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APPLYING CERVICAL SPINE ANATOMY TO INTERSCALENE
BRACHIAL PLEXUS BLOCKS

Edward Carden, MD, and Arti Ori, MBChB

Background: The interscalene brachi-
al plexus block (ISBPB) is a most reliable
and commonly performed technique for re-
gional anesthesia of the upper extremity. It
has widespread clinical applicability, ranging
from use for shoulder surgery as well as diag-
nostic and therapeutic uses in pain manage-
ment. Traditional methods described for per-
forming the ISBPB involve identifying surface
anatomy landmarks. Unfortunately, in pa-
tients with less than ideal landmarks (those
with short, thick necks and those lacking ad-
equate muscle tone in the neck area) it be-

comes increasingly challenging to identify
these landmarks. As a result there is great-
er uncertainty in accurately locating the bra-
chial plexus, and consequently greater risk in
performing the block.

Methods: A simple new approach to
the interscalene brachial plexus block is de-
scribed, utilizing the bony anatomy of the
cervical spine as a landmark for directing the
needle to the correct position, a nerve stim-
ulator, and a confirmatory injection of a test
dose of anesthetic solution to enhance accu-
racy. In addition, by correctly implementing

this technique, the block may be performed
by a sole operator.

Results: This simple approach has prov-
en to be clinically effective in more than
2,000 blocks of the brachial plexus during
the past 4 years.

Conclusion: 1t is concluded that this
technique represents a safe, reproducible,
and highly successful method for use by an-
esthesiologists and pain physicians alike.

Keywords: Interscalene block, upper
extremity pain, regional anesthesia for up-
per extremity

The interscalene brachial plexus
block (ISBPB) has become a most reliable
and commonly performed technique for
regional anesthesia of the upper extrem-
ity. It has widespread clinical applicability
including use for shoulder surgery, as well
as pain management (1-6). In addition to
the provision of post-operative analge-
sia, ISBPB is frequently used by interven-
tional pain physicians for the treatment of
chronic upper extremity pain.

The brachial plexus is formed by
the union of the anterior rami of cervi-
cal fifth, sixth, seventh, eighth, and first
thoracic nerves, with contributions from
the fourth cervical and second thoracic
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nerves. It is believed that these nerves are
enclosed in a continuous fascial sheath, as
highlighted by Winnie (7). Thus, if one is
able to insert a needle inside the sheath,
then all the nerves of this plexus can be
blocked. This existence of a brachial plex-
us sheath allows for effective blockade of
the brachial plexus, with techniques that
are performed above the clavicle. The in-
terscalene block is performed high in the
plexus at the level of the roots and trunks.
Contributing to its popularity is the tech-
nical simplicity and inherent safety that
it provides, as the ISBPB is performed
well superior to the subclavian artery and
dome of the pleura.

However, there exists potential for
complications if the person performing
the block is not completely familiar with
the technique, or with the relevant anato-
my involved. Using the traditional meth-
ods that have been described, the ISBPB is
carried out by identifying surface anato-
my landmarks. The operator palpates the
posterior border of the sternocleidomas-
toid muscle until the interscalene groove
is first identified and then marked at the
level of the cricoid cartilage (8). Unfortu-
nately, in patients with short, thick necks
and those that lack adequate muscle tone
in this area, it becomes increasingly chal-
lenging to identify these visual landmarks.

The result is that the block becomes more
perilous to perform, with greater risk for
complications and failure. Our technique
for the ISBPB was developed to overcome
these limitations and provide a safe, con-
sistent technique. This short communica-
tion will describe a new and simple ap-
proach using the bony anatomy of the
cervical spine, which has proven to be ef-
fective in 2,000 consecutive injections of
the brachial plexus.

APPLIED ANATOMY

This approach utilizes the bony anat-
omy of the cervical spine as a method for
directing the needle to the correct posi-
tion. The brachial plexus is formed by
the union of the anterior rami of the cer-
vical fifth, sixth, seventh, eighth, and first
thoracic nerves, with contributions from
the fourth cervical and second thoracic
nerves. In order to ensure that one has lo-
cated these nerves correctly a nerve stimu-
lator is used, while to preliminarily locate
the position of the plexus, the bony anat-
omy is used.

The nerves of the brachial plexus
exit through the intervertebral foraminae,
and run laterally in a deep groove or gut-
ter on the superior surface of the trans-
verse process of each cervical vertebra (9).
Each transverse process ends in an ante-
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rior tubercle and a posterior tubercle, be-
tween which the spinal nerve passes, run-
ning downward in the neck toward the
first rib. The direction of the gutters is lat-
erally, slightly anterior, and almost 45 de-
grees caudad. The prominent anterior tu-
bercle of the C6 transverse process, which
protrudes laterally, can easily be felt by the
searching fingers. The nerve plexus can
be located by placing one finger in front
of this tubercle, and thus in front of the
transverse process, and one finger behind.
The prominent anterior tubercle lies be-
tween the two fingers, slightly closer to the
anterior finger. Once it is located, a shield-
ed needle can be directed medially and
caudally to identify and enter the brachial
plexus sheath (Fig. 1). Directing the nee-
dle caudally ensures that the needle does
not inadvertently enter the spinal canal.

MATERIALS AND METHODS

Peripheral nerve stimulator (10)
22-gauge, B-bevel shielded needle (11)
Grounding pad or EKG pad

20 cc syringe

Extension tubing (short or long)

Local anesthetic agent of choice

For skin infiltration: 30-gauge needle
with syringe and local anesthetic so-
lution

1.

It is preferable to have the patient
connected to an EKG monitor. The
patient is positioned supine on a
gurney, with the head turned away
from the side to be blocked. The
neck is aseptically prepared, and
the operator performing the block
is wearing sterile gloves. In a right-
handed person, the left hand is the
palpating hand. The prominent an-
terior tubercle of the C6 transverse
process is palpated at the level of the
cricoid cartilage (C6/7). For a right-
sided block, the forefinger is placed
in front of this tubercle, the middle
finger is placed behind the tubercle,
and significant pressure is directed
medially. The opposite is done for a
left-sided block.

. With the lateral soft tissue of the

neck compressed against the spine,
the fingers are now in front of and
behind the transverse process. The
nerve plexus lies between the two
fingers, slightly closer to the anteri-
or finger. Anesthesia of the subcuta-
neous tissues at the projected site of
needle entry is obtained by infiltrat-
ing 0.5 ml of 1% plain lidocaine into
the skin using a 30-gauge needle. Af-
terwards, the 22-gauge shielded B-
bevel needle, which is attached to the

4.

nerve stimulator (Fig. 2), is inserted
at a point slightly anterior from the
mid-point between the forefinger
and middle finger, directed 45 de-
grees in a caudal direction. As men-
tioned earlier, this is done at the level
of the cricoid cartilage. It is critically
important to keep the needle in a 45-
degree angle directed caudad; failure
to do so might allow the needle to
pass into the intervertebral foramen
(Fig. 3).

The use of a nerve stimulator is not
only a great advantage, but is neces-
sary for the proper location of the
brachial plexus, particularly in pa-
tients who are inebriated, sedated, or
obtunded from their trauma. Utiliz-
ing 2 Hz delivered by the nerve stim-
ulator, the needle is advanced slowly
until stimulation resulting in mo-
tion from the shoulder is obtained
(12). If the tubercle is contacted pri-
or to nerve identification, the needle
should be withdrawn to the skin and
redirected to the proper course.

On obtaining appropriate stimula-
tion at a suitably low current level
(e.g., < 0.5 mA), gentle aspiration is
performed, followed by injection of a
test dose of 1ml of the local anesthet-
ic agent. At this point all stimulation

Fig. 1. Position of fingers for a
left-sided block, with forefinger just
anterior to tubercle and middle finger
posterior to tubercle. Note that the
angle of the needle is 45 degrees
caudad.

Fig. 2. (A) Peripheral nerve stimulator; (B) 22-gauge B-bevel shielded
needle with lead attached by alligator clip to the negative electrode; (C) lead
connected to EKG pad; (D) 20 ml syringe with local anesthetic agent; and

(E) extension tubing.
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Fig. 3. Right-sided interscalene block

should cease. If all stimulation ceas-
es, 15-20 ml of anesthetic solution is
injected incrementally, with aspira-
tion being performed at every 3-5 ml
increment. Up to 40 ml can be used,
although sufficient block is often ob-
tained with smaller volumes. While
the injection is carried out, the pres-
sure exerted by the forefinger and
middle finger are to be maintained
firmly against the cervical spine. This
will stabilize the needle, holding it in
its proper position. Throughout the
entire procedure, the palpating hand
should not be moved. Observation
of the patient is carefully conduct-
ed, paying particular attention to
signs of possible intravascular injec-
tion. It is always best to perform this
block with a local anesthetic contain-
ing epinephrine so that while the in-
jection is being carried out, a tachy-
cardia will develop should the needle
penetrate a blood vessel (13,14).

5. If stimulation does not cease, then
the tip of the needle is not in the
sheath and the needle will need to
be repositioned. In this instance the
needle could be right next to the
sheath and be stimulating the nerves,
but not actually be inside the sheath
which is the target site for the local
anesthetic. The needle should be ad-
justed slightly laterally and medi-
ally to produce maximum stimula-

tion with the nerve stimulator. Once
the needle is deemed to be correctly
positioned, and provided that good
pressure is exerted down on the tis-
sues (which will hold the needle sol-
idly in position), the rest of the med-
ication can be injected with a high
certainty of success.

6. One can expect the block to set up
in approximately 10-15 minutes. The
success rate of doing the block in this
manner is close to 100%. The pa-
tient is monitored for the extent of
anesthesia of the upper extremity
and surgical preparation is begun, if
necessary. A Horner syndrome may
develop; however, more attention
is required for monitoring possible
intravascular injection, or shortness
of breath that may indicate possible
pneumothorax (9,15-17).

COMPLICATIONS

There is a 3%-30% chance of a
missed nerve block with the tradition-
al approach of the ISBPB (16,18). With
the technique described here, granted
that pressure is maintained firmly against
the cervical spine throughout the injec-
tion period, a nerve stimulator is used,
and all stimulation ceases with the injec-
tion of a 1ml test dose of solution, there
is an expected minimal occurrence of a
failed block.

In general, pneumothorax rarely oc-

curs. The pleura may be punctured if the
needle is directed too far inferiorly. Tran-
sient neuropathy and neuropathy with
permanent dysfunction are also rare, par-
ticularly with this technique, as paraes-
thesiaes are not sought (19).Unintention-
al epidural and spinal blockade has been
reported as a complication of interscalene
block (20,21). However provided the nee-
dle is directed in a 45 degree caudal direc-
tion, the risk of entering the intervertebral
space or injection into the dural sleeves is
minimized. An interscalene block inevi-
tably results in ipsilateral diaphragmat-
ic paralysis due to phrenic nerve block-
ade (22). However the majority of pa-
tients have enough pulmonary reserve
that this is not significant with unilateral
blocks. Blockade of the recurrent larynge-
al nerve with resultant hoarseness, as well
as blockade of the cervical sympathet-
ic nerves resulting in a transient Horn-
er syndrome may occur; these are not of
major clinical significance. The most seri-
ous potential complication is intravascu-
lar injection. This may lead to seizures if
injection occurs under high pressure and
reverse flow occurs. It also is necessary to
evaluate the patient’s blood coagulation
status before performing the procedure.
All the above complications may be mini-
mized with the correct implementation of
this technique.

Discussion

With the publication of his classic
paper in 1970 (1), Winnie popularized
the interscalene block as a technique for
regional anesthesia of the upper extrem-
ity. He suggested this technique for pro-
longed surgeries of the upper extremi-
ties. Manriquez and Pallares (2), who de-
scribed the use of the ISBPB for post-op-
erative pain management, supplemented
Winnie’s work. Kirkpatrick et al (3) fur-
ther developed the application of the ISB-
PB in 1985, demonstrating the long-term
usefulness of this technique when admin-
istering constant infusions to patients for
as long as 4 days. From its use as a region-
al anesthesia technique for surgical pro-
cedures in the operating room, to a use-
ful diagnostic and therapeutic technique
for interventional pain management in a
physician’s office, the widespread clini-
cal applicability of the ISBPB has resulted
in it being a very popular and commonly
performed technique. The technical sim-
plicity and inherent safety that it provides
contributes to the appeal of this tech-
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nique. The ISBPB is performed well su-
perior to the subclavian artery and cupula
of the pleura.

The main determining factor for suc-
cess with any regional block is technical
skill; there exist situations that rigorous-
ly challenge this skill and increase the risk
for complications. Using the tradition-
al methods that have been described, the
ISBPB is carried out by identifying sur-
face anatomy landmarks. However some
patients have less-than-ideal landmarks:
those with short, thick necks, and those
that lack adequate muscle tone in the neck
area. In these cases, the visual landmarks
become increasingly challenging to iden-
tify, with the result that the block becomes
more hazardous to perform. Thus, there
exists a greater risk for complications and
failure of the block.

The technique described here for the
ISBPB overcomes the limitations of rely-
ing on surface anatomy landmarks. By ap-
plying the anatomy of the cervical spine in
locating the easily palpable osseous land-
marks, the position of the brachial plexus
is accurately and consistently located. Al-
though others have previously described
similar methods of locating the brachial
plexus at the level of the roots (23), to in-
crease accuracy, and in order to confirm
that one has located these nerves correct-
ly, a nerve stimulator is employed in this
technique, as well as a test dose of 1 ml
of anesthetic solution to confirm the po-
sition of the needle in the sheath. In ad-
dition, with significant pressure applied
against the cervical spine, the tissues be-
come stiff and the needle is held firm-
ly in place. One can then utilize the oth-
er hand to inject the solution. This allows
for performance of the block by a solo op-
erator as has been done at the authors’ in-
stitution.

It is important to note that the nee-
dle is directed at approximately 45 degrees
in a caudal direction in order to ensure
that the needle does not enter the spinal
column itself, and that the vertebral artery
is not inadvertently injured. Injection of
the initial test dose will immediately cre-
ate significant problems for a patient if ei-
ther of these two incidences has occurred.
One should also ensure that the patient
is fully monitored. It is always best to do
this block with local anesthetic containing
epinephrine so that while the injection is
being carried out, a tachycardia will devel-
op if the needle penetrates a blood vessel.
Finally, if the needle is in a blood vessel,
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the injection of 1 ml of local anesthetic
will not ablate stimulation.

At the authors’ practice, this tech-
nique has been performed on all brachi-
al plexus block cases from 1990 to 2004.
Approximately 2,000 consecutive injec-
tions during the past 48 months have
been carried out with a very high success
rate (>95%). There were no incidences of
intra-arterial injection, pneumothorax,
inadvertent subarachnoid puncture, or
toxic effects of the local anesthetic. With
this technique the authors do not expect a
Horner syndrome to result, as the block is
performed at the C6/7 level and the supe-
rior cervical ganglion is not blocked.

CoNCLUSION

The ISBPB is a popular and com-
monly performed technique for regional
anesthesia of the upper extremity for sur-
gical procedures, and also as a useful diag-
nostic and therapeutic technique for pain
management. Traditional methods of per-
forming the ISBPB using surface anat-
omy have fallen short in patients where
it is difficult to identify the proper sur-
face landmarks. We have described a tech-
nique that is highly effective, especially in
this instance, where it eliminates the un-
certainty of identifying the proper injec-
tion site in such patients. This technique
for the interscalene brachial plexus block
has proven to be simple, safe, reproduc-
ible, and highly successful. It is thus highly
recommended for use by anesthesiologists
and pain specialists alike.
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