has not been established.”
Careful patient assessment is essential prior to performing these blocks. Contraindications include infection at the
injection site, clinically significant coagulopathy or ongoing anticoagulation therapy, allergy to local anesthetics, and
inability of the patient to cooperate with positioning or remain still during the procedure. Relative contraindications may
include altered anatomy or prior surgical disruption of fascial planes that could affect local anesthetic spread or
ultrasound visualization.

IPP and PSP blocks offer distinct advantages in various breast procedures. For mastectomies, PSP is intended to
provide effective analgesia by targeting the pectoral nerves and upper intercostal nerves, thereby improving pain control
and reducing opioid consumption. PSP may also be beneficial in reconstructive procedures involving subpectoral
implants or tissue expanders, where anterior chest wall and axillary analgesia are required.” Additionally, some studies
suggest that PSP may provide improved analgesia for axillary dissection, although findings are variable and dependent on
technique and study design.?’

SAP blocks have demonstrated utility in procedures involving the lateral thoracic wall, including reconstructive breast
surgery, chest drain placement, and cosmetic breast procedures.® Due to its more lateral and posterior injection plane,
a SAP block may provide broader dermatomal coverage, particularly for lateral chest wall pain. In more extensive
procedures such as modified radical mastectomy with axillary clearance, the combined use of IPP, PSP, and SAP blocks
may provide complementary analgesia by expanding dermatomal coverage and improving overall pain control, although
this approach requires further study.”'>*

The clinical significance of IPP, PSP, and SAP blocks lies in their ability to provide targeted, opioid-sparing analgesia
within a multimodal pain management framework. When appropriately selected and performed under ultrasound
guidance, these techniques can improve postoperative recovery, reduce opioid-related adverse effects, and support
enhanced recovery after surgery protocols. Their integration into perioperative care pathways represents a meaningful
advancement in regional anesthesia for breast surgery. However, variability in technique, patient anatomy, and surgical
approach should be considered when interpreting outcomes and selecting the most appropriate block.

Efficacy and Pain Management Outcomes

Ultrasound-guided regional anesthesia techniques, including IPP, PSP, and SAP blocks, have been shown to provide
clinically meaningful reductions in postoperative pain and opioid consumption following breast surgery. A systematic
review and meta-analysis including 16 randomized controlled trials and 1026 patients demonstrated that fascial plane
blocks significantly reduced postoperative pain scores at multiple time points compared with no regional anesthesia.
Specifically, mean differences in pain scores were —1.5 at 2 hours, —1.1 at 12 hours, and —0.9 at 24 hours on a 0—10 scale.
This was accompanied by a reduction in 24-hour opioid consumption of approximately 7.2 mg intravenous morphine
equivalents and prolongation of time to first rescue analgesia by approximately 301 minutes, or about 5 hours.'
However, interpretation of these pooled findings is limited by heterogeneity across included studies, including variation
in block techniques, multimodal analgesic regimens, and outcome definitions.'”> A summary of the major findings
reported by Grape et al is provided in Table 1.
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Additional meta-analytic data further support the opioid-sparing benefit of these techniques. In a systematic review
and meta-analysis including 37 randomized controlled trials, Elshanbary et al reported that PSP-based approaches
significantly reduced intraoperative opioid consumption compared with controls and also reduced postoperative opioid
consumption compared with controls. The same review found that IPP blocks combined with SAP blocks reduced
intraoperative opioid requirements compared with controls, and that PSP blocks were associated with lower postoperative
opioid consumption than ESP blocks. These findings support the analgesic benefit of IPP and PSP-based techniques,
although the authors reported substantial heterogeneity across comparisons, limiting definitive conclusions regarding
superiority between block types.’

Recent randomized evidence also expands the applicability of these blocks beyond modified radical mastectomy. In
a double-blinded, multicenter randomized controlled trial of patients undergoing oncologic breast-conserving surgery
with sentinel lymph node biopsy, Albi-Feldzer et al found that combined IPP and PSP blocks with ropivacaine reduced
the incidence of rescue analgesia during the first 3 postoperative hours compared with placebo, 43% versus 61%,
corresponding to a relative risk of 0.70 and an approximately 30% reduction in rescue analgesic use. Pain scores at
30 minutes were also lower both at rest and during mobilization, and no block-related complications or serious adverse
events were reported during 30-day follow-up.'? This study is particularly relevant because it provides procedure-specific
evidence in breast-conserving surgery, an area less represented in earlier literature focused primarily on modified radical
mastectomy.

Across direct comparative studies, findings remain variable, with differences in analgesic outcomes influenced by
block technique, surgical approach, and outcome definitions. Some randomized controlled trials have reported longer
time to first analgesic request and reduced opioid consumption with SAP blocks compared with PSP blocks. For
example, in patients undergoing modified radical mastectomy, SAP blocks were associated with prolonged time to
first analgesic request, 911 minutes versus 578 minutes, and lower 24-hour morphine consumption, 1.2 mg versus
2.6 mg, with lower pain scores observed in the post-anesthesia care unit and at 2, 8, and 24 hours.'* Additionally, fewer
patients required rescue analgesia in the SAP block group, 52% versus 92%, although the authors noted that some
statistically significant findings may not represent clinically meaningful differences.'*

In contrast, other randomized prospective data suggest that PSP-based approaches may provide improved analgesic
outcomes in certain settings, particularly when combined with adjunctive anterior plane blocks. In one study, patients
receiving PSP blocks combined with superficial parasternal intercostal plane (PIP) blocks (formerly transversus thoracic
plane) had lower 24-hour morphine consumption, 3 mg versus 9 mg, prolonged time to first rescue analgesia, 8 hours
versus 6 hours, and lower early postoperative pain scores compared with SAP blocks alone.'® The improved analgesia
observed with this combined approach may be related to enhanced anterior chest wall coverage, as the PIP block
anesthetizes the anterior cutaneous branches of the intercostal nerves supplying the parasternal region, which is not
consistently covered by SAP block alone. '

Emerging evidence also suggests that timing of block placement may influence both pain control and early functional
recovery. In a 2026 study comparing preoperative IPP and PSP blocks, intraoperative IPP and PSP blocks, and general
anesthesia alone, Altas et al reported that preoperative block placement produced significantly lower VAS scores at 1 and
2 hours after surgery compared with the other groups. At 6, 12, and 24 hours, both block groups had lower pain scores
than controls. Importantly, the preoperative block group also demonstrated better shoulder abduction and flexion range of
motion on postoperative day 1, greater extension strength, sustained muscle strength improvements at day 10, and
improved QuickDASH and Beck Depression Inventory scores.'® Although currently available to us in abstract form,
these findings are useful because they highlight patient-centered recovery outcomes beyond pain scores and opioid use.

Recent clinical practice guideline data further support the role of fascial plane blocks in mastectomy. The 2026
American Society of Anesthesiologists practice guideline recommends fascial plane or paravertebral blocks for adults
undergoing mastectomy to reduce pain and/or opioid requirements in the first 24 postoperative hours, with moderate-
strength evidence. In pooled mastectomy data, single-injection fascial plane blocks, including IPP, PSP, and SAP blocks,
reduced pain at rest at 24 hours, reduced dynamic pain at 24 hours, decreased opioid consumption by approximately 25.8
oral morphine equivalents, and improved quality of recovery and patient satisfaction.'” These guideline findings support
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the clinical relevance of fascial plane blocks while also reinforcing the need to interpret individual block comparisons
cautiously.

When considered collectively, these findings highlight the heterogeneity of comparative outcomes between techni-
ques. SAP blocks may provide more sustained early postoperative analgesia and reduced opioid consumption in some
studies, whereas PSP-based approaches may offer improved anterior and axillary coverage, particularly when combined
with additional anterior chest wall techniques. Importantly, pooled evidence does not demonstrate consistent superiority
of one fascial plane block technique across all breast procedures, and differences in clinical performance are likely driven
by anatomical distribution, timing of administration, surgical approach, and multimodal analgesic regimens rather than
intrinsic superiority of one block over another.>'*!”

IPP, PSP, and SAP blocks are effective components of multimodal analgesia for breast surgery. SAP blocks may
provide broader lateral thoracic coverage, whereas PSP blocks are intended to target the pectoral nerves, intercostobra-
chial nerve, and upper intercostal nerves, making it particularly useful for anterior chest wall and axillary procedures.'*'
Accordingly, optimal block selection should be individualized based on surgical approach, anticipated pain distribution,

timing of block placement, and the need for medial versus lateral chest wall coverage.'>*'¢!”

Safety and Complications of IPP, PSP, and SAP Blocks

Reported complications, proposed mechanisms, and safety considerations, including strategies for risk mitigation, are summar-
ized in Table 2. IPP, PSP, and SAP blocks are generally considered safe and minimally invasive regional anesthesia techniques
when performed under ultrasound guidance.'® However, as with all regional anesthesia procedures, potential complications may
occur. Reported risks include vascular puncture, local anesthetic systemic toxicity (LAST), pneumothorax, infection, and block
failure."” The use of real-time ultrasound guidance has significantly reduced these risks by enabling accurate identification of
anatomical structures and continuous visualization of needle advancement and local anesthetic spread."’

Vascular puncture may occur during needle advancement, particularly in regions containing the thoracoacromial or
intercostal vessels, potentially resulting in hematoma formation or inadvertent intravascular injection.'® The use of color
Doppler imaging and frequent aspiration during injection are recommended strategies to mitigate this risk.'® Pneumothorax,
although uncommon, remains a potential complication, particularly with deeper injections in proximity to the pleura during
SAP blocks.'® Maintaining visualization of the needle tip at all times and advancing the needle in-plane with the ultrasound
transducer are critical to minimizing this risk.'® As summarized in Table 2, serious complications are infrequently reported;
however, inconsistent adverse-event reporting across studies limits accurate estimation of incidence.

Neurological complications are rare and are typically related to direct needle trauma or unintended intraneural
injection rather than the specific anatomical target itself.'® Accordingly, emphasis should be placed on precise ultrasound-
guided needle-tip control, avoidance of high injection pressures, and careful monitoring of patient feedback during block
placement to reduce the risk of nerve injury."”

Block failure may occur due to anatomic variability, suboptimal needle positioning, or inadequate spread of local
anesthetic within the intended fascial plane. While SAP blocks may allow for broader and more superficial spread in
some cases, successful analgesia with all techniques depends on accurate identification of fascial planes and appropriate
injectate distribution.'®

Systematic reviews evaluating the safety of chest wall blocks have reported a low incidence of serious complications,
with no major adverse events such as permanent nerve injury or clinically significant local anesthetic systemic toxicity
described in the included studies.'® However, adverse-event reporting across studies is variable and often inconsistent,
and the true incidence of complications may be underestimated.

IPP, PSP, and SAP blocks demonstrate favorable safety profiles when performed using appropriate ultrasound-guided
techniques. Careful attention to needle-tip visualization, injection technique, and patient-specific risk factors is essential
to minimizing complications and ensuring safe and effective analgesia.'®

Safe administration of local anesthetics requires adherence to established maximum dosing guidelines, with con-
sideration of cumulative dosing when combining regional techniques. Clinicians should remain vigilant for signs of
LAST, including neurologic and cardiovascular symptoms, and ensure that appropriate monitoring and resuscitation
protocols, including lipid emulsion therapy, are readily available.'’
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Discussion

IPP, PSP, and SAP blocks have emerged as important ultrasound-guided fascial plane techniques for postoperative
analgesia following breast surgery. Current evidence suggests that these blocks reduce acute postoperative pain scores
and perioperative opioid requirements, supporting their role within multimodal analgesia pathways.”'? Although
comparative studies generally demonstrate similar overall analgesic efficacy, differences in anatomical coverage may
guide block selection based on surgical approach and anticipated pain distribution. SAP blocks may provide broader
lateral thoracic wall coverage, commonly involving T2 to T9 dermatomes, whereas PSP blocks are intended to provide
more focused anterior chest wall and axillary coverage through its effect on the pectoral nerves, intercostobrachial nerve,
and upper intercostal nerves.”'*

The use of ultrasound guidance has been central to the safe and effective application of these techniques. Real-time
imaging allows visualization of fascial planes, needle trajectory, vascular structures, and local anesthetic spread, thereby
improving technical accuracy and reducing procedural risk.*** Compared with thoracic epidural and TPV techniques,
IPP, PSP, and SAP blocks are more superficial and may be associated with less hemodynamic instability, making them
attractive options for patients in whom deeper regional techniques may be less desirable.*'®

In clinical practice, incorporation of IPP, PSP, and SAP blocks into perioperative analgesic protocols aligns with
ERAS principles by reducing opioid exposure, limiting opioid-related adverse effects, and supporting earlier post-
operative recovery.””'> However, block selection should remain individualized. PSP blocks may be particularly useful
for procedures involving the anterior chest wall, axilla, or subpectoral manipulation, whereas SAP blocks may be
advantageous when broader lateral thoracic wall analgesia is needed. For more extensive procedures, including modified
radical mastectomy with axillary dissection, combined or complementary block strategies may provide more complete
dermatomal coverage. However, evidence supporting combined approaches remains limited and heterogeneous.”'>**

Recent evidence also broadens the discussion from analgesic efficacy alone to recovery quality and functional
outcomes. Albi-Feldzer et al provide contemporary multicenter randomized evidence supporting combined IPP and
PSP blocks for breast-conserving surgery and sentinel lymph node biopsy, a population less represented in earlier
mastectomy-heavy studies.'® Altas et al further suggest that preoperative block placement may improve early shoulder
range of motion, muscle strength, disability scores, and psychological recovery measures compared with intraoperative
block placement or general anesthesia alone.'® These findings support the need for future studies to evaluate patient-
centered outcomes beyond pain scores and opioid consumption.

The 2026 ASA practice guideline also supports the clinical relevance of fascial plane blocks for mastectomy,
recommending fascial plane or paravertebral blocks to reduce pain and/or opioid requirements in the first 24 post-
operative hours, while noting that fascial plane blocks may improve quality of recovery and patient satisfaction.'” This
guideline-level evidence strengthens the rationale for incorporating IPP, PSP, and SAP blocks into multimodal analgesia
pathways, while also emphasizing that technique selection should remain procedure-specific and individualized. As
highlighted in Table 2, safe implementation of these techniques depends on adherence to ultrasound-guided principles
and appropriate dosing strategies.

Limitations of Current Evidence

The current body of literature is subject to several important limitations. First, there is substantial heterogeneity across
studies in terms of block technique, including single versus multi-injection PSP approaches and superficial versus deep
SAP approaches, as well as local anesthetic volume, concentration, timing of block placement, and use of multimodal
analgesic regimens. Second, many studies focus on patients undergoing modified radical mastectomy, limiting general-
izability to less invasive procedures such as lumpectomy, breast-conserving surgery, and reconstructive procedures.
Recent evidence from Albi-Feldzer et al helps address this gap by evaluating IPP and PSP blocks in breast-conserving
surgery with sentinel lymph node biopsy, but additional procedure-specific trials remain needed.'®> Third, outcome
measures vary considerably between studies, including differences in pain score timing, opioid reporting metrics, rescue
analgesia definitions, and thresholds for clinically meaningful benefit. Finally, long-term outcomes, particularly persistent
postoperative pain, remain inconsistently evaluated, limiting conclusions regarding the impact of these techniques on
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chronic pain development. These limitations should be considered when interpreting the findings summarized in
Table 1.>'*!7 Safety data summarized in Table 2 are similarly limited by inconsistent reporting of adverse events,
precluding precise estimates of complication rates.

Future Directions
Future research should focus on well-designed comparative trials that evaluate acute pain scores and opioid consumption
in addition to patient-centered outcomes such as quality of recovery, satisfaction, shoulder range of motion, functional
recovery, disability scores, psychological recovery, and persistent postoperative pain. An ideal head-to-head trial would
include procedure-specific stratification, such as mastectomy versus lumpectomy versus reconstruction, standardized
multimodal analgesia protocols, consistent opioid reporting using morphine milligram equivalents or oral morphine
equivalents, clearly defined rescue analgesia criteria, and extended follow-up to assess long-term outcomes such as
chronic pain. Other fascial plane techniques, such as ESP blocks, have also been explored for breast surgery analgesia;
however, direct comparisons remain limited, and these approaches were not the primary focus of this review.*

Additional studies are needed to clarify optimal local anesthetic volume, concentration, and timing of block
placement. The potential role of combined approaches, such as PSP blocks with SAP blocks or PSP blocks with anterior
chest wall blocks, warrants further investigation, particularly for surgeries involving both medial and lateral breast
tissue.'>** Given recent evidence suggesting improved early functional outcomes with preoperative block placement,
future studies should also evaluate whether timing of administration affects rehabilitation, shoulder mobility, and return
to baseline function.'®

IPP, PSP, and SAP blocks represent safe, effective, and adaptable components of multimodal analgesia for breast
surgery. Their clinical utility lies in their ability to provide targeted analgesia tailored to surgical anatomy and expected
pain distribution. However, variability in technique, patient factors, and study design should be considered when
interpreting current evidence. Continued research and refinement of these techniques will help define their optimal
role within perioperative pain management strategies.

Conclusion

Effective postoperative pain management in breast surgery is essential for optimizing recovery, minimizing opioid
exposure, and addressing the risk of persistent postoperative pain. IPP, PSP, and SAP blocks have emerged as valuable
regional anesthesia techniques that provide targeted analgesia while avoiding many of the risks associated with deeper
regional approaches.

This topic remains highly relevant, as breast cancer continues to be one of the most commonly treated malignancies
worldwide, and persistent postoperative pain can significantly impact long-term quality of life. Integration of regional
anesthesia techniques such as IPP, PSP, and SAP blocks into perioperative care pathways may enhance recovery and may
be associated with a reduction in persistent postoperative pain, although current evidence remains limited and
heterogeneous.

Available evidence suggests that IPP, PSP, and SAP blocks are associated with reductions in acute postoperative pain
and opioid requirements compared with systemic analgesia alone. Differences between techniques appear to be related
primarily to anatomical distribution, surgical approach, and timing of administration rather than consistent differences in
overall analgesic efficacy. SAP blocks may provide broader lateral thoracic coverage in some cases, whereas PSP is
intended to provide more targeted anterior chest wall and axillary analgesia. All techniques demonstrate favorable safety
profiles when performed under ultrasound guidance, although reported complication rates may be influenced by
variability in study design and adverse-event reporting.

The clinical value of these techniques lies in their ability to provide opioid-sparing analgesia within a minimally
invasive framework while supporting postoperative recovery. However, variability in technique, patient factors, and study
methodology should be considered when interpreting current findings. Further high-quality, procedure-specific studies
are needed to better define optimal block selection and their impact on long-term outcomes, including persistent pain and
functional recovery.
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