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Introduction

Surgical procedures in shoulder arthroscopy can be
performed under regional blockade, general anesthesia, or
a combination of the two techniques. The anesthesiolo-
gist’s preoperative assessment is crucial to the formulation
and execution of the anesthetic plan. The patients must be
evaluated for coexisting medical problems, potential air-
way management difficulties, and considerations related to
intraoperative positioning. This evaluation together with an
understanding of the surgeon’s need is used to formulate the
anesthetic plan.

Hypertension is the prevalent medical problem observed
in elderly patients undergoing shoulder surgery. Hypertensive
patients will experience wider fluctuations in blood pres-
sure intraoperatively than normotensive individuals, espe-
cially in the beach-chair position. Noxious stimuli will lead
to exaggerated hypertensive responses. Conversely, since
hypertensive patients tend to be intravascularly depleted,
once general anesthesia is induced, hypotension may occur.
In general, hypertensive patients should continue their anti-
hypertensive therapy perioperatively. Some patients under-
going shoulder arthroscopy have rheumatoid arthritis. This
disease could involve lungs, heart, and musculoskeletal
system. Rheumatoid involvement of the cervical spine may
result in limited neck range of motion, which interferes with
airway management.

Shoulder arthroscopy can be performed with the patient in
either the lateral decubitus or the sitting position. The sitting
position offers an excellent intra-articular visualization for
all types of arthroscopic shoulder procedures, less intraop-
erative blood loss, a lower incidence of traction neuropathy,
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and ease of conversion to an open approach if needed [1].
Position during shoulder arthroscopy may influence the
choice of anesthetic plan since regional anesthesia is poorly
tolerated in patients in the lateral decubitus position. A com-
bination of regional and general anesthesia is recommended
in the lateral decubitus, offering patients the advantages of
long-acting local anesthetics (ropivacaine, levobupivacaine)
in postoperative pain control and ensuring deep hypnosis for
the uncomfortable position with ultrashort-acting modern
medications (remifentanil, propofol, desflurane). However,
like in the beach-chair position, unconsciousness due to gen-
eral anesthesia could favor neurological and vascular lesions
due to patient’s positioning. Especially in the upright posi-
tion, maintaining a safe position for the head during shoul-
der surgery under general anesthesia can be challenging.
Reported complications attributed to an incorrect head posi-
tion during surgery in the sitting asset have ranged in severity
from cutaneous neurapraxias to complete midcervical quad-
riplegia [2—4]. In the lateral position cerebral hypoperfusion
events are uncommon, and hypotension due to general anes-
thesia is less worrisome than in the upright one [5]. Shoulder
surgery in the beach-chair position under general anesthesia
is associated with significant reductions in cerebral oxygen-
ation and subsequently with higher risk of neurological dam-
age like visual loss and ischemic brain and/or spinal cord
injury [6, 7].

Actually, regional anesthesia has several advantages for
patients undergoing shoulder surgery: excellent anesthesia,
reduction in both intraoperative and postoperative doses of
opiates, delay of the onset of postoperative pain, a shortened
postanesthesia stay, rapid discharge from the hospital,
improved outcome, and increased patient satisfaction [8].
Furthermore, brachial plexus blockade is a cost-effective
method for arthroscopic shoulder surgery [9].

During the last few years, ultrasonographic guidance has
become a widely used technique for regional anesthesia, with
safer procedures and faster onset time [10, 11]. Direct view
of needle and anatomic structures reduces approximately
to zero the incidence of intravascular injection, systemic
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local anesthetic toxicity, block failure, pneumothorax, and
incidence of permanent nerve injury. Postoperative neuro-
logical symptoms are uncommon. Furthermore, ultrasound
guidance allows shorter procedure time, fewer needle punc-
tures, and reduced local anesthetic volume and postoperative
pain when compared to neurostimulation technique for inter-
scalene block [12-14].

Hypotensive Bradycardic Events During
Shoulder Arthroscopy

When operating in the sitting position, one of the major
concerns for anesthesiologists is cardiovascular instability
during the shoulder procedure [15]. Hypotensive and bra-
dycardic events (HBEs) have been reported in 13-28 % of
patients. A HBE was defined, according to Liguori et al.
[16], as a decrease in heart rate of >30 bpm in <5 min or any
decrease <50 bpm and/or a systolic blood pressure decrease
of >30 mmHg in <5 min or any decrease <90 mmHg. This
event must have been accompanied by intraoperative treat-
ment by the attending anesthesiologist. Light-headedness,
nausea, and sweating were recorded but were not neces-
sary in defining a HBE. Onset time of these transient but
considerable events is 40-80 min after the plexus block or
25-45 min from the sitting position [17-19]. Most HBEs
appear to be transient occurrences without complications
such as brain hypoperfusion injury, but few severe cases of
HBE have been reported, including asystolic cardiac arrest
[20]. Underlying mechanisms responsible for the cardiovas-
cular adverse effects are not completely understood. Several
causes have been suggested: vasovagal syncope, carotid
sinus hypersensitivity, orthostatic syncope, stellate ganglion
block, drugs administration, and Bezold-Jarisch reflex [21].
The last one is a cardioinhibitory reflex. It is triggered by
an empty hypercontractile ventricle, which causes activation
of intramyocardial mechanoreceptors (C fibers) and results
in a sudden reduction of sympathetic outflow, increasing
vagal tone and thus causing bradycardia and hypotension.
Some authors thought that the mechanism of the reflex was
due to a reduced venous blood return induced by the beach-
chair position and to a hyperexcitable heart caused by the
Padrenergic effects of endogenous and exogenous epineph-
rine. These mechanisms result in an arterial vasodilation
induced by activation of the parasympathetic nervous sys-
tem and a subsequent vagally mediated bradycardia [17, 18].
Nevertheless, Seo et al. [22] suggested that the exogenous
epinephrine does not augment the incidence of hypotensive-
bradycardic events and that increased contractility due to epi-
nephrine used in local anesthetic mixtures for nerve blocks
is not certainly documented [23]. More studies are necessary
to demonstrate the exact role of epinephrine. At the present
time, there is no certain data in the literature to support the
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role of central volume depletion and hypercontractile empty
ventricle for the activation of the Bezold-Jarisch reflex in the
shoulder arthroscopy in the sitting position [24].

HBEs are only observed in awake conditions under iso-
lated interscalene brachial plexus blockade. In awake set-
tings, several stimuli may trigger the vasovagal reflex: fear,
pain, prolonged sitting position, heat exposure, exertion, and
coughing may lead to inhibition of the sympathetic system
and to activation of the parasympathetic system, causing
respectively hypotension and bradycardia. The afferent neu-
ral signals are probably derived from organ receptors, like
cardiac mechanoreceptors, which respond to mechanical or
chemical stimuli. Vagal triggering and sympathetic inhibi-
tion should be activated also by stimulation of carotid sinus.
In the shoulder arthroscopy associated to brachial plexus
block, sinus stimulation should be activated by denervation
of sternocleidomastoid muscle due to block of fibers of C2—
C4 spinal nerves. In fact, sternocleidomastoid proprioceptive
information seems to have an important role in the regulation
of baroreflex arc of the carotid sinus [25].

Stellate ganglion block occurs in 75 % of patients under-
going interscalene block with the Winnie’s approach [26].
The symptoms after stellate ganglion block may be caused
by baroreflex mechanism failure because of impairment of
both cardiac sympathetic nerves and vagal afferents, includ-
ing aortic depressor nerves [27].

Considering all these concerns, anesthesiologists should
perform the brachial plexus block reducing the risk of local
anesthetic diffusion toward medial structures, trying to
avoid the block of the sympathetic chain and stellate gan-
glion, phrenic and laryngeal recurrent nerves, vagal nerve,
and C2—C4 spinal nerves. Laterally directed needle [28] and
lower local anesthetic volume could help obtain a safer tech-
nique. The patient’s position should be very well executed
avoiding abdominal and thoracic compression and main-
taining a neutral and comfortable head position. Any neck
stretching or stress could induce HBE directly stimulating
carotid sinus, and uncomfortable sitting could augment
patient’s anxiety and start a vasovagal reflex. Furthermore,
the anesthesiologist should consider the patient’s medi-
cal history. Patient with a syncopal history and/or with a
major anxious-depressive syndrome may not be candidate
to isolated brachial plexus block. Although good sedation is
necessary to perform both regional anesthesia and surgical
procedure, the anesthesiologist should avoid opioids admin-
istration to patients, preferring the use of benzodiazepine.
Opioids induce bradycardia and reduction in blood pressure.
Fentanyl inhibits GABAergic transmission to cardiac vagal
neurons in the nucleus ambiguous [29], inducing bradycar-
dia. Song et al. demonstrated that the incidence of HBE is
increased in patients receiving an intravenous bolus adminis-
tration with 100 mcg of fentanyl (27.5 %) compared with the
saline group (10 %) [30].
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Therapy of HBE should be obtained with fluid and
ephedrine administration. When a profound and dangerous
reflex occurs, the first, and often the only, therapy is to lay
down the patient.

Ultrasound-Guided Brachial Plexus Block

The brachial plexus is composed of the ventral roots of spi-
nal nerves C5-T1, and sometimes it contains small fibers
from C4 to T2. The roots exit the lateral foraminal spaces
and pass between the anterior and the middle scalene mus-
cles to innervate the upper limb. In the interscalene space,
the roots coalesce to form the superior (C5-C6), middle
(C7), and inferior (C8-T1) trunks that proceed laterally and
inferiorly toward the space between the clavicle and first rib
and then into the axilla. Several important branches are
released from the brachial plexus at this level, including the
suprascapular nerve, the dorsal scapular nerve, and the long
thoracic nerve. When the trunks meet the first rib, they lie
dorsolateral to the subclavian artery and superior to the rib.
The brachial plexus and the artery are enclosed in a connec-
tive vagina. At the root level, the fascicles are surrounded by
dura/perineurium. Within the perineurium there is little or no
stroma, and care must be taken not to position the needle
within the nerve root itself.

The anesthesiologists need a variety of supplies to per-
form ultrasound-guided brachial plexus block. Usually
blocks are conducted in the preoperative holding area or in
the operating room itself. Patients should have an intrave-
nous catheter initiated, monitors placed, and supplement
oxygen delivered prior to the block. The induction of regional
anesthesia has risks that are similar to those of general anes-
thesia. For this reason, the practitioners should arrange a
block cart containing both equipment for regional anesthesia
and equipment and drugs for resuscitation [31]. Patients
should be prepared with sedation and analgesia to remove
anxiety and stress but still able to cooperate and without pre-
cluding feedback to the anesthesiologist.

The skin is prepared in sterile manner, and subcutaneous
local anesthetic solution is injected at the site in which the
block needle is to be inserted. The ultrasound probe is cov-
ered with a sterile, transparent membrane for single-shot
blocks, while the anesthesiologist wears sterile gloves. It is
controversial which is the best block needle to use. Most
authors recommend the use of short-beveled needles, as it
appears to be more difficult to penetrate the perineurium
with this type of needle [32], although clinical outcome data
is lacking. The choice of local anesthetic solution depends
on the anesthesiologist’s intent. Blocks intended for rapid
onset and short duration may be conducted with mepivacaine
or lidocaine, whereas longer-acting blocks will require
ropivacaine or levobupivacaine. Mixture probably adds little
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to speed onset while significantly reducing the duration of
long-acting agents. The ultrasound system should be porta-
ble with high definition and the probe linear and high fre-
quency (10-13 MHz) to allow imaging of superficial nerves.

On performing the interscalene brachial plexus block
under ultrasound guidance, the anesthesiologist should start
identifying a reliable landmark at the base of the neck that
consists of the subclavian artery and the brachial plexus,
which lies dorsolateral to the artery and superior to the first
rib. This requires placement of the ultrasound transducer in
the supraclavicular fossa with a sagittal oblique orientation.
At this level, the plexus appears as a cluster of grapes
(Fig. 9.1). Keeping in the middle of the monitor the nerves,
focusing on them, moving the probe slowly cranially, and
titling the transducer more horizontally, the practitioner will
appreciate the appearance of the anterior and middle scalene
muscles with the plexus between them. Approximately at C6
level the anesthesiologist may display roots or trunks or a
combination of the two aligning vertically like a traffic light.
In 13 % of plexuses, variation from the typical relationship
of the scalene muscles and nerve roots were present, the
most common being the C5 nerve root running anterior to or
directly through the anterior scalene muscle [33]. These
anomalies may be responsible for occasional incomplete
blocks. The sternocleidomastoid muscle at this level is visi-
ble like a triangular blanket lying superficial to the plexus
and the scalene muscles.

The roots and trunks appear as hypoechoic nodules [34].
In fact, in most cases, the closer the nerve lies to the spine,
the more likely it is to be hypoechoic. The hypoechoic aspect
is due to cerebrospinal fluid that intersperses axons. At this
level, nerves are surrounded by perineurium, which appears
hyperechoic, but little or no stroma and fat is present. The
peripheral nerves, instead, have hyperechoic stroma and fat
outside the perineurium and assume the typical honeycomb
aspect. In most patients, C5, C6, and C7 are easily visible in
the same image. In some patients, also C7 and C8 are visible
with this approach. The nerves lie at a mean depth of 5.5 mm
from the skin surface [35]. Vascular structures of interest in
this region are carotid artery and internal jugular vein, sepa-
rated from the plexus by the anterior scalene muscle, the
transverse cervical artery and associated vein, crossing trans-
versely the interscalene space, and the external jugular vein,
just beneath the skin. Fortunately, these vessels are seldom in
the path of the blocking needle.

The brachial plexus can be approached in several ways.
The most common is the interscalene block, although the
posterior, the parascalene, and the supraclavicular tech-
niques are well described. Performing the interscalene
block, the patient should be positioned in the supine posi-
tion with the head turned contralateral to the surgical site.
The ultrasound transducer orientation should be transverse
over the sternocleidomastoid muscle at the level of C6,
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Fig.9.1 (a) Placement of the
ultrasound transducer in the
supraclavicular fossa.

(b) The brachial plexus

at the supraclavicular level.
SA subclavian artery

—
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moving the probe until C5, C6, and C7 spine roots are well
visible (Fig. 9.2). The ultrasound beam may be refracted as
it passes through tissues. Fat globules below the skin, in the
muscles, and around nerves serve as scattering and diffrac-
tion sites for the incident and reflected ultrasound beam and
cause a spotted appearance in the image (this phenomenon
is called “speculation”). For these reasons, obese patients
can be very difficult to image. The image formed by ultra-
sounds is very sensitive to the angle of insonation, which is
the angle of incidence of the beam relative to the nerve.
Sometimes, changing the angle of insonation by only a few
degrees can bring the nerve into focus. In obese patients, a
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light pressure of the tissue may improve the quality of the
image. Once the optimal ultrasound image is obtained, it
should be centered on the screen by sliding the probe on the
patient’s skin.

The needle may be inserted either posterior or anterior to
the transducer, although a medial to lateral direction is pref-
erable, for reasons exposed in the HBE paragraph. The in-
plane approach offers the advantage of a perfect visualization
of the entire needle and especially of the tip, and that is of
fundamental importance to perform a successful and safe
block (Fig. 9.3). After establishing the appropriate approach
and the right image of the nerve root, the skin is anesthetized
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Fig.9.2 (a) Placement of the
ultrasound transducer for
interscalene block. (b) The
interscalene brachial plexus.
ASM anterior scalene muscle,
MSM middle scalene muscle,
SCM sternocleidomastoid
muscle. In this patient C8 and
T1 are also visible

POSTERIOR

and the block needle introduced toward the goal. Little probe
adjustments may be necessary to maintain a good
visualization of both nerves and needle. Once the nerves are
reached, the local anesthetic solution, usually 10-20 mL, is
injected to surround the nerve elements. Local anesthetic
should be injected between scalene muscles and brachial
plexus sheath (peri-plexus), or within the brachial plexus
sheath (intra-plexus) (Fig. 9.4). Intra-plexus block has longer
duration then peri-plexus [36].

Complications in performing interscalene brachial plexus
block under ultrasound guidance are uncommon. However,
practitioners must be aware of the potential difficulties to
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prevent, recognize, and treat both light adverse effects and
catastrophic complication. Vascular puncture, which may
lead to systemic local anesthetics toxicity, can be easily
avoided with a clear imaging and well needle-tip positioning.
Aspiration before injection is always a necessary practice.
Intravascular administration of local anesthetics may be
responsible of neurological signs and symptoms, from mild
tongue dysesthesias and speech difficulties to seizures and
coma, depending on the plasmatic concentration of the anes-
thetic, and cardiovascular complications, including arrhyth-
mias and cardiac arrest. The therapy consists in fluid and
oxygen administration, supporting vital function, and
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Fig.9.3 Local anesthetic
surrounding supraclavicular
brachial plexus. With the
in-plane technique, the needle
and its point are well visible. SA
subclavian artery
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catching and metabolic effect, but continued research is
necessary for a better mechanistic understanding.

Phrenic nerve and laryngeal nerve block, generally, do
not need of any intervention. However, being them common

administration of antiepileptic drugs and lipid emulsion [37].
Lipid rescue has led to a reduction in fatalities associated
with severe systemic toxicity. The underlying mechanisms
of the lipid resuscitation may be a combination of a lipid
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side effects of the interscalene nerve block, the block is
strictly contraindicated in patients affected by paralysis of
contralateral phrenic nerve or laryngeal nerve, and, also, the
anesthesiologist should carefully evaluate patients with
respiratory diseases.

Like intravascular injection, pneumothorax is uncommon
under a well-executed ultrasound-guided block. Extreme care
must be adopted when the supraclavicular approach is chosen.

Catastrophic events were described in association with
interscalene plexus block, like permanent loss of spinal cord
function or total spinal anesthesia [38, 39]. Although these
complications happened without ultrasound guidance and
under general anesthesia, anesthesiologist must reflect on the
opportunity to avoid intra-roots or intrafascicular injection as
well as keep the needlepoint under strict vision.

After shoulder arthroscopy, patients may complain of
neurological symptoms. It is improbable that they depend
directly on a well-executed ultrasound-guided nerve block.
In case of persistent paresthesia, dysesthesia, or pain not
related to surgery after interscalene block, sulcus ulnaris
syndrome, carpal tunnel syndrome, or complex regional pain
syndrome should be excluded since specific treatment may
be required [40].

Bleeding and Clear Surgical Field

The use of hypotensive anesthesia during orthopedic proce-
dures performed on patients in the supine or decubitus posi-
tion has been shown to be a safe and effective technique for
reducing operative blood losses and helping maintain a clear
surgical field [41, 42]. This said, in the beach-chair position,
major complications have been reported under the use of
hypotensive anesthesia. Pohl and Cullen reported four cases
of ischemic brain and spinal cord injury after both open and
arthroscopic procedures performed on patients in the sitting
position under a hypotensive controlled anesthesia. Although
the ideal perfusion pressure varies among patients, there
exists a critical cerebral perfusion pressure below which
cerebral blood flow will be compromised. Cerebral perfusion
pressure is defined as mean arterial pressure less intracranial
pressure (5—10 mmHg). When the patient is in the sitting
position, there is a significant hydrostatic gradient between
the brain and the site of blood pressure measurement, usually
the contralateral arm to the surgical site. The difference is
approximately 25-30 mmHg. When we measure a mean
arterial systemic pressure of 80 mmHg, it could be not
enough to guarantee an adequate cerebral perfusion pressure.
Deliberate hypotension and errors in blood pressure refer-
ence point can be catastrophic [43]. Blood pressure should
be maintained stable and near baseline parameters. Only
hypertension should be mildly treated obtaining no more
than 20 % decrement of preoperative resting values.
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Since the 90s, surgeons investigated characteristics of fluid
irrigation to augment visualization during shoulder arthros-
copy and to prevent intraoperative and postoperative compli-
cations. They evaluated the temperature of the irrigation fluid
and its influence on core body temperature, the way to admin-
ister it, and the possibility of diluting it with some vasoactive
agents. The use of warm irrigation fluid during arthroscopic
shoulder surgery decreases perioperative hypothermia, espe-
cially in elderly patients [44]. Surely, the thermic homeosta-
sis is important to preserve patient’s comfort and stability
and favor hemostatic mechanisms. Anesthesiologists could
contribute to this aim warming saline solutions and using
forced air warming. In 2001 Jensen et al. [45] randomized
44 patients that underwent routine arthroscopic shoulder sur-
gery into a prospective, double-blinded, placebo-controlled
study to determine whether diluted epinephrine saline irriga-
tion (0.33 mg/L) significantly reduces intraoperative bleed-
ing. A pressure-controlled pump delivered the irrigation
fluid. The study also evaluates potential adverse cardiovas-
cular reactions of adding epinephrine to the irrigation fluid.
Intraoperatively, intra-articular bleeding was estimated by
multiplying the total volume of the irrigation fluid used by
the hemoglobin concentration of the irrigation fluid. The
clarity of visualization during the procedure was assessed
asking the surgeon to quantify it by a visual analogy scale. In
the treatment group the intraoperative bleeding was signifi-
cantly reduced (P=0.008), and the clarity of the visual field
was significantly better (P=0.0007) compared to the con-
trol group. No cardiovascular adverse events were observed
administrating the intra-articular epinephrine.

Postoperative Pain Control

Arthroscopic shoulder surgery performed under general
anesthesia is associated with severe postoperative pain
requiring large doses of opioids. Nausea, vomiting, seda-
tion, and lack of complete pain control are often associated
with intravenous opioids analgesia [46, 47]. The intersca-
lene brachial plexus block offers a valid postoperative anal-
gesia, reducing both the request of rescue medications and
consequently side effects. In the single-shot setting, the
duration of analgesia is up to 13 h [48]. Addiction of adju-
vants to the local anesthetic, like buprenorphine or trama-
dol, may prolong analgesic time up to more hours [49, 50].
Continuous peripheral nerve blocks provide optimal analge-
sia, prolong brachial plexus local anesthetic delivery in the
outpatient setting, have minimal side effects, and avoid pre-
mature regression of an analgesic block. Furthermore, an
improvement in patients’ health-related quality of life and
outcome has been demonstrated [51]. Continuous intra-
articular infusion of local anesthetics should be avoided
because of the risks of chondrotoxicity. Continuous
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intra-articular infusion of bupivacaine with or without
epinephrine led to significant histopathologic and metabolic
changes in articular cartilage [52].
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