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Abstract

Breast cancer is the most prevalent cancer in women worldwide, and pain fol-
lowing mastectomy is a major post-surgical complication. This paper high-
lights the risk factors for chronic pain in breast surgery and evaluates various
regional block techniques used to reduce post-operative pain, and minimize
hospital stays in high-risk patients. Further research is needed to evaluate the
effectiveness of novel regional anaesthesia techniques in an enhanced recovery
context, and to assess their role in preventing or reducing chronic pain.
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1. Introduction

Breast cancer is the most common cancer in women globally, affecting approxi-
mately one in seven women [1]. Breast cancer treatment often involves surgical
procedures, including mastectomy (with or without breast reconstruction) or
breast conservation surgery. Pain following mastectomy has long been recognized
as a clinically significant complication. Patients often describe postmastectomy
pain as a dull, burning, or aching sensation affecting the chest, axilla, and ipsilat-
eral upper extremity [2]. This condition is often referred to as Postmastectomy
Syndrome [3], which can affect up to 50% or more of women following breast
cancer surgeries [4] [5]. With time, breast cancer prognosis is improving due to
advances in diagnosis and treatment [6] [7]. Minimizing chronic pain and its
long-term effects has become crucial for breast cancer survivors. Careful patient

screening for chronic pain risk, deliberate use of multimodal analgesia (including
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regional anesthesia techniques), and close follow-up after surgery, chemotherapy
or radiotherapy, are vital components in the care of breast surgery patients. This
paper highlights the risk factors for chronic pain in breast surgery and evaluates
various regional anesthesia block techniques used to reduce post-operative pain

and minimize hospital stays in high-risk patients.

2. Predisposing Risk Factors for Chronic Pain in Breast
Surgery

The following have been recognized as risk factors for the development of chronic

pain after breast surgery:

* Younger patient [8]-[10];

* Higher immediate post-operative pain scores [9] [11];

* Preoperative or underlying painful conditions such as fibromyalgia [11] [12];

* Ethnicity and socioeconomic factors—commonly seen in Black or Hispanic
population [13];

* Extent/stage of breast disease [14];

* Psychological factors such as anxiety and depression [15] [16];

* Poor pain control [17];

* Genetic risk factors- opioid receptor alteration- mu-opioid receptor abnor-
mality [18];

* Axillary dissection [9] [19];

* Mastectomy or breast conservation [20];

¢ Radiation therapy [21] [22].

3. Breast Anatomy and Planes for Anesthesia

The breast and the adjacent chest wall contain multiple neural and interfascial
planes through which regional anesthesia can provide substantial anesthesia. The
relevant anatomy can be described based on their cutaneous/subcutaneous and
muscular innervations.

The spinal nerves at the thoracic level divide into their dorsal and ventral rami;
the dorsal rami provide innervation to the posterior chest wall and are of little
relevance for breast surgery. However, the ventral rami run within the paraverte-
bral space and emerge as the intercostal nerves [23]. These nerves pass through
the fascial plane between the internal and innermost intercostal muscles. The lat-
eral cutaneous branch emerges from this fascial plane at the mid-axillary line,
piercing the internal intercostal, external intercostal and serratus anterior mus-
cles. After division, the lateral cutaneous branch of the intercostal nerve provides
innervation to the lateral chest wall, and the anterior cutaneous branch emerges
in proximity to the sternum, providing innervation to the medial chest and ster-
num. The nipple-areola complex has an elaborate and disputed innervation. The
cranial portion of the breast derives its innervation from supraclavicular nerves,
the branches of the Superficial Cervical plexus. The axilla (innervation for the Tail

of Spence and the axillary lymph nodes) is supplied predominantly by the
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intercostobrachial nerve, formed from the lateral cutaneous branch of the T2 ven-

tral rami (Figure 1).
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Figure 1. Diagrammatic representation of the nerves innervating the female breast and
axilla. MPN, medial pectoral nerve; LPN, lateral pectoral nerve; MBCN, medial brachial
cutaneous nerve; ICBN, intercostobrachial nerve; LTN, long thoracic nerve [24].

Regional blocks were previously underutilized in breast surgery. Today, the
widespread adoption of ultrasound imaging during the perioperative period has
provided the anesthesiologists with real-time visualization advantages, allowing
more advanced regional blocks to be performed in a precise manner. This has also
led to the development of novel regional block techniques, particularly fascial
plane blocks, which allow local anesthetic to spread across multiple planes and

block multiple nerves simultaneously.

4. Regional Block Anesthesia Techniques

Table 1 below summarizes various techniques for regional anesthesia for breast
surgery. These can also be used for other thoracic area/wall surgeries since the

nerve supply remains similar.

Table 1. Regional nerve blocks used for breast surgery.

Area of
blockade

Regional
blocks

Paravertebral Paravertebral

block space

Target Adverse
& Effect/duration Recommendation
Nerves effects
Intercostal n., Sympathetic blockade,

Contraindicated in
anticoagulated
patients

6 - 8 hours; option
dorsal rami, rami ] P hemodynamic instability,
of continuous .
) ] ] breach of intrathecal
infusion via catheter

space, pleural puncture

communicantes,
sympathetic chain
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Continued
Interfascial planes  Lateral and medial Fewer significant side Comparable pain
Pectoral between pec major, pectoral nerves, Up to 24 - 36 hours, effects, potential score and the opioid
ectora
block pec minor and upper intercostal ~ dependent on intravascular spread by = requirement to PVB
ocks
serratus anterior nerves, long thoracicdrugs/adjuvants use the pectoral branch of the with a better safety
muscles nerve thoracoacromial artery  profile
Antero-lateral and
Lateral branches of More advanced needling . .
Serratus ) ] partial posterior chest
) Planes above and  Intercostal nerves, Up to 24 - 36 hours, skills are required; a I potential
ane wall; potentia
p below the serratus intercostobrachial, dependenton higher volume of LA is P .
block ) ) o advantage in breast
anterior muscle thoracodorsal and  drugs/adjuvants use needed; proximity to . .
(SPB) . reconstruction with
long thoracic nerves pleura (pneumothorax) o .
latissimus dorsi flap
. Plane between .
Pectointercostal ) . Anterior cutaneous Up to 24 - 36 hours, Supplements are
. pectoralis major Further from pleura and
fascial branches of dependent on . . spared by Pectoral
and external . . internal thoracic vessels
block . intercostal nerves  drugs/adjuvants use blocks and SPB
intercostal muscle
Transversus Plane between . L .
) . Anterior Up to 24 - 36 hours, Proximity to internal It has been used for
thoracic transversus thoracis

muscle plane
block

and internal
intercostal muscle

branches of dependent on thoracic vessels, pleura, acute and chronic

intercostal nerves  drugs/adjuvants use and pericardium pain

1) Thoracic Paravertebral block (TPVB)

This technique involves injecting local anesthetic (LA) into the thoracic para-
vertebral space. The LA spreads across multiple levels, effectively blocking the
thoracic-spinal nerves as they exit the intervertebral foramina. Some LA may
spread laterally into the intercostal space, and medially into the epidural space.
LA spread within the paravertebral space results in ipsilateral blockade of somatic
and sympathetic nerves of the thoracic region [25]. There is substantial literature
that supports the use of TPVB in breast surgery for reducing post-operative pain,
opioid use, and nausea and vomiting [26]-[29]. TPVB is effective as a periopera-
tive analgesic and can even provide surgical anesthesia [23]. The use of paraverte-
bral catheters has been recommended to prolong post-operative analgesia in a re-
cent PROSPECT guideline. Research has demonstrated that single-level TPVB is
quicker, less labor-intensive, and equally effective compared to the multiple-in-
jection approach or using paravertebral catheters. It is worth noting that TPVB
cannot reliably provide analgesia to the axilla (T1 nerve distribution), and supple-
mental LA infiltration to the area may be required [30] [31].

2) Pectoral Blocks (PECS)

Over the last decade, the PECS blocks (PECS I and PECS II blocks) have gained
prominence for providing analgesia for thoracic wall procedures. They are a group
of ultrasound-guided interfascial plane blocks targeting the nerves between the
pectoralis major muscle (pec major), pectoralis minor muscle (pec minor) and
serratus anterior muscle (SAM) [32] [33]. The inter-pectoral plane block (for-

merly known as PECS I block) involves injecting LA between the pec major and
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pec minor muscles, while the pecto-serratus plane block (known as PECS II block)
involves injecting LA between the pec minor muscle and the SAM. They have been
shown to reduce pain scores and opioid use in the first 12 hours, resulting in
shorter Post-anesthesia Care Unit (PACU) stays as well as overall hospital stay
[34].

An additional modification of the pecto-serratus plane block suggests perform-
ing the injection deep (rather than superficial) to the SAM. This approach may
enhance inter-fascial spread, but more importantly, it helps spare the long tho-
racic nerve, which allows early assessment of nerve function, particularly in cases
where there is a risk of neural damage during surgical dissection. Recently pub-
lished meta-analyses comparing the pecto-serratus plane block with TPVB found
no differences in pain scores or opioid consumption. Pecto-serratus plane block
was not inferior to TPVB in reducing pain intensity and morphine consumption
after surgery. Both were superior to systemic analgesia alone [35] [36]. Compared
to TPVB, the pecto-serratus plane block is a peripheral technique with a lower risk
of sympathetic blockade and significant bleeding.

3) Serratus Anterior plane block (SPB)

The serratus anterior plane block (SPB) is performed more distal and lateral to
the pecto-serratus plane block, with LA injection in the interfascial plane superfi-
cial and deep to SAM. The advantage of this approach is its proximity to the in-
tercostal nerves, resulting in effective analgesia/anesthesia for the ipsilateral the
chest wall [37] [38].

A recent meta-analysis found that patients who received SPB had lower pain
scores and lower 24-hour opioid requirements post-operatively compared to non-
block care. A comparison between SPB and TPVB showed no differences in post-
operative pain scores or opioid requirements; however, this comparison was based
on five trials only, and there were issues with blinding and the heterogeneity of
the data sets [39].

4) Pecto-intercostal fascia block ( PIFB)

This ultrasound-guided block is performed on the medial aspect of the breast
at the level of the fourth rib, just lateral to the sternal border. Once the ribs, pleura,
and intercostal space are identified, the block needle is advanced in the cranial-
to-caudal direction into the interfascial plane between the pectoralis major and
external intercostal muscles, where the LA is deposited. This supplementary block
is not typically used as a standalone technique for breast surgery [40].

5) Transversus thoracis plane block (TTP block)

This relatively new ultrasound-guided nerve block technique provides analgesia
for the medial anterior chest wall. It is a single shot fascial plane block where the
LA is deposited between the transversus thoracis and internal intercostal muscles,
commonly performed between the third and fourth ribs. Precise needle place-
ment, ultrasound guidance, and awareness of anatomical landmarks are crucial,
as complications may arise due proximity to the pleura, the pericardium on the

left, and internal thoracic artery within the space. A recent double-blinded study
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involving cardiac patients demonstrated superior early post-operative pain con-
trol with lower opioid consumption compared to the control group [41]. How-
ever, no data is available for breast surgeries.

6) Erector spinae plane (ESP) block

In the ESP block, LA is deposited deep to the erector spinae muscles in the up-
per thoracic vertebrae (T2 - T5). The technique was initially described by Forero
et al in 2016 [42] and has since gained a meteoric rise in popularity in a wide
range of clinical applications. Its various mechanisms of action have been elo-
quently discussed by Chin et a/ in 2021 [43]. The block can be utilized either as a
single-shot technique for immediate pain relief or by inserting a catheter to pro-
vide continuous analgesia after surgery or trauma.

In the context of breast cancer surgery, two randomized control studies com-
paring ESP block with general anesthesia alone demonstrated significantly lower
morphine consumption in the early postoperative period among patients who re-
ceived ESP block, although there was no notable difference in pain scores [44]
[45]. A separate study comparing ESP block to PECS block did not show signifi-
cant disparity in pain scores immediately after surgery; however, after the first
hour post-surgery, it became evident that patients who received PECS block re-
ported significantly lower pain scores and used fewer opioids [46].

7) Local Anesthetic (LA) wound infiltration

LA wound infiltration is commonly administered by breast surgeons as a mode
of post-operative analgesia. However, it provides limited analgesia, and the effect
may not last longer than 24 hours [47]. Nevertheless, LA wound infiltration does
have a role in complementing regional analgesia techniques such as PECS and
TPVB, which may not always provide adequate analgesia to the T1 nerve distri-
bution.

8) Liposomal Bupivacaine

Liposomal Bupivacaine is a newer drug used in regional anesthesia. It has a
longer duration of action of up to 3 - 4 days, compared to plain Bupivacaine which
typically lasts less than 24 hours [48]. Preliminary evidence suggests that Liposo-
mal Bupivacaine may hold promise for longer reconstructive breast surgeries.
However, further studies comparing outcomes and costs are necessary to establish

its full efficacy and cost-effectiveness.

5. Discussion

Widespread adoption of ultrasound imaging technologies in recent years has led
to increased popularity of ultrasound-guided regional anesthesia techniques in
breast cancer surgery, even as novel techniques are being developed. Studies com-
paring combined regional and general anesthesia to general anesthesia alone con-
sistently demonstrate superior post-operative analgesia, leading to faster recovery
and shorter hospital stays. Regional anesthesia also reduces the complications as-
sociated with opioids, such as constipation, nausea, and vomiting. Not all patients

are suitable candidates for regional anesthesia, such as those with coagulation
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disorders, sepsis, a history of anaphylaxis to LA agents, and other specific condi-
tions. Complications of regional anesthesia techniques include block failure, nerve
damage, vascular injury, adjacent organ injury, and systemic toxicity. However,
in skilled hands the benefits of regional anesthesia outweigh the risks in most
cases.

Regional anesthesia can also be employed as a sole technique for breast surgery,
including mastectomy and axillary node clearance. Sedation can be used to sup-
plement regional techniques, minimizing anxiety and ensuring patient comfort.
Regional only technique is particularly beneficial in high-risk, estrogen-negative
breast cancer patients with complicated medical history and among those who
want to avoid general anesthesia. It has the advantages of superior analgesia and
faster recovery, while avoiding most of the complications of general anesthesia,
such as post-operative nausea and vomiting, sore throat, dental damage, and car-
diorespiratory complications. Patients can be discharged to surgical high care or
general wards instead of HDU or ITU, thus reducing the need for critical care
beds and often strained hospital resources.

An interesting development about the role of local anesthetic in reducing breast
cancer recurrence came in the form of a recent study looking at the impact of
presurgical, peritumoral infiltration of local anesthesia on disease-free survival.
Patients with early breast cancer planned for upfront surgery without prior neo-
adjuvant treatment were randomly assigned to receive a peritumoral injection of
0.5% lidocaine before surgery [49]. Results from this study suggested that the use
of lidocaine significantly increases disease-free survival and overall survival, and
that altering events at the time of surgery can prevent metastases in early breast

cancer.

6. Conclusion

In breast cancer surgery, regional anesthesia techniques such as the thoracic par-
avertebral or pectoral nerves blocks, within a multimodal analgesia approach, are
effective in reducing postoperative pain and opioid consumption. Post-operative
analgesia duration can be further extended with the use of continuous nerve block
catheters. In patients considered high-risk for general anesthesia, regional anes-
thesia may be employed as a sole technique for breast surgery. Further research is
needed to evaluate the effectiveness of novel regional anesthesia techniques in an
enhanced recovery context, and to assess their role in preventing or reducing

chronic pain.
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