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ABSTRACT

Background: Chest wall surgeries are accompanied by severe postoperative pain. Inadequate relief of this pain may
lead to both pulmonary complications as lung atelectasis and infection and chronic post thoracotomy pain syndrome.
Regional analgesic modalities are important portion of the multimodal therapeutic approach suggested for the
management of post thoracotomy pain.

Objective: To evaluate serratus anterior plane block as a regional analgesia technique for post thoracotomy and
thoracoscopy pain.

Recent Findings: Serratus anterior plane block (SAPB), a regional analgesic modality developed by Blanco et al. in
2013, has shown good analgesic effect after thoracotomy and thoracoscopy in many case reports and clinical trials. In
such block, a local anesthetic is injected in the fascial plane deep or superficial to the serratus anterior muscle leading
to block of lateral cutaneous branches of the intercostal nerves. This provides a sensory block of T2-T9 dermatomes.
Conclusion: Serratus anterior plane block as a fascial plane block can be a preferred regional analgesia technique for
both post-operative pain management with procedures involving anterolateral chest wall as thoracotomy, thoracoscopy
and breast surgery and in cases of multiple rib fractures. This is owing to its easy technique, effective pain relief and

potentially better side effects profile compared to other regional modalities and systemic opioids.
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INTRODUCTION

Thoracotomy and thoracoscopy are associated
with acute severe pain, inadequate relief of which will
immediately affect pulmonary function and patient
comfort. In addition, it will lead to longer term pain
(post thoracotomy pain syndrome) that interferes with
patient’s returning to his regular activities for extended
time & 2. Pleural irritation, costovertebral joints
dislocation, intercostal nerves injury and retraction and
resection or fracture of ribs are involved factors in
evolving such severe pain ©. Providing analgesia for
thoracic surgery can be challenging for a variety of
reasons as thoracic surgery patients are often elderly
and/or frail with multiple comorbidities .

For thoracic surgery, enhanced recovery after
surgery (ERAS) guidelines @ advised a multimodal
approach for post thoracotomy acute pain management
including:

» Cognitive behavioral modalities to relief anxiety as
guided imagery, intraoperative positive suggestions,
limiting noise and playing music during anesthetic
induction and other relaxation techniques can reduce
anxiety. Patient education and providing proper
information also have important rule in experiencing
less pain ©,

» Multimodal systemic analgesia by using synergistic
effects of different analgesic types aiming to avoid or
minimize opioids use to avoid opioids related side
effects that may interfere with achieving ERAS targets
like postoperative nausea/vomiting control, quick
resuming of oral diet and early mobilization. These

include acetaminophen, Non-steroidal anti-
inflammatory drugs, N-methyl-D-aspartate (NMDA)
antagonists, Gabapentin, Glucocorticoids and Opioids
@

» Intraoperative regional analgesia: Thoracic epidural
analgesia was considered by many studies as the gold
standard, as it was more effective when compared to
many other regional analgesic modalities used for post
thoracotomy pain treatment. Though, associated risks
with the use of epidural analgesia are becoming more

obvious than previously thought, including
hypotension, urinary retention, technique failure,
muscle weakness and other epidural related

complications © 7. Thoracic paravertebral block
analgesia can be used as a unilateral block of both
somatic and sympathetic nerves and is suitable in
unilateral thoracic procedures with equivalent
analgesic effect, better side effects profile and
probably less respiratory complications compared to
thoracic epidural analgesia © ®. Other regional
analgesia techniques were tried aiming easier access
and fewer complications, like intercostal nerve blocks
and intrapleural block and showed better analgesic
effect than placebo © % 10 while others like erector
spinae plane block still evolving @, In 2013, Blanco
et al. “? presented serratus anterior plane block
(SAPB), a new feasible and safer ultrasound guided
technique for thoracic wall nerve block, as an
alternative to the standard regional analgesic
techniques as thoracic epidural and paravertebral
block.
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Anatomy: The serratus anterior is located laterally in
the thoracic wall and comprises the medial border of
the axilla region (Figure 1). It consists of several strips
that originate from the lateral aspects of the 1% to 8"
ribs and attach to the scapula in the medial border of its
costal surface. It is innervated by long thoracic nerve
(C5, C6, and C7) and its function is to hold the scapula
against the chest cage and to move the scapula forward
and upward allowing the arm to be raised over 90
degrees * 1%, Potential spaces exist both deep to the
serratus anterior muscle between it and chest wall, and
superficial to it underneath the latissimus dorsi muscle,
which lies superficial to the serratus anterior.

The intercostal nerves give their lateral cutaneous
branch near the angle of its related ribs. Piercing the
intercostal muscles, the lateral cutaneous branches
intercostal nerves divide to give anterior and posterior
branches (Figure 2). Both branches pierce the serratus
anterior muscle and supply the skin covering the
pectoralis major, scapula and latissimus dorsi.
Therefore, the thoracic intercostal nerves are blocked
when a local anesthetic is injected in the potential space
either deep or superficial to the serratus muscle,
providing analgesia to the anterolateral chest wall
extended from T2 to T9 (121314,
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Figure (1): The internal and external intercostals of the
thoracic wall 9

Figure (2): A diagram showing applied anatomy for
serratus anterior plane block. SA: serratus anterior, PM:
pectoralis major and LD: latissimus dorsi @

Sonoanatomy:
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Chest wall is composed of four major
components (Figure 3): the skin that forms a thin
hyperechoic outer layer (1-3 mm), subcutaneous fat
layer of varying thickness that is hypoechoic and
lobulated and a complex variety of muscles. All the
three layers are supported by cartilages and bones (the
ribs, clavicles, sternum and the sternoclavicular joint).
Only the anterior face of bony parts of the ribs is visible
on ultrasound as it completely attenuates the spread of
the ultrasound waves 9,

The muscles of the chest wall on ultrasound have
the characteristic appearance of striated muscles as
parallel hypoechoic fibers separated by fine echogenic
bands. The superficial muscles of the thoracic wall
include: the pectoralis major and minor, the serratus
anterior and the subclavius, while the deep muscles
layer is formed of the external and internal intercostal
muscles. The innermost intercostal and the transversus
thoracis muscles cannot be seen by ultrasound. More
dorsally, a superficial group of muscles including the
latissimus dorsi, the trapezius and serratus posterior can
be identified @9,

Figure (3): Ultrasound of the thoracic wall. ICM:
intercostal muscles; SAM: serratus anterior muscle; R3:
third rib; R4: fourth rib; R5: fifth rib; ETF: enthoracic
fascia; PP: parietal pleura; FAT: subcutaneous fat; *
indicates hydro dissection of the fascial plane with local
anesthetic solution in this space (6,

Rationale:

The increasing usage of ultrasonography in
identifying tissue layers, particularly fascial layers, led
to the evolving of many newer interfascial analgesia
injection techniques for both chest and abdominal wall.
An example is the SAPB, which can be considered as a
modification of Pecs Il block. In Pecs Il block, local
anesthetic is injected into two fascial spaces by dividing
the dose between the pectoral fascia between the
pectoralis major and pectoralis minor muscles and the
fascial space under the pectoralis minor muscle
between the clavipectoral fascia and the superficial
border of the serratus anterior muscle . In SAPB, the
procedure is performed in the axillary region more
lateral and posterior to the location in which Pecs Il
block is performed, where lateral cutaneous branches of
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(T3-T9) intercostal nerves, intercostobrachial nerve,
thoracodorsal nerve, and long thoracic nerve are located
in the fascial compartment between the serratus anterior
muscle and the latissimus dorsi muscle, in the area
between the mid and posterior axillary lines ®®. To
provide analgesia of the lateral thoracic wall, this block
is targeting primarily the thoracic intercostal nerves by
approaching one of two fascial spaces either superficial
to the serratus anterior muscle underneath the latissimus
dorsi muscle or deep to the serratus anterior muscle
between the serratus muscle and the thoracic wall 2 19

Technique:

Preparation:  Informed  consent,  aseptic
precautions, standard noninvasive monitoring 2 20,

Probe: Linear ultrasound transducer (10-12

MHz) is usually used @2 20 and 2 | inear

ultrasound transducers with variable frequency

ranges were also used (22 23,2425, 26, and 27),

Patient position: The procedure can be
performed in one of two patient positions:

1) While the patient is in the supine position
(Figure 4) with the ipsilateral arm abducted to
90°. This position can be used in poly
traumatized patients as in case of multiple rib
fraCtureS (12, 22, 27, and 28).

While the patient is in a lateral position (Figure
5) with the diseased side up. This position can
be used in patients undergoing thoracotomy or
thoracoscopy after anesthesia induction @0 2. 2.
24, 25, 26, and 29).

Probe position and orientation (Figures 4, 5):

The probe is positioned over the midclavicular area
of the chest cage in a sagittal plane. Then ribs are
counted laterally and inferiorly, until the fifth rib is
recognized in the midaxillary line. The latissimus dorsi
(posterior and superficial), teres major (superior) and
serratus muscles (inferior and deep) are then easily
distinguishable by ultrasound covering the fifth rib.
Thoracodorsal artery can be used as a further reference
point. This aids in the identification of the plane
superficial to the serratus muscle ®2 242 27 In other
studies, SABP was done while the probe is placed in
different orientation being parallel to and between the
5th and 6th ribs in the mid-axillary region %2,

Needle insertion: G-22 50 mm needle is
commonly used ®2 20, Variable needle gauge and
length were used varying from G-18 to G-25 and 50
mm. to 100 mm 2% 22:24,25,26,27,and 29) The needle depth
required to reach the identified region is around one to
two centimeters (12,

The needle is introduced in plane keeping respect
to the ultrasound probe from superoanterior to
posteroinferior. After confirming negative aspiration,
correct placement of the needle tip is ensured by
injecting 3 ml normal saline to hydro dissect the
targeted plane (2% 22 25, and 29)

2)
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Figure (5): Patient in lateral position @9,

Local anesthetic injection: A local anesthetic is then
injected under continuous ultrasound guidance either
superficial (Figures 6, 7) (2 20 2L 23, 25, 24, 26, 29, and 30) gp
deep (Figure 7) (222 23,and 27) 1q the serratus anterior
muscle confirming good spread between latissimus
dorsi and the serratus or deep to serratus muscle.
Superficial approach is preferred and may give a wider
area (a more posterior spread) of analgesia and a greater
duration of action in spite of lacking evidence to
support either choice @2,

r3

\—
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Figure (6): A graph representing the distribution of
local anaesthetic (in blue) during serratus plane block.
Ldm: latissimus dorsi; Tmm: Teres major; Sm: serratus
muscle; the ribs: three (r3), four (r4) and rib five (r5);
Prox: proximal and Caud: caudal 2,
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Figure (7): Sonographic images showing the fascial planes above (left) and below (right) the serratus anterior muscle
is dissected during local anesthetic injection. Ld: latissimus dorsi; Sa, serratus anterior; r4: fourth rib and r5: fifth rib

12)

Catheter insertion and needle removal: After
injection, a catheter can be threaded into the fascial
plane via the needle before its removal and secured to
allow infusion of local anesthetic to give prolonged
analgesia % 22, If single injection approach is planned,
the needle is removed immediately after local
anesthetic injection without catheter threading 2 2% 23
24,25, 26, 27, 29, and 30).

Local anesthetic agent: The local anesthetic
used varied among studies in type, dose and
concentration. Ropivacaine was used in concentrations
of 0.25, 0.375 or 0.5% either in a fixed dose 20:30 mL
or based on body weight 0.4 mL/Kg. In case of
subsequent infusion, lower concentrations are used
(e.g., 0.1%) (@1 22,2526, 29, and 30) By pjvacaine was used
in concentrations 0.25 or 0.5% either in a fixed dose
20:30 mL @427 or based on body weight 2 mg/Kg @,
Levobupivacaine 30 mL was used in concentrations
0.25% followed by 5 mL/hour infusion of 0.125%
concentration @9,

Additives to local anesthetics: In one study,
dexamethasone 8 mg was added to the injected local
anesthetic bolus (0.25% bupivacaine) @®. While in
another study, fentanyl 1 microgram/mL was added to
the local anesthetic (ropivacaine 0.1%) infused via the
fixed catheter but not with initial bolus 2.
Indications:

SAPB is designed primarily to block the lateral
cutaneous branches of thoracic intercostal nerves to
provide analgesia of the lateral chest wall #?. Many
studies and case reports described its use in
thoracotomy (0 2. 23,24, and 32) and thoracoscopy @5 27: 2%
and 30) procedures. Additionally, it is used in surgery in
the region of the breast and axilla, like in modified
radical mastectomy % 3D and unilateral multiple rib
fractures 2 28),

Contraindications:

There are very few contraindications for SAPB.
Absolute contraindications include patient” refusal
(informed consent should be obtained from patient
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preoperative), allergy to local anesthetics and local
infection at the needle insertion site. Relative
contraindications include situations that make
anatomical landmarks difficult to be identified by
ultrasound, for example morbid obesity or distorted
anatomy as in case of surgical emphysema, intercostal

drain placement or previous surgery at the insertion
site (19:39),

Advantages:

SAPB has many advantages. It is technically
easy as it is a superficial block. It also can be
performed with patients either in lateral or supine
position, therefore, it is particularly beneficial in
trauma patients as other concurrent injuries may
prevent patients from sitting or rolling laterally to
perform either paravertebral block or thoracic epidural.
In addition, it is appropriate for patients who have
associated head injuries or spinal trauma where
epidural and paravertebral blocks are contraindicated.
Besides, it can be wused in thrombolysed or
anticoagulated patients. If a catheter is inserted and
secured for local anesthetic infusion, patients can move
safely with catheter in situ %39,

Complications:

The procedure is generally easy and safe with
better side effects profile compared to other regional
modalities and systemic opioids. Complications are
unlikely with skilled hands. It includes pneumothorax,
nerve injury, vascular puncture, technique failure
leading to inadequate block, infection (prevented by
proper antiseptic preparation) and allergy to local
anesthetic (urticaria, bronchospasm or hypotension
may rarely occur) ®® 33349 |ocal anesthetic systemic
toxicity is rare with correct administration. Excessive
plasma levels may happen due to overdose,
unintentional IV injections or slow metabolic
degradation resulting mainly in CNS (up to generalized
tonic clonic convulsions and respiratory arrest) and
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cardiovascular effects. Bupivacaine is obviously
cardiotoxic (highly arrhythmogenic) compared to other
local anesthetics (% 3439,

CONCLUSION

Serratus anterior plane block as a fascial plane
block that can be a preferred regional analgesia
technique for both post-operative pain management
with procedures involving anterolateral chest wall as
thoracotomy, thoracoscopy and breast surgery and in
case of multiple rib fractures. This is owing to its easy
technique, effective pain relief and potentially better
side effects profile compared to other regional
modalities and systemic opioids.
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