PEFMOHAPHASI AHECTE3USI U JIEYEHUE BEOJU _

UDC 618.19-009.624-089.5

B. TUYAKOV!'?, Z. STEPIEN1, D. ONICHIMOWSKI'?, E. MAYZNER-ZAWADZKA?

'Department Anesthesiology and Intensive Care, Clinical Hospital WSS, Olsztyn, Poland,

2Department Anesthesiology and Intensive Care, Medical Faculty, University of Warmia and Mazury, Olsztyn, Poland

INTERFASCIAL THORACIC ANTERIOR AREA AND DORSAL
NERVE BLOCKS

Due to the widespread access to ultrasonography, regional anaesthesia has become a safe methode of
post-oprative pain management. It can be performed not only in orthopedic surgeries, but also in thoracic
wall surgeries. One of the most frequent chest wall operations are breast surgeries. Although thoracic
epidural anaesthesia and paravertebral blockades continue to be relevant, increasing number of one-day
procedures demands an easier alternative with a lower number of side effects. To meet these expectations,
in 2011 R. Blanco introduced pectoral nerve blocks. In PEC | block local anaesthetic is injected between the
pectoral major and minor muscles. PECS Il block extends analgesia to the axilla and consists of PECS |
block and a second injection of local anasthetic between the pectoral minor and serratus anterior muscles.
Another effective methode of antero-lateral chest analgesia is serratus plane block, where LA is deposited
in the interfascial plane above the serratus muscle. Above-mentioned procedures lead to a lower opioid
consumption after chest surgery and, as a cosequence, a shorter stay in PACU.

post-opperative pain management.

egional anaesthesia allows effective blocks to be
performed not only to the limbs, but also to the thoracic

wall nerves and dorsal branches of spinal nerves. The
progress that has been made in this discipline over the last
decade has been possible thanks to the widespread availability
of ultrasonography, which has lead to a renaissance in regional
anaesthesia. Regional techniques have evolved to make
anaesthesia increasingly effective.

In 2011 Rafael Blanco proposed a block that has no analogy
with the other approaches (R. Blanco, 2011). It is only similar
to the transversus abdominis plane block (TAP block), where
the local anaesthetic is placed into the interfascial plane
between an internal oblique muscle and a transverse abdominal
muscle (A. Kumar, 2015). In an article published in the 2011
edition of Anesthesia the author described an easy alternative
to the thoracic epidural anaesthesia and thoracic paravertebral
blockade in the post-operative pain management after breast
surgery.

Breast cancer is the most common cancer among women. In
the United States it affects one in eigtht of the female population.
Effective pain control is a major challenge (R. Blanco et al.,
2013). An increasing number of surgeries are being performed
as a day procedures, making thoracic epidural anaesthesia
or paravertebral blockade inadequate for these opperations.
Moreover, the side effects of these blocks could exceed the
advantages. To solve this problem, the PECS blocks were
introduced (R. Blanco et al. 2012; R. Sedra, 2015).

A PECS block derives its name from the word ,,pectoral“ —
the local anaesthestic is deposited in the fascial plane between
the pectoral minor and major muscles. In Blanco‘s study, the
blockade was performed in approximately 50 patients, who
required only minimal post-operative analgesia — a regular
administration of paracetamol and dexketoprofen (R. Blanco;
2011). The block is useful for recontructive breast cancer
surgery or subpectoral prothesis. It is performed with a linear
ultrasound probe placed in a position similar to that used to
the infraclavicular plexus block. The needle is inserted on
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the cephaled side of the probe just beneath the clavicle (M.
Saleem, V. Irvine, 2014). First, the pectoral major muscle is
identified. Then, between both pectoral muscles, the pectoral
branch of thoraco-acromial artery is localised with a colour
Doppler. The lateral pectoral nerve is located adjacent to the
thoraco-acromial artery. The medial pectoral nerve is situated
in the same interfascial space. In Blanco’s study 50 ml of the
local anaesthetic (LA) - 0,25% bupivacaine - was injected. In
subsequent publications, the LA amount was limited to 10-20
ml. The location was suitable to leave a catheter and perform
a continuous analgesia using 0,25% bupivacaine Sml/h during
for 7 days. Most of the patients with continuous analgesia did
not require any opioids.

In 2012 Blanco described a modification to the PECS bloc,
which was named the PECS II block (R. Blanco et al., 2012).
He analysed the anatomy of the breast innerviation, which was
essential for the use of ultrasonography. This modification was
intended to extend analgesia to the axilla, which provides a better
pain control after vast revisions, tumorectomies, mastectomies
and sentinel node dissection (Abrahams et al., 2016; R. Sedra,
2015). To perform a PECS II block two needle approaches
are needed. The first approach is a PECS I blockade with the
insertion of 10 ml of the LA. The second puncture injects 20 ml
of'local anaesthetic between pectoral minor muscle and serratus
muscle. This enables reaching so called “axillary door” and
blocks the long thoracic nerve and I and II intercostal nerves
(R. Blanco et al.; 2012). This approach also blocks the lateral
branches of the intercostal nerves, which exit at the level of the
mid-axillary line to innervate the mammary gland and the skin
from T2 to T6.

ANATOMY

The pectoral muscles are mainly innervated by the lateral
and medial pectoral nerves, which arise from the brachial plexus
(R. Blanco et al., 2012). The lateral pectoral nerve arises from
C5, C6 and C7 and is separated from the lateral cord of brachial
plexus. It runs between the major and minor pectoral muscles
in close proximity to the pectoral branch to the thoracoacromial
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artery. It innervates two-thirds of the pectoral major muscle.
Medial pectoral nerve arises from C8-T1 and is separated from
the medial cord of brachial plexus, running under pectoral minor
muscle piercing it and the clavipectoral fascia and innervates
the lower third of pectoral major muscle. It is possible that
the medial pectoral nerve runs along the lateral border of the
pectoral minor muscle.

A second group of nerves are the thoracic intercostal nerves
from T2 to T6 (H. Ueshima et al., 2016), which run in a plane
between the intercostal nerves to the sternum. The anterior
divisions of these nerves pierce through the intercostal muscles,
intercostal membrane and pectoral major muscle crossing the
internal mammary artery and supply the medial side of breast.
Lateral branches of intercostal nerves pierce intercostal muscles
and the serratus anterior muscle in the mid-axillary line, giving
off anterior and posterior terminal branches. The lateral branch
of the intercostal nerve T2 continues as an intercostobrachial
nerve to the axillary area.

A third group of nerves are the long thoracic and
thoracodorsal nerves. The long thoracic nerve arises from C5-
C7, enters the axilla runs along the serratus anterior muscle.
Once damaged during the radical mastectomy or axillary
clearance, a winging scapula can be produced, especially when
the arm is lifted forward. Damage to the long thoracic nerve
has also been described during the plexus brachialis blockade
from the interscalene approach, when the needle was inserted
through the middle scalene muscle.

The thoracodorsal nerve is a branch of the posterior trunk
of the brachial plexus. It runs along the thoracodorsal artery
and innervates the latissimus dorsi muscle (the posterior axilla
wall). The nerve lies very deep and can be damaged during the
breast reconstruction using serratus anterior flaps.

The clavipectoral fascia lies on the anterior surface of
pectoral minor nerve and on the lateral border of the muscle
converts to Gerdy ligament (the suspensory ligament of axilla).
It enables maintaining the concave shape of the axilla.

Sonoanatomy and block technique

PECS 1 block

The patient is positioned supine with the arm put on the
side or abducted and externally rotated. Blanco described an
approach when the probe is located at the level of the coracoid
process. Perez has modified the probe placement to the lateral
one-third of the clavicle (M. F. Pérez et al.; 2013). The needle is
inserted medial-to-lateral in the “in-plane” position to minimize
the possibility of the bone or vascular structure damage. The
following structures must be identified: subcutaneous tissue,
pectoral major muscle, pectoral minor muscle, axillary artery,
axillary vein and pleura (E.D. Bolin et al., 2015). Between both
pectoral muscles there is the thoracoacromial artery and the
lateral pectoral nerve. 10-20 ml of 0,125-0,25 % bupivacaine or
ropivacaine is injected. This block does not affect the anterior
branches of the intercostal nerves (picture 1).

PECS 2 block

The initial part is similar to a PECS 1 block (Abhijit S. Nair
et al., 2015). Then the probe is moved laterally and distally
until the third rib (J.S. Kim et al., 2016) and the lateral border
of the pectoral minor muscle are identified. On the third rib,
continuation of the Gerdy ligament is visualized along with
serratus anterior muscle, which lays beneath the ligament and

Picture 1 - PECS | block. The plane between pectoral muscles is
visible. The tip of needle is so deep into pectoral minor muscle
and should be remove some milimetres. LA injection should
be given exactly into plane between pectoral muscles.

Red arrow — fascial plane between pectoral muscles.
covers the ribs (E.D. Bolin et al., 2015). The parietal pleura is
located at the depth of serratus muscle between the ribs. The
needle is inserted “in-plane”, medially to laterally and 20 ml
of long lasting local anaesthetic is administrated. During the
withdrawal of the needle additional 10 ml of local anaesthetic
can be injected into the interfascial plane between two pectoral
muscles. Thanks to this method, the long thoracic nerve,
thoracodorsal nerve and intercostal nerves II-IV are blocked.
In the PEC 2 block the LA spreads along the chest wall until

the level of T8 (picture 2).

Picture 2 - PECS Il block. The end-point of the nedle is between
pectoral minor muscle and serratus anterior muscle.
Red arrow — fascial plane between two muscles.
Blue arrow - the shift of the needle
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SERRATUS PLANE BLOCK

A serratus plane block provides an exact analgesia of the
thoracic wall by blocking the lateral branches of intercostal
nerves (M.P. Sebastia, 2014; H. Otake, 2015; J.S. Kim et al.,
2016). The blockade is performed in the supine position. We
visualize the V rib at the mid-axillary line, latissimus dorsi
muscle (more superficially and laterally), teres major muscle
(above) and serratus anterior muscle. The needle should be
inserted to a depth of about 2 cm. The local anaesthetic is injected
into the interfascial plane above the serratus muscle or beneath
this muscle. According to Blanco placing the LA above the
muscle provides a faster sensory blockade of the hemi thorax(R.
Blanco et al., 2013;). The thoracodorsal artery can serve as a
landmark to identify the localization. Superficial placement of
LA is one of the advantages of this technique (P.A.-de la Torre
et al., 2015; S. Tighe et al., 2013) (picture 3).
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Picture 3 - Sonoanatomy by Serratus Plane Block. The probe is
placed in the middle axillary line in the short axis.
Blue arrows -the plane between two muscles

ERECTOR SPINAE PLANE BLOCK (ESPB).

Erector spinae plane block was first described in 2016
(Mauricio Forero et al., 2016), when it was used to overcome a
neuropathic pain. A high-frequency linear ultrasound transducer
was located in a longitudinal orientation, 3 cm lateral to
the TS5 spinal process. The trapezius, rhomboid major and
erector spinae muscles were identified and the local anesthetic
was administrated in a cephalad-to-caudad direction in the
interfascial plane between the rhomboid major and erector spinae
major muscles in the amount of 20 ml. The other landmark is the
transverse process at lower levels, as thomboid major muscle has
its inferior border at T6. The local anesthetic should be inserted
close to the midline at the tip of the transverse processes to avoid
the intercostal muscles, which could be a barrier to the spread
of the local anesthetic. According to the authors — the erector
spinae plane block is less invasive and safer comparing to the
paravertebral and interpleural blocks and more dedicated to the
posterior side of the chest wall than PEC blocks and serratus
plane blocks. Futhermore, this plane permits an extensive cranio-
caudal spread and coverage of multiple dermatomes due to the
longitudinal extension of the erector spinae muscle. On the other
hand, deep ESPB is similar to the retrolaminar block (Takeshi

Murouchi, 2016), where the local anesthetic is inserted either
on lamina or on the transverse process. The efficacy and using
of the two techniques require more studies.

PRACTICAL USE

APECS I block can be an effective method for postoperative
analgesia for mastectomies, breast augmentation, breast
reconstruction, CRTD implantation (Fujiwara et al., 2014), or
vascular port implantation. PEC II indications are similar to a
PEC I’s plus mastectomy with axillary clearance, sentinel node
dissection and anterior thoracotomy.

A serratus-plane block is useful as an additional analgesia in
breast surgery, multiple rib fractures (N.P. Kunhabdulla et al.,
2014) (picture 4 )and breast reconstructive surgeries involving
the latissimus dorsi muscle (Abhijit S. Nair et al., 2015). It is
also used as anterolateral chest chronic pain treatment (Fujiwara
S. etal., 2015) after radiotherapy and minimal invasive cardiac
surgeries (MIDCAB — minimal invasive direct coronary artery
by-pass) .

Initially, few cases of opioid reduction in these blocks were
published. In 2015 G.M. Bashandy (G.M. Bashandy etal.,2015
) with colleagues published a PEC II prospective randomized
trial, in which 120 patients underwent a modified unilateral
radical mastectomy. They were divided into two groups — with
and without the block. In patients with a PEC II block the opioid
consumption was reduced during the first 12 hours after surgery,
there was a 50% reduction of fentanyl use during the operation,
a shorter stay in a post-anaesthesia care unit and a generally
shorter stay in the hospital.

S.S. Wahba compared thoracic paravertebral block (PVB)
versus a PEC II block in the radical mastectomies (S.S. Wahba et
al.,2013). The PEC II block required lower opioid consumption

Picture 4 - Continuous Serratus Plane Block with Certa Catheter
(Ferrosand™, Denmark) by polytrauma. The block end-point
of the needle is performed for the patient with ribs multiple

fractures (lI-XI). Additionally, the patient had spine injury with

the fractures of left transverse processis of vertebrae Th Il -Th10
and multiple fractures of pelvis bones. Thoracic paravertebral
block or thoracic epidural analgesia were contraindicated due to
thoracic vertebrae fractures. Lumbar spine was intacted. Lumbar
epidural analgesia was performed for treatment of pelvic pain
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during the first 24 hours after the surgery. After the PEC Il block
also pain intensity was also lower during the first 12 hours
compared to PVB. The PONV was comparable between the
two groups. The authors suggest that a PEC II block can be an
alternative to a paravertebral block. It is a safe, effective chest
wall block method with fewer contraindications connected
with antithrombotic therapy compared to epidural thoracic
analgesia and, unlike PVB, PEC Il also provides a contralateral
sympathetic chain block.

In 2016, Abrahams published a review of several truncal
block methods (M. Abrahams et al., 2016). It was noted that
current publications recommend thoracic cage blocks with an
“A” grade of recommendation and Ib-III level of evidence.

All of the cited studies described these blockades as an
intra- and postoperative analgesia, which was accompanied by
general anaesthesia (A. Amir et al., 2016 ). There are only few
examples of using them as the only one method of anesthesia
(H. Murata et al., 2015).

COMPLICATIONS

Few complications of the block have been described (A.J.
Louw, 2014). The thoraco-acromial artery should be localized
to avoid a vascular LA administration. In the PEC II block the
needle must be visualized to avoid pleura puncture. The chest
wall blockades are performed with a large volume of local
anaesthetic, so the maximal doses should be followed, taking to
account the age and a general condition of the patient to prevent
any toxic reactions.

SUMMARY

Chest wall blockades are an easy and effective method of
pain management, characterized by a low risk of side effects and
complications. They require a several points of needle placement
and a frequent needle orientation to view the desired localization.
In these types of blocks, the local anaesthetic reaches nerves
from the interfascial plane. Thanks to the superficial site of
these spaces, high frequency ultrasound probes can be used,
which provides a better image resolution. An increasing
number of new compartments of local anaesthetic placement
have been introduced, which is a step toward presenting a
new generation of blockades based on ultrasound guidance.
Upcoming, prospective, randomized and controlled trials may
show a clinical evidence of their efficacy in breast and chest
wall surgeries.

Chest wall blockade: PEC I, PEC II and serratus-plane
block are performed using ultrasonography in breast operations,
multiple rib fractures and other chest wall procedures. In this
paper, block techniques and the anatomy and sonoanatomy
of the breast area are described. Moreover, the indications,
complications and future perspectives of the blocks are
discussed.

Erector spine block is new block and further studies are need
into assess an efficacy of this interesting method in the acute
and chronic pain management.
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TAHecmesuorozausi xxeHe UHMeHcuemi mepanusi 6enimweci, WSS

KIUHUKanbIK aypyxaHacbl, OnbwmaiH K., [Nonbwa,

2AHecme3suonoaus xeHe UHMeHcuemi mepanus besimweci,

MeduyuHansik ¢akynsmem, Bapmuli xeHe Ma3ypu yHu-

sepcumemi, OnbwmabiH K., [Nonbwa

DACLMANABLIAPANBIK KEYAE B6niMI MEH AOPCANbAbI
HEPBINEPAOIH BNOKAOANNbIK AHACTE3USACHI

Y3 komkeTimai GonybiHa opain XeprinikTi aHacTe3anss otagaH
KeniHri ayblpcbiHyAbl 6acyaa kayincia agic 6onbin oTblp. OHbI Tek
opToneauAnblk OTa Xacay KesiHe FaHa eMec, Keyae KrneTkacbiHa oTa
Xacay kesiHae Ae napanaHyra 6onaabl. OTanapgblH aca xui Typi
6yn cyT 6e3gepiHe xacanaTtbiH oTanap 6onbin oTbip. Topakanbapl
Xupyprusiga anvaypanbibl aHacTe3nss MeH napaBepTebpanbabl
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bnokaganapabiH ani Ae kaxeT GonyblHa kapamacTaH, GipKyHAiK
npoueaypanap caHblHblH apTybl aHama acepi a3 6onaTblH eHin
6anama xongapabl kepek eTin oTblp. Ocbl MakcatTa 2011 Xbinbl P.
BnaHko nektopanbabl 6nokaganblk aHecTe3usiHbl yebiHabl. PEC |
GriokagacblHAa XeprinikTi aHeCTe3ns LaFblH XOHE YIIKEH MeKTo-
panbabl GynwbIkeT apacbiHa canbiHagbl. PECS 1l 6rnokagachiHbIH,
aHanbreaunsicbl KONTbIK acTblH kamTuabl xaHe PECS | 6nokaga-
CblHaH KypanfaH,eKiHLi peT >eprinikTi aHecTe3ns nektopanbabl
LUaFbIH XaHe anAblHFbl TiCTi BynLbIKET apacbiHa canbiHagb!. Keyoe
aHarnbresuscbiHbiH 6acka TMiMai agici peTiHae anabiHFbl natepanbabl
GacnangakTbl xa3sblk briokaTtop caHanagbl, oHaa KA bacnangakTbl
OyNLbIKETTEH XOFapbl hacumanbablaparnbik )KasblKTbIKTbl KaMTUAbI.
YKorapblga kepceTinreH npoueaypanap aHaFypribiM TOMEH ONUOATbI
LUbIFBIH KENTIpEAi, COHbIH HATWXeCIHAE OTafaH KeliH nanataga 6ony
Mep3iMiH asantagbl.

Heezizi ce30ep: cym 6e30epiHe xacanraH oma, xepainikmi aHe-
cmesusi; PECS | 6niokadackl; PECS Il 6riokadacsi; 6bacnandakmasi
JKa3blkmbl 6riokada; omadaH KeliHei ayblpcbiHyOb! 6acy.

PE3OME

B. TYSKOB'"23. CTENUEH', 4. OHUYNUMOBCKW'?,

E. MAMLHEP-3ABA13KA?

"OmadeneHue aHecme3uosozuu U UHmMeHcusHol mepanuu, Knu-

Huyveckas 6onbHuUya WSS, 2. OnbwmeiH, Nonbwa,

20OmadeneHue aHecmesuosio2uUu U UHMEHCUsHOU mepanuu,

MeduyuHckul gpakynbmem, YHusepcumem Bapmuu u Ma3sypu,

2. OnbwmeiH, MNMonbwa

BINOKAOHAA AHECTE3UA MEX®ACLUUANBHOIO reya-
HOro OTAENA U OOPCAIbHbIX HEPB

B cBs131 ¢ Wwmpokum gocTynom k Y3W, mecTHasi aHecTesus ctana
©e30nacHbIM METOLOM 4151 KYNUPOBaHMUsi NOCTOMNEPaLMOHHON 6onu.
Ee MOXHO Ucnonb3oBaTh He TOMbKO Npy OPTONeaUYECKKX onepaLmsix,
a Takke npu onepauusix Ha rpyaHyto knetky. OgHUM U3 camblx Ya-
CTbIX BUOB OMNepaLmin SBMSOTCA onepaumm Ha MOJOYHbIE Xene3bl.
HecmoTpsi Ha To, 4TO anuayparbHasi aHecTe3usi u napasepTebparb-
Hble Grnokaapbl B TopakanbHOW XUPYPrum nNpomdorikatoT ocTaBaTbCsl
BOCTpebOBaHHbIMY, yBENUYMBAIOLLEE KOMUYECTBO OAHOOHEBHbIX
npouenyp TpebytoT Gonee nerkyto ansTepHaTUBY C MEHBLLUM YUCTIOM
no6oyHbIx acbdpekToB. C atou Lenbto, B 2011 P. BnaHko npeactasun
nekTopanbHyto 6nokagHyto aHecteanto. B 6nokage PEC |, mecTHas
aHecTe3us1 BBOAUTCS Mexay mMaron 1 6onbluoi nektopanbHbIMy
Mbiwuamu. brnokaga PECS Il paclwmpsieT aHanreauto 4o Nogmbl-
LLIEYHOM BNaauHsbl, 1 cocTouT 13 bnokagbl PECS |, a Takke BTOporo
BBeOEHUS MECTHOW aHecTe3nn Mexay nekTopanbHOW manom u
nepegHen 3ybuyaton mbiwamu. Opyrum adppeKkTUBHbIM METOA0M
nepegHenaTepanbHOW rPyaHON aHanre3un ABMSETCS NECTHUYHBIN
nnockui 6rokatop, rae MA oTknageiBaeTcs B MexdacLmarnbHoi nmo-
CKOCTW BblLLIE NIECTHUYHON MbILLLbI. [poueaypbl, ONUCaHHbIE BbiLUe,
npuBOAAT K 6ornee HU3KUM ONUOMAHLIM 3aTpaTtam, U B pesyrnbraTe K
6onee KOPOTKOMY NpebbiBaHWIO B MOCIeonepaLoHHol nanare.

Knrodeenbie cnoga: orepayusi Ha MOMTOYHbIX Xefle3ax; MecmHasi
aHecmesusi; briokada PECS I; briokada PECS II; JllecmHuy4Hasi ro-
ckas briokada, KynuposaHue nocmonepayuoHHoU 6oru.
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