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Introduction

The spinal accessory nerve (SAN) is a vital
structure encountered in many surgeries of the
head and neck. The anatomy is complex, and
identification intraoperatively is key to prevent-
ing injury and subsequent postoperative shoul-
der syndrome. Intraoperative nerve monitoring
is widely used in various head and neck surger-
ies; however, it has more recently been applied
to the SAN, although literature to support the
use is variable and relatively limited. This chap-
ter will detail the anatomy of the SAN, review
the presentation and prevalence of postopera-
tive shoulder syndrome, summarize surgeries
that put the SAN at risk, and finally review the
literature on SAN monitoring in head and neck
surgery.
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Anatomy

The SAN or cranial nerve 11 (CN XI) has both
a spinal and cranial root joined together only
briefly as they course through the jugular fora-
men. The cranial root originates in the dorsolat-
eral surface of the medulla oblongata and
eventually joins with the superior ganglion of
the vagus nerve [1]. The spinal root, which pro-
vides somatic motor function to the sternoclei-
domastoid (SCM) and trapezius muscles, arises
from the cervical spinal nerves of vertebral lev-
els C1 to C5 within the accessory nucleus of the
dorsolateral part of the ventral horn. The nerves
course between the dorsal and ventral spinal
roots to form a trunk that ascends to enter the
posterior cranial fossa through the foramen
magnum, exiting through the jugular foramen
[2, 3]. Though the spinal portion arises from
cervical rootlets, the fibers join briefly with the
cranial fibers in the jugular foramen, prior to
exiting the cranial cavity. The nerve then courses
in proximity to the internal jugular vein (IJV).
At the level of the superior border of the poste-
rior belly of the digastric, the SAN most com-
monly courses lateral to the IJV, but can less
commonly course medially and rarely directly
through the IJV [4]. The nerve continues its
complex course through the neck traversing
anterior to the transverse process of the atlas
and descending medial to the styloid process
and stylohyoid and digastric muscles. It subse-
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quently enters the deep surface of the SCM,
where it may anastomose with fibers of C2-C5
and rarely with C1 [5]. The contribution of these
cervical fibers to motor function is not fully
understood [6]. This segment of the SAN also
serves as an important landmark for subdividing
level II of the neck, marking the boundary
between levels I1a and IIb [7]. The proximal IJV
is used as a landmark to identify the proximal
SAN in the anterior triangle and Erb’s point in
the posterior triangle. If an imaginary line is
drawn from this point to the thyroid notch, the
SAN will enter the posterior triangle within
2 cm above this level and exit within 2 cm below
it [8]. The SAN begins its course through the
posterior triangle of the neck as it emerges from
the posterior border of the SCM, approximately
7-9 cm above the clavicle, passing about 1-2 cm
superiorly to Erb’s point [1]. Within the poste-
rior triangle of the neck, the nerve crosses
superficial to the levator scapulae and enters the
trapezius muscle approximately 5 cm above the
clavicle [2, 3].

Postoperative Shoulder Syndrome

Any surgery that injures the SAN can result in
postoperative shoulder syndrome, which is
caused by trapezius muscle denervation. When
first described in the 1950s, the findings of post-
operative shoulder syndrome were viewed as
minor and acceptable side effects following radi-
cal neck dissection (RND) [9]. Most neck dissec-
tions now are function sparing, which include
preservation of the SCM and SAN making post-
operative shoulder syndrome less common [10].
Patients with postoperative shoulder syndrome
present with pain, weakness, and deformity of
the shoulder girdle. They can have destabilization
of the scapula with progressive flaring, drooping,
lateral and anterior rotation, as well as decreased
ability to abduct the shoulder above 90 degrees.
Secondary glenohumeral stiffness from scapulo-
humeral girdle muscle weakness and postopera-
tive immobility can also contribute to shoulder
disability [11]. For those with SAN preservation,
improvement in symptoms from postoperative
shoulder syndrome can be seen 6 months to a

year postoperatively as the nerve fibers recover
and regenerate [12].

The prevalence of shoulder dysfunction varies
by the type of surgery. Following posterior triangle
lymph node biopsy, the prevalence is between 3%
and 8% [8] [13]. The prevalence of findings fol-
lowing neck dissection is variable and is highest
after RND when the SAN is sacrificed. The pres-
ence of shoulder droop following RND ranges
from 44% to 100%, modified radical neck dissec-
tion with SAN preservation (MRND) 0% to 30%,
selective neck dissection (SND) levels II-V 56%,
and SND levels I-1IT 13%. Reduction in shoulder
active abduction range of motion following unilat-
eral RND ranges between 92% and 94%, bilateral
RND 100%, and MRND 23%. The prevalence of
reduced neck range of motion following RND is as
high as 45% and 13% following MRND [14].

Postoperative shoulder syndrome may have a
significant impact on patient’s quality of life
(QOL) and is a significant source of malpractice
litigations [15]. The impact on QOL after neck
dissection has been evaluated using a variety of
validated questionnaires — SF-36 [16], SF-12
[17], or HNQOL [18] . Validated patient-reported
outcomes have been reported in the literature that
specifically evaluate shoulder function such as
the Shoulder and Pain Disability Index (SPADI)
and Constant Shoulder Score [19]. While the
impact on quality of life is multifactorial, in gen-
eral, those with the highest decline in QOL tend
to be those patients who had SAN resection [12].

Surgeries that Risk the SAN

Compromise of the SAN is a known complica-
tion of many head and neck surgeries, in particu-
lar those closer in proximity to the posterior
triangle and lateral skull base.

Neck Dissection

Neck dissection, also referred to as cervical
lymphadenectomy, is a commonly performed
procedure for head and neck cancer and widely
known to risk the SAN. SAN injury can occur
even when the nerve is macroscopically intact.
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Injuries can be on a spectrum of neural dysfunc-
tion, from neuropraxia and axonotmesis to neu-
rotmesis [20]. The observed morbidity and
disability of postoperative shoulder syndrome
motivated a trend from RND toward
MRND. Demonstration of similar survival and
regional control with MRND over RND further
supported this transition [21, 22]. SND is also
becoming more accepted for appropriate patients
[23]. As alluded to above QOL seems to be less
affected in those patients who undergo SND
involving levels I-III, although care should be
taken to protect the proximal segment of the SAN
as it courses along the IJV toward the SCM in
level II of the neck. Neck dissections involving
level V tend to be associated with higher risk to
the distal portion of the SAN as it emerges from
the posterior border of the SCM and courses
through the posterior triangle.

Surgery in the Posterior Triangle

Surgery in the area of the posterior triangle,
such as lymph node biopsy, puts the SAN at risk
and makes up a majority of malpractice claims
related to SAN iatrogenic injury [15]. SAN
injury is estimated to occur after 3—8% of poste-
rior triangle lymph node biopsies [8, 13]. As the
nerve courses through the posterior triangle, it is
surrounded by fibrofatty tissue and associated
with a chain of five to ten lymph nodes; how-
ever, the nerve may also course superficially to
these nodes [8].

Lateral Skull Base Surgery

The SAN is at particular risk in lateral skull base
surgery that involves the jugular foramen. Here,
the SAN exits the skull base with cranial nerves
IX and X, and all these nerves are at risk. The
jugular foramen is divided into three compart-
ments, CN IX exits through the anterior compart-
ment and CN X and XI through the middle
compartment [24]. Care must be taken to pre-
serve the SAN in this complex space. The most
common tumors of this area are glomus jugulare,
schwannomas, and meningiomas [25].

SAN Monitoring

SAN injury has a significant impact on patients,
and despite the trend toward nerve-sparing sur-
geries, SAN injury still remains a worrisome
complication. The SAN function can be pre-
served in a variety of ways intraoperatively.
Visible and palpable muscle response of the SCM
and trapezius can signal proximity of the nerve
without the use of electrodes. Given the size of
these muscles, this response is most often notice-
able. Electromyography (EMG) measures action
potentials of a muscle via electrodes placed into
the muscle of interest. The SAN can be moni-
tored by placement of electrodes into the trape-
zius muscle. EMG can be further divided into
evoked, passive, and continuous monitoring, the
former two methods can be utilized for SAN
monitoring. Evoked nerve monitoring involves
the surgeon stimulating the nerve to create a mea-
sured response. In contrast, passive nerve moni-
toring relies on analysis of various discharge
patterns that occur throughout the operation and
does not involve active stimulation of the nerve.
Continuous monitoring involves continuously
stimulating the nerve of interest for the entire
procedure while measuring response; this method
is available only for select nerves, not including
the SAN [26].

EMG SAN monitoring is set up in a similar
manner to that of facial nerve monitoring, with
electrodes placed into the trapezius muscle [27].
Typically, bursts and trains of motor unit poten-
tial activity during surgery are continuously mon-
itored in addition to deliberate electrical
stimulation of the nerve while recording com-
pound muscle action potential of the innervated
muscle [20]. SAN monitoring can aid in identifi-
cation of the nerve and alert the surgeon of prox-
imity even prior to identification. The surgeon
can stimulate the nerve directly at the end of the
case to assess function, with the goal of prevent-
ing postoperative shoulder syndrome [27].

Currently, there is no standard of care when it
comes to intraoperative SAN monitoring in head
and neck surgery, leaving the decision at the dis-
cretion of the surgeon. As SAN monitoring is a
relatively newer innovation, literature on the
topic is limited [20] [28]. Data supporting SAN
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monitoring to prevent postoperative shoulder
syndrome is variable. Intraoperative SAN moni-
toring during MRND has been shown to improve
postoperative EMG scores; however, clinical
scores related to postoperative shoulder syn-
drome were similar, whether nerve monitoring
was used or not [29]. Lee and colleagues also
studied 25 consecutive patients undergoing selec-
tive neck dissection with spinal accessory nerve
monitoring and had no patient with postoperative
shoulder syndrome sequelae other than mild
pain; however, there was no comparative control
group [28].

If the decision is made to use SAN monitor-
ing, certain parameters can aid in predicting
which patients may suffer from shoulder function
decline postoperatively. These include threshold
increment of greater than 0.25-0.5 mA [20, 30]
and amplitude decrement of greater than 72%
during surgery [30]. These findings may not
always correlate with clinical outcomes and seem
to have more specificity than sensitivity in pre-
dicting shoulder dysfunction [20, 31]. While
these parameters are not completely predictive,
the information can help in counseling patients in
the postoperative period and may help in setting
expectations for recovery. We were not able to
identify any literature documenting the frequency
of SAN monitoring use during neck dissection
among surgeons.

Conclusion/Summary

The spinal accessory nerve (SAN) is a vital struc-
ture encountered in many surgeries of the head
and neck. The anatomy of the SAN is complex,
and identification intraoperatively is key in pre-
venting injury. Postoperative shoulder syndrome
resulting from SAN compromise has a significant
impact on patient’s QOL. Intraoperative SAN
monitoring can be used to identify the SAN, as
well as assess nerve integrity during and at the

end of surgery. Literature to support the use of
SAN monitoring is variable and relatively lim-
ited, and decision for use is based on surgeon
preference and discretion.
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