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Pectoral Block Failure May Be Due to Incomplete Coverage
of Anatomical Targets
A Dissection Study

Lena F. Carstensen, MD,*† Morten Jenstrup, MD,* Jørgen Lund, MD,‡ and Jørgen Tranum-Jensen, MD§
Background and Objectives: The popularization of ultrasound-guided
nerve blocks in cosmetic and reconstructive breast surgery calls for better
anatomical understanding of chest wall innervation. When inserting
subpectoral implants, pain from pocket dissection, stretching of muscle,
and release of costal attachments may be relieved by blocking the pectoral
nerves in the interpectoral (IP) space.
We describe the variable anatomy of the pectoral nerves in the IP
space in order to define the area to be covered for sufficient blockade,
based on cadaver dissections.
Methods: Twenty-six fresh cadavers were dissected bilaterally. The
number, location, and course of the pectoral nerves were recorded. Distances to surface landmarks (sternum, clavicle, and costae) and ultrasound
landmarks (thoracoacromial artery [TAA] and pectoralis minor muscle
[Pm]) were recorded.
Results: The lateral pectoral nerve and the TAA entered together into the
IP space 8.9 cm (range, 8.0–12.0 cm) lateral to the midsternal line. The
medial pectoral nerve (MPN) had between 1 and 4 branches that pierced
the Pm, and 69% had additional branches lateral to the Pm. The musclepiercing MPN branches were located 3.8 cm (range, 0.4–8.1 cm) and the
lateral MPN branches 5.4 cm (range, 3.0–8.4 cm) from the lateral pectoral
nerve. The IP course was 2.6 cm (range, 0.7–6.5 cm). All specimens were
asymmetrical in location or number of MPN branches.
Conclusions: The MPN branches that innervate the lower part of the
pectoralis major muscle are asymmetrical and variable in location and
length; all located in a triangular area easily defined by sonographic landmarks, lateral to the TAA.
(Reg Anesth Pain Med 2018;43: 844–848)

A

nesthesiologists have long searched for an easy, safe, reproducible, and reliable nerve block for breast surgery. Clinical
studies have shown that regional nerve blocks reduce pain after
breast surgery, thereby reducing opioid consumption and its adverse effects such as nausea and vomiting.1–4
When inserting subpectoral implants, pain from pocket dissection, stretching of muscle fibers, and release of costal attachments may be relieved by blocking the pectoral nerves in the
space between the pectoralis major (PM) and minor (Pm) muscles.
However, the effect on the individual patient is somewhat unpredictable
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and may be different on the 2 sides. This calls for better anatomical understanding of pectoral innervation.
We describe the variable anatomy of the pectoral nerves in
the interpectoral (IP) space in order to determine the area to be
covered for sufficient nerve blockade.

Anatomical Background
The PM is innervated by the lateral (LPN) and the medial (MPN)
pectoral nerves that arise from the lateral and medial cords of the
brachial plexus, respectively. Both nerves carry fibers from spinal
nerves C5–T1 because of their interconnection by ansa pectoralis.5
The LPN follows the course of the pectoral branch of the
thoracoacromial artery (TAA) as a neurovascular bundle from
the infraclavicular fossa. The bundle pierces the clavipectoral fascia and enters into the IP space medial to the Pm and pierces the
deep muscle fascia of the PM. It runs distally and medially, visible
under the deep fascia of the PM, and sends 2 or more branches
into the muscle to innervate the clavicular (superior) and sternal
(medial) parts of the PM.6
The MPN runs distally deep to the Pm, innervates this muscle, and sends branches to the costal (inferior) part of the PM.
These branches pierce the Pm or pass lateral to it.6–8
The IP space is defined as the thin layer of connective tissue
between the clavipectoral fascia and the deep fascia of the PM.
The clavipectoral fascia stretches between the clavicle, the coracoid process, and the sternal end of the 2 upper ribs. Cranially it
splits up around the subclavius muscle and caudally around the
Pm.6 The IP space consists of loose connective tissue, containing
a little fat and lymphatic tissue, in which injected fluid can easily
disperse (Fig. 1).
The pectoral block type 1 (PECS 1) is a superficial nerve
block that targets the lateral and MPNs by injecting local anesthetic into the IP space.1

METHODS
The study was conducted on deceased adults who, under
Danish Legislation (Health Law no. 546, §188), had bequeathed
their bodies to science and education at the Department of
Cellular and Molecular Medicine, Panuminstituttet, University
of Copenhagen. The study was approved by the head of the Body
Donation Program at the Department of Cellular and Molecular
Medicine. The dissections were performed by one surgeon,
who is an experienced breast and plastic surgeon with 24 years
of anatomy teaching experience.
Fifty-two pectoral regions in 26 fresh female white cadavers
were dissected. The median age of the cadavers was 82.4 years
(range, 37–102 years). Three pectoral regions were excluded from
the study, 2 of which had been damaged during another dissection, and 1 had unilateral Poland syndrome (normal breast but absence of PM).
The skin was incised along the clavicle, midsternal line and
approximately 5 cm below the inframammary fold. The PM was
released from the clavicular, sternal, and costal attachments and
deflected laterally en bloc with the overlying breast and subcutaneous
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structures detectable by ultrasound (TAA) and the relation to
the Pm muscle segments were recorded as well. The nerve
branches were then dissected through the Pm in order to confirm their origin, to avoid possible confusion with the lateral intercostal nerve branches. The origin of the nerves at the level of
the brachial plexus was not further evaluated.
Median with range and proportions were used to analyze the data.

RESULTS

FIGURE 1. A 42-year-old woman in preparation for left-sided
nipple-sparing mastectomy, sentinel node biopsy and
direct-to-implant breast reconstruction. Ultrasonic pictures before
(A) and after (B) nerve block with injection of 10 mL of anesthetic
fluid into the IP space. The needle is seen in B entering from the left,
and the dark area superficial to the Pm represents injected fluid. C
shows the positioning of the probe (SonoSite S-Nerve [Fujifilm
Sonosite, Bothell, WA] with 15–6 MHz linear array transducer)
and the direction of the injection. costa II/III indicates second/third
rib; SA, subclavian artery; TAA, pectoral branch of TAA.

tissue. The structures in the IP space were dissected carefully. The
point where the LPN and the TAA pierced the clavipectoral fascia
was determined, and the horizontal distance from the midline of
the sternum was measured with a flexible ruler. The branches of
MPN were carefully dissected from their entry point into the IP
space to their entry into the deep surface of the PM. The number,
location, and length of MPN branches within the IP space were recorded. Distances from the MPN to palpable anatomical landmarks on the surface (horizontal distance to the midline of
sternum, vertical distance to caudal surface of clavicle, and
the relation to the ribs) were recorded (Fig. 2). Distances to
© 2018 American Society of Regional Anesthesia and Pain Medicine

In all cases, the LPN and the pectoral branch of the TAA entered the IP space together in the corner between the clavicle and
the Pm attachment on the coracoid process. In most cases, the
LPN penetrates the clavipectoral fascia caudal or laterocaudal to
the thoracoacromial artery, which ramifies shortly after. The pectoral branches of the artery follow the branches of the LPN. The nerve
and the artery ran inferiorly inside the IP space for at least 1 cm before piercing the fascia on the deep side of the PM to proceed in a
subfascial plane for several centimeters before branching out into
the muscle (Fig. 3). The entry point of LPN/TAA into the IP space
was located 9.8 cm (range, 8.0–12.0 cm) from midsternum.
All MPN branches were located lateral to the point where the
LPN/TAA emerges under the clavicle (Table 1). The MPN had between 1 and 4 branches that pierced the Pm before crossing the IP
space to innervate PM. Sixty-nine percent of specimens had additional MPN branches lateral to the Pm, supplying innervation only
to the PM. The muscle-piercing branches emerged 3.8 cm (range,
0.4–8.1 cm) lateroinferiorly to the TAA. The lateral branches of
MPN passed lateral to the upper half of the lateral edge of Pm at
a distance of 5.4 cm (range, 3.0–8.4 cm) from the TAA. The majority of muscle-piercing branches entered the IP space in the middle or upper parts of the Pm (Fig. 4, Table 2) and ran in a caudal
direction before entering the PM. No branches emerged through
or lateral to the lower third of the Pm. The median IP course
was 2.5 cm (range, 0.7–6.5 cm). There was no relation between location and IP length of the branches; short branches were found in
all areas described.
Relative to the ribs, we found that two-thirds of MPN branches
were located around the third rib, evenly distributed above, over and
under it. Twenty percent were located at the level of the second rib,
and 13% of specimens had branches with a lower location down to
the fourth rib, up to 8.4 cm from the LPN/TAA entry point. These
lower branches were found only in patients with Pm muscle attachments to the fifth rib.
The Pm is divided into segments corresponding to its attachments to the ribs. The MPN branches piercing the Pm were evenly
distributed between either side of the middle muscle segment or
pierced it in the very center (Fig. 4, Table 2). The variable anatomy
of the costal attachments of Pm is given in Table 3.
Ninety-six percent of specimens were asymmetrical in location or number of nerve branches from the MPN (Fig. 3).
In conclusion, all MPN branches were located within a triangular area defined by an 8-cm vertical line from the LPN/TAA entry point and a point halfway on the lateral border of the Pm
(Fig. 1). Some branches have a very short (<1 cm) IP course both
in the cranial and caudal parts of the triangle.

DISCUSSION
Our study shows that it is possible to define an area for neural
blockade, where all the branches of the pectoral nerves are located
in the IP space. The MPN branches have a variable and asymmetrical distribution, whereas the LPN has a constant location next to
the TAA. The target area is almost triangular in shape and is defined by an 8-cm vertical line from the TAA's entry into the IP
space and a point halfway on the lateral border of the Pm. This
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FIGURE 2. Drawing of the right pectoral region, with the PM removed. The LPN is shown to emerge under the clavicle, and 3 branches of the
MPN are shown with 2 branches penetrating the Pm between its segments and 1 branch lateral to the Pm. The ribs are numbered I–V.
During the dissections, the following data were recorded: (1) distance from midsternal line to LPN/TAA, (2) distance from midsternal line to
each of the MPN branches, (3) distance from LPN to MPN, (4) distance from MPN to caudal surface of clavicle, (5) length of MPN branches
from the exit point on the surface of Pm to the entry point on the deep surface of the PM (not shown), (6) MPN in relation to Pm muscle
segments, and (7) MPN in relation to ribs.

FIGURE 3. Dissection of the pectoral region illustrating the asymmetric branching pattern of the pectoral nerves. The sternal, costal, and partly
the clavicular attachments of the PM have been released, and the PMs have been deflected laterally, to show the MPN branches emerging
through or lateral to the Pm. The LPN is seen in close relation to the pectoral branch of the TAA. The LPN divides into 2 branches on both sides;
on the specimen's right side after 3 cm, and on the left only a few millimeters after entering the IP space. In this case, there are 2 MPN
branches on the right side, and 3 on the left, with asymmetric exit points. One of the MPN branches on the left side joins one of the LPN
branches. The Pm had in this case 5 segments (slips) on the left side and 4 on the right. The ribs are numbered I–V.
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TABLE 1. Measurements From Anatomical Landmarks to the
Entry Point of MPN Branches Into the IP Space, With Arm
Adducted (in Millimeters)

Distance from midsternum
Distance from caudal surface of clavicle
Midsternum–LPN/TAA
Horizontal distance from LPN/TAA
Vertical distance from LPN/TAA
Straight distance from LPN/TAA
Length of IP nerve segment

Median

Max

Min

120
72
98
20
38
43
25

165
120
120
55
78
84
65

80
30
80
0
0
4
7

area is larger than earlier PECS block descriptions because the
lowermost branches might enter the IP space up to 8.4 cm from the
TAA. The pectoral nerves may also be reached at a deeper level,
deep to the Pm, before the branching of the MPN. However,
targeting the nerves in the IP space minimizes adverse effects seen
during deeper nerve blocks, such as pneumothorax, vascular lesions in the axilla, and unwanted effects on the brachial plexus.
Most anatomical studies on the pectoral nerves have focused
on their origin from the brachial plexus and their course into or
around the Pm, but the description of their course in the IP space
is scarce.8 Moosman7 is often cited for describing that 38% of
MPN passes lateral to the Pm and 62% through the Pm, and this
has been confirmed by others.9–11 However, Moosman's dissection study on 100 pectoral regions showed 4 different branching

The PECS Block: Anatomical Variations

patterns where 38% had a single branch lateral to the Pm, 32%
had a lateral branch and a branch through the muscle, and the rest
had 1 or several branches through the muscle; that is, a total of
70% of cases had a lateral branch, and 62% had branches that
ran through the muscle. This pattern corresponds with our findings:
69% of our cases had 1 or more branches lateral to the Pm. However,
we found that 100% of specimens had muscle-piercing branches,
some of which were of very small diameter. A more recent study
on 28 formalin- and Thiel-embalmed cadavers found even fewer
muscle-piercing branches (28% of specimens).12 Our cadaveric
material was unembalmed, fresh frozen, which may account for
the easy dissection and exposure of very fragile branches, not
found by other anatomists.
There was no correlation between muscle size and MPN
branching pattern, as proposed by Macchi et al,11 but we did find
more caudal MPN branches in individuals with lower Pm attachments. The length and direction of the branches did not correlate with
the exit point on the Pm surface; branches shorter than 1 cm were
found at all locations within the triangle. This poses a problem for
the anesthetist because the entire triangular area must be covered with
sufficient local anesthetic in order to reach all the MPN branches.
The LPN branches followed the classic description with 1 or
more branches parallel to the TAA and a course of at least 1 cm
within the IP space.
A dissection study9 has proposed an ideal denervation point
for the LPN by using superficial anatomical landmarks, that is,
measured distances from the midsternal line and the clavicle. In
our study, this point was a little more lateral (mean, 8.9 cm; range,
8–12 cm) from midsternal line compared with the findings of

FIGURE 4. Nerve branch location on the surface of the right Pm. The PM has been transected near the lateral attachment and deflected
medially, and the LPN is shown to enter the deep side of the PM. Each dot on the surface of the Pm represents 1 branch of the MPN; all right
and left branches in the study are sampled in this photograph. Photograph not to scale. Note that all MPN branches are located lateral to the
entry point of the TAA (visible on ultrasound), which runs along the LPN. Most MPN branches are located in the middle and upper part of
the Pm, but in a few specimens, there are branches located lower than the fourth rib, up to 84 mm from the entry point of the TAA. A triangle is
made by drawing an 8-cm vertical line from the entry point of the LPN/TAA and connecting the ends with a point halfway on the lateral
border of the Pm. All MPN branches, including the LPN, are located within this triangle. For a sufficient nerve block, this entire triangular area
must be covered by local anesthetic.
© 2018 American Society of Regional Anesthesia and Pain Medicine
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TABLE 2. Relationship Between Medial Pectoral Nerve Branches and the Pm (Percentage)

Vertical

Horizontal
Lateral

Between Middle and
Lateral Segment

Central in
Midsegment

Between Medial and
Middle Segment

Medial Strip

Total

1
15
10
1
27

1
7
11
3
22

3
7
11
0
21

6
10
7
1
24

2
3
1
0
6

12
43
41
4
115

Upper lateral corner
Between upper and middle one third
Central
Between middle and lower one third
Total

Özel et al (mean, 8.1 cm).9 The most distal MPN branches may,
according to our findings, be located up to 8.4 cm from the entry
point of the TAA and LPN through the clavipectoral fascia. These
branches innervate the most caudal parts of the PM, where the
pain stimuli from pocket dissection, muscle division, and implant
projection are strongest. It is therefore important to cover a larger
area within the IP space in order to include these branches in the
PECS block. The original PECS 1 block description by Blanco1
and Blanco et al,13 with later modifications,2,14 consists of injection of 10 mL local anesthetic at the level of the third intercostal
space in the vicinity of the pectoral branch of the TAA. This
means that the LPN, which is adjacent to the TAA, is targeted
directly by the PECS 1 block. The MPN branches, located
lateroinferiorly to the LPN, may be covered by the injected fluid
as it passively spreads in the IP space. However, no volumeeffect studies have been published, and the distribution of fluid
within the IP space has not been described. The challenge in pectoral nerve blockade (PECS 1) is to cover all the sensory nerves to
the PM. Failure to do so may lead to variable effects of the nerve
block—even in the same patient after using identical injection
procedures on both sides. This may be attributable to the asymmetrical distribution of MPN branches seen in all specimens in
our study. In order to anesthetize both pectoral nerves and all their
branches, the local anesthetic should cover the triangular area
shown in Figure 4. Theoretically, this can be done with the ultrasound probe placed horizontally below the middle part of the clavicle, and at the level of the second and third rib, the needle is
advanced in-line from medial to lateral to target near the TAA.
The injected anesthetic fluid will separate the 2 pectoral muscles,
and ideally, the fluid will spread laterally to the cover nerve branches.
Injecting larger volumes and/or massaging in order to manually
force the local anesthetic further laterally and distally may solve
this problem, but this remains to be studied clinically.

and length. They are all located in a triangular area, which is easily
defined by sonographic landmarks, lateral to the TAA. The LPN
branches have a consistent location adjacent to the TAA and thus
define the medial side of this triangle.

CONCLUSIONS

9. Sefa Özel M, Özel L, Toros SZ, et al. Denervation point for neuromuscular
blockade on lateral pectoral nerves: a cadaver study. Surg Radiol Anat.
2011;33:105–108.

The branches of the MPN that innervate the Pm and the
lower part of the PM are asymmetrical and variable in location

TABLE 3. Costal Attachments of the Pm
Costa
1, 2, 3, 4
2, 3, 4, 5
2, 3, 4
3, 4, 5
3, 4

848

No. Specimens
(Percentage)

Maximum LPN/TAA–MPN
Distance

4
14
15
11
2

9
30
33
24
4
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